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German Environmental Economic Accounting (GEEA) 

- Surnmary infonnation -

Objectives 

Nature has much to offεr for economic use. It supplies energy and raw materia1s, provides the 

location for businesses, and serves as a medium recei찌ng pollutants, wastε， etc. However, its 

potentia1 is not unlimited. Being used it is reduced, at worst even destroyed. Nature is a factor 

of production whose scarcity must be considered in nationa1 economic accounting. This 밟S 

been noted only in recent years as environmental problems are becoming more serious 없d 

pressmg. 

‘ German Environmental Economic Accounting (GEEA) approaches the statistical coverage of 

changes in "natural capital" due to economic activities. The idea is to calculate depreciation 

for nature as it is done for produced assets. In this context, sustainable development seπesas a 

guiding principle. This means - as a first approximation - making the use of material, energy, 
and land for economic activities more efficient. In the final analysis, sustainability requires the 

long-term preservation of nature’s functions (potentia1s). Environmenta1 Economic Accounting 

is to show in statistica1 terms which natura1 resources are used, consumed, depleted, or 

destroyed by the economic activities (production/consumption) of a period, and what expen­

diture is done or necessary for countermeasures. All this is based on the process of creating 

value added as reflected in economic statistics. Genera11y, only trends, mean values, 
disσibutions and similar macro-economic indicators are of interest. Individual cases such as 

materia1s, spaces, enterprises or incidents are aggregated. 

Subject Structure 

Statistical data have to be provided for the main categories sources of pressures on the 

environment, state of the environment and environmenta1 protection measures. For the 
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category pressures, a distinction can be made between material flows and area uses. In the 

field of environmental protection there are aftercare and preventive measurεs. This subject 

앙m따따ε is following the “prεssure-state-response fr없nework'’ developed and used by 

intemationa1 institutions (e.g.UN, OECD) for structuring statistical data on the environment 

Methodological concept 

The ca1culation of depreciation for natura1 capita1 involves numeτous m얹hodolo휠cal prob­

lems (problems of valuationla짧egation， limited knowledge of cause-e뚫따 relations, 

signific없lt regiona1 di많rences). For this reason, one must not expect too much of such a 

calculation. It would certai피y be wish효11 thinking to believe that such a calculation could 

pro찌de one single 0폐ective and indisputable depreciation value in monetary tenns from 

which a sound, sustainable growth of the national income could in tum be derived. The ,,Eco­

Domestic Product'‘ or "Green National Product<‘ as one single figure will not be calculated by 

the Federal Statistical Office. Moreover it seems to be more realistic to calculate pathways for 

a sustainable economy with the help of dynar미c mu1ti-sectora1 models. By statistica1 law 

modelling in general is not a task of the Statistical Office. Such model1ing ca1culations will be 

conducted in Germany by independent research institutes. For developing these mu1ti-sectora1 

models GEEA will off농r in c10se co-operation with the research institutes basic data. 

The German Environmental Economic Accounting has been s앙 up to pro꺼de answers to 

questions in economic and environmental policy at every stage on the way to the final and 

filled GEEA-system. For evaluating the efficiency of natural resource han버ing within the 

frarnework of 짧따ural and environmenta1 policy, it is of fund없nental importance to know the 

use of raw mat앙ia1s， energy and land changes within the sectors of the economy over time, 

and what, in contrast, the emissions into the natural environment are. Hi맹ly aggregated 

indices of the state of the environment indicate qu외itative changes in a s없ndardized form 때d 

reflect the eff농cts and benefits side of environmental protection measures. The cost side and 

the current burden on the economy are recorded for environmenta1 protection activities which 

are actua11y being carried out. Imputed abatement costs of additiona1 preventive measures 

complete the piαure， helping to wei앨 different 낭andards" (target values) for important 

physical pressures. The following figure presents the complete concept of the German 

Environmental Economic Accounting: 
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Working area 1 Working area 4 

Five subje따s are covered by the Gennan Environmental Economic Accounting: 

1. Material and energy f10w ana1yses, raw materia1 conSUI때tion， emission structure 

2. Use of land and space, land cover 

3. State ofthe environment 

4. Environmental protection activities, capita1 formation, expenditures 

5. Imputed abatement costs for attaining standards 

The various subject areas are εach charactεrized by their own specific methods: In subject 

areas 1, 4, and 5, methods of economic 앙ati앙ics 따ld accounting are used to b떠ance the 

material flows caused by the economic sectors and the environmenta1 protection activities 

taken. Subject area 2 dea1s with immaterial pressures arising from a modified distribution of 

land uses and physical interventions. Remote sensing and gεo information systems are used 

here as methodologica1 instruments. In subject area 3, the objective basically is to condense 

measuring and monitoring data, which are available in an isolated form so as to providε 

suitable indicators. on the basis of subject area 2, an area sample is developed which aims at 
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the production of ecoindicatorslecoindices. The s하nple should reflect the change of diversity 

oflandscapes, fauna and flora in an efficient and cost saving way. 

The entire working area of Environmental Economic Accounting does not inc1ude the setting 

of standards. For establishing such standards, however, infonnation from Environmental Eco­

nomic Accounting explicitly aims at providing factual data on costs and benefits of altemative 

standard values for the process of political decision-making. 

Relation to national accounting 

The result of the discussion on an environment-related extension of national accounting is that 

it would seem best to continue as before with the traditional national product computations, 

which are an important means of short and medium-term monitoring of business development. 

For presenting economic-ecological relations a satel1ite system should be created separately, 

which has to be c10sely linked with the traditional national accounts as its core sys않m. This 

approach would be preferable in view of the methodological and statistical deficits sti1l 

existing with regard to the valuation of economic pressures created by the business sector. 

Limiting the approach to supplementary satel1ite systems means that there will be the chance 

to test new concepts, methods and to use new data. This would not affect the data quali얀 

required for national produ따 computations in the narrower sense. Intemational conc맹ts for a 

satellite system for the environment were developed in partic버ar by the United Nations. In a 

handbook on national accounting, the System for Integrated Environmental and Economic 

Accounting (SEEA) was presented. In Germany, the satel1ite system for the environment is 

implemented on the basis of the conceptual proposals of the SEEA as paπ of thε German 

Environmental Economic Accounting. Presently the SEEA handbook is in a process of 

revision based on the experiences made by intemational institutions and statistical officεs 

working in this field. The Federal Statistical Office of Germany is participating in this work 

and so the further development of GEEA will rely on the outcomings of these discussions. 

Multi-sectoral modelling approaches 

As mentioned above the calculation of total cost figures for the entire economy reflecting the 

depreciation on the natural assets of a nation is not carried out within the framework of the 

GEEA. Nevertheless the data of the GEEA-subject areas ,,Material- and energy flow 

analyses“, ,,Environmental protection activities“ and ,,Imputed abatement co안S“ offer an 

important p따t of the basic infonnation required for multi-sectoral model1ing approaches. 



- 5 -

These models, in Germany conductεd by scientific institutions, πY to estimate the tota1 

abatement co앙s for the entire economy expressing the periodical va1uation of the presS\끄es on 

the environment. The r없llts of such 양pe of modelling ca1culation are depending to a great 

않ent on the under1ying model specific assun빼ons and re짧ictions. 

Scientific advice 

In 1990 the F ederal Minister for the Environment, Nature Conservation and Nuclear S하능ty 

established an Advisory Council for Environmental Economic Accounting that has been 

entrusted with providing scientific advice in any matters related to Environmental Economic 

Accounting. In its 1991 and 1995 statements, the council expressed the opinion that 

Environmental Economic Accounting are indispensable for an ∞.vironmenta1 p이icy aimed at 

achieving sustainability. At regular intervals the council discusses the methodological bases of 

the concept of Environmenta1 Economic Accounting and the details of i잉 implementation. 

These aspects are discussed in detai1 in the third statement of the Advisory Council as weU, 

given to the Ministry of Environment in 1998. In 1994, an Advisory Circle representing 

various social groups (above a11 industria1 and environmenta1 associations and trade unions) 

was assigned to the Counci1 with the aim to put Environmental Economic Accounting on a 

broad socia1 basis. 

Work progress and results 

The subject areas provide the framework for supporting further development and empirica1 

work. Research projects and field studies p따tly assisted by extema1 expeπs have been 때d 

will be carried out in each field of work. Enψirical data have become available on economic 

activities creating pressures, materia1 and energy f10w analyses, emissions of individual 

sectors of economic activity and environmental protection expenditure. They are published 

periodically in the series 19 ,,Environment'“ by the Federa1 Statistical Office. Core results 

about the main environmental economic tendencies of Germany are presented to the public 

every year by a GEEA press conference. Most of these data are a1so avai1able on the 

homepage ofthe Federa1 Statistical Office ofGermany (see: http://www.statistik-bund). 

The data base of GEEA will be further developed step by step in order to present data to 

suppoπ political decision making aiming at sustainable development of society and economy. 



Residuals in SEEA, rev. 1 (chapter 3) 

Thep끼nciple idea of physical accounting is the description of physical flows to have a look at 

important pressures that occur along with economic activities. An important ap미ication is the 

combination of physical and monetary accounting in order to associate economic driving 

forces with environmental pressures. Therefore, the description and presentation of material 

flows within an accounting system should p끼ma끼Iy follow the SNA production boundaries 

and conventions. 

In the case of material products for physical flows there is always a corresponding monetary 

flow in the traditional SNA, but the application of SNA 띠les to the "expanded material 

list“ creates additional methodological questions to be answered. In this context, the defini­

tion and distinguishing of the various material flows (products, raw materials, residuals) is 

underlying the further considerations: 

Products are output of a produdion process and are an economic good. 

Residuals are output of a produdion process but are not an economic good (unwished by­

product of economic adivities). 

Raw materials are input of a production process, they can be economic good or not. 

The assignment of a produced material flow (product or residual) can exc/usively be done in 

dependency of the p끼ce situation. In any case, these flows aim to different economic activiti­

es as well as to nature. Actually, only a part of the residuals is crossing the boundary t。

nature and a part remains within the economic system. The assignment to residuals does not 

automatically mean a transition into nature and therefore should not be generally accounted 

in this way. This ∞nsideration takes into account, that the further transformation of residuals 

within the economic system does not affect the border to nature in the physical reality. They 

are inputs directly for production processes (recycling, treatment, landfills) that produce 

services. Although those physical flows do not affect the border to nature, they are never­

theless useful for the creation of related pressure indicators. 

For practical purposes, the p꺼ce criterium to decide between produds or residuals may 

cause some disadvantages that should be taken into consideration: 

The strictly use of the p꺼ce criterium as the only base for the delimination of material flows 

leads to changing assignments within the materiallist. Depending on the price situation, an 

identical material flow can be a product as well as a residual. But changing assignments for 

the list of materials make the handling of the system unnecessarily difficult and disturb hardly 

the possibilities for its analysing and interpretation. 

C:\WINDOWS\TEMP\Waste 1 Text Ab훨I1doc 1 



The p끼ce recording data base for residuals may be insufficient. This means, existing p꺼ces 

may be (statistically) missing or cannot be separated from other sources. 

For this reasons, a practicable and stable realization of the p끼ce criterium in order to improve 

the handling and interpretation of the system may be necessary. 

The delimination between product and residual in the former SEEA does indirectly use the 

price criterium and refers to the definition “unwished by-products of economic activities"l. 

This convention assumes, that “unwished by-products" may have no p끼ce. It starts up with 

the production process, that produces main-products and automatically unwished by-

products (residuals). As a consequence, the identification of residuals refers to the res비ts of 

the overall relevant p이itical discussion in this field (e. g. waste catalogues). 

Thus, the assignment of a material to the category residuals also means the delimination 

between different kinds of residuals in dependency of their input into the respective economic 

activities or nature: 

Residuals, that directly pass the border to nature (Input in not produced assets) 

Residuals for recycling (Input into the economic activity recycling) 

Residuals for treatment (Input in extemal environmental protection services) 

Residuals (waste) for landfill (Input in produ∞d assets/controlled landfills) 

The flows of these materials and their interrelations with economic activities and nature can 

best been shown within the methodological framework of a PIOT. 

Assuming the above mentioned considerations, the following guidelines are proposed for the 

practical realization of the methodology regarding residuals: 

No cross border accounting to nature for residuals that remain within the economic sphere. 

Creating a stable realization of the price criterium (no change between product and residual 

within the material list). 

Distinguishing between residuals according to their destination (nature or economic activi­

ties). 

The following tables show the results based on this guidelines and with focus on residuals as 

an aggregated example of the German PIOT 1990 for production branches and private 

households as well as for changes in tangible assets and the rest of the world. 

1 Residuals are nonnally the unwanted by-products of economic ac디찌디es. In some cases, they can be sold .... In 
other cases, they are used without a price for recycling or they are transformed by environmenta1 protection 
activities incurring additional costs. '" In m없ly cases, the borderline between the main output and the residuals 
of production processes cannot be sh따ply drawn. … The ques디on of existing markets is, of coursε， important but 
should not be considered as decisive in the de:finition of residuals. 

C:\WINDOWS\.TEMP\Waste 1 Text Abfa1l. doc 2 
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In the context of Gennan Environmental Economic Accounting (GEEA), it has become possible for the 
first time to estimate the amount of waste despite the lack of basic statistics. To fil1 the data gaps in time 
S앉ies， the available statistical basic data ofwaste (from 1993) were processed and used in the context of 
Material Flow Accounting α!lFA) as a me암lodological p없t of GEEA. Waste amount of 1994 was then 
estimated for example with the help of w;싫te coefficients. The estimates of overall waste will be 
represented and discussed in relation to the economic indicator by means of gross value added. In addition 
to that, waste to be disposed of is shown as a potenti떠 pressure for the nature as well. Due to the di많rent 
conceptions, the estimated results of MF A are not directly comparable to the results which were collected 
by waste statistics. 
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1 Material Flow Accounting αß?A) as a rnethodological part of German Environrnental 
Econornic Accoun뻐g(GEEA) 

Before we are ta1king about the specific topic in intεgrating waste s떠:tistics into Matεria1 Flow Accounting 
(MF A), it seems to be useful to have a good look briefly at the genera1 framework of Gennan 
Environmenta1 Economic Accounting (GEEA) which was developed by the Gennan Federa1 Statistica1 
Office in Wiesbaden. The division which is responsible for the GEEA has been working since 1985 in the 
department of economic and εnvironmenta1 sta쉰stics. One of the aspects of developing the GEEA is to 
anticψate the ch외빼ge ofthε sod따 towards susta피able development. Besides Environmεn밟 Economic 
Accounting (EEA), sustainability indicators have played an important role in this context, especially since 
the "Earth Summit" in Rio de Janeiro in 1992. In this context, RADERMACHER (1997) descnbed the 
specific role of statistics and accounting as follows: 

" ... Statistics and accounting provide quantitative (ex post) models ofthe actua1 situation, their 
task is neither to simu1ate future / hypothetica1 situations. …, there are two working areas in the 
close neighbourhood of accounting which must be well co-ordinated with accounting activities 
and frameworks: basic statistics 때d indicators. '" Basic statistics, indicators 때d accounting 
provide information for di짧rent utilisations. πleir quality profiles (accuracy, actu외i양 and 
level of detail) have to be diffiεrent， accordingly. Separated user groups and user needs require a 
menu of statistica1 없:ta which observe one specific item from selected angles. Nevertheless, 
accounting can and shou1d be used as a tool to improve consistency and performance of the 
production 때d analysis of statistical figures in genera1. … 

1.1 Objectives and Structure of GEEA 

One ofthe objectives ofGennan Environmenta1 Economic Accounting (GEEA) is to integrate nature as one 
ofthe factors ofproduction in the economy. The idea is to ca1cu1ate depreciation for nature as it is done for 
produced assets. The factor of nature has therefore to be added to the conventional factors of production by 
means of capi없1 and human resources; it supplies energy and raw materia1s, provides the location for 
businesses, and seπes as a medium receiving polutants, waste etc .. Environmental Economic Accounting is 
to show in statistica1 terms what kinds of natura1 resources are used, consumed, depleted, or destroyed by 
the economic activities (production/consumption) of a period, what expen며.ture is done or necessary for 
countermeasures. All this is based on the process of creating value added as reflected in economic statistics. 
Generally, only trends, mean va1ues, distributions and simi퍼r macrc• economic indicators are of interest. 
Individua1 cases such as materia1s, spaces, enterprisεs or incidents 따e 월gregated. Statistical data have to 
be provided for the following m떠n categories: sources of pressures on the environment, state of the 
environment and en찌ronmental protection measures (FSO 1997, p. 1). 

Following the approaches of pressure-state-response, the GEEA method was developed; it consists of five 
di많rent modules (Figure 1: GEEA): 1. Materia1 and energy flow analyses, 2. Use of1and and space, 1and 
cover, 3. State of the εnvironment， 4. Environmental prote다ion a따ivities， capita1 formation 없d 

expenditures and 5. hnputed abatement costs for a:뼈ning 없ndards (see RADERMACHER, STAHMER 
1994 and 1995). 
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Fig;-1: ‘ G'erman:Ë nvironmel야해 Ec.onolric. Acc.oun1ing'(GËËÄ) 
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As indicated by the di뚫rent 양mb이s， the various subject areas are characterized by their own specific 
methods: In subject areas 1, 4 and 5, methods of economic statistics and accounting 없 used to balance the 
materia1 flows caused by the economic sectors and the environmenta1 protection a다ivities taken. Subject 
area 2 dea1s with the immaterial pressures arising from a modified distnbution of land uses and physical 
intεrventions. Remote sensing 없ld geo information 양S않ms are used here as methodologica1 instruments. In 
subject area 3, the objective basica11y is to condense measuring and monitoring data, which are available in 
an isolated form so as to provide suitable indicators. on the basis of the rεsults of subject area 2, an 따ea 

S없nple is developed which aims at the production of indicators on the qu허ity of natura1 assets. The sample 
should reflect the change of diversi양 oflandscapes, fauna 따ld flora in an efficient and cost saving way 
(FSO 1997, p. 3). 

In Germany, the collection 없d eva1uation of environment related data has a1ready a long tradition. Basic 
environment statistics (waste, water and environmenta1 expenditures) have been carriεd out since the early 
seventies (BALTES, NOWAK. 1974). Geographica1 information 양stems and remote sensing have been 
applied for land coverlusε statistics for about ten years (RADERMACHER 1993). The concepts of 
satelli않 systems in the field of environment accounting have been developed by accountants ofthe Federa1 
Sta:따tical Office in the eighties (ST와RιER 1987; SCHAFER, STAI표ð:ER 1989). 

1.2 Waste within MF’A 

As a methodological p따t of GEEA, the conc앵t ofthe Materia1 Flow Accounting (MFA) uses the natural 
sciences as a background to en1arge the mat려a1 flow concept of the economy into the "indusσia1 

metabolism" (see e.g. BACCINI, BRUNNER 1991; AYRES, SIMONIS 1994; STRASSERT 1991 and 
1996). The priority of the MF A is to show the relationship between economic activities and environment 
pressures by means of the output side of environmenta1 burdens, e.g. air emissions, waste and waste water. 
The main characteristics of the MFA concept can be summarized as follows (RADERMACHER, 
STAI표ffiR 1996 and 1998; HÖH 1997; TJAHJADI, SCHÄFER, RADERMACHER, HÖH 1998): 
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• Nature is taken into account by putting an additional asset/stock account both on the input and the 
output side of the sy양:em of nationa1 accounts; 

• The border between the economy and nature is defined explicitly: raw materials 따e extracted from the 
nature and residues are discharged into the nature; 

• The vector of goods 따ld services in the system of national accounts is supplemented by raw materials 
and residues; 

Fig.2: Material flow through the domestic economy 

DÞD훌솔'F.coïmq￥ 

• The material and energy flows within the system borders (e.g. domestic economy, activities of 
production and consumption, technical processes) are calculated by taking the law of conservation of 
mat려al and energy into account 

Depending on the system borderlines, economic activities can also be interpreted as a technical network 
aiming at the production of goods and services. Within the system borderlines, raw materials (material and 
energy) will be transformed into products or groups of pr여ucts and environmenta1 burdens, e.g. air 
emissions, waste and waste water. Waste is therefore a ηpe of residues produced by the economic 
a따ivities， and - as a first appro잉mation - a distinction can be made between overa11 waste, waste to be 
disposed of (into the nature) 따ld waste to be utilized /recycled (in the economy). In relation to GEEA, the 
first step to do 농 to cover the material flows caused by activities ofthe domestic economy. 

Material flows through an economy is a complex matteζ as it implies multiple hierarchical scales which 
can be taken as re뚫rence points for an observation (scales of economic units, scalεs of regions, scales of 
substances, etc.). Even if we decided to account only for flows throu방1 the tota1 economy and the entire 
nationa1 territory we would still have to determine which materials or substances had to be integrated. This 
d야lends on the selection criteria which are a function of a widespread understanding of environmental 
relevance. In Germany it has been decided to follow a top-down approach, 없rting from the tota1s of 
material and energy flows and then !rying to distinguish those flows as far as possible with respect to their 
economic, environmental and regional relevance (fig. 3). 
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Fig. 3: Scales of Material and Substance Flows 
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The data processing for material and energy f10w accounting as well as their primary results w i11 be 
organized in the Material and Energy F10w Information System α표FIS) and can then be evaluated for 
diff농rent purposes (see RADERMACHER, ST와표i.lER 1996 and 1998， 1표INZE 1998), e.g. investigation 
of the indirect emissions using the input-output analysis (e.g. THOMAS 1996, STBA 1997 and 1998), 
making out the physical input-output table 삼rrou!ψ equal wei양ting of the data (STAI표1ER， KUHN, 
BRAUN 1998), ca1culation of NAMEA-type indicators e.g. greenhouse efi농ct and acidification thrOU!맺 
weighting with equivalent coe많cients (STBA 1997 and 1998; TJAHJADI, SCHAFER, 
RADERMACHER, HOH 1998). Figure 4 shows the MEFIS f10w chart which descnbes both the 
processing of data into MEFIS and the evaluations of processed data for diff능rent users. our topic 
concentrates on the frrst point and focuses on the processing of waste data. 



Fig.4: MEFIS ßow chart 
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One of the requirements of the MEFIS infonnation 얄stem is to provide the data in time series for the 
diff농rent users. On the environmenta1 burdens of the output side, the primary data of air emissions in 
Gennanyare 허ready standardised and are available in time series from 1978 unti1 1994 for eight ηpes of 
air emissions (C02, CO, S02, NOx, CH4, N20, NMVOC 없d particulate matter) (see STBA 1998a). In 
comp따ison with air emissions, the time series for waste data are still in the development 앙age， as the 
prim없y data sources, especially the waste statistics, were compiled every three years. 

2 Methodology : Function외 Structure of MF’A 

Due to the di짧rent conceptions of Materia1 F10w Accounting (Mf'A) and basic waste 양atistics， the 
prεsented data consequent1y have different resu1ts, too. The infonnation system of the material flows 
integrates da없 -as 찮 as possib1e - in the fonn of time series, which are provided for the production 
branches (homogenous production units) according to the concepts of Input-Output-Tab1es in Nationa1 
Accounts. In comparison with MF A, the waste statistics are a p따t of environmenta1 statistics which airns 
at the collection of environmenta1 data according to the G얹man 1aw on environmental 앙ati앙ics in thε 
context of environmental p이icy (see e.g. SPIES 1984, USTATG 1980 없d 1994). Waste statistics provides 
periodica1 data (every three years) and the data were collected within the u미ts of establishments. The last 
waste statistics from 1993 were published in 1996 (STBA 1996) and 1997 (STBA 1997b). 

πlis chapter describes firstly the methodology, how to in않grate waste 앙atistics data into Material F10w 
Accounting α1F A), and secondly how to estimate the waste amount to fill the data gaps in time series for 
the MF A. With the ex없nple of 1994, the estimated results of overall waste amount and waste to be 
disposed of will then be presented in the chap않r 3. 
2.1 Integrating Basic Statistical Data into MF A 
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Two points wi1l be presented here: First, the purposes of delimitation of production branches and the 
principle on transferring the data from the units of establishments into production branches, and second, the 
steps needed for integrating basic waste statistical data into MF A. 

2.1.1 Delimitation of Production Brancbes of MF A 

The economic a따ivities in the materia1 and energy f10w accountsare c1assified according to the functiona1 
delimitation of production branches as applied in the German System of Input-Output-Tables. A 
production branch is defmed as the totality of all homogeneous production units producing a commodity 
within a commodity group (STBA 1995, p. 22). From the aspect of Environmenta1 Economic 
Accounting, the c1assification of the economic activities by produ따ion branches thus provides the 
connection between data on residues or environmenta1 burdens 없d economic data (e.g. va1ue added, 
employed persons). At the same time, this functiona1 c1assification is the prerequisite for investigating the 
economic linkages by means ofthe input-ouφut ana1ysis, e.g. investigation ofthe cumulative environmenta1 
burdens caused by consumption. Due to the concept of the German Input-Output-Tables there are 58 
production branches which can be divided into branches of good producing indusσies (40), branches of 
agriculture and forestry (2) and branches of services (16). 

To σansf농r basic waste 앙atistics from the units of establishments into the production branches, we have to 
di양inguish three types of activities within the establishments: principa1, secondary and ancillary activities 
(see Figure 5). According to the System ofNational Accounts (see UNITED NATION 1993, pp. 113) the 
main criterion for distinguishing the principa1 and secondary activities is value added: 

"The principa1 activity of a producer unit is the activiη whose va1ue added exceeds that of any 
other activities carried out within the same unit.... The va1ue added of secondary activity must be 
less than that ofthe principa1 activity" (p. 114). 

The output of the activity is the criterion to distinguish the anci1lary activities from the principa1 and 
secondary activities: 

"The output of the principal activity…must consist of goods or services that are capable of being 
delivered to other units even thou앙1 they may be used for own cOllSUll1ption or own capita1 
formation. … A secondary activity … whose output, like that of the principal activiη， must be 
suitable for delivery outside the producer unit. … The output of an 없ci1l없ya따ivity is not intended 
for use outside the enterprise. An ancillary activity is a supporting activity undert와cen within an 
enterprise in order to create the conditions within which the principal or second따y activities can be 
carried out" (p. 114), e.g. administration, purchase, sa1es etc .. 
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A production branch is ch없C없zed by fhe hODlogeneous produ따ion UI뼈 which correspond to fhe 
p파lcipa1 activity including its anci1l하y activities. Therefore, fhe production branches are fOrDled by 
selecting fhe principa1 8J따i피.ty and separating it frODl fhe secondary 8J다i、rities inc1uding their anci1lary 
activities; fhe secondary a야ivities are transf농rred to fhe corresponding branches. Consequently, fhe waste 
Dlateria1s produced by fhese activities have to be selected and transf농rred using fhe sanne procedure. 

The probleDl which has yet to be solved is how to distinguish fhe waste of principa1 acti찌ty froDl the waste 
of secondary and ancillary activities, as waste statistics do not give any explicit inforDlation about fhese 
various activities. Besides, fhere is no production Dlatrix which allows fhe transition frODl fhe units of 
establishDlents to the production branches. Therεfore， it is inevitable to proceed as follow: 

1. Following fhe availability ofwaste statistica1 basic data and fhe Dlateria1 flows wifhin an establishDlent, 
two 양pes of secondary activities have to be taken into account separately for each principa1 activi양: fhe 
produ따ion of electricity and the activities ofbui1ding and construction; 

2. Developing of a transition Dla며x for ofher secondary activities seems to be less Dleaningfu1 due to fhe 
hi앙ler degree of hODlOgεnity ofu피ts of establishDlents (CODlparing wifh units of enterprises used as a 
S밟ting point in GerDlan Nation외 Accounts); 

3. According to fhe conventions ofthe GerDlan Input Output Table, fhe activities ofwaste water treatDlent, 
fherDlica1 waste treatDlent and production of process water wifhin fhe establishDlent are assigned to 
anci11ary activites. 

2.1.2 Steps from Basic Waste Data to l\1FA 

What is particularly oovantageous for MF A purposes, are fhe basic statistical waste data for fhe good 
producing industry, as these include the inforDlation on fhe origin ofwaste. Therefore, fhe transf농r of data 
to MF A focuses here frrst on fhe production branches of good producing indusσies. For fhe reDlaining 
branches of services and of agriculture and foresσy， fhe data transfer has to be pursued by an estiDlation 
m한hod; fhis will be described in fhe next chapter. 
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Following the ideas of delimitation of production branches mentioned in the 1ast chapter, the transfer of 
basic waste data from units of establishments into produ다ion branches is carried out in following steps: 

• Using the 뼈sic waste statistics, the significant 양pes of waste (according to German waste 
cata10gue/LAGA) produced by the re1evant secondary 없6찌ties (the production of 리ectrici양 and the 
activities of construction) inc1uding their anci1lary activities (e.g. 뿔sp따ification within production of 
리ectriciψ) have firstly to be separated from al1 양pes of waste produced for each es띠blishment; 

• These selected waste data have then to be transferred to the corresponding production branches 
(homogeneous production units) electrici양 anψor construction; 

• The remaining ηpes of waste produced by the principa1 activity and i칩 ancil않rya다i찌.ties are assigned 
to the homogeneous production units (production branches). Depending on the c1assi죄cation degree of 
the availab1e 뼈sic stati양ics， some good producing industries have to be aggregated into the 
corresponding production branch, e.g. sugar production into the manufacturing of food products. 

Fig:6:;Flow' ch8!!.:.:.Q~~~~~~t~~~삼'ans뚫r 

• The contnbution of sma11 firms is added to the summarized data according to the production branches; 
this is done by the he1p of the relation of production values b앉ween sma11 finns and establishments with 
more than 20 emp10yees. For this purpose, some assumptions are made for sm외1 firms, e.g. they have 
no intemal electricity production and waste water treatment. 
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The infonnation 양stem of materia1 and energy flows (MEFIS) 짧ives to provide data in the fonn of 마ne 

series. The first reason is to enable long tenn comparisons and the second to achieve a complete description 
of a11 kinds of materia1 flows in a given year. For this purpose, it is favorable to update the data yearly. 
Waste statistics as a data base are collected in general every tb.ree ye하'8. The last waste 앉ati양ics from 
1993 were published in 1996 and 1997 (STBA 1996 and 1997b). Besides, the amendment of the law on 
environment statistics (USTATG 1994) in Gennany entered into force on 1 January 1997. According to 
this, there will be no collection of waste data showing the origin of waste any longer. In the context of 
MF A, such data are important for transferring the basic data to the production branches. Due to these 
backgrounds, an estimation method to ca1culate the amount of waste by branches was developed by the 
F ederal Stati앙ica1 Office of Gennany to fill the data gaps in time series for MF A. 

2.2.2 Estimation Method for Branches of Good Producing Indusσies 

40 out of 58 production branches are assigned to the good producing industry. Estimating the amount of 
waste is carried out for each ofthese branches. To estimate the waste of good producing industry in 1994, 
the primary data based on the waste statistics of good producing industry (1 993) have to be transferred 
first from the establishment concept into the production branches following the procedure as mentioned in 
the previous chapter. 

F핑 7:E설때atWÏl Meth때rif야~ 싫Uotini ofWas않 

rorGood Producing'liu:lustry 

1I:msfe야~1M Q향 
Wl.sudàti효뼈빼S 

rt 짧빠méitiitib 
p:뼈l!ti:m:bru:th1 $ 

The amount of waste 1994 is ca1culated by estimating the significant amount of some specific ηpes of 
waste and the residual amount of the remaining 얀pes of waste. Most of the specific types of waste are 
ηpical for the corresponding branches as they have a strong relation with the material flows (inputs or 
outputs) of the principal unit of production, e.g. whey with the production of cheese, sludge or dust of top 
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gas with the production of raw iron. 1n contrary to that, the remaining ηpes of waste has usually no 
specific relation with the principa1 unit of production. 

2.2.2.1 Significant Amount for Some Spec댐c Types ofWaste 

Estimating the significant amount of waste (about 82%) was carried out by using the coefficients for some 
specific 양pes of waste which show the relation between the amount of waste 따ld a (physical or monetary) 
unit of measuremenf. These specific ψpes ofwaste (about 57) were selected from the 435 types ofwaste 
shown according to the German waste cataloque (LAGA). They are assigned to the various production 
branches. A coefficient of waste is therefore specific of both the ηpe of waste and the branch of 
produ다ion. Using these coefficients, the amount ofwaste in a certain year can be estimated to fill the data 
gaps in 마ne series caused by the lack of waste 양atistics. The amount of waste is obtained by multiplying 
the coefficient of waste by the yearly change in the corresponding (physical or monetary) unit of 
measurement, e.옹g. the amount 0바fpro여d띠uc띠tion based on the pro여dl띠uc띠tion statis밟tic앙s 0야r the production value 
based on the econornic stat떠i엽st따lCS . . 

2.2.2.2 Residual Amount for Remaining Types ofWaste 

Within a production branch, p하t of the waste amount can be estimated by using these coefficients. The rest 
of waste has normally to be calcu1ated by using the most irnportant coe많cient which has already 
contributed a significant amount of waste within a produ다ion branch. For production branches which have 
no coefficient at a11, the estirnation is carried out according to the specific conditions of that produ다ion 

branch. In some cases, it is necessary to determine additionally a significant unit of measurement, e.g. the 
over외1 amount of water produ따ion for the branch ofwater supply. 

From the overall amount ofwaste, about 90 % can be estimated by using the physical unit ofmeasurement 
With regard to waste the physical unit is more relevant than the monetary unit of measurement, as waste is 
P따t of the materia1 flow within a production process. 

The contribution of small firms is then added to the estirnated amount of waste from the good producing 
industries with more than 20 employees using the corresponding relation of production va1ues. 

2.2.3 Estimation Method for the Branches of Agriculture & Forestry and Services 

Due to the lack of a statistica1 data base connected to the origin of waste, an estimation method was 
developed by the German Federal Statistical Office (see ST와표1ER， KU田Il"， BRAill‘~ 1998) to determine 
the waste amount of these branches. F or the branches of services, the main problem is how to allocate the 
aggregated waste amount estimated from the waste 양atistics to the branches. The developed method uses 
various statistics and data sources (see Figure 8). 

Estimating the waste for several branches follows by using the waste statistics and the data of commodity 
inputs which give any relevant information on the waste produced. For this purpose, the waste-rεlevant 
commodity inputs of all the branches of services are firstly selected. The allocation factors to the dif끊rent 

branches of services have 버en to be det，εrmined on the basis of the relation between the waste-relevant 
commodity inputs for any individual branch and for the total of service branches. Using these allocation 
factors, the aggregated amount of waste determined from the waste statistics can be allocated to the 
corresponding branches of services. Then, the hospital waste on the basis of waste statistics can be 

2 The detennination of wa앙e coefficients was carried out by theFraunhofer insitute (ISI) in Karlsruhe on behalf of 
the Gennan Federal Statistical Office in Wiesbaden (ISI 1998). 
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a110cated into the corresponding branches of services which are related to the hospi때 e.g. hea1th and 
vet려nary markεtseπices， central and local government etc .. Besides, the waste amount of environmental 
services (here: waste water treatment pl없t and waste incineratoη can be ca1culated on the basis of waste 
statistics. To detennine the waste of some recycling ac성vities， e.g. the recyc1ing of wrecked cars and 
wagons, various data sources 벼:ve to be used. 
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For the branches of agriculture and forestry, estimating waste is carried out by using waste statistics of 
good producing industry and the data of waste-relevant commodity inputs. Firstly, the waste-relevant 
commodity inputs of the branches agriculture and forestry are selected. πlese selected commodity inputs 
are then used to dεtennine the overall amount of the corresponding commodity inputs from 려1 of the 
industry branches. Using the waste 양atistics of industry, the selected commodity inputs are connected t。
the relevant 양pes of waste to determine the waste 없nount. The relations between waste amount and the 
corresponding commodity input within the industry result in a110cation factors which are used for 
estimating the waste of agriculture and forestry. 

Using this genera1 method, the waste of services was then estimated for 1993 (TJ와DADI， SCHÄFER, 
RADERMACHER, HOH 1998a). In 1994, the waste of services and of agriculture & forestry was 
determined by using the factors which showthe relation ofthe produ따ion values at constant prices between 
two corresponding ye따s. 

3 Results 

3.1 References for Interpretation (see STBA 1998) 

Before we present the results, it is useful to summarize the important points which have been taken into 
account as the framework for interpreting the data: 

• The conc멍It of production branch of materia1 flow accounting and environmental economic accounting 
has to be distinguished from the concept of establishment in the waste statistics for the good producing 
industry. The results for the waste amount from the two approaches are therefore not directly 
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comp없able (see chapter 2), e.g. for e1ectricity production, the waste produced by the production branch 
differs from the waste produced by the establishment or enterprise, as electricity can be produced in 려1 
enterprises or es없blishments as well. 

• Therε댄rir앉nents of data qua1ity for the two approaches 따e diff농rent， too: whi1e the collected data in the 
waste statistics demand high 앙andards (in detai1), the estimated data in the context of material flow 
accounting have a summari깅ngch없acter. 

Besides, the results of materia1 flow accounting do not intend to establish a hierarchy of responsibilities of 
environmenta1 burdens betwεen the production branches, because 

a) the purpose ofmateria1 flow accounting is to show the interrelation between production and consumption 
in the economy and not only to represent a p따t of economic activities, e.g. production. In this context, there 
is no sense in looking for the responsibility of 없.vironmental burdens only from one side, 

b) the profile ofproduction branches (see Figure 9), which can be used as a too1 for decision makers to 
create environmental policies, shows the structure of the environmental economic relations through 
connecting the data on environmental burdens - e.g. 떠r emissions, waste etc. - to the economic data, e.g. 
쩌lue added, employed persons. 

Corresponding to the concept of value added, the overa1l amount of waste which is generated 버rect1y from 
the individual production branches w i11 be taken into account. From environmenta1 aspe다s， the overa11 
waste amount plays an important role, as the scale of the actual pressure of waste disposed of into the 
nature depends on the success of the activities intended to avoid and uti1ize waste, e.g. 상rrough recycling. In 
relation to the profile of produc펴on branches, the waste data w i1l be shown by combining them with 
economic indicators, i.e. gross va1ue added. In addition to that, waste to be disposed ofwi11 be rεpresented 
as wel1, as a potential pressure on nature. 

3.2 Waste Amount and Economic Perlormance by Production Branches, 1994 

In the context of German Environmental Economic Accounting, it has become possible for the first time to 
estimate the amount of waste despite the lack of basic statistics which were col1ected periodica11y (every 
three years). The available statistical basic data (from 1993) were processed and used in the context of 
material flow accounting, and then estimated for 1994 e.g. with the help ofwaste coefficients (see chapter 
2). 

In 1994, nearly 350 mi1lion tons of overa11 waste were generated in all ofthe production branches; most of 
them (about 89%) were contributed by the industry, which produced 떠most 35% of gross value added. Ten 
of 58 produ따ion branches generated nearly 86% of the waste amount and contributed almost 30% of the 
gross value added. Each of these ten production branches produced more than five mil1ion tons. The 
fo11o째ng figure shows 삼le percentage of overall waste and gross v떠.ue added of the first six impor없nt 
branches: bui1ding and construction, coal mining, production of electricity, produαion of iron and steel, 
services ofcentra1 and local government, and production offood (see STBA 1998). 
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Nearly 50% of wàste were produced in the production branch of building and construction, while almost 
one :fifth of the overall wàste was generated in coa1 mining. Most of that wàste was bulk waste in the sense 
of excavated materia1, demolition waste, and mining waste. However, the contribution ofboth branches to 
economic performance is much sma11er; for consσuction 때d bui1ding, it is about 4%, while for coa1 mining 
it is less than 1 %. Besides, a1most 7% of the overa11 amount of waste is generated in the :field of electricity 
production, which accounts for a share of less than 2% of economic performance. These three production 
branches, which are most important for the overall amount of wàste, account for more than two thirds of 
the total amount of waste. In the context of production, waste produced can be interpreted as undesired 
materia1 in produ따ion， too. 

These ex없nples i1lusπate two other important aspects: First, large amounts of undesired material are 
inevi빼ly generated as p하t ofthe prod때on of indispensable intermediate commodities (such as coa1 and 
electrici양) for subsequent production branches. Second, 1하ge amounts of waste (e.g. demolition waste) 
r않ult from the dismantling of accumulated materials, in the economy a1so from removing existing 
m잠astru따ure (e.g. demolition ofbuil이ngs). 

The pr때l따ion of iron and steel accounts for nearly 4% of the tota1 amount of waste, while that branch 
contributes by far less than 1 % to economic performance. The services of centra1 and local government, 
inc1uding for instance environmental protection services (public waste disposa1), produce over 3% of a11 
undesired materia1. As the public sector generally has a service character, its contribution to value added is 
much greater. The production of food accounts for just under 3% of the overall amount of waste; this 
branch contributes 1.6% ofthe economic performance. 

3.3 Waste to Be Disposed of, 1994 

The overall amount of waste which is generated as a dire따 result of production is subsequently either 
utilized or disposed of. Waste to be utilized are residual substances, which are transferred to third p따ties 

for utilization outside the es없blishment. It covers both waste intended for recyc1ing enterprises and waste 
intended for trade in waste materia1s. Residua1 substances which are recycled within the establishment are 
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not covered by the 외πey (see STBA 1997b, p. 8). Waste to be utilized remain therefore in the economy. 
In contrary, waste to be disposed of 휠ves any informations about potential pressure on nature/environment 
due to its discharge into nature (e.g.land:fills). From environmental-economic aspects, it is thereforlε 

meaningful to consider the waste to be disposed of, too. In the waste 양atistics， the amount of waste to be 
disposed of inc1udes both waste which is transported to extemal disposal p1ants (inc1uding wastε collected 
asp따t of public collection of household refuse) and also waste which is disposed of in intemal plants of 
establishment (landfills and incineration plants, Ï.e. waste incineration plants and fumace wher，ε waste is 
regularly bumt, too). Extemal disposal facilities are public disposal plants for domestic waste (land:fills and 
incineration plants), landfills for demolition waste andexcavated material as well as other facilities (e.g. 
composting facilities) (see STBA1997b, p. 8-9). 

Figure 9 shows the percentage contribution ofwaste for disposal of some individual production branches to 
total produ따ion branches, too. Exc1uding the bulk waste, over 70 million to08 are produced as waste for 
disposal by all production branches. Comparing to the overall amount of waste, the production branches 
mentioned before have different shares in that waste: construction nearly 3%, coal mining less than 1%, 
e1ectricity production nearly 20%, iron and steel production almost 5%, services of central and local 
government more than 10%, and food production less than 3%. 

4 Outlook 

In the context of GEEA, some topics in the field of waste are important for future work: 

First: Filling data gaps for waste ref농rring to the period after 1994 
For this purpose, the changing aspects of the framework of the estirnation method have to be taken into 
account, for example: 

• the introduction of new nomenc1atures for the 양pes of waste, for produ다s and for economic branches 
from the european framework; 

• the changes in waste-related laws, such as the new law on waste management and waste of October 
1994 (that entered into force on 7 October 1996), inc1uding i성 subordinate provisions; also, new 
ordinances in the field of waste recyc1ing and the ordinances applicable to landfilling, and the 
amendment of the environmental statistics law of Septεmber 1994, which entered into force on 1 
January 1997; 

• the changes in terminology and in the delimitation between waste and non-waste; 
• the technical progress made in fields with a considerable amount of waste produced, such as 

reutilization of construction waste, car wrecks, electronic waste, etc., and the capacities of the 
e양ablishments concemed. 

Second: Harmonizing the data according to requirements of the MEFIS information system 
This regards first of all the checking of whether available data meet the requirements of the Material and 
Energy Flow Information System (MEFIS) and what data have to be harmonized and calculated in the 
future. 

Third: Cumulated amount ofwaste 
The general method of ca1culating indirect emission will have to be adopted to permit calculation waste 
amount which indirectly produced through intermediate co08umption. 

Fourth: Environmental relevance ofwaste 
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T비s re뿔rds the development of a weighting system to describe the specific environmental risk of the 
amount of waste concemed. Such a weighting system exi양s， for example, in the sphere of air emissions; it 
allows to aggregate the emissions by their specific eff농ct regarding an environmental problem examined 
(e.g. greenhouse effect). A prε condition towards developing such a weighting system for waste is the 
proposal made by the Federal Statistical 0훈ice to break down the overall amount of waste by four waste 
categories; forming those categories takes account of the quantitative and q없litative (ecotoxic) criteria. 

F댐'th: Filling data gaps for the time before 1993 
The question here is, how 훨r the available data make it necess따Y to adjust or modify the developed 
estimation method, in order to permit a calculation of the data for former years in the context of material 
and energy flow accounting. 
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펙
 L 

펀] Envi 

Home Trends of production factors , 
Figures & Facts residual and contaminate substances and productivities 
Scientific forum 

Products & Specification Units 1991 1993 1995 11999 ?/strong> 
Service Production factors 

Statistics shop Primary 
다nk흐 energy Petajoule 14.467 14.179 14.269 14.20 

consumption 
On the Subject: Raw material 

withdrawal 1.460 1.413 Tables and , 

Mil l. t 1.485 1.41 

Text Imports ?/td> 
Info Water 

extraction Mil l. 51.344 48.150 48.909 m?/small> .. 
from nature 

Subject areas Greenhouse 
Copyright Mill. t 1.148 1.073 1.051 1 007 ?/td gases 

매cidification Mil l. t 5.7 4.5 3.5 2.5 ?/td gases 
rvvaste Mil l. t 354 363 365 .. 
Water 

Mil l. disposal into m?/small> 51.148 47.966 48.724 .. 
nature 

BUilt-up land 
and 
land used for km?/small> ... 40.305 .. . .. 
traffic 
purposes 
Hours worked Mil l. Std. 59 58 57 5 
Consumption 
of fixed 
capital OM bn 447 492 521 57 
(at 
1995prices) 
final consumption: 
Gross 
domestic 
product OM bn 3.346 3.384 3.523 3.73 
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(at 1995 
prices) 

Gross domestic product in relation to production factors 
(Germany 1991 respectively 1993 = 100) 

Primary 
energy 100 103.2 106.7 113. 
consumption -
Raw material withdrawal and 
Imports ?/td> - 100 104.5 103,5 115. 
Water 
extraction 100 107.8 110,5 .. 
from nature -
Greenhouse 100 108,2 115,0 125.2?/td gases -
lAcidification 100 129.7 173.6 248.8 ?/td gases -
Waste - 100 98 ,7 102,1 .. 
Water 
disposal into 100 107,8 110,5 .. 
nature -
BUilt-up land and land used for 

traffic 100,0 purposes - ... . .. . . 
Hours worked - 100 103,0 109,4 116, 
Consumption 
of fixed 
capital 100 91 ,9 90 ,3 86 , 
(at 
1995prices) -
?Partly estmate. 
?nbsp;Extraction used of abiotic raw material and imported 
abiotic goods. 
?nbsp; 1998 
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펀] Environm 

Home Revenues from taxes and fees related to the environment 
Figures & Facts 
Scientific forum 

Tax/Fee 
1992 1994 1996 1999 

Products & million DM 
Service 

Mineral oil tax 55.166 63.847 68.251 71.278 Statistics shop 
Links Motor vehicle tax 13.317 14.169 13.743 13.767 

Fees related to waste water 
On the Subject: discharges 11.784 13.731 12.599 

Fees related to waste 
Tables disposal and 
I엎t treatment 10.462 11.357 11.388 
Inf。 Total 90 .729 103.103 105.981 . 

Subject areas 
Copyright 
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펀] Envi 

Home Material and energy flows 
Figures & Facts mnt 
Scientific forum 

Products & Materials 1991 1993 1995 1998 
Service Solids and Gases 

Statistics shop 
Withdrawal 5.121 4.779 4.503 4.150 

Links 
aRaw material withdrawal 3.968 3.681 3.376 2.996 

On the Subject: (i nland) 
aaUnused raw material , 2.686 2.422 2.089 1.791 

Tables extraction 
Graph aaRaw material , extraction 1.282 1.260 1.287 1.205 
Text used 
Info aaaBiotic raw material 188 205 198 216 

aaaAbiotic raw material 1.094 1.054 1.090 989 
aaaaFuel 364 296 265 226 
aaaaOre O O O Subject areas 

Copyright aaaaMinerals , stones and clays 730 758 825 763 
aalmport 433 423 464 505 
aaaBiotic goods 68 64 69 73 
aaaAbiotic goods 365 359 395 431 
aaaaFuel 203 208 214 246 
aaaaOre and other products 74 63 78 85 
aaaaMinerals , stones and clays 
and 51 56 64 54 
aaaatheir products 
aaaaProducts of chemical 23 21 24 29 industry 
aaaaMetal products and 8 6 8 10 machinery 
aaaaOther 6 5 7 8 
aaOxygen input processes 719 675 663 649 
Discharge 4.390 4.044 3.728 ... 
aaMaterial application 295 283 283 277 
aaaFertilizer 294 282 282 276 
8aaPesticides (active O O O O sUbstances) 
aaaSewage sludge 

filQ .1Ir.:빠f\^/1 1\ 1 nn\^'~관빠T I=f..IIP f -1 



.•. “‘-,.-, - .. ‘ ...... 、一’닝J “‘ .. ‘ .... " 、" ，、. ‘- , ‘-

aaUnused raw material. 2.527 2.258 1.934 1.657 extraction 
aaExport 211 202 225 260 
aaaaBiotic goods 52 51 60 67 
aaaaAbiotic goods 159 151 165 193 
aaaaaFuel 21 22 25 34 
aaaaaOre and other products 37 36 38 41 
aaaaaMinerals. stones and 
clays and 50 41 45 50 
aaaaatheir products 
aaaaaProducts of chemical 30 32 34 39 industry 
aaaaaMetal products and 

12 10 12 16 machinery 
aaaaaOther 9 9 11 13 
aaWaste. total 354 363 365 ... 
aaAir emissions 1.002 938 921 901 
Balance Solids and Gases 731 735 775 ... 

Water 
aaWater extraction from nature 51.344 48.150 48.909 ... 
aaWater disposal into nature 51.148 47.966 48.724 ... 
aaExported minus imported 8 8 8 water ... 

Balance Water 189 176 177 ... 
Total 

Material retained 920 911 952 ... 
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펀] Environment 

Home Energy consumption 
Figures & Facts Branches 1991 1994 1996 1998 
Scientific forum Petajoule 

Products & IAgriculture , forestry and 
Service fishing 207.1 147.0 159.0 152.6 

Statistics shop Production industries 8387.3 8007.9 8104.3 7756.9 
Links Coal-mining , Peat 

On the Subject: 
cutting 650.7 500.1 398.0 283.6 

Manufacturing of Tables 
Text 

, food products 264.4 265.4 282.1 272.6 

Inf。
Mal1ufacturing of 
pUlp. paper and 208.3 234.0 218.9 212.8 paper products 

Subject areas 
Coking plant , 

Copyright 
Petroleum 
processmg , 

477.7 508.5 499.7 438.7 manufacturing 
。f fertile material 

Manufacture of 
chemicals. 1654.2 1612.5 1489.1 1493.9 Chemical products 

Manufacture of 
other non-
metallic mineral 316.0 331.9 374.2 373.2 
products 

Manufacture of 
basic metals and 
fabricated metal 817.5 737.7 751.8 766.7 
products 

Electricity and gas 
supply 2654.0 2690.3 2853.6 2734.4 

Rest of Production 

n_ , 
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industries 1344.4 1127.4 1236.9 1181.0 

Service activities 2026.4 2049.9 2269.7 2199.5 
ìfotal. including statistical 10715.4 10284.6 10571.0 10349.1 balance 
final consumption: Private 3751.4 3793.7 4174.9 4104.9 households 

1991 = 100 
Agriculture , forestry and 100 71.0 76.8 73.7 fishing 
Production industries 100 95.5 96.6 92.5 

Coal-mining , Peat 
cutting 100 76.9 61.2 43.6 

Manufacturing of 
food products 100 100.4 106.7 103.1 

Manufacturing of 
pUlp. paper and 

100 112.3 105.1 102.2 paper products 

Coking plant , 
Petroleum 
processing , 100 106.5 104.6 91.8 manufacturing 
of fertile material 

Manufacture of 
chemicals. 100 97.5 90.0 90.3 Chemical products 

Manufacture of 
。ther non-
metallic mineral 100 105.0 118 .4 118.1 
products 

Manufacture of 
basic metals and 
fabricated metal 100 90.2 92.0 93.8 
products 

Electricity and gas 
supply 100 101.4 107.5 103.0 

Rest of Production 
industries 100 83.9 92.0 87.8 

Service activities 100 101.2 112.0 108.5 
ìfotal including statistical 100 96.0 98.7 96.6 
balance 
final consumption: Private 100 101.1 111.3 109.4 
households 
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펀] Environment 

Home Energy consumption relevant for emissions 
Figures & Facts Branches 1991 1994 1996 1998 
Scientific forum in Petajoule 

Products & Agriculture , forestry and 133.4 Service fishing 
150.8 130.8 139.2 

Statistics shop Production industries 7276.5 6642.7 6619.5 6328.4 
Links Coal-mining , Peat 

On the Subject: 
cutting 675.9 526.6 411 .7 285.6 

Manufacturing of Tables 
Text 

food products 209.1 210.0 222.8 216.6 

Inf。
Manufacturing of 
pUlp. paper and 164.8 189.9 177.7 174.2 
paper products 

Subject areas 
Coking plant , 

Copyright Petroleum 
processmg ’ 596.7 453.0 427.3 427.5 
manufacturing 
。f fertile material 

Manufacture of 
chemicals. Chemical 750.1 652.9 523.8 524.5 
products 

Manufacture of other 
non-metallic 257.8 269.9 31 1. 1 313.0 
mineral products 

Manufacture of 
basic metals and 
fabricated metal 825.9 774.8 785.8 825.6 
products 

Electricity and gas 
supply 2993.0 2886.5 3005.8 2848 .7 

Rest of Production 
industries 803.3 679.2 753.5 712.6 
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Service activities 1597.8 1632.7 1803.2 1721.7 
Total 9025.1 8406.2 8561.8 8183 .4 
final consumption: Private 3253.9 3171.2 3517.1 3455.5 households 

1991 = 100 
Agriculture , forestry and 100 86.7 92.3 88.4 fishing 
Production industries 100 91.3 91.0 87.0 

Coal-mining , Peat 
cutting 100 77.9 60.9 42.3 

Manufacturing of 
food products 100 100.4 106.5 103.6 

Manufacturing of 
pUlp. paper and 

100 115.3 107.9 105 .7 paper products 

Coking plant , 
Petroleum 

, processlng , 
100 75.9 71.6 71.6 manufacturing 

of fertile material 

Manufacture of 
chemicals. Chemical 

100 87.0 69.8 69.9 products 

Manufacture of other 
non-metallic 

100 104.7 120.7 121.4 mineral products 

Manufacture of 
basic metals and 
fabricated metal 100 93.8 95.1 100.0 
products 

Electricity and gas 
supply 100 96.4 100.4 95.2 

Rest of Production 
industries 100 84.6 93.8 88.7 

Service activities 100 102.2 112.9 107.8 
Total 100 93.1 94.9 90.7 
final consumption: Private 100 97.5 108.1 106.2 households 

!'t-. • 
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Home Emissions of carbon dioxide (CO 2) 
Figures & Facts Branches 1991 1994 I 1 996 I 1 998 
Scientific forum mnt 

Products & 
~griculture ， forestry and fishing 11 .4 9.6 10.1 9.5 Service 

Statistics shop Production industries 632.5 573.3 563.2 541.1 
Links Coal mining , Peat 

cutting 67.3 52.2 39.6 27.7 
On the Subject: 

Manufacturing of food 
Tables products 14.3 14.0 14.7 14.4 

Text 
Info Manufacturing of pUlp. 

paper and paper 
11. 1 12.3 11.4 11.2 products 

Subject areas Coking plant , Petroleum 
Copyright processmg ’ 

manufacturing 38.1 28.4 27.5 27.6 
of fertile material 

Manufacture of 
chemicals. Chemical 53.2 44.8 36 .4 37.0 products 

Manufacture of other 
non-metallic mineral 33.1 38 .4 38.4 38.8 products 

Manufacture of basic 
metals and fabricated 67.3 58.4 63.2 66.8 metal products 

Electricity and gas supply 
289.3 276.5 279.1 267.7 

Rest of Production 
irrdustries 58.8 48.2 52.9 49.9 

Service activities 110.1 109.8 118.9 112.1 
iTotal 753.9 692.6 692.2 662.8 
final consumption: Private 

=1- • 
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households 222.5.211.7.232.1.223.3 
r~_" ， ---'1 

1991 = 100 
~griculture ， forestry and fishing 100 84.2 89.1 84.1 
Production industries 100 90.6 89.0 85.6 

Coal-mining , Peat 
cutting 100 77.6 58.8 4 1.2 

Manufacturing of food 
products 100 98.2 102.9 100.7 

Manufacturing of pUlp. 
paper and paper 

100 110.7 102.7 100.8 products 

Coking plant , Petroleum 
processmg ’ 
manufacturing 100 74.6 72.2 72.5 
of fertile material 

Manufacture of 
chemicals. Chemical 100 84.2 68.3 69.5 'products 

Manufacture of other 
non-metallic mineral 100 116.2 116.2 117.4 products 

Manufacture of basic 
metals and fabricated 100 86.7 93.9 99.3 metal products 

Electricity and gas supply 
100 95.6 96.5 92.5 

Rest of Production 
industries 100 81.9 90.0 84.9 

Service activities 100 99.7 108.1 101.8 
rrotal 100 91.9 91.8 87.9 
final consumption: Private 100 95.1 104.3 100 .4 
households 

fil "， .llr、 .~싸새 
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판] Envi 

Home Land cover data 1990 
Figures & Facts 
Scientific forum 

Nomen- Land cover 
Gerπlany city states 

Products & 1000 
Service clature categories 1000 ha % ha 

% 
Statistics shop 

Artificial surfaces 2.671 ,6 7,5 122,3 59 ,7 
links 

11 Urban fabric 2.103,2 5,9 87 ,9 42 ,9 

On the Subject: 12 Industrial , commercial 309 ,0 0,9 20 ,2 9,9 
and transport units 

Tables 13 Mine , dump and 151 ,4 0,4 1,2 0,6 
Text construction sites 
Info 14 Artificial non-

agricultural vegetated 108,0 0,3 12,9 6,3 
areas 

Sub;ect areas 2 Agricultural areas 21.661 ,0 60 ,7 46 ,3 22 ,6 
Copyright 

21 Arable land 14.270,3 40 ,0 17,0 8,3 

22 Permanent crops 258 ,0 0,7 2,6 1,3 
23 Pastures 4.326 ,9 12, 1 19,0 9,3 
24 Heterogeneous 2.805 ,8 7,9 7,7 3,8 

agricultural areas 

3 Forests and semi- 10.821 ,0 30 ,3 24,5 12,0 
natural areas 

31 Forests 10.424,1 29 ,2 22 ,2 10,8 
32 Shrub and/or 

herbaceous vegetation 331 ,2 0,9 2,1 1,0 
associations 

33 Open spaces with little 65 ,7 0,2 0,3 0,1 
or no vegetation 

4 Wetlands 168,9 0,5 1,3 0,6 

41 Inland wetlands 155,0 0,4 0,7 0,3 
42 Coastal wetlands 13,9 0,0 0 ,6 0,3 

5 Water bodies 379 ,8 1 , 1 10,6 5,2 
51 Inland waters 342 ,7 1,0 5,3 2,6 

!I-. • r、에 __ r、。 애 。
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펀] Envi 

Home Environmental protection expenditure 
Figures & Facts 
Scientific forum Sector 

Products & ‘----------
Service -----‘-----‘ 1996 ?/strong> 1997 ? Istrong 1994 1995 

Statistics shop -------

Links Environmental 
domain 

On the Subject: million DM 
aaa (Current prices) 

Tables Manufacturing 
Text industry 17.430 17.510 17.600 15.4 
Info aaaaWaste 

manageπlent 3.220 3.290 3.520 3.2 
aaaaWaste 
water 

Subject areas management 5.440 5.770 5.680 5.3 
Copyright aaaaNoise 

abatement 310 370 360 3 
aaaaProtection 
of ambient air 8.460 8.080 8.050 6.5 

a 
General 
goverment 28.630 27.440 24.830 22.0 
aaaaWaste 
management 10.230 10.770 10.630 9.2 
aaaaWaste 
water 
management 17.940 16.280 13.820 12.4 

aaaaNoise 
abatement 380 300 300 3 
aaaaProtection 
of ambient air 80 90 80 

a 
Manufacturing 
industry and 
General 
goverment 20.010 24.370 27.650 29.0 
aaaaWaste 

~:I _.llr、 .l..A..l‘ ̂ ' ’ k ’ 「、 r、‘ ^ 1("、l..A..lT r- k A n .l...A..l •• _ .... ’‘ L‘ r、 L‘ ... - f、에 r、 r、 예 r、 
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management • 9.890. 12.550. 14.500 14.2 
aaaaWaste 
water 
management 110.1201 11.8201 13.150 14.7 
?nbsp: 1996 and 1997 preliminary results. 
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J。int ECE/Eurostat Work Session on 
Methodoloqical Issues of 파lvironment 
Statistics 
(Ma ’ ale Hachamisha (15 km from Jerusalεm) , 
Israel , 11-14 October 1999) 

COMMISSION OP THE EUROP훌AN 
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EUROSTAT 

Working paper NO.16 

ENER딩.y USE OF PRIVATE 표OUSEHOLDS B.y PURPOSES 
。F FINAL CONSUMPT工。N

Submitted by the Federal Statistical Office of Germanyl 

Introductory note 

The consumption of energy is of critica1 irrψortance in the context of utilising our natural environment. 
a specific environmental problem. It is rather a 

cross-seαion indicator which may provide information on a variety of environmental problems, such as 
pressures on landscape, ecosy:앙ems， soils, waters, and ground water, which are caused by the εxtraction 
of energetic raw materials, the creation of air emissions and of wastes, and the consumption of cooling 
water in the context of transforming 때d consuming energy sources. Last but not least, the consumption 
ofnon-renewable raw materia1s is important with regard to preserving the bases oflif농 for future 
generations. At the same time, the use of energy is of crucial impor없nce for the economic process 
because nearly every economic acti찌ty (production, consumption) is connected either direct1y or 
indirect1y with the consumption of energy. 

This means that the use of energy and the economic reasons for such use have to play an important p하tin 
Environmental-Economic Accounting, as this system deals especially with the interaction between 
economic activity and the environment. This is why it is our goa1 to provide compl'lεhensive data on 
energy flows as p따t of the German sy앙:em ofEnvironmental-Economic Accounting. This will enable us 
to of풍r di짧rent 힘nds ofda따 which may serve as starting points for ana1yses and which ref능rto the 
diff농rent phases of the economic process. 

Prepared by KarI Schoeπ， Environmental Economic Accounting, GeographicaI Jnfonnation Systems in 
Statistics. 
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our data supply may provide answers to the following que앙ions: 

• What is the level of direct energy consumption of the indusries (homogeneous branches) regarding 
their production and of private households regarding their consumption (economic activity)? 

• What is the level of energy consumption, taking account of all stages of production, (cumulated 
energy consumption) for the production ofproducts? 

• What is the level of energy input, referring to the relevant rmal uses? 

As is indicated by its very name, Environmental-Economic Accounting is an accounting approach; that is 
an approach of secondary statistics integrating the available inforrn,ation into a comprehensive and 
consistent methodological 융arnework. 

The frrst of the aspects mentioned before, that is presenting direct energy conS\끄nption， may be obtained 
directly from the accounting database as explained before. The other two aspe따s deal not only with the 
energy consumption connected directly with a specific production or consumption activity. They rather 
ref농r to examining the tota1 energy content of individual goods, that is, the tota1 energy used in all 
previous stages of production together has to be ca1culated (cumulated energy consumption). At the level 
ofthe overall economy, the data needed for this purpose can be obtained on1y by applying an input-output 
model approach. 

In the following, 1 wi1l frrst explain the concept of calculating direct energy consumption within the 
accounting framework as 굶r as is necessary for understanding the presentation in genera1. In the second 
se따ion， 1 wi1l describe how the cumu1ated energy consumption is calculated by means ofthe input-output 
approach. In the last section, some important results wi1l be shown. 

Direct energy consumption 

The Federal Statistical Office regularly compiles an input-output 없ble of energy flows or, to be more 
precise, an energy t10w table showing 뼈 use of energy in physical units (Joule), broken down by ηpes 
of energy sources. 

Chart 1 

Energy f10w table 

Input by 58 industries 6 
Categories of 

final u앓 
6 6φ 

(Output by 
indu앙꺼es) 

Ene며Y 
sources 
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The energy flow table is fully compa섬ble with the mone밟Y input-output tablε σoη which shows thε 
entire economic interactions in monetary units. Compatibi1ity ref농rs in particular to the defmition of 
homogeneous branches, a1thou.맹 it a1so me뻐s that all other issues of thepresentation concept are 
compatible, too 없ld， in addition, data sources and ca1culation metho없 are c10sely coordinated. 

ch따t 1 shows the gener떠 밟따뾰 ofthe energy flow table. The energy flow table shows the uses of뼈 
total supply of primary and secondary energy in a breakdown by 양pes of energy source. 

Primary eneτgy sources are raw materia1s (coal, minera1 oi1, natural gas) and natura1 energy sources such 
as water power and solar energy. Nuc1ear fuels are inc1uded here, too. Primary energy sources are in p따t 
used directly for energetic purposes (for example, p없t of coa1 and natura1 gas), while another p하tis 
transformed into other energy sources. Secondary energy sources are energy sources that have been 
created through processes of transforming primary or secondary energy sources. They inc1ude, for 
ins없nce， coa1 briquettes, mineral oil products, electricity, 앙eam， 없ld remote heating. 

The tota1 energy supply shown in the energy flow table comprises the domestic production and the 
imports for the individua1 energy sources. What is desired now is to combine the data on the tota1 supply 
and the use of energy sources presented in physica1 units with the data of the. input-output table (IOT) 
shown in monetary units. F or this p따pose， the same breakdowns must be used for the use side of the 
physical flows and for the representation ofthe use of goods in the IOT. The energy flow table shows for 
the individ때 energy sources (rows) their use (columns) as intermediate goods (58 homogeneous 
branches of the IOT) and as goods of fma1 use (짧lal consumption ofhouseholds, fma1 consumption of 
gen하a1 government, capita1 formation, exports). In 삼le context of fma1 uses, energy is consumεd in the 
categories 댐na1 consumption ofhouseholds" (for e뼈mple the use ofheating oi1, gas, electricity, or fuel), 
"exports" (exports of energy sources), and "capi없1 formation" (only change in stocks ofenergy sources); 
no energy is consumed in fin외 consw때tion of genera1 govemment. 

So, the energy flow table shows which energy sources are directly used for what purpose and to what 
extent. Every type of energy source may c1early be a110cated to a homogeneous branch or a homogenεous 
product group ofthe IOT. Thus it is possible to allocate the energy sources in physical units to the ouψut 
ofthe homogeneous branches as shown in the input-output table. For example, for the product group 
"minera1 oil production", those energy sources are represεnted which belong to the mineral oil products, 
such as motor fuel or heating oil. 

The direct resu1ts ofthe energy flow table a1ready offer interesting opportunities of analysis, especia11y if 
combined with the data ofthe monetary IOT. The data a110w in p따ticu1ar to i1lustrate the main issue of 
Environmenta1-Economic Accounting, that isthe ~onnection between economic activi양 and 
environmenta1 pressures, which in this context are examined from the aspect of energy use. By means of 
the energy flow 없ble， the energy 뼈ed can directly be a110cated to the goods produced or to the 
consumption activities. It is very impor없nt to know how much energy is used for what produ따ionor 
consumption activities because that information is a good basis for policy mεasures aimed at reducing 
energy consumption (how much energy is used for what economic activity). Also, those data can serve as 
a basis for assessing the impact of such measures, both with regard to the target v없iable energy 
consumption 없ld also concerning the indirect economic e뭘cts (what production or consumption 
activities are afi농cted to what extent by the measure?). 

Direct energy consumption can directly be influenced by the acting persons. F or instance, private 
households may reduce their energy consumption byusing low-energy equipmεnt， applying heat 
insulation, reducing the room temperature, and driving their cars more economica11y or less often. In 
produ야ion， companies can directly reduce their direct energy consumption by modi펴ring their produ따ion 
processes. 
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In addition to absolute data on direct energy consurnption, ratios may be calculated, such as direct 
specific energy consumption in the individual homogeneous branches (energy use in physical units in 
relation to value added in monetary units). 

Indirect energy consumpöon 

In this section, 1 will expl떠n the ca1culation of indirect energy consurnption, which a110ws to examine 
also the second and t뻐rd problem mentioned above. Here the focus is on cumulated energy consumption, 
that is the total energy consumption caused by the production of a good or the goods of fma1 use. 

This way of examining things is based on the knowledge that energy quantities used for intermediate 
purposes will indirectly serve the purposes of fmal use, too. Energy used in this way is either needed for 
the production of goods of fmal use or for the production of intermediate goods, which - after undergoing 
one or more 앙ages of production - wi11 also be integrated in the goods of fmal use. 

Indirect energy consumption can be calculated with the help ofthe input-output table. In the following, 1 
will outline the basic elements of how to ca1culate indirect energy consumption for fmal use by means of 
the input-output model and what opportunities of ana1ysis are provided by those data. 

With regard to fina1 consumption ofhouseholds, calculating indirect energy consumption means 
ca1culating not on1y the amount of energy directly consumed in the consumption process (example: the 
quantity of fuel consumed in car driving). What is a1so ca1culated is the total amount of energy consumed 
for producing goods for consumption ofhouseholds at the various stages of production (e.g., the tota1 
energy consumed in producing a car and its components). This opεns up additiona1 opportunities of 
analysis permitting both to apply energy reduction measures more efficiently and to estimate more 
precisely the effects of such measures. 
Such computations may be performed in a similar way for other types of materials. πle Federal Statistica1 
O뻐ce has already published such data for the emission of greenhouse gases and acidification gases, 
which are created in the course of certain production processεs (especially the consumption or 
transformation of energy sources). 

The main starting point for the calculation is the energy flow table in physical units presented earlier. 1t is 
linked with the monetary input-output table. What is used here is especially the interconnection of 
industries shown in the monet따y input-output table. 1nput-output tables show the direct economic 
interactions between the producing sectors and the fmal use of goods for a specific period. So, they are 
suited for model ca1culations which - under certain assumptions - can a1so i1lust띠.te the indirect 
economic interactions in the spheres of production and use of goods. 

The monetary input-output table is structured according to the following pattem shown in ch따t 2. 

Allocating the energy quantities of intermediate use tò the goods of final use is pe빼rmed by means of 
the matrix ofthe Leontiev inverses. Basica11y, that matrix can be derived from the monetary 10T throu낳1 
an algorithm.2 In a model, using the interactions shown in the table, the entire production is allocated to 
the goods of final use. In combining the Leontiev coefficients on the one hand and the information on 

direct input ofprimary energy to the homogeneous branches frOII). the energy-flow table as well as the 
information on the proportion of the final uses in relation to the total output of the homogeneous branches 

2 For details ofthe calcu1ation method see: Stahmer, Carsten: "Direkter und indirekter Energiegehalt der Güter der 
letzten VeIWendung" in: Reich, Utz-Peter/ Stahmer, Carsten (ed.): Input-Output-Rechnung: Ener빌emodelle und 
Methoden der Preisbereinigung, F rankfurtlMain 1981, pp. 71-113. 
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from the mone없ry input-output table on the other hand the to없1 int，한mediary (indirect) input of p마n따y 
energy for fma1 uses is obtained by product groups. 

Ca1culating the energy content of goods of fina1 use is an ex-post ana1ysis ofthe economic processes. 
Using input-output tabl않 for the additional calculation of the 없nount of energy used in the preceding 
stages ofproduction to produce a product (to put it more precisely: a homog없eous product group) is a 
step towards a model ca1culation; that step involves making a number of asSUI때tions. 

These assumptions inc1ude in p따tic띠ar the following: 

The goods are produced with 1in않r technology, that means the relation between inputs 없ld the 
없nounts of goods produced is assumed to be constant. 
For 따ly individua1 good of a homogeneous branch (homogeneous product group), the average input 
structure of that homogeneous branch isassumed. 

As 훨r as domestic primary energy is transfonned into secondary energy (for example, σude oi1 into 
motor fuel) or a secondary energy source is transfonned into another secondary source (for ε뼈mple， 
crude petrol into domestic fuel), double counts w i11 oc때r if the indirect effects are inc1uded. This can be 
avoided on1y by exc1uding secondary energy of domestic production. In this context, imported secondary 
energy can be treated as quasi prim없y energy because primary or secondary energy is not inc1uded if it 
hadbeεn used in other countries to produce secondary energy which was later exported to Gennany. 

What has not been inc1uded yet is energy input in foreign countries which was directly or indirectly 
necessary to produce Gennan imports (energy sources and other goods). For a comprehensive 
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 represen없ìion of the energy consumption caused by fm떠 use, however, it is necessary to cover that part, 

too. 

Energy input abroad can be detennined only i표fi피nfo야onna뼈.tion on the pro여d빼uc며d뼈onre떠e바la때tions in those c야oun따t떠rie않 s 
is ava떼ila뼈ble. To get such infonnation, imports would have to be subdivided by countries of origin. Then, 
to those imports direct and indirect energy inputs would have to be assigned, following the method 
described earlier, 따ld using as a basis the country-specific input-output tables and country-specific energy 
flow 따bles. 

At the best, such data are available in some f농w cases only. Therefore, the assumption is made that input 
stru따res and the relations between energy input and produced goods are identical in Germany 없ld 
abroad. This means that the energy contents of imported goods are estimated on the basis of the German 
input-output table and the German energy flow table. Primary energy input abroad for the production of 
German imports, that has been estimated in that way, has now to be added to the total direct energy 
supply (primary energy from domestic prod따ion 뻐d imported primary and secondary energy). This wil1 
result in the total p피nary energy supply for fmal use, or the energy content of goods of fma1 use. 

Allocating the indirect energy consumption to the individual categories of fina1 use is done by product 
groups, accor，며ngto the use 밟U야ure ofthe monetary IOT. Cumulated energy consumption by produ따 
groups is determined as thε 잉m of direct and indirect energy consumption. 

Another way ofpresenting energy consumption by fina1 consumption ofhouseholds is using the 
br잃kdown by purposes offma1 consumption ofhouseholds. Here, dirεct and indirect energy input for 
final consumption ofhouseholds by product groups is allocated to the purposes offinal conSl끄뼈，tion of 
households. This is done with the help of a mone밟y matrix of "product groups (homogeneous branches) 
by purposes offma1 consumption ofhouseholds". The result is 며rect and in비rect energy consumption by 
purposes of fmal consun핑，tion ofhouseholds. Cumulated energy consumption is obtained by adding up 
direct and indirect energy consumption. 

Results 

Table 1 shows the energy flows at the level ofthe overall economy from produ따ion throu맹 to the final 
use categories. As re뿔rds direct energy consumption, the total supply of prlmary energy amounts to 
15,147 pet며oules， 29% ofwhich were produced 



Table 1: 

Specification 

Domestic Production 

+Imp。πs

Totalsupply 

- Intermediate Consumption 

Final uses 

- Exports 
Domestic 꺼nal uses 

P디vate ∞nsumption 

Public ∞nsumtion 

Gross caoital forrnation 

Primary energy 

Germany 1995 

Direct Indirect 

Petajo비e 

4328 0 

10819 3677 

15147 3677 

10128 - 10 128 

5018 13805 

1044 4248 

3974 9558 

4141 6005 

Working paper NO.16 
page 7 

Cumulated 
Totalsupply 

=100 

4328 23, 
14496 77, 
18824 100, 

o 0 ,0 

18824 100, 
5292 

13532 

10145 

within 상le country (domestic production) and 71 % imported. A total amount of 10,128 pe따joules was 
used for production (intermediate consumption), while the remaining part was used immediately for fmal 
use purposes (5018 pe때oules). A total of 1，여4pe따joules were a110cated to exports (expoπs ofenergy 
sources), 4,141 pe떼ou1es to the fmal consumption ofhouseholds and -166 pet매oules to capital formation 
(changes in stocks of energy sources). If, however, indirect energy consumption is also taken into 
consideration, the total supply of energy increases by the energy contents of the goods imported (exc1. 
energy sources) of3,677 pet벼oules to a total. of 18,824 pet멍ou1εs， 23% ofwhich were pröduced within 
삼le country and 77% imported. Here, intermediate consumption is fully 외located to the final use 
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Table2: 

Primary energy use for p꺼vateconsum뼈아1 

Gennany, 1995 

Direct I 1며ire:tJ Cumulated 

Serial Ir녕ustr홉S perp꺼vate 

numbe 
Petajou농 

consumpφnof 

househokls 
(Ki’여oule따M) 

1 Ag끼QJltural products 137,8 137,8 5201 
2 Forestry and 야heJ)' products, etc. 91 ,6 16,0 107,6 39609 
3 타edric αJoNer， steam, hot water 629,1 1321,3 1잊iO，4 52491 
4 Gas 879,5 50,3 929,8 71384 
5 Water 0,0 0,0 
6 c。허， products of coal mining 106,8 20,1 126,9 86359 
7 Products of minir멍 (excl. αlal， crude petroIeum, natu며1 gas) 2,8 2,8 12194 
8 cn피epetroleum 0,0 0,0 
9 Chemical 다'oducts Qncl. m삐않rfu잉) 378,7 378,7 13390 

10 Reñned 뼈，tro농umpr여없S 2갱3，6 356,1 2789,7 50046 
11 Plastic prc잉ucts 45,0 45,0 5653 
12 Rubberprodω::ts 21 ,7 21 ,7 4475 
13 Stα1eS and clays, αJilding and cα1Str. rnaterials, etc. 28,1 28,1 7679 
14 Ceramic products 18,4 18,4 7175 
15 GIass ar념 glass pr며uc!s 15,8 15,8 10039 
16 lron and steel 0,0 0,0 
17 Noo-feπα15 metals, sem때nished products thereof 0,0 0,0 
18 F며때ry 다'oducts 0,0 0,0 
19 Produc!s of drawing plan!s, ∞Id r.어ling mills, etc. 0,8 0,8 5250 
m Structural metal products, roIling stock 0,0 0,0 
21 MachineJ)' and equiαnent (excl. ele빼cal) 4,1 4,1 2796 
22 。에ce machineJ)', autorr녕tic data αα::essing equipment 2,3 2,3 1993 
23 R。혀 veh닙es 338,1 영8，1 3223 
24 Ships, boa!s and 에。ating structures 3,0 3,0 3843 
25 Aircraft and spa∞craft 0,3 0,3 2293 
a Electrical rnachineJY, equiαnentandap뼈n∞s 74,4 74,4 2641 
27 Precisiα1 and optical instrumen!s, dα:ks and watches 19,1 19,1 23'η 

28 T∞Is and ñnished me벼1 products 52,1 52,1 5379 
29 M빠cal instrumen!s, games and toys, spor!s 맑여5 etc. 40,3 40,3 3α36 

30 Wo여 2,6 2,6 5391 
31 Wood products 106,2 106,2 3075 
32 Pulp, pa야randpa야rboa며 4,7 4,7 15684 
33 Pr벼ucts of paper and paper boa며 36,5 36,5 6347 
34 Products of prinöng and duplicating 0,9 0,9 3632 
35 Leatl미er and leather produc!s, footwear 33,2 33,2 3019 
36 Textiles 89,3 89,3 4561 
37 Wearinga야larel 109,1 109,1 2623 
38 F∞d products (exd. 뾰verages) 627,5 627,5 4500 
39 Beverages 117,0 117,0 3701 
40 T。뻐α:o prαjucts 20,8 20,8 800 
41 Bui얘ing and cMl engineering works, etc. 0,0 0,0 
42 Installation and bui떼ng ∞m때etiαlWorKs 12,3 12,3 2228 
43 ser까ces of whoIesale trade, etc. , re∞VeJ)' 105,2 105,2 1381 
44 Services of retail trade 500,8 500,8 2566 
45 Railwayseπices 101,3 101 ,3 12397 
46 Wat.하 transp。π services, services of pαts， etc. 3,7 3,7 4252 
47 Communication ser년ces 47,8 47,8 1015 
48 。ther transport services, n.e.c. 209,5 209,5 4392 
49 Banking servκes 74,8 74,8 4 떠5 

50 Insu떠nce services (excl. 5영al 똥α짜yfunds) 61 ,0 61 ,0 앉ì3 

51 Realestate 면nting services 241 ,8 241 ,8 650 
52 Market serv뼈5 of hotels and restauran!s，hom용，hα갚eIS 202,6 202,6 3105 
53 Market services of education, res원rch， QJlture 

und publishing serviαlS 90,0 90,0 1865 
54 Health and veterinary market serviαlS 26,0 26,0 1107 
55 。ther market services, n.e.c. 63,9 63,9 1090 
56 Services of central and 1α::al govemment 71 ,0 71 ,0 2292 
57 Services of s(성허 똥QJrityfunds 0,0 0,0 
58 ServiαlS of αivate non-profit inst., dαnestic 똥rvilα3s 98,4 98,4 1448 
59 Total 4140.6 6004.6 101452 5658 
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categories so that the tota1 supply now coπesponds to fina1 uses. A11 in all, 54% of primary energy 
consumption for final use purposes were caused by the consumption ofhouseholds, 28% by exports and 
the propoπion ofpublic consumption and capital formation comes to 18% al1 together. 

Table 2 illustrates the use ofprimary energy for the fmal consumption ofhouseholds in a breakdown by 
product groups. Some of these product groups are of particular importance to the total consumption of 
energy. These groups inc1ude electric power, steam, hot water (1 ,950 pet킹oules)， gas (930 pe떼oules)， 
refined petroleum products (2,790 pet며oules)， food products (628 pet며oules)， and services ofre없i1 trade 
(501 pe때oules). πle relation between energy consumption and the fmal consumption expenditure of 
households, which is shown in the 1앓t column of the table, should be of interest, too. The average energy 
consumption per DM ofthe fmal consumption expenditure ofhouseholds amounts to 5,700 kilojoules. As 
for some product groups, however, this relation by far exceeds the average value. This first of al1 applies 
to energy sources as coal (86000 kilojoules per Dtvη， gas (71 ,000 kil이oules per DM), electricity 
(52,000 넙lojoules per DM), refmed p얹roleum products (50,000 넙1이oules， per DM) and forεstry and 
fishery products (40,000 kilojoules per DM). For other products, too, va1ues are indicated which are 
clearly above average. These products include chernical products, glass products, paper, and railway 
services. The values indicated for most ofthe services, however, are by far below the average for al1 
product groups. 

Ch따t 3 illustrates the primary energy input for consumption of households in a breakdown by purposes. 
As regards direct energy consumption, almost two thirds ofthe consumption can be a110cated to using 
energy (in P따ticular heating oi1, gas, electricity) and one third to goods for transport (especi떠ly petrol). 
Cumulated consumption is more than twice as large as direct consumption. Here, too, the above-
mentioned uses play a dorninating role, with their share amounting to nearly two thirds. As far as energy 
sources and goods for tr때spoπ are concemed, however, 

Ch없t3 
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tr없lsfonnation losses (e.g. in power generation) and, for instance, the energy used in automobi1e 
rnanufacturing are as well covered in this context. Due to their indirect energy contents, however, other 
uses, whose over려1 proportion amounted to 35%, contributed a1so considerably to the tota1 ener휠1 
co않umption ofhousebolds. Food prod야ts hence accounted for 12% oftota1 consumption, wbile the 
sbare of goods for bousehold operation was just under 6%, and goods for education and entertainment 
rnade up almost 5% of total energy consumption. 
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Environmental Economic Accounting in Germany - Results 2000 

1 The productivity of using nature 

Any economic acti찌ty， be it the production ofgoods and services, be it consumption, involves 
using our natural environment. There are many ways of using nature. Materials are withdrawn 
from nature as raw materials, areas are used as a location for economic activities and for the 
discharge of residuals and pollutants, nature is used as a sink, i.e. substances are taken up by 
nature1• 

Doing business in line with the principle of sustainability requires dealing with nature as care­
fullyas possible, so that future generations, too, may enjoy an intact environment. The use of 
the environment may be measured through the quantities of natural input factors such as the 
consumption of raw materials and energy as well as the kind and intensity ûf land use. The use 
of nature as a sink for residuals and pollutants can be measured only indirectly, that is through 
the quantities of residuals and pollutants discharged. If we establish a relation between the 
various quantities measured in physical units and the economic performance, we may caIculate 
productivities - similar to 앙ud끼ng the economic input factors of labour and capital - as an in­
dicator of the efficiency of using natural input factors. The quantiη and productivity trends for 
the individual environmental input factors however show only whether, and to what extent, the 
relevant fa따or is used more carefully than in the past. The indicator does not provide informa-

Input factors 

Productivities can be presented for the use of the following input factors from the economy and nature: 

The use of economic factors 
Labour - Volume of labour as the total of hours worked (mn hours) 
Capital - Capital use as consumption of fixed ∞pital (DM mn at 1995 띠ces) 

Nature as a source of resources 
Area - Area use as built-up land and land used for traffic purposes (mn km2) 

Energy - Energy consumption as the consumption of p끼mary energy (petajoules) 
Raw 
materials - Raw material consumption measured as the quantities of abiotic raw materials withdrawn 

from domestic nature and used plus imported abiotic goods (mn t) 
Water - Water consumption as the quantity of water withdrawn from nature (mn m‘) 

Nature as a sink for residuals and pollutants 
Greenhouse gases - Pressure on the environment through the emission of greenhouse gases 
Acidification gases - Pressure on the environment through the emission of acidification gases 
Waste - Pressure on the environment through the discharge of waste into nature 
Waste water - Pressure on the environment through the discharge of used water into nature 

tion on the extent to which the goal of sustainability has been reached. 
In Germany the development of the quantitative use of the individual natural factors was het­
erogeneous in the 1990s. Nature as a source of resources, in its function as a raw material and 
energy provider, was somewhat less heavily used in 1999 than in 1991 (figures 1 and 2). Raw 
material consumption was down 3.2%, energy consumption 1.8%. The decrease of energy con­
sumption was partly due to a more efficient use of energy, supported by energy saving meas­
ures. Not considering weather-related fluctuations, another factor influencing the trend of en­
er잉r consumption was the marked decrease of energy use in the new Länder in the early 1990s. 



The trend of raw material consumption was mainly inf1uenced by f1uctuations in demand for 
construction raw materials. 
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Figure 2 

According to provisional estimates ofthe Federal Office ofBuilding and Regional Planning for 
1998, built-up land and land used for traffic purposes increased from 40 305 km2 in 1993 to 
42495 km2 in 1998 (+ 5.4%). Thatwas an increase by 120 ha per day.2 

The use of nature as a sink for residuals and pollutants regarding air emissions has c1ear1y de­
creased since 1991. Compared with 1990 (the ref농rence year for the F ederal Govεrnment’s goal 
of reducing the emission of carbon dioxide) the discharge of carbon dioxide (C02) was down 
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15%. on the basis of 1991 - which for reasons of data availability is generally used as the ref농r­
ence year in this report -, this is a decrease of CO2 emissions by nearly 12%. The discharge of 
acidification gases was down 56 % between 1991 and 1998. The development of carbon diox­
ide emissions, which is much better than the trend of energy consumption, is mainly due to an 
increased use of energy sources containing less carbon. In addition to using more natural gas, 
older brown coa1 power stations were c10sed down especially in the new Länder. The strong 
decrease in acidification gas emissions is mainly due to flue 뿔s desu1phurisation. 

When adjusted for price changes, the gross domestic product rose 11.5% between 1991 and 
1999. This means that the pressure to use nature, which is caused by economic growth, devel­
oped rather moderately in the period observed. From 1991 to 1999 the number ofhours worked 
찮114.0%. Using the environment throu맹 carbon dioxide and acidification gas emissions was 
reduced even more strongly than using the factor of labour; however, sa-찌ngs achieved with re­
gard to the energy and raw materia1s factors were c1early smaller than for the number of hours 
worked. 

Long-term examination of the absolute development of the input of natural factors shows that, 
a1thou양1 the use of such factors increased between 1960 없d 1980, it decreased again in the 
1980s and 1990s - with the exception ofbuilt-up land and land used for traffic 1뻐poses (figure 
3). 

Figure3 
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團 1

In the period from 1960 to 1980 and for theformer territory ofthe Federal Republic - as a11-
German data are available only from 1991 -, a11 environmenta1 input factors show a c1ear rise in 
quantities used. Energy consumption rose an average 3.1 % per year within that period, con ... 
sumption of raw materials grew an average 2.3% per year, the use of land for settlement and 
traffic purposes expanded an 때nual 1.8% and carbon dioxide emissions a1so increased an aver­
age 1.8%. For acidification gases, a COI때따atively small rise of 0.6% per year was observed. 

The trends recorded for the 1980s were simil따 to those in the frrst decade after German unifi­
cation, i.e. nearly unchanged energy consumption, slightly decreasing raw material consurrψ­
tion, an average annua1 growth of built-up land and land used for traffic puφoses by 1.4% in 
the 1980s and by 1.1% in the 1990s, emissions of carbon dioxide fa11ing an 뻐nual 1.1 % and 
1.6%, respectively. The decreasing trend in the quantity of acidification gases discharged accel-
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erated clearly in the 1990s (an aVIεrage of -1 1.0% per year) when compared with the 1980s (-
7.5%). 

Productivily - An Indlcator of the efflclency of factor use 

The prl어uc때ty of an input factor indicates how much economic output is produced by using one unit 
of the factor concemed. 

Gross domestlc product (real) 
Productlvlly = ----

Input factor 

Producti이ty indicates how efficiently a national economy deals with the use of labour, capital and na­
ture. Due to their different qualities and functions, those factors cannot directly be compared with each 
。Ither. However, by observing their development over long periods one may obtain information on how 
the relations between the factors have changed. 
It must also be noted that for the calculation of prl여ucti이ties the entire real yield of the economic ac­
때ty is referred only t。 삐e production factor concemed, although the product is created through the 
joint action of 리1 production factors. Therefore the producti띠ty as calculated can serve only for rough 
。rientation.

The methodological 하langeover of gross domestic product calculation to the European System of Ac­
counts (ESA 95) and the simultaneous changeover to base year 1995 have an impact on the devel­
opment of productivities over time. Consequently, the 껴gures are not comparable with those of pre띠­
ouspu에ications. 

However, economic act,ivity and the consequent pressure to use natural input factors slowed 
down when obseπed over the long tenn. In the period from 1960 to 1980 the average annual 
growth of the price-a이usted gross domestic product in the former territory of the Federal Re­
public (+ 3.6%) was considerably larger, and in the 1980s (+ 2.2%) still markedly larger than in 
the 1990s (+ 1.4%). 
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From the aspect ofthe efficiency ofusing natural input factors, the result thus differs from what 
was obtained when examining absolute quantities. The efficiency in using natural input factors 
- measured as the producti띠ty， i.e. real gross domestic product per unit - increased for al1 fac­
tors examined, except for bui1t-up land and land used for traffic purposes, as early as in the pe­
riod from 1960 to 1980; however, that increase was clearly smal1er than in the last two decades 
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(figure 4). Cornparing the last two decades with one another shows that the average develop-’ 

ment of productivity for the input factors examined was usually slower in the 1990s than in the 
1980s. The average annual growth of energy productivity fell from 2.2% to 1.6%, the increase 
in raw material productivity slowed down from 2.8% to 1.8% and the average annual rise in 
area productivity decreased from 0.7% to 0.6%. Productivity growth regarding the use of nature 
as a sink for carbon dioxide fell from an average 3.4% in the 1980s to 3.0% in the 1990s. An 
exception is the corresponding growth in productivity for acidification gases, which in the 
1990s (+ 13.9% per year) was larger than in the 1980s (+ 10.5%). Ifwe take into account that 
for most ofthe indicators the increased efficiency in the 1990s was to a considerable extent due 
to unification-related special effects - such as large-scale c1ose-downs in particularly environ­
ment-intensive branches or the conversion of plants in eastem Gerrnany -, the data show a c1ear 
slowdown in productivity growth for the natural input factors. 

Targets were defmed for some of the indicators mentioned here, i.e. CO2 emissions, energy 
producti띠.ty， raw material productivity and area use. The 띠rget for the reduction of CO2 emis­
sions was defined by the Federal Govemment. The other targets were set up by the Federal 
Ministry for the Environment as p따t of developing the Environmental Barometer. These are the 
targets referred to also by the annual economic report 2000 of the Federal Govemment.3 The 
first three targets will be dealt with more c10sely here ‘ 

According to the targets, CO2 emissions should be reduced by 25% between 1990 뻐d 2005. 
Energy productivity shou1d double between 1990 때d 2020 and for raw materia1 productivity a 
2.5-fold increase on the level of 1993 is envisaged for 2020. 

Figure 5 

If we compare for the examined indicators the actual pace of development in the 1990s 
(ACTUAL) with the target to be achieved over the next few years, which is required to arrive at 
the overall target, there is a considerable gap between the two. So the targets can be met only if 
we succeed in accelerating the development: 

• Energy productivity rose about 20% between 1990 때d 1999. This is an avεrage annual 
increase of2.0%. To meet the target set by the Federal Govemment, an average annual in­
crease of2.4% would be required unti12020 (figure 5). 
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• Actual CO2 emissions f농11 by 153 mn t to 861 mn t between 1990 뻐d 19994• This is an av­
erage annual decrease by 17 mn t or 1.8%. More than ha1f (86 mn t) of the total decrease of 
CO2 emissions between 1990 때d 1999 referred to the period 1990 to 1992. So for the pe­
riod starting 1992 the average annual decrease was clearly sma11er (9.6 mn t or 1.1%) than 
for the entire period. To meet the Federal Government'’S 떠rget (reduction to 760 mn t by 
2005), CO2 emissions into the environment in Germany would have to fa11 an 때nual 

16.5 mn t or 2.0% in the years remaining until 2005 - that would be about the average of the 
past decade, but considerably more th없 the average ofthe years since 1992. 

• Raw material productivity rose 10.3% from 1993 to 1999. This is an average annual in­
crease of 1.7%. To meet the Federal Government’s target for the increase of raw material 
producti찌ty by 2020, an averagε 뻐nua1 growth of raw materia1 producti찌ty of 4.0% would 
be required for the years after 1999. 

Selecíed indicators of the Environmental Barometer 

EnergieproduktMtät MiII.OM/PJ 219 239 237 255 263 

1990 = 100 100 109,1 108,2 116,4 120,0 

C02-Emissio~n MiII. t 1014 928 918 886 861 

1990 = 100 100 91 ,5 90,5 87,4 84,9 

1993 = 100 100 108,1 110,3 
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2 Energy consumption 

The use of energy is of crucial importa끄ce for a1most any production process. The produ따ion 

and use of energy put pressures on the environment through the withdrawal of non-renewable 
raw materials from nature, through the impainnent of1andscapes and ecosystems in the process 
of energy production, 삼1!OU!ψ the emission of air pollutants and solid residuals as well as 
through the withdrawal and discharge of cooling water in the process of energetic transforma­
tion or combustion. 

Energy consumption 

Calculating energy consumption by economic sectors and households as part of Environmental­
Economic Accounting is based on the input-output table of energy flows that has been adjusted to the 
energy balance. 

Energy use comp꺼ses the entire use of energy in a specific economic sector, irrespective of whether 
the energy is consumed there or transformed (e.g. coal into elec헤city) and passed on in another form 
to downstream sectors. 

Energy consumption is the difference between the quantity of energy used in an economic sector 
and the quantity passed on by that sector to downstream sectors. Generally, the quantity of energy 
used is entirely consumed in the process of production and consumption activities of the sector (e.g. 
to run machines, equipment and vehicles or for room heating) and finally discharged into the environ­
ment in the form of heat. In sectors producing energetic products for fuπher use in subsequent pro­
duction stages, 0미y part of the energy used is consumed. 

For the analysis of energy use, Environmenta1-Economic Accounting data at the medium aggre­
gation level pro찌de important information referring to the various stages ofthe economic proc­
ess. Such information may be used to evaluate environmental policy measures and their direct 
and indirect effects. Environmental Economic Accounting may be used to answer questions 
such as: 

• What is the amount of direct energy consumption of the economic sectors regarding the 
production of their products and of households regarding their consumption (economic ac­
tivities)? 

• What is the amount of energy used with regard to the relevant Final Uses? 

The direct volume ofprimary energy in Germany amounted to 15489 petajoulεs in 1997, 4035 
petaj oules of which were produced within the country (26.1 %) and 11 454 petaj oules (73.9%) 
were imported (figure 6). Of the total volume, 10443 petajoules (67.4%) were used for tbe 
production of goods and services (intennediate consumption) wbi1e 4 131 petajoules (26.7%) 
were directly consumed through consumption a따ivities of households. 948 petajoules (6.1%) 
were exported as energy sources. 

Another way of ex없ru띠ng the volume of energy is looking at it as the cumulative energy vol­
ume fromthe aspect ofFinal Uses (final consumption expenditure ofhouseholds and non-profit 
institutions serving households, government final consumption expenditure, exports, gross 
fixed capital formation and cbanges in inventories). Wben looking at things this way, wbat is 
allocated to the relevant Fina1 Use is not only direct energy consumption but also indirect en­
ergy consumption, i.e. the total quantity of energy used at a11 stages of production (as intenne­
diate consumption) for the production ofthe goods ofFinal Use. 

Data dire다ly collected are not available on the amount of indirect ener앞 use for the goods of 
Fina1 Use. They may however be estimated using a model approach on the basis of input-output 
tables.5 What is inc1uded here in analysing indirect energy consumption is the indirect energy 
consumption that was used abroad for the production of imported intennediate conSUIIψtion 
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goods. Thus it is possible to cover the entire volume of energy used for the production of goods 
of Final Use. The indirect energy content of the impoπed goods (exc1. energy sources) 
amounted to 6597 petajoules in 1997. So the cumulative volume of prirnary energy is 22086 
pet며oules， which is over two fifth more than the direct volume. The share of the imported 
quantity of energy increases accordin빙y when indirect imports are included, so that with such 
an overall approach more than four fifth (81.7%) of the cumulative prirnary energy were 
imported from abroad. 

Figure 6 

Of the total volume of prim따yenergy， 11 358 petajoules (5 1.4%) were used for the production 
of goods for household consumption. For the production of exported goods, 6833 pet멍 oules 
(30.9%) were used. The remaining prirnary energy was spread over the other categories ofFinal 
Use. 

Examining thin풍 from the aspect of environmental pressures caused by domestic economic ac­
tivities shows that just a small p강t of environmental pressures related to the withdrawal of en­
ergy sources from nature were created within the country, whereas the 1따ge majority was pro­
duced abroad. Where environmental pressures are created by using energy sources in the 
production process, e.g. air emissions, a considerable part of them were created abroad, too. In­
direct energy imports amounted to 6 597 pet멍oules in 1997, while indirect energy expoπs to­
talled 5885 petajoules. The pressures within the country caused by the production of exported 
goods were somewhat smaller than the pressures abroad created by the production of goods im­
ported by Germany. 

Cumulative energy consumption 

The consumption of energy required for the use of goods results directly from a specific activity of eco­
nomic sectors and households. It is therefore referred to as direct energy consumption. 

The consumption of energy required at the stages preceding the production of goods is referred to as in­
direct consumption. The quantity of energy indirectly required abroad can be taken into account by as­
suming a production structure and technology corresponding to that within the country. 

The sum total of direct and indirect consumption is the cumulative energy consumption. 
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The development ofthe afore-mentioned items was quite varied between 1991 and 1997 (fig­
ures 7 and 8). Direct primary energy consumption in 1997 was nearly unchanged when com­
pared with 1991. That development resulted from reduced energy consumption in production 
and increased direct energy consumption of households for their consumption activities. In the 
production area, consumption fe11 2.5% (- 273 petajoules) over the period under examination, 
whi1e at the same time the production volume rose 7.6% (measured as the price-adjusted devel­
opment of gross domestic product). This clear1y shows that production and direct energy con­
sumption have clear1y been decoupled. Direct energy consumption of households rose 10.1 % 
(+ 380 P떠oules). The produ따ion of energy sources in the country f농11 by 1 409 pet며ou1es 
between 1991 and 1997 (- 25.9%). That decrease was largely 0않et by an increase of imports of 
energy sources by 1560 pet욕jou1es (+ 15.8%). The growing substitution of energy production 
in the country by imports was presumably accompanied by a corresponding shift of environ­
mental problems into other countries. 

Figures 7 and 8 

The fo11owing explanations will focus on direct energy consumption of the indi찌dual eco­
nomic sectors in Germany. The development of energy productivity with regard to the overall 
economy rnay serve as an indicator to describe the development of our economy’s energy effi­
ciency (see section 1 of this report). Between 1991 and 1998 energy productiviη increased 
9.9%. A rnajor factor influencing the development of energy consumption is the use of energy 
in the production 값ea. Production accounts for more than two thirds of direct domestic energy 
use (production and consumption) underlying the indicator (figure 9). Data on energy con­
sumption by economic sectors, which are obtained as p따t of Environmenta1-Economic Ac­
counting, allow a detailed examination of trends. By representing energy use and other pressure 
factors relevant from environmental aspects in a breakdown by economic sectors, it is possible 
to establish in p따ticular relations between them and economic items represented in the frame­
work of national accounts. Linking such data then allows indicating in which economic sector 
environmental pressures were produced. 

Also, those data are the basis for simulation calculations whose purpose is to estirnate the ef­
fects (benefits and costs) of environmental policy measures. With the help of simulation models 
set up by research institutes it can be estimated, for example, to what extent a given environ­
menta1 target can be met using different too1s (e.g. charge rates). At the same time, such calcu­
lations provide information on the impact to be expected in the various cases for economic key 
figures such as production, employment or prices. 

The development of energy consumption in the overall economy is the result of general eco­
nomic growth, structural changes (shifts between the shares of economic branches with differ­
ent energy intensity in the tota1 production) and the trend of energy productiviη or the specific 
ener밍， consumption of the various sectors. The decreasing trend of direct energy consumption 
in production between 1991 and 1998 (- 3.4%) was rnainly due to the trend in production in-
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dustries (-7.5%). For the setvice sector, however, a marked rise in energy use (+ 8.5%) was 
obseπed. 

Figure 9 

Within production industries, the sectors with high energy consunψ，tion reduced their con­
surnption, in p하t even substantially, over the period examined (figure 10). They inc1ude coa1 
Illi미ng with a reduction by 367 p앙멍oules (- 56.4%), the chemical industry (- 160 pet며0띠es or 
- 9.7%), metal production (- 51 pe벼oules or - 6.2%) as well as coking and mineral oil proc­
essing (- 39 petajoules or - 8.2%). Increases in energy consumption compared with 1991 were 
recorded for energy supply (+ 80 pe때oules or + 3.0%) and the sector of glass and cer없nics in­
dustry and quarrying (+ 57 petajoules or + 18.1 %). 

Figure 10 
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A rnajor factor influencing the development ofproductivity in the overall economy is the trend 
of energy efficiency in the individua1 sectors. The energy efficiency rnay be represented ap­
proximately by the development of energy productivity (gross value added per energy con­
sumption) or ofthe specific energy consumption (energy consumption per gross value added). 
In the fo l1owing, the term "specific energy consumption" will be used which is common for the 
representation by sectors. 

The decrease in energy consurrψtion was due not only to the reduction of the specific energy 
consumption in individual sectors but also the chan멍ng economic structure, i.e. the relative ex­
pansion of low-energy sectors and the relative shrinking of energy-intensive sectors (see also 
the quantification of the individual effects in the section on carbon dioxide emissions). 

The level of specific energy consurrψtion differs considerably for the various production proc­
esses - depending on the relevant technological situation (figure 11). The average specific en­
ergy consumption in production industries was 7.3 joules per DM in 1998, while for services it 
was an average of just 0.9 joule per DM. Within production industries, for exarnple, the spe­
cific energy consumption of the food industry is 4.3 joules per DM, while for the sectors of 
cokinglminera1 oil processing and coal mining it was 78.8 joules per DM and 51.3 joules per 
DM, respectively. 

The decrease in specific energy consumption between 1991 and 1998 in production indusπies 
(- 4.2%) was less marked than in the service sector (- 9.4%) (figure 12). 

Within production industries, specific energy consumption trends varied. A particular1y rnarked 
dec1ine was obseπed for the chemical industry (- 18.8%) and energy supply (- 9.2%); specific 
energy consumption increased in cokinglmineral oil processing and in coal mining. 
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3 Emissions of carbon dioxide 

Emissions of carbon dioxide (C02) are mainly created by the burning of energy sources. Such 
emissions are a major cause ofthe "gree따louse efi농ct". 

Calculatlng direct emissions Into the air 

Direct emissions of the various air p이lutants are calculated for the economic sectors and house­
holds by means of specific emission coefficients (database of the Federal Environmental Agency). 
energy consumption (database of the German Institute for Economic Research I energy balance) and 
by taking account of the processes running in the production sectors. 

The calcuiations are based on the energy consumptlon relevant for emissions. which covers only 
those energy sources whose consumption directly causes emissions into the air. Total energy con­
sumptlon, however. covers also those energy sources whose consumption does not directly cause 
emissions (especially electricity and remote heating). 

Direct emissions of carbon dioxide in Germany caused by economic activities amounted to 
886.1 mn t in 1998 (figure 13).662.8 mn t ofthat amount (74.8%) were discharged during the 
production of goods and services, while 223 .3 mn t (25.2%) were created directly through the 
consumption activities of households. When broken down by purposes of final consumption of 
househ이ds， about two thirds (69 %) of the consumption-related emissions were caused throu낳1 
the use of emission-relevant energy sources for the purpose of "energy" (heating of buildings, 
hot water preparation, coo]선ng)， while one third (31 %) was due to the utilisation of motor fuels 
for transpoπ purposes. As regards production-related emissions, production industries ac­
counted for four fifth, and the sector of "energy supply" for about half of them. The CO2 emis­
sions in the latter area are causεd in particular by power generation. The sector of "glass and 
ceramics industry, quarrying" accounted for 5.9% of all production related emissions, the 
"chemical industry" for 5.6%. The share of "coking, mineral oil processing" was 4.2%, while 
all service branches together had a share of 16.9%. 
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Between 1991 and 199.8, direct CO2 emissions decreased by 90.4 mn t (- 9.3%) to 886.1 mn t. 
The direct carbon dioxide emissions ofhouseholds (consumption) rose slightly over the period 
examined (+ 0.8 mn t or + 0.4%), while the economic sectors (production) accounted for a de­
cline by 91.2 mn t (-12.1%). 

The slight increase of emissions of households by 0.4% was contrasted by an 8.5% rise in 
price-adjusted fma1 consumption expenditure of households. This shows that the trend of con­
sumption expenditure ofhouseholds and that oftheir direct CO2 emissions has been decoupled. 
There are two eff농cts explaining that development. About one third of it is due to the fact that 
the emission-relevant energy consumption per DM of fm외 consurrψtion of households de­
creased (- 2.1 %) and about two thirds result from a dec1ine in CO2 emissions per energy quan­
tity used (- 4.3%), i.e. the utilisation of energy sources containing less carbon (substitution of 
solid fuels by minera1 oi1 and especially natural 뿔s). 

Specific energy consumption and energy productivity 

The specific energy consumption of an economic sector indicates how much energy was consumed 
to obtain one unit of the economic output produced there (value added): 

specific energy c。nsumptlon
energy consumption = 

gross value added (real) 

The energy productivity of an economic se다:or indicates how much economic output (value added) 
was produced by using one unit of the energy consumed there: 

gross value added 
Energyproductlvlty = ----------‘ 

energy consumption (real) 

The direct emissions of carbon dioxide thrOU!ψ production may be decomposed mathemati­
cally into various components, that is a growth effect, a structura1 eff능ct， an energy intensity ef­
fect and a CO2 intensity eff농ct. Those eff농cts represent in model terms the mathematical influ­
ence of the individua1 components on the level of CO2 emissions with the assumption that the 
other influencing factors remained unchanged. The growth ef풍ct represents the effect caused 
by the general increase in produ따ion. The structural effect covers the influence exerted by the 
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chan앙ng economic structure (based on the breakdown of the economy by 60 sectors) on the 
CO2 emissions. For ex없nple， the emission of carbon dioxide by the overall economy, with 
gross domestic product remaining constant, would be reduced if the share of relatively low­
emission service sectors increased at the expense of emission-intensive sectors of production 
industries. The ener앞 intensity e댔다 (relation between the trend of emission-relev때t energy 
consumption and real value added) may - with some reservations - be interpreted as a measure 
of the efficiency of energy use. The CO2 intensity e끊ct (relation between the trend of CO2 

emissions and the emission-relevant energy quantity used) measures to what extent the emis­
sion of carbon dioxide was influenced by the change in the average carbon content of energy 
sources, e.g. by the use oflower-carbon and thus lower-C02 emission energy sources. 

The mathematical decomposition of the entire decrease of carbon dioxide emissions in produc­
tion by 91.2 mn t between 1991 and 1998 into the afore-mentioned components leads to the 
following result (figure 14): Due to the real growth of production (growth effect), CO2 emis­
sions would have to have increased by about 69 mn t compared with 1991. However, that influ­
ence was more th없loff능하 by the other factors. The largest contribution was made by structural 
change, which contributed an estimated 74 mn t dec1ine in emissions. More efficient energy use 
had an ef:fiεct of - 66 mn t in mathematical terms. The growing use of low-carbon energy 
sources (e.g. natural gas) contributed 21 mn t to the decline in the overall production-related 
CO2 emissions. 

CO2 

development 
。，1 all 

economic 
sectors 

Figure 14 

Energy 
intensity 

effect 

Examining the change of carbon dio:화de emission by economic sectors shows the fol1owing 
picture: The decreasing trend of emissions ofthe economic sectors between 1991 and 1998 was 
mainly effectuated by production industries with a decline by 91.4 mn t (- 14.4%). The CO2 

emissions ofthe service branches, however, were up 2.0 mn t (+ 1.8%) over the same period. 

The sectors within produ띠on industries that reduced their emissions between 1991 and 1998 
were "coal mi띠ng， peat extraction" (- 39.6 mn t), "energy supply" (- 21.6 mn t), "chemical in­
dustry" (- 16.2 mn t) and "coking, mineral oil processing" (- 10.5 mn t). 

As has been shown in the context of the overall economy, a large part of the reduction of CO2 

emissions is due to structural change, i.e. the expansion of low-C02 sectors and the shrinking of 
CO2-intensive sectors. Another important factor causing that development is the reduction of 
specific CO2 emission (C02 emission per DM of gross value added) in the individual sectors. In 
turn, the specific CO2 emission is influenced both by the efficiency of energy use (specific en­
ergy consumption) and the carbon content ofthe energy sources used. 
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Decomposition analysis 

Decomposition an허ysis is a tool that may be used to describe the impact that various factors have on 
a specific trend. The results for the development of C02 emissions show the influence exeπed byany 
factor with the assumption that the other factors remain unchanged (cete꺼s pa꺼bus rule). 

The fl이lowing factors influencing the trend of C02 emissions during production (all sectors) between 
1991 and 1998 were taken into account: 

economic output (gross value added at prices of 1995) 
economic structure (shares of economic sectors in the gross value added of production) 
energy intensity ofthe production (emission-relevant energy consumption I gross value added) 
and 
C02 intensity of energy consumption (C02 emissions I emission-relevant energy consumption) 

As regards the methodological requirements (exogenous and independent character of the factors) , 
the capacity of decomposition is limited , especially in the sphere of economic analysis: this has to be 
taken into account when interpreting the results. So, applying that method allows obtaining provisional 
infonnation on the effects of va꺼ous influences - e.g. on the trend of C02 emissions - by using rela­
tively simple tools. 

Due to the different technical conditions of the various production processes, the levels of spe­
cific CO2 emission differ considerably (figure 15). The average specific CO2 emission for pro­
duction industries in 1998 was 0.51 kg per DM, while for services it was just an average 
0.05 kg per DM. There is an even wider range within production industries, with the highest 
values obseπed for coal mining (5.01 kg per DM) and the food industry (0.23 kg per DM). The 
dec1ine in specific CO2 emission between 1991 and 1998 was less marked for produ따ion in­
dustries (- 11.4%) than for the service sector (- 15.0%) (figure 16). For nearly all sectors within 
production indusπies， a decrease in specific CO2 emission was recorded. 1t was particularly 
marked for the chemical industry (- 37.6%), energy supply (- 18.5%) and the paper industry (-
9.1%). 

Figures 15 
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4 Withdrawal of materials I raw materials 

Econornic activities (production of goods and their consur때Ition) involve material flows. This 
means that materia~s are withdrawn from nature and, after transformation in the econornic proc­
ess and in consumption, are discharged again into nature in the form of residuals and pollutants. 

One ofthe goals ofEnvironmental-Econornic Accounting ofthe Federa1 Statistical Office is to 
represent such material flows at an aggregated level in physical units (e.g. tonnes). The system­
atic coverage and representation of material throu맹put of the economy by means of a "material 
balance" shows the extent and trend ofthe physical utilisation ofthe environment and forms the 
statistical basis for further analyses (figure 17). 

Figure 17 
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Comparing the material flows for 1991 and 1998 shows that the total material throughput of the 
German economy fell during the 1990s. The volume of material (withdrawa1 of raw materia1s 
from domestic nature, exc1uding water and inc1uding the materials imported from the rest of the 
world) fell by 971 mn t (- 19%) to 4,150 mn t. This means that 51 t of materials per inhabitant 
were withdrawn for economic purposes in 1989. 

The decrease in withdrawal of materials is due to several causes. 

The decline in total use ofmaterials in Germany between 1991 and 1998 is mainly the result of 
a marked reduction of excavated waste material in brown coa1 mining (reduced to about two 
thirds), which, in tum, was the consequence of a decrease in brown coal extraction in the new 
닮nder. Extracting one tonne of brown coal produces almost ten tonnes of excavated waste 
materia1. As a resu1t ofthe strong dec1ine in excavated brown coal waste material, the tota1 vol­
ume of the withdrawal of unused materials fell by nearly one t비rd (- 895 mn t) (figure 18). 
Such materials inc1ude excavated waste material in mining, excavated earth and the like. 

Figure 18 

The withdrawal of materials subsequently used did not change very much over the period ex­
arnined. However, the share of renewable (biotic) raw materials (inc1uding the products made 
of them) increased, whi1e the share of non-renewable (abiotic) raw materia1s and the products 
made of them declined. The use of biotic materia1s (plants, animals) rose by 33 mn t between 
1991 and 1998. The quantity ofabiotic materials used was down altogether by 39 mn t, with the 
withdrawal from domestic nature (especially energy sources as well as stones and earths) de­
creasing by 105 mn t and imports of abiotic materia1s increasing by 66 mn t. The extraction of 
oxygen, caused especially by the buming of energy sources, was down by 70 mn t. Overall 
withdrawal of abiotic materials (withdrawal of raw materia1s within the country plus imports of 
materials) is used by the Federal Ministry for the Environment as a reference va1ue to ca1culate 
the leading indicator "raw material productivity" as part of the Environmental Barometer (see 
section 1). 

For the withdrawal of non-renewable raw materials from nature, the question of sustainability 
arises with regard to the bases of lifìε of future generations, because materials used up today 
will not be available in the future. The quantity of substances withdrawn at the same time is a 

- 17 -



general indicator of the pressure on the natural environrnent, such as interventions in nature 
throu맹 the withdrawal ofraw materials, and ofthe pressure caused by residuals and pollutants 
necessarily involved in the processing and consumption of such materials. So, material 
consumption is not only an indicator of the consumption of non-renewable resources but can 
also provide information on other environrnental problems. 

Representation and definition of the withdrawal of material 

For the representation of material flows , the Federal Statistical Office has chosen a pragmatic ap­
proach - in particular because of data availability - which has included direct material flows but ex­
cluded indirect material flows for the time being. Direct use of material covers the withdrawal of raw 
materials, whether or not utilised , π。m domestic nature and the imported materials (raw materials as 
well as finished and semi-finished products). Indirect use of material covers the withdrawal of mate­
꺼als from nature in the rest of the wortd in the context of producing the goods later imported to Ger­
many. 

Representing indirect withdra빼1 of material appears necessary because the p꺼nciple of sustainability 
in using nature applies not only at the national but also at the global level. Especially where domestic 
raw materials are substituted by foreign raw materials or by less material-intensive finished or semi­
finished products (example: elec에city imports instead of domestic coal e있raction) ， the withdrawal of 
raw material in the rest of the wortd increases despite the decreasing use of material within the coun­
try. 

Indirect use of material, however, is very difficult to determine with a satisfactory degree of accuracy. 
This is because it requires both data on the quantity of material not utilised in the context of extracting 
the imported raw materials abroad and information on the quantity of material used in producing the 
imported finished and semi-fi미shed products. The Federal Statistical Office intends to improve the 
database for such calc비ations to the extent that it will be possible to peπ'orm such estimations with 
sufficient accuracy. 

In the following, the various abiotic materials will be allocated to the environrnental pressure 
categories of "consumption of resources", impainnent of "landscapes and ecosystems" (in­
c1uding ground water in the context of withdrawal) as well as "discharge of residuals and 
p이lutants" during production and consumption. By adding up the quantities, indicators may be 
derived which for the two la따r categories, however, allow just a roU!맺 overall estimation of 
the relevant pressure potential. 

The importance of the consumption of resources and the threat of a depletion of specific natural 
resources may be approximated through the category of the possible range of the raw mate­
rial6• Considering that aspect will differ, depending on whether we look at the national or the 
intemational context. For many resources in the country, the danger of depletion may be coun­
teracted by importing larger quantities of the relevant raw material from the rest of the world. 
The altemative: A specific raw material may in Gennany be replaced in the economic process 
by other raw materials with similar functions. This means that the danger of raw materials be­
coming depleted or the limited range of raw materials mainly depend on the possibilities of 
substitution in terms of geography and material and on the time span examined. 

In many cases, withdrawing non-renewable raw materials involves the utilisation of area or an 
impainnent of the quality oflandscapes and ecosystems. Altogether, the quality of landscapes 
and ecosysterns in Germany is presumably much more impaired by other forms of intensive use 
requiring more area, such as the utilisation of areas for settlement and traffic purposes or for 
intensive farrning and, above all, by the discharge of residuals and pollutants. The changes in 
landscape and ecosystem quality through the withdrawal of raw materials mainly consist in 
changes of habitats of animals and plants, in the influencing of the shape of landscapes by relief 
changes (e.g. hill slopes or holes remaining from surface mining), in impacts on the structure of 
groundwater landscapes and in the impainnent of the marine environrnent regarding offshore 
extraction of raw materials. 
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The withdrawal of raw materials from 따ture is the starting point for the processing of raw ma­
terials up to the use 없ld consurrψ，tion of the goods made thereof. During that overall-economic 
process of production 때d consumption, residuals and p이lutants are produced. These inc1ude 
especially emissionsinto the air, the discharge of waste and waste water and emissions int，。
water bodies. For the domestic territory, that indicator is not examined because Environmental­
Economic Accounting pro찌des direct information on emissions of residuals and poll뼈nts 

such as air emissions, waste and waste water. 

To represent the influence of raw material withdrawal (inc1uding imported materials) on the 
above-mentioned environmental pressure factors, the relevant materials are allocated to those 
factors 때d aggregated on the basis of the relev따lt quantities (in tonnes). For this purpose, the 
material flows "withdrawal of raw materials within the country" (relevant from the national as­
pe따) and "imports" arebroken down by the ext며t to which they have beεn processed (rele쩌nt 

from the international aspect). Individual materials or categories of materials can be included 
several times for aggregation 표 they are relevant for more than one of the pressure categories 
used. 

The allocation of the withdrawal and imports of raw materials to the represented environmental 
aspects as well as their description are based on work accomplished by the Federal Institute for 
Geosciences and Natura1 Resources (BGR) and were coordinated with it. The BGR has de때led 

information on the material flows as well as area and energy consumption involved in the ex­
traction and processing Qfspecific raw materials7• 

From the national point of view, the aspect of the depletion of raw material resources is rele­
vant only for the energy sources of mineral oil and natura1 gas; however, with an overalllevel 
of 19 mn t in 1998 (about 2%) - compared with a total withdrawal of 989 mn t - they are not 
really relev:없t. Areas where raw material extraction in Germany has an 뼈pact on landscapes 
and ecosystems and where it is in competition with other ηpes of area use are the extraction of 
brown coal and stonesle없ths as well as salts. Between 1991 and 1999 the withdrawal ofthose 
raw materials - they account for over 90% of the entire withdrawal of abiotic raw materials 
(utilised) in Germany - decreased by 5.5% from about 1 bn t to 950 mn t (figure 19). 
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From the international point of view, the aspect of the - time - range of raw materials, in 
P따ticu1ar of mineral oil, is of crucial importance because its resources are estimated to have a 
range of 44 years with the current level of consumption. According to current knowledge, a 
much longer range is assumed for other raw materials. For natural gas, the 링obal range is esti­
mated at 64 years, for coal at 185 years8• For the indicator, only imports of mineral oil (incl. i잉 
products, e.g. heating oil) to Germany were taken into account9• The impoπed quantity of min­
eral oil and mineral oil products increased by 12.8% between 1991 and 1999, reaching 
155 mn t. 

hnpairments of landscapes and ecosystems in the rest of the world are obseπed mainly for 
those raw materials that are extracted largely throu맹 surface mi미ng in the counσies of origin. 
This applies not only to brown coal but also to hard coal, ores, stones/earths and minerals. 10 
addition, mineral oil extraction, too, has an impact on ecosysterns. Irnports of such raw materi­
als - inc1uding finished and semi-fmished products made of energy sources - increased 7.0% 
between 1991 and 1999, reaching 257 mn t. 

The volume of residuals and pollutants produced in the rest of the world is important in eco­
logical terrns in the following areas: the extraction of energy sources, salts and non-ferrous 
ores, such as copper, and the production of finished and semi-fmished goods. The volume of 
such materials imported to Germany rose by 14.8% between 1991 and 1999 to 329 mn t. How­
ever, the imports offmished and semi-finished goods was contrasted by exports of 146 mn t (in 
1998). The emission of residuals and p이lutants caused by the production of those goods were 
produced in the counσy， while those materials were used for Final Use in the rest ofthe world. 

Altogether, material consumption allocated to pressure categories shows the following trend: 
The withdrawal of materials causing environmental pressures in the country decreased, while 
imports of such materials involving environmental pressures in the rest of the world increased. 
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5 Environmental protection measures 

Environmenta1 protection measures aimed at avoiding, reducing or removing impairments of 
nature can exert a major inf1uence on the above-mentioned productivity indicators for residua1s 
and pollutants. As p하t of its Environmenta1-Economic Accounting system, the Federal Statisti­
ca1 Office reports about the trend of environmental protection expenditure of enterprises in 
production industries and of the genera1 government sector as well as their fixed assets for en­
vironmental protection. An item covered for the first time here is environmenta1 protection 
expenditure of the privatised public waste and wastewater disposal enterprises, whose im­
portance is growing; Environmenta1-Economic Accounting coverage thus has considerab1y 
been extended. Environment-related fixed assetsin this field w i11 be determined next. 

Coverlng envlronmental protection measures 

Major data sources for the monetary environmental protection data as represented here are the statis­
tics on the investments and current expenditures for environmental protection in production industries, 
the annual balance sheet statistics of public enterp끼ses and the annual expenditure and revenue data 
of public budgets. 

Environmental-Economic Accounting results do not inciude expenditures on integrated environmental 
protection investments in production industries (for the years 1975 to 1995, the p끼mary statistics 
showed for those investments an average share of about 17% in total environment-related invest­
ments in production indust꺼es) and for the construction industry generally. These values have no 
longer been covered sinçe reference year 1996 following an amendment of the environmental statis­
tics law. 

The indicator "current expenditures" does not include the charges and remuneration paid by enter­
prises of production industries to third parties for disposal services. 

Also, due to a database still inadequate, the tables do not include environmental protection expendi­
ture in agriculture and in part of the service sector. For the latter, 0미y the privatised public waste and 
wastewater disposal enterprises have been inciuded. What is lacking for a complete representation of 
the waste and waste water disposal sector, which is relevant here in terrns of quantity, is mainly data 
。，f the purely private-sector waste and waste water disposal enterprises. No official data are available 
on expenditures for specific household activities relevant for the environment such as insulation or 
solar energy facilities. Other areas of expenditure relevant for the environment, such as nature con­
servation and ground rehabilitation, cannot adequately. be covered either for the time being. 

The figures below describe above all the production of environmenta1 protection services and 
their costs. What is not represented, however, is the way such environmental protection services 
are 파nded， e.g. throu뱅 charges and contributions. As govemment establishments and priva­
tised public enterprises generally charge cost covering f농es for their environmental protection 
services, most of their expenditures are presumab1y bome by their customers, i.e. househo1ds 
and enterprises. 

In 1997, environmental protection expenditure in production industries, genera1 govemment 
and privatised pub1ic waste and wastewater disposa1 enterprises totalled DM 66.5 bn. This was 
a 1.8% share of the gross domestic product. However, that tota1 figure is just a 10wer limit. 
What is lacking is mainly the so-called integrated environmenta1 protection investments in pro­
duction industries and parts of the service sector with the purely private-sector waste disposa1 
ent뼈rises， such as expenditure for the acti띠ties of DSD - Duales System Deutschland 
(Grüner Punkt) (dual waste management system Germany - Green Dot System). 

The comp없ison between 1997 and 1994 in figure 20 shows that price-adjusted expenditure re­
mained near1y unchanged, with the individual economic sectors showing opposite trends. Ex­
penditure in production industries was down by DM 2.9 bn (- 16%), for general government 
even by DM 7 bn (- 24%). The latter decrease, however, was contrasted by an increase in ex­
penditure by DM 8.6 bn (+ 43%) for the privatised public wastε and wastewater disposal enter-
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prises. That rise is mainly the result of the increasing shi웠 from previously government disposa1 
establishments - whose expen바ture for environmental protection in the past was included in 
the statistics of public bud뿔ts - to private-sector business forms. Expenditure by general gov­
ernment and public disposal enterprises together rose by DM 1.6 bn (+ 3.2%) over the exam­
ined period. 

Figure20 

Environmenta1 protection expenditure is composed of investments and current expenditl.πe. 

When examined over time, current expenditure is becoming more important than environmental 
prote따ion investments. The decrease in environment-specific ìnvestments by DM 7.4 bn (-
25%) between 1994 and 1997 was contrasted by an increase in current expenditure by 

DM 6.1 bn (+ 16.3%). The main reason is the considerable stock of environmentally protective 
facilities, which has been developed especially during the past two decades. 

In production industries, investments decreased sharplybetween 1994 and 1997 (- 43%). Two 
reasons are believed to be important here. Fir양， the data available presumably underrepresent 
the development because the integrated environmental prote따ion measures - which are not in­
c1uded - are gai피ng in importance, while a large p따t of cost-intensive environmentally protec­
tive facilities - which generally follow the production process (end-of-pipe fac i1ities) - already 
exist. As regards air quality control, the denitrification and desulfurisation plants, whose grad­
ual implementation has been required by law since the mid-1980s, have been in general use for 
a long time already. So, conversions have become quite rare and, consequently, the relεvant in­
vestments are decreasing, while operating costs are increasing. 

In the general government sector, investments decreased considerably as a result of the 
above-mentioned shifts (- 37%), while for the public disposal enterprises they slightly increased 
accordingly. Current expenditure show a much more positive trend. One of the reasons for the 
dec1ine in investments, for example regarding water protection, is the high percentage of 
households connected to the public sewage system, which reached 93% in 1997. Therefore, en­
vironmental prot，εction expenditure regards more and more maintenance and reclarnation. 

Analysing the current expenditure flows by areas of environmental protection (figure 21) 
c1early shows that water protection 때d waste disposal are prevailing; both of them arε taken 
care of mainly by general government or public enterprises. These two environmental protec-
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tion areas together accounted for about 90% of the total environmental protection expenditure 
in 1997. Air pollution control measures are observed almost only in production industries and 
had a share of 10% in expenditure, while expenditure on noise abatement accounted for 1 % of 
overall expenditure. 

Figure 21 

A detailed examination by investments and current expenditure shows considerable dif꿇rences. 
In 1997, water protection investments had the largest sh따e (7 1 %) in total invεstments. Waste 
disposal had a share of 19%. The opposite ranking was obseπed for current expenditure, where 
waste disposa1 accounted. for about half of the total 없nount， followed by water protection 
(38%) and expenditure on air quality control (1 1 %) in production industries. 

The structure of expenditure by areas of environmental protection basica11y exists also for 
gross fixed assets related to environmental protection. Gross fixed assets cornprise the stock 
of durable reproducible means of production which are used only for environmental protection 
purposes. As was dòne in deter.mining environmental protection expenditure, environmenta1 
protection-related paπs of fac i1ities (integrated fac i1ities) in production industries are not taken 
into account here. As data avai1ability is still insufficient for private-sector waste disposal en­
terprises, it is not possible at present to represent that area statistically in the calculation of 
fixed assets as p없t ofEnvironmental-Economic Accounting. 

Gross fixed assets related to environmental protection at replacement costs (as a counterpaπ to 
current prices) amounted to just under DM 472 bn at the beginning of 1998 for production in­
dustries and general govemment together. Figure 22 il1ustrates the dominant role of the general 
govemment sector, whose fixed assets are 3.5 times that ofproduction industries. The reason is 
capital-intensive water protection, whose facilities alone account for nearly three fourths of to­
tal environment-related fixed assets. For general govemment, waste facilities are the only other 
area that has some importance Qust under DM 26 bn). Plants for air qualiη control have the 
largest share with enterprises of production industries (DM 58 bn), followed by water protec­
tion and waste disposa1 plants. 
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Figure 22 

6 Environment-related taxes 

In the context of the discussion about employing econornic tools for environmental policies, 
environmental taxes are ofparticular interest. On 1 April1999, the "ecological 없x" was intro­
duced in Gεrmany. Even before that, the mineral oil tax had been raised severa1 times in the 
1990s. What is the trend of environment-related tax revenues? Have the tax increases exerted 
an inf1uence on consumption? Are we more efficient now in using the "raw material" of mineral 
oi1? 

Envlronment-related taxes 

Following the concept for the statistical coverage of environment-related taxes, which has been devel­
oped at an intemational level, the definition of environmental taxes is based on the concept of the tax 
base - iπ'espective of the motives for introducing the tax and of the purpose the revenue is used for. 
The decisive criterion is that the tax base refers ‘ to a physical unit (or a proxy of it) of something that 
has a proven, spe다껴c negative impact on the environmenf. In concrete tenns, this includes emis­
sions in the broadest sense (air emissions, waste water, waste , noise) , energy products, feπ:ilizers ， 

pesticides and transport. This means that in Germany the environment-related taxes that are most 
relevant in terms of quantities are the mineral oil tax and the elec띠city tax (basis of taxation is an en­
ergyprodu띠 as well as the motor vehicle tax (emission-related or, until1 July 1997, traffic-related tax 
base). 
The res비ts presented here refer to those taxes only. Value-added tax on motor vehicles, mineral oil 
and electricity are not included. 

Figure 23 shows the trend of environment-related taxes in Germany for the period from 1991 
to 1999. Last year, the revenue from motor vehic1e tax, mineral oi1 tax and electricity t없， 
which was introduced only in 1999, totalled some DM 88.6 bn. 80, revenue from environment­
related taxes was by 52% larger than in 1991. Total 없x revenue of public budgets rose about 
44% in that period. The share of environment-related taxes in the total tax revenue in Germany 

-24 -



was 9.3% in 1999, which was slightly larger than in 1991 (8.8%), but sma11er than in the years 
1994 to 1996 (9.9% and 9.7%, respectively). 

Figure 23 

Compared with 1998, i.e. the year before the ecologica1 없x was introduced, environment­
related taxes increased by 8.2% or DM 6.7 bn: Electricity 없x revenue amounted to DM 3.6 bn, 
the additional revenue from minera1 oil 없x was DM 4.6 bn, while the revenue from motor vehi­
c1e tax was down by DM 1.4 bn, which was due to tax law eff농cts (e.g. temporary 없x exemp­
tion for vehic1es meeting the Euro 3 or Euro 4 standard). 

Ecological tax 

The ecologlcal tax, which was introduced in Gennany on 1 April1999 through the law on entering the 
ecological tax refonn, extended the taxation of energy by raising the mineral 이1 tax rates and intro­
ducing an elect꺼city tax. On 1 April 1999, the mineral oil tax was increased by 6 Pfennig per litre of 
motor fuel , by 4 Pfennig per litre of domestic fuel , and by 0.32 Pfennig per kilowatt hour of gas, and an 
electricity tax of 2 Pfennig per kilowatt hour was introduced {see also the table below on the mineral oil 
tax burden}. Some areas were granted reduced tax rates or tax exemp야ons， such as reduced tax rates 
for agriculture, production industries, rail transport and public short-distance passenger transport; tax 
exemption was granted for power-heat combination and electricity tax exemption for elect꺼city ob­
tained from renewable energy sources. The law of 16 December 1999 on continuing the ecologi떠I tax 
refonn involved further increases of taxes on motor fuels and electricity for the years 2000 to 2003, 
which are not relevant yet for the results presented here. 

Accounting for about four fifth, mineral oil tax has the largest share in the total of environ­
ment-related taxrevenue (1999: DM 71 bn), and within that item it is the taxes on carburettor 
and diesel fuels (about DM 63 bn in 1999) accounting for.the 1따gest share. 

M멍or factors influencing the development of mineral oil tax revenue over the last few years 
have been the following: The rates of taxes on such motör fuels were raised several times dur­
ing the 1990s, i.e. the tax on un1eaded patr이 was increased in several stεps e.g. from 60 Pfennig 
per litre in early 1991 to 104 Pfennig per litre in 1999, and the tax on diesel from 44 to 68 
P찮n피g per litre. At the same time, the annual quantities of patr이 (leaded and unleaded to­
gε:ther) on which tax was paid remained largely unchanged since the early 1990s, while those of 
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diesel rose continuously, with a growth rate of 31.4% between 1991 and 1999 and an increase 
of 4.7% in 1999 compared with a year earlier. 

Development of the miner외 oil tax burden 
for major motor fuel ty야S 

DM perlitre 

1/1잃1 to 6/1991 0,60 0,44 

7/1991 to 1211992 0,82 0,54 

1/1993 to 1211993 0,82 0,55 

1/1잃4to 3/1999 0,98 0,62 

4/1999 to 1211999 1,04 0,68 

from 112000 1,10 0,74 

Revenue from motor vebicle tax amounted to just under DM 14 bn in 1999, compared with 
DM 11 bn in 1991. Over that period, motor vehic1e tax rates, too, were modified several times; 
the latest change was in mid-1997, when the basis of taxation on passenger cars was switched 
from cubic 대pacity to emissions. In the same period, the stock of cars - which is the second 
factor determining the volume of tax revenue - increased considerably for both passenger cars 
and lorries. In 1999, thc:: number ofregistered (or tempor따ily deregistered) passenger cars and 
station wagons in Germany was 42.3 mn, which was an increase by 5.6 mn (15%) on 1991. The 
number oflorries and road tractors rose from 1.8 mn in 1991 to 2.6 mn in 1999, i.e. it almost 
doubled. 

Figure 24 

Environment-related taxes and transport 

The large majority of environment-related tax receipts in 1999, i.e. 87% (figure 24), is con­
nected with transport, especially road transport. Due to energy consumption 때d air emissions, 
road transpoπ at the same time is a special focus of environmental policy. The share of road 
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transpoπ in to없1 fma1 energy consumption in the Federal :&εpublic of Germany amounted to 
25% in 1998. Just under one fIfth of carbon dioxide emissions in 1998 came from road trans­
port, while 55% of carbon monoxide, a1most half of nitrogen oxides (48%) and about one 
quaπer of the emissions of volati1e organic compounds (excl. methane) came from road trans­
port. 

When examining the connection b랴ween environment-related taxes and energy consumption 
in road transport, it should be considered that the adequate comp따ative fIgure is price rather 
than the tax rate. A1thou맹， genera11y, taxes on motor fuels are fully passed on to consumers, 
such taxes are just one of several factors determining motor fuel prices, as is shown by the cur­
rent development. 

Figure25 
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~_. - Total motorfuelconsumptlon In road transport 

Figure 25 represents the developments of the motor fuel price index and of motor fuel con­
sumption (always petrol 때d diesel together) . .As we can see "there, the entire consumption of 
motor fuels showed a continuous slight increase during the 1990, with the exception of 1994. 
However, price rises generally led to a smaller increase in consumption. An exception here is 
the year 1999. Despite a sharp rise in the price level, motor fuel consumption increased more 
strongly than in the preceding years. The fact that reactions to the motor fuel price increases -
some of which were considerable - were rather moderate in recent years is believed to be due 
mainly to the fact that citizens have on1y limited opportunities of chan밍ng their petrol and die­
sel consumption behaviour in the short term. There are hardly any short-tenn altematives for 
commuters, professional drivers, booked holiday trips, the entire sphere of goods tr때sport， etc. 
A1so, technological a때ustments (e.g. development 없d purchase of low-consumption vehicles) 
have only long-t앙meff농cts on consumption because the stock of vehicles changes only gradu­
ally. Between 1991 and 1998 motor fuel prices rose about 18% altogether. One might have ex­
pected that, as a reaction, people would reduce their demand for transport services, i.e. 하ive 

less frequently or use motor fuels more efficiently. F or private motorised tr때sport by passenger 
cars, station wagons and motor cycles, the tr때sport performance determined for Germany in 
1998 was 756 bn passenger-kilometres, with 없1 increase by just under 6% compared with 1991. 
Motor fuel consumption in that area, however, remained nearly unch없1ged. Putting transport 
perfonnance in relation to energy consumption shows that the efficiency of motor fuel use in 
private transport improved in the 1990s (fIgure 26). In private motorised transport by passen-
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ger cars, station wagons and motor cyc1es, the number of passenger-kilometres achieved per li­
tre ofmotor fuel consumed in 1998 was 5.5% larger than in 1991. 

Figures 26 

For freight π없sport by road, it is not possible to give equivalent information on the efficiency 
of motor fuel use. The reason here is that, w:비le tr때sport perfon없nce is covered for articu­
lated vehic1es and lorries with a gross vehic1e weight of more than 6 t or a load capacity of over 
3.5 t (i.e. exc1uding the "small" commercial vehic1es), motor fuel consumption is avai1able only 
for overall frei뱅ttr때sport by road (including that of"small" commercial vehic1es). 

What is p하ticul없Iy relevant from environmental aspe야s - in addition to energy use in road 
tr;때sport and, consequently, the issue of using resources economically - is the emissions 
caused by road transport (cf. above). For the m멍or air emissions from road transport, all 
pOllu1따nts decreased clearly during the 1990s. On1y CO2 emissions increased in that period. Due 
to their close link with energy consumption, they developed nearly parallel to energy consump­
tion; in 1998 they were about 9% above the level of CO2 emissions in road transport in 1991. 
This may be compared with motor fuel consumption in road transport, which rose 8.3% over 
the same period. The other air emissions from road transport, however, decreased c1early in the 
1990s (figure 27), that is for instance emissions of nitrogen 0찌des by 30%, those of carbon 
monoxide by 49% and ofvolatile organic compounds (excl. methane) by 64%. These are results 
ofthe m없피fold technological and administrative measures taken in Gennany in the past decade, 
such as the growing share of low-emission motor vehic1es in the overall stock, exhaust-specific 
modifications in engines, the introduction of low-sulphur motor fuels and the disappearance of 
leaded petrol from the market. 
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1 ln addition to its function as a sink, other services provided by nature should be mentioned such as the bufler, recreation and pro­
duαion ωnc“ons. 

2 The impainnents of nature and Iandscape caused by the use of area for built-uρ land and land used for traffic purposes can in part 
becor때ensated for by compe야ation or replacement measures (Articles 8, 8a Federal Law on Nature Conservation); it is not possi­
ble yet to provide quantitative infonnation on that issι.e. 

3 Bunde~’'lags-Drucksache 14/2611 of 28 January 2000. See 외so: Environmental Barometer (Umweltbarometer) of the Federal 
Ministry 11마 the Environment and the German Environment lndex (Deut’cher Umweltindex - DUX) derived from it. 
htto:l!www.umwe!tbunde!>..lmt.deídux/umwelthammete1".htm 

4 Data source: Federal Environmental Agency. 

5 The model approach is based on the assumption that the production stru야따'e abroad corresponds to that witlùn the country. See 
in particular: Schoer, κ: Energy use of private households by p따poses， Paper delivered at the ECE / Eurostat "Work Session on 
methodolo밍ical issues of environment statistics'’, Jerusalem, 0α:ober 1999. 
htto:!IWViWιunece."wstnt<Jdocumentsl1999.10.env.htm 

6 The range of raw materials is determined by the ratio of resources that may be e짜racted and actual current extraction of raw mate­
rials. That calc띠atoη range provides a temporary picture within a lùghly dynamic syst∞1. lmportant factors here are the market 
situation at any point in time and the intensity of exploration. 

7 See i.a.: SIφmengenjlüsse und Energiebedarf bei der Gewinnung ausgewählter mineralischer Roh지ojJe， in: Geologisches Jahr­
buch. S.깨derh행e， Series H (Wirtschψsgeηlogie. Berichte zur RohslojJwirtschaft), Issues SH 1 - 11 , Hanover 1999. 

8 상:: Stahl, W. (BG.쩌 , Die weltweiten Reserven der Ene갱ierohstojJe: Mangel oder ÜberjIuss? 1，ttn~i/w、，vw.bwr_de

9 Over the long term other raw materials, in addition to mineral oil, will be relevant from the aspect of the danger of scarcity be­
cause a range of raw materials extending onIy little beyond the coming generation cannot be considered satisfactory in t강ms of 
s ustainabi1ity. 
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Abkürzungen - Maßeinheiten 

J = Joule (1J = 1 Ws) MiII. 

kJ = KiI이。ule (1 kJ = 103 J) Mrd. 

MJ = Megajoule (1 MJ = 108 J) Std. 

GJ = Gigajoule (• GJ = 109 J) m3 

TJ = Ter혀oule (1 TJ = 1012 J) % 

PJ = Petajo비e (1 PJ = 1015 J) m2 

SKE = Steinkohleeinheit (1 t SKE = 0,0294 T J) Km2 

W - Watt ha 

Ws = Wattsekunde 

MWh = Megawattstunde (= 3,6 GJ) Pkm 

kg = Kilogramm 

= Tonne 

Dz - Doppelzentner (=100kg) 

Zeichenerkl헐rung 

o = weniger als die H결Ifte von 1 in der letzten 

bese양ten Stelle, jedoch mehr als 미chts X 

Abweichungen in den Summen durch Runden der Zahlen möglich. 

= Millionen 

= Milliarden 

= Stunde 

= Kubikmeter 

- Prozent 

= Ouadratmeter 

= Ouadratkilometer 

= Hek떠r ( = 10.000 m2) 

= Liter 

= Personenkilometer 

= Angabef;획IIt sp얼teran 

= Tabellenfach gesperrt, weil Aussage 

nicht sinnvoll 

= Zahlenwert unbekannt oder 

geheimzuhalten 

= nichts vorhanden 



Tabelle 1: Bevölkerung und Wirtschaft 

Einwohner Mill. 80,0 80,6 81 ,2 81 ,4 81 ,7 81 ,9 82,1 82,0 82,’ 

Erwerbspersonen MiII. 40 ,7 40 ,4 40 ,4 40 ,6 40 ,5 40,7 41 ,0 41 ,2 41.: 

Erwerbst경tige Inländer MiII. 38,5 37,9 37 ,4 37,3 37,3 37,2 37,1 37 ,5 37 ‘ 
Arbeitslose 

Insgesamt MiII. 2,2 2,6 3,1 3,3 3,2 3,5 3,9 3,7 3 ‘ 
In % der Erwerbspersonen % 5,4 6,3 7,6 8 ,2 7,9 8,6 9,5 9,0 8,: 

Privater Verbrauch in Preisen 

von 1995 Mrd. DM 1843 1891 1892 1910 1948 1965 1976 2015 206< 

Arbeitsstunden 

Insgesamt Mrd. Std. 59 ,4 59,8 58,3 58,0 57,2 56,3 56,0 56,7 57 ,( 

Je Erwerbst경tigen im Inland Std. 1544,9 1578,7 1560,9 1555,1 1530,2 1511 ,0 1506,4 1509,4 1503,‘ 

Kapitalstock in Preisen 

von 1995 
Insgesamt 1) Mrd. DM 15642 16156 16647 17110 17566 18000 18428 18859 1930 

Je Erwerbst경tigen im Inland 1000 DM 406 426 446 459 471 484 496 503 51( 

Je Arbeitsstunde DM 263 272 280 288 296 303 310 317 32~ 

Abschreibungen in Preisen 

von 1995 Mrd. DM 447 472 492 507 521 535 547 562 571 

Bruttoinlandsprodukt in 

Preisen von 1995 

Insgesamt Mrd. DM 3346 3421 3384 3463 3523 3550 3600 3674 373 

Je Erwerbstätigen im Inland DM 87000 90300 90600 92800 94200 95300 96800 97900 98301 

Je Arbeitsstunde DM 56 57 58 60 62 63 64 65 6~ 

Je 1000 DM Abschreibungen DM 7486 7253 6882 6828 6760 6637 6576 6542 645‘ 
Nac상hr비r끼ic다ht삐tl씨lic상h: 

g im Inland MiII. 38,5 37 ,9 37,4 37,3 37,4 37,3 37,2 37,5 37.~ 

1) Ohne Nutztiere und Nutzpf1anzungen Statistisches Bundesal 
Umweltökonomische Gesamtrechnungen 20' 



Tabelle 2: Einsatz von Umweltressourcen für wirtschaftliche Zwecke 

Produktlonsfaktoren 

Primärenergieverbrauch Petaj'。비e 14467 14150 14179 14078 14269 14746 14574 14454 14200 
Rohst。유enmahme und Import 2) MiII. t 1460 1479 1413 1533 1485 1458 1440 1421 1413 
Wasserenmahme aus der Natur 꾀 MiII.m3 51344 49852 48150 48972 48909 

Treibhausgase MiII. t 1148 1094 1073 1054 1051 1067 1031 1007 

darunter: Kohlendioxid MiII. t 976 928 918 904 903 924 893 886 861 

Versauerungsgase Mill. t 5,7 4,9 4,5 3,9 3,5 2,8 2,6 2,5 

Abfall MiII. t 354 371 363 379 365 
Wasserabgabe an die Natur 4) MiII.m3 51148 49665 47966 48787 48724 
Siedlungs- und Verkehrsfläche 5) km2 40305 42052 42495 

Arbeitsstunden Mrd. Std. 59 60 58 58 57 56 56 57 57 

Abschreibungen (Preise von 1995) Mrd.DM 447 472 492 507 521 535 547 562 578 

nach꺼chtlich: 

Bruttoinlandsprodukt 
in Preisen von 1995 I Mrd. DM I 3 346 3421 3384 3463 3523 3550 3600 3674 3731 

Produktlonsfaktoren (Deu양chland 1991 bzw. 1993 = 10이 

Prim훌renergieverbrauch 100 97,8 98,0 97,3 98,6 101 ,9 100,7 99,9 98,2 
Rohstoffenmahme und Import 2) 100 101,3 96,8 105,0 101 ,7 99,8 98,6 97,3 96,8 
Wasserenmahme aus der Natur 3) 100 97,1 93,8 95,4 95,3 

Treibhausgase 100 95,3 93.4 91 ,8 91 ,5 92,9 89,8 87,7 

darunter: Kohlendioxid 100 95,0 94,0 92,6 92,5 94,6 91 ,4 90,7 88,2 

Versauerungsgase 100 85,7 78,0 67,9 60,6 49,0 46,1 44,1 

Abfall 100 104,9 102,5 107,1 103,2 
Wasserabgabe an die Natur 4) 100 97,1 93,8 95,4 95,3 
Siedlungs- und Verkehrsfläche 5) 100 104,3 105,4 

Arbe밍it잉ss앙tlωu마m띠de윈n 100 100,7 98,2 97,6 96,3 94,8 94,3 95,4 96,0 

Abschreibungen (Preise von 1995) 100 105,5 110,0 113,5 116,6 119,7 122,5 125,6 129,3 

Bruttolnlandsprodukt 1m Verhältnis zu Produktlonsfaktoren 
(Deu야chland 1991 bzw. 1993 = 10이 

Primärenergieverbrauch 100 104,5 103,2 106,4 106,7 104,1 106,8 109,9 113,6 
Rohstoffenmahme und Import 2) 100 100,9 104,5 98,5 103,5 106,3 109,1 112,8 115,2 
Wasserentnahme aus der Natur 3) 100 105,3 107,8 108,5 110,5 

Treibhausgase 100 107,3 108,2 112,7 115,0 114,2 119,8 125,2 

darunter: Kohlendiox엄 100 107,6 107,6 111 ,8 113,8 112,1 117,7 121 ,0 126,4 

Versauerungsgase 100 119,3 129,7 152,5 173,6 216,5 233,4 248,8 

Abfall 100 97,5 98,7 96,6 102,1 
Wasserabgabe an die Natur 4) 100 105,3 107,8 108,5 110,5 
Siedlungs- und Verkehrsfl홉che 5) 100 102,0 103,0 

Arbeitsstunden 100 101 ,6 103,0 106,0 109,4 111 ,9 114,1 115,1 116,1 

100 

1) Zum Teil geschätzt 
2) Verwertete Enmahme abiotlscher Rohstoffe und importierte abiotische GOter. 
3) Einschl. Fremd- und Regenwasser. 
4) Einschl. Fremd- und Regenwasser, Vertuste bei der Wasserverteilung und Verdunstung. 
5)Gem쓸β Flächenenerhebung; (Stichtag ist der 31.12. d. Vorjahres, also Be꺼chtsjahre 1992 und 1996) 

sowie vorläufiger Schätzung des Bundesamtes für Bauwesen und Raumordnung (Stichtag ist der 31.12. Des V。밴hres ， also Bericht혀ahr 1997). 

St해stisches Bundesamt 
Umweltökonomische Gesamtrechnungen 2000 



Tabelle 3: Material- und Energieflüsse 
in MiII. Tonnen 

Entnahmen 

Rohst얘entnahme (Inland) 
Nicht verwertete Entnahme 2) 

Verwertete Entnahme 

Biotische Stoffe 

Abiotische Stoffe 

Ene띠ie뼈ger 

Erze 

Mineralien. Steine und Erden 

Einfuhr 

Bi야sche GOter 

Abiotische GOter 

Ene띠ie뼈ger 

Eπe und deren Erzeugnisse 
Mineralien. Steine und Erden 
sowie deren Erzeugnisse 

Erzeugnisse der chemischen Industrie 

Maschinen und Ge며te 

Sonstige Waren 

Sauerstoffentnahme 

Abgaben 
St。뼈usbringung 

DOngemittel 

Pflanzenschutzmittel 

Klä암앙llamm 

Ni야ltverweπete Abgabe 3) 

Ausfuhr 

Biotische GOter 

Abiotische GOter 

Energieträger 

Erze und deren Erzeugnisse 
Mineralien. Steine und Erden 
sowie deren Erzeugnisse 

Erτeugnisse der chemischen Industrie 

Maschinen und Geräte 

Sonstige Waren 
Abfall insgesamt 4) 

Luftemissionen 

Saldo Feststoff흥 und Gase 

Wasserentnahme aus der Natur 5) 

Wasserabgabe an die Natur 6) 

Saldo Ex- und Import von Wasser 

Saldo Wasser 

Materialverbleib 

Feststoffe und Gase 1) 

5121 4697 4779 4717 4503 4438 4276 4 150 

3968 3559 3681 3589 3376 3285 3139 2996 

2~ 2~ 2~ 2~ 2~ 2~ 1~ 1~ 

1 282 1 223 1 260 1 330 1 287 1 263 1 242 1 205 

188 130 205 191 198 212 215 216 

1 094 1 093 1 054 1 140 

364 325 296 277 

000 0 

730 768 758 862 

433 456 423 463 

68 70 64 69 

365 386 359 394 

203 210 208 217 

74 74 63 75 
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1) Einschl. nicht fester Energieträger. Schlämme. Säuren und Laugen. 
2) Eins앙ll. Bodenaushub. Bergematerial der Steinkohle. Abraum der Braunkohle. 
3) Einschl. Abraum der Braunkohle und Bergematerial der Steinkohle. das nicht unterirdisch verfOllt wird. 
4) Einschl. Bodenaushub. Bauschutt. Straßenaufbruch. Bergematerial der Steinkohle. das unterirdisch ve빼iIItwird. 
5) Einschl. Fremd-미ld Regenwasser. 
6) Eins상ll. Fremd- und Regenwasser. Verluste bei der Wasserverteilung und Verdunstung. 
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Rohstoffentnahme (Inland) 

Ni야1t verweπ:ete Entnahme 

Braunkohle (Abraum) 

Steinkohle 

sonstige Energietr허ger 

Erze 

Mineralien, Steine, Erden 

Bodenaushub 

Verwertete Entnahme 

Biotische Stoffe 

TIere 

Pflanzen 

Holz 

Abiotische Stoffe 

Energieträger 

Steinkohle 

Braunkohle 

E며。l 

Erdgas 

ErdδIgas 

Energetischer T，。π

Andere Produkte der Erdöl-, 
Erdgasgewinnung 

Erze 

Eisen- und Manganeπe 

NE-Erze 

Schwefel und Magnetkies 

Sonstige Eπe 

Mineralien, Steine und Erden 

Steine und Erden 

Tabelle 4: Material- und Energieflüsse 1995 
in Mill. Tonnen 

Feststoffe 1) 

3 376,3 I Stoffausbringung 

2 088,9 I DOngemittel 

1 906,7 I WirtschaftsdOnger 

51 ,1 I Handelsdünger (Nährstoff) 

1,9 I P껴anzenschutzmittel 

0,0 I KI경rschlamm 

30,6 I Nicht verwertete Abgabe 2) 

98,6 I Ausfuhr 

1 287,3 I Biotische GOter 

197,7 I Tiere und tierische Erzeugnisse 
0,2 I P껴anzen u. pflanzl. Eπeugnisse 3) 

172,4 I Holz und Holzwaren 

25 ,0 I Abiotische GOter 

1 089,6 I Energietr경ger 

264,6 I Erze und deren Erzeugnisse 

53,6 I Mineralien, Steine und Erden 4) 

192,8 I Erzeugnisse der chem. Industrie 

2,9 I Maschinen und Ge벼te 

14,7 I Sonstige Waren 

0 ,1 

0,2 

0,3 I Abfall 

0,1 I Bodenaushub 

0,1 I Bauschutt, Straßenaufbruch 

0,0 I Bergematerial 

0,0 I Abfall ohne Massenabfälle 

0 ,0 

824,9 I Zusammen 

803,6 
Rohe und ungebrochene Natur-

steine, unbearbeitete Erden 250,0 

Sand und Kies 428,8 

Schiefer 0,1 

Kalk- und Dolomitgestein 62,2 

Rohgips und Kreide, Anhyd꺼 9，3 

Tonerdehaltige Rohstoffe 47 ,7 

Quarzit, Feldspat, Pegmatit 2,2 
Andere rohe und 

gebrochene Natursteine 0,5 

Torf fOr 9경rtnerische Zwecke 3,0 

Mineralien und deren Erzeugnisse 21 ,3 

Salze 20,2 

Kalirohsalze 7,2 

Stein- und Hütten-, Saline-, Streu-
und Auftausalze, Quellsalze 13,0 

Flußspat, Schwerspat und Graphit 0,2 

Schwefel aus der Erdgasgewinnung 1,0 

Sonstige bergbauliche Erzeugnisse 0,0 

Einfuhr 463,6 

Biotische GOter 68,6 

Tiere und tierische Erzeugnisse 5,8 

Pflanzen und pflanzliche Erzeug때se 3) 40,1 

Holz und Holzwaren 22,7 

Abiotische GOter 395,0 

282,8 

281 ,6 

276,9 

4,7 

0,0 

1,2 

1934,0 

224,7 

59,5 

6 ,8 

35,5 

17,2 

165,2 

25,3 

37,7 

44,7 

34,2 

12,4 

10,9 

365,4 

98,6 

41 ,0 

56,3 

169.5 

2806,9 



Ene밍ie뼈ger 214,4 

Erze und deren Erzeugnisse 78,0 
Mineralien, Steine und Erden ") 64,0 

Erzeugnisse der chemischen Indus바e 24,5 

Maschinen und Ger얼te 7,5 

Sonstige Waren 6,5 

Zusammen 3 839,9 I Saldo Fes월toffe 1032,9 

Gase 

Sauersto1뼈ntnahme Luftemissionen an Massenschadstoffen 

zur Kohlendioxid (CO:z) - Bildung 656,7 Kohlendioxid (CO:z) 903,0 

zur Kohlenmonoxid (CO) - Bildung 3,8 Kohlenmonoxid (CO) 6,7 

zur Stickstoffdioxid (N02) - Bildung 1,4 Stickstoffdioxid (N02) 2,0 

zur Schwefeldioxid (SO:z) - Bildung 1,0 Schwefeldioxid (SO:z) 2.1 
zur Distickstl。유。xid (N20) - Bildung 0,1 Distickstoffoxid (N20) 0,2 

Ammoniak (NH3) 0,6 

Methan (CH,,) 3,9 

Zusammen Staub 0,3 
FIOchtige organische Verbindungen, 

außer Methan (NMVOC) 2,0 

Zusammen 920,8 

Saldo Gase - 257,8 

Saldo Feststof뼈 und Gase n5,1 

Wasser 

Wasserentnahme aus der Natur 48908,8 Wasserabgabe an die Natur 48724,0 
Fremd- und Regenwasser 5) 5272,9 Frernd- und Regenwasser 5) 5272,9 
Obe배힐chenwasser， Uferfiltrat 43635,9 Abwasser 40740,1 

Verdunstung 1999,9 

Verluste 711 ,1 

Saldo Ex- und Import von Wasser 8,0 

Zusammen 48 908,8 I Zusammen 48732,0 
Saldo Wasser 에 176,7 

Materialverblelb 951 ,9 

1) Einschl. nicht fester Energieträger, Schlämme, Säuren und Laugen. 
2) Einschl. Abraum der Braunkohle und Bergematerial der Steinkohle, das nicht unte끼며isch verfüllt wird. 
3) ohne Holz. - 4) sowie deren Erzeugnisse. 
5) Entnahme Ober die Kanalisation (z. B. Entwä~꽃rung versiegelter Flä야1en). 
6) Ubergang in andere Materialarten. 
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Tabelle 5: Einsatz von Umweltressourcen für wirtschaftliche Zwecke 
FrUheres Bundesgebiet 

Primärenergieverbrauch Petajoule 6198 
Rohstoffentnahme und Import 1) MiII. t 757 
Wasserentnahme aus der Natur 찌 MiII.m3 20260 

Treibhausgase MiII.t 555 

darunter: Kohlendioxid MiII. t 555 

Versauerungsgase MiII. t 4 

Abfall MiII. t 219 
Wasserabgabe an die Natur 3) MiII.m3 20121 
Siedlungs- und Verkehrsfläche 4) km2 18780 

Arbei앙stunden Mrd. Std. 56 

Abschreibungen (Preise von 1991) Mrd.DM 78 

nachrichtlich: 

unrevidiert in Preisen von 1991 Mrd.DM 1000 

1) Verwertete Entnahme abiotischer Rohstl。뼈 und importierte abiotische Gllter. 
2) Einschl. Fremd- und Regenwasser. 
3) Einschl. Fremd- und Regenwasser, Verluste bei der Wasserverteilung und Verdunstung. 

9870 

1079 

907 

744 

5 

52 

158 

11436 

1195 

950 

792 

5 

27310 

47 

242 

4) Gemäß FI흩chenenerhebung; (S싸htag ist der 31.12. d. Vorjahres, also Be끼chtsjahre 1992 und 1996) sowie v'。뼈U껴ger 
Sch밟ung des Bundesamtes fIlr Bauwesen und Raumordnung (Stichtag ist der 31.12. Des V，띠ahres， also Berichtsjahr 1997). 

11495 

1130 

46440 

857 

700 

2 

320 

46271 

30452 

46 

318 
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Tabelle 6: Aufkommen und Verwendung von Prim허renergie 
mit Vorleistungen aus dem In- und Ausland 

Gewinnung im Inland .... 
+ Import ...... . 

Aufkommen .................. . 
Intermediärer Verbrauch ............. . 
Letzte Verwendung .... 
Export u. H。상lseebunkerungen .................. . 
Letzte inländische Verwendung ...... . 
Konsumausgaber낀 .. 
Konsumausgaben des Staates ........ . 
Anlageinvestitionen ......... . 
Vorratsveränderungen ... . 

Gewinnung im Inland .............. . 
+ Import .... 

Aufkommen ......................................... . 
Intermedi경rer Verbrauch ................. . 
Letzte Verwendung ................... . 
Export u. Hochseebunkerungen .... . 
Letzte inländische Verwendung .......... . 

Konsumausgaben~!. 
Konsumausgaben des Staates .... . 
Anlageinvestitionen.… ........... … .......... . 
Vorratsver쓸nderungen ........... … .... . 

1991 

5444 
9894 

15338 
10716 
4622 
1028 
3594 
3751 

- 157 

1997 

4035 
11454 
15489 
10443 
5046 

948 
4098 
4131 

- 33 

o 
5325 
5325 

- 10716 
16040 
4681 

11360 
7353 
1592 
2392 

23 

6597 
6597 

10443 
17039 
5885 

11154 
7227 
1372 
2215 

341 

1997 gegenüber 1991 in Prozent 

Gewinnung im Inland ................................................ 1 - 25,9 0,0 
+ Import .............................................. ‘ ............•..•........ I 15,8 23,9 

Aufkommen ............ … .......... ….................................. I 1,0 23,9 
Intermediärer Verbrauch ........................................... 1 - 2,5 - 2,5 
Letzte Ve매해매매 ................................................... 1 9,2 6,2 
Expoπ u.H∞hseebunkerungen ................................ 1 - 7,8 25,7 
Letzte inl허ndische Verwendung ........ … .................... 1 14,0 - 1,8 
Konsumausgaben~! ............ … ................................ 1 10,1 - 1,7 
Konsumausgaben des Staates ................ … ........... 1 0,0 - 13,8 
Anlageinvestitionen ................................ … ............ 1 0,0 - 7,4 

Vorratsver경nderungen ........................................... 1 - 78,8 1 362,0 

1997 gegenüber 1991 absolut 

Gewinnung im Inland ..................... . 
+ Import ............... . 

Aufkommen .... …… ............................. . 
Intermediärer Verbrauch ................ . 
Letzte Verwendung ........... . 
Export u. Hochseebunkerungen ... . 
Letzte inl경ndische Verwendung ..... . 
Konsumausgaben~! ..................... . 
Konsumausgaben des Staates ............................. . 
Anlageinvestitionen .......... … ....... . 

1) Private Haushalte, p꺼vate Organisationen ohne Erwerbszweck 

- 1409 
1560 

151 
273 
423 

- 80 
504 
380 

o 
o 

124 

o 
1272 
1272 

273 
999 

1205 
206 
126 

- 220 
177 

7 

5444 26,3 
15219 73,7 
20663 100,0 

o 0,0 
20663 100,0 
5709 27,6 

14954 72,4 

11104 53,7 
1592 7,7 
2392 11 ,6 

- 134 0,6 

4035 18,3 
18051 81 ,7 

22086 100,0 
o 0,0 

22085 100,0 
6833 30,9 

15252 69.1 
11358 51 ,4 

1372 6,2 
2215 10,0 

307 1,4 

- 25,9 
18,6 
6,9 
0,0 
6,9 

19,7 
2,0 
2,3 

- 13,8 
- 7,4 

- 329,5 

1409 
2832 
1423 

o 
1423 
1124 

298 
254 

- 220 
- 177 

441 
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Tabelle 7: Energieverbrauch nach Wirtschaftsbereichen 

In PetaJoule 

A-B I Land. und Forstwlrtschaft, Flscherel und Flschzucht 207,1 150,0 151 ,7 147,0 159,8 159,0 151 ,0 152,e 

C추 I Pr뼈uzlarendes Gewarba Insgasamt 8387,3 8108,4 7893,7 8007,9 8036,7 8104,3 7950,9 n56,5 

10 K하llenbergbau， Torfge\씨nnur맹 650,7 595,4 567,2 500,1 473,4 398,0 292,4 283,6 

15 Emêhrun뽕gewerbe 264,4 264,2 262,4 265,4 2n ,6 282,1 271 ,4 272,6 

21 Papie띠ewerbe 208,3 213,2 229,0 234,0 225,9 218,9 208,7 212,8 

23 Kokerei, Mine며lðlverarbeitung， Hersteilung von Brutstoffen 4η，7 441 ,5 489,7 508,5 491 ,9 499,7 427,2 438,7 

24 Chemische Industrie 1654,2 1622,4 1550,4 1612,5 1511 ,1 1489,1 1590,1 1493,9 

26 Glasgewerbe, Keramiκ Verarbeitung von Steinen und Erden 316,0 301 ,1 320,9 331 ,9 379,1 374,2 365,6 373,2 

z7 Me빼lIer.ze앵ung und -bearbeitung 817,5 756,0 703,3 737,7 770,9 751 ,8 724,7 766,7 

40 Energieversorgung 2654,0 2684,5 2598,6 2690,3 2687,0 2853,6 2897,1 2734,4 
11-14,16-20, 
22, 25, 28-37, Obriges Pr여uzierendes Gewerbe 1344,4 1230,2 1172,2 1127,4 1219,8 1236,9 1173,7 1181 ,0 

41 ,45 

G-Q Dlenstle’stungen Insgesamt 2026,4 2018,5 20n ,5 2049,9 2118,0 2269 ,7 21n,3 2199,5 

A-Q I Alle Wlrtschaftsberelche, elns다11 ， stat. DIff. 10715,4 10363,2 10250,3 10284,6 10333,0 10571 ,0 10442,7 10349,1 

Nachrlchtllch: PrIvate HauslÎalte I 3751 ,4 3786,8 3928,7 3793,7 3936,0 4174,9 4131 ,3 4104,9 

1991 = 100 

A.B I Land. und Forstwlrtschaft, Flscherel und Flschzucht 100 72,5 73,3 71 ,0 n ,2 76,8 72,9 73,7 

C추 I Produzlarendes Ge빼rbe Insgasamt 100 96,7 94,1 95,5 95,8 96,6 94,8 92,5 

10 Kohlenbergbaι Tor행ewinnung 100 91 ,5 87,2 76,9 72,7 6•, 2 44,9 43,6 

15 Emêhrun뿔gewerbe 100 99,9 99,3 100,4 105,0 106,7 102,7 103,1 

21 Papiergewerbe 100 102,4 109,9 112,3 108,4 105,1 100,2 102,2 

a Kokerei, Mineralðlverarbeitur핑， Herst허lung von Brutstoffen 100 92,4 102,5 106,5 103,0 104,6 89,4 91 ,8 

24 Cher삐sche industrie 100 98,1 93,7 97,5 91 ,4 90,0 96,1 90,3 

26 Glasgewerbe, Keramiκ Verarbeitung von Steinen und Erden 100 95,3 101 ,5 105,0 119,9 118,4 115,7 118,1 

z7 Metailer.zeugung und .bearbeitur핑 100 92,5 86,0 90,2 94,3 92,0 88,6 93,8 

40 Ene띠ieveπα-gung 100 101 ,1 97,9 101 ,4 101,2 107,5 109,2 103,0 
11-14.16-20. 
22. 25, 28-37, Obriges Produzierendes Gewerbe 100 91 ,5 87,2 83,9 90,7 92,0 87,3 87,8 

41 ,45 

G-Q Dlenstlelstungan Insgasamt 100 99,6 102,5 101 ,2 104,5 112,0 107,4 108,5 

A-Q I Alle Wlrtschaftsberelche, alnschl. 힐at_ DIff. 100 96,7 95,7 96,0 96,4 98,7 97,5 96,6 

Nachrlchtllch: P꺼얘te Haushalte 100 100,9 104,7 101 ,1 104,9 
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Tabelle 8: Bruttowertschöpfung nach Wirtschaftsbereichen 
Preise von 1995 

In Mrd.DM 

I Land. und Forstwlrtsc:haft, F1scherel und Flschzucht 39,3 41 ,6 42,S 40,3 42,2 

I ProcIuzierendes Gewerbe Insgesamt 1093,6 1088,4 1028,3 1061,7 1060,8 

K아llenbe멍bau， Torfgewinnung 14,8 12,7 13,3 10,8 10,8 

EmAhrungsgewerbe 63,2 59,3 62,9 68,1 67,3 

Paple멍ewerbe 16,6 17,3 16,3 17,3 15,1 

Kokerel, Mlneral，며verarbeitur잉， Hersteflung von Brutstoffen 8,1 7,7 7,6 6,1 4,5 

Chemlsche InαJStrle 71 ,7 71 ,3 71 ,0 75,S 78,9 

Glasgewerbe, Keramlκ Verarbeltung von Stelnen und En:len 30,4 31 ,3 32,2 34,8 35,2 

Met，혀농rzel핑ung und .bearbeltur멍 31 ,4 31 ,7 28,4 29,1 31 ,2 

Ene멍le'앤rsorgung11 59,0 58,6 58,4 59,2 63,0 

Ob꺼gesPlπld‘JZierendes Gewerbe 798,4 798,6 738,1 760,7 754,8 

Dlenstlelsrungen Insgesamt 1984,0 2058,S 2086,6 2124,8 2192,4 

I A1le Wlrtschaftsberelche 3116,8 3188,5 3157,3 3226,7 3295,4 

1991 = 100 

I Land. und Forst\찌rtschaft， Flscherel und Flschzucht 100 106,0 108,1 102,6 107,5 

I Pr뼈uzlerendes Gewerbe Insgesamt 100 99,S 94,0 97,1 97,0 

K아lle뼈e멍bau‘ Tor행ewinnung 100 85,6 89,S 72,9 73,1 

Err빼lrun!율gewerbe 100 93,8 99,6 107,8 106,5 

Paple띠ewerbe 100 103,7 98,0 104,0 90,7 

Koke면1， MlneralOlverarbeltung, Herstellung von Bruts‘oπen 100 94,7 94,0 75,6 55,4 

Chen뼈chelndu야le 100 99,4 99,0 105,3 109,9 

Glasgewerbe, K밍-amlκ Verarbeltung von Steinen und E며en 100 103,1 105,8 114,6 115,8 

Metallerzel핑ung und -bearbeltur멍 100 100,9 90,6 92,8 99,S 

Ene멍leve때멍ung11 100 99,4 99,1 100,4 106,8 

Obrlges Produzlerendes Gewerbe 100 
100,0 92,5 95,3 94,5 

Dlenstlelsrungen Insgesamt 100 103,8 105,2 107,1 110,5 

A1le Wlrtschaftsberelche 100 

1) 1998 Einschl. Wasserversorgung 

45,1 44,9 45,7 

1033,4 1048,6 1056,2 

8,7 5,9 5,5 

64,7 66,3 63,3 

16,5 18,4 18,5 

3,8 4,8 5,6 

n ,9 79,2 79,8 

32,6 32,3 32,8 

30,7 31 ,9 32,2 

69,1 66,2 75,7 

729,4 743,7 742,9 

2253,6 2301 ,2 2376,6 

3332,1 3394,7 3478,5 

114,7 114,3 116,3 

94,S 95,9 96,6 

58,7 40,0 37,3 

102,5 104,9 100,2 

98,9 110,8 110,9 

47,3 59,3 68,8 

108,6 110,4 111 ,3 

107,2 106,1 107,7 

98,0 101,6 102,7 

117,1 112,2 113,5 

91 ,4 93,2 93,1 

113,6 116,0 119,8 
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Tabelle 9: Spezifischer Energieverbrauch nach Wirtschaftsbereichen 
Energieverbrauch je DM Bruttowertschöpfung 

Joule/DM 

I Land. und Forstwlrtschaπ， Flscherel und Flschzucht 5,3 3,6 3,6 3,7 3,8 

I Prc삐uzlerendes Gewerbe Insgesamt 7,7 7,4 7,7 7,5 7,6 

Kohlenbergbau, Torfgewinnung 43,9 46,9 42,7 46,3 43,7 

Emährun뿔gewerbe 4,2 4,5 4,2 3,9 4,1 

Paplergewerbe 12,5 12,4 14,0 13,5 15,0 

K머ærel， Mlne며|혀verarbeltur멍， Herstellung von Bruts‘。ffen 59,0 57,6 64,4 83,1 109,6 

Che빼sche Industr’e 23,1 22,8 21 ,8 21 ,4 19,2 

G삐sgewerbe， Keramlk, Verarbeitung von Stelnen und Erden 10,4 9,6 10,0 9,5 10,8 

Metallerzel얘ung und-be하be뻐I멍 26,1 23,9 24,7 25,3 24,7 

Ene며ieversα-gung 45,0 45,8 44,5 45,4 42,6 

Ob꺼ges Pr여uzlerer삐esGewerbe 1,7 1,5 1,6 1,5 1,6 

Dlenstlefstungen Insgesamt 1,0 1,0 1,0 1,0 1,0 

I Alle Wlrtschattsberelche 3,4 3,3 3,2 3,2 3,1 

1991 = 100 

I Land- und Forstwlrtschaft, Flscherel und Flschzucht 100 68,4 67,8 69,2 71 ,8 

I Produzleren빼s Ge_rbe Insgesamt 100 97,1 100,1 98,3 98,8 

K하lle뼈e멍bau， Torf!얻!WInnung 100 106,9 97,4 105,4 99,5 

Em혀lrun형gewerbe 100 106,5 99,7 93,1 98,6 

Paple띠원verbe 100 98,7 112,1 108,0 119,5 

Kokerei, MlneralOlvera벼eltung， Herstellung von Brutst여fen 100 97,6 109,1 140,9 185,8 

Chemlsche Industrie 100 98,7 94,7 92,6 83,1 

Gla앵ewerbe， Keramlk, Verarbeltung von Stelnen und E벼en 100 92,4 96,0 91 ,7 103,6 

Metalleπe‘19ung und -bearbeitung 100 91 ,6 94,9 97,3 94,8 

Energleversαgung 100 101 ,8 98,9 101 ,0 94,8 

Ob꺼ges Produzlerendes Gewerbe 100 91 ,5 94,3 88,0 96,0 

Dlenstlelstungen Insgesamt 100 96,0 97,5 94,5 94,6 

Alle Wlrtschattsberelche 100 

3,5 3,4 3,3 

7,8 7,6 7,3 

45,7 49,3 51 ,3 

4,4 4,1 4,3 

13,3 11,3 11,5 

130,5 89,0 78,8 

19,1 20,1 18,7 

11,5 11 ,3 11,4 

24,5 22,7 23,8 

41 ,3 43,8 40,8 

1,7 1,6 1,6 

1,0 0,9 0,9 

3,2 3,1 3,0 

66,9 63,8 63,4 

102,3 98,9 95,8 

104,3 112,4 116,9 

104,1 97,9 102,9 

106,3 90,5 92,1 

221 ,3 150,9 133,6 

82,9 87,1 81 ,2 

110,4 109,1 109,7 

93,9 87,3 91 ,3 

91 ,8 97,3 90,8 

100,7 93,7 93,3 

98,6 92,6 90,6 
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Tabelle 10: Emissionsrelevanter Energieverbrauch nach Wirtschaftsbereichen 

in Petajoule 

A-B Land- und Forstwh용chaft， Flscllerel und Flschzucht 150,8 133,8 135,3 130,8 140,4 139,2 131 ,8 133,4 

C-F Produzlerendes Gewerbe Insgesamt 7276,5 6865,0 6639,1 6642,7 6574,3 6619,5 6313,6 6328,4 
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585,8 526,6 513,9 
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490,6 453,0 418,8 

653,9 652,9 550,0 

411 ,7 311 ,3 285,6 

222,8 215,4 216,6 
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803,3 740,2 708,0 679,2 723,5 753,5 703,5 712,6 

G-Q Dlenstlelstungen Insgesamt 1597,8 1604,9 1657,9 1632,7 1660,7 1803,2 1718,1 1721 ,7 

A-Q AlIe Wlrtschaftsberek:he 9025,1 8603,6 8432,2 8406,2 8375,3 8561 ,8 8163,6 8183,4 

Nachrk:htllch: Prlvate Haushalte 3253,9 3161 ,0 3297,3 3171 ,2 3300,1 3517,1 3481 ,9 3455,5 

1991 = 100 

A-B I Land. und Forstwlrtschaft, Flscherel und Flschzucht 100 88,8 89,7 86,7 93,1 92,3 87,4 88,4 
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G-Q I Dlenstlelstungen Insgesamt 100 100,4 103,8 102,2 103,9 112,9 107,5 107,8 

A-Q I A1le Wlrtschaftsberek:he 100 95,3 93,4 93,1 92,8 94,9 90,5 90,7 

Nachrk:htllch: Prlvate Haushalte 100 97,1 101 ,3 97 
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Tabelle 11: CO2-Emissionen nach Wirtschaftsbereichen 

in MIII. Tonnen 

A.B Land- und FOI용twlrtschaft， FJscherel und FJschzucht 11 ,4 9,9 10,0 9,6 10,4 10,1 9,5 9,5 

C-F Produzlerendes Gewerbe Jnsgesamt 632,5 596,1 573,0 573,3 567,0 563,2 544,8 541 ,1 

10 Kohlenbergbau, Torfgewinnung 67,3 59,6 57,9 52,2 49,6 39,6 30,3 27,7 

15 Emêhrungsgewerbe 14,3 14,1 13,8 14,0 14,7 14,7 14,4 14,4 

21 Papiergewerbe 11 ,1 11 ,5 12,1 12,3 12,0 11 ,4 11 ,0 11 ,2 

23 Kokerei, MineralOlverarbeitur핑， Herstellung von Brutstoffen 38,1 32,2 29,6 28,4 27,6 27,5 27,5 27,6 

24 Chemische Indu잉꺼e 53,2 50,2 45,3 44,8 38,5 36,4 37,4 37,0 

26 Glasgewerbe, Keramik, Verarbeitung von Steinen und Erden 33,1 35,2 35,8 38,4 40,0 38,4 38,4 38,8 

v Metallerze‘영ung und -bearbeitung 67,3 60,7 55,8 58,4 67,1 63,2 65,0 66,8 

40 Energieversorgung 289,3 279,2 272,4 276,5 265,0 279,1 270,9 267,7 
11.14,16-20, 
22, 25, 28.37, Obriges Produzierendes Gewerbe 58,8 53,3 50,3 48,2 52,7 52,9 49,9 49,9 

41 ,45 

G-Q Dlenstlelstungen Jnsgesamt 110,1 108,9 112,0 109,8 111 ,5 118,9 112,0 112,1 

A-Q I A1le Wlrtschaftsberelche 753,9 714,9 694,9 692,6 688,9 692,2 666,2 662,8 

Nachrtchtllch: Prlvate HaushaJte 222,5 212,7 223,0 211 ,7 214,6 232,1 226,2 223,3 

1991 = 100 

A-B I Land-und F。연뻐Irtschaft， FJscherel und FJschzucht 100 87,3 87,6 84,2 91 ,4 89,1 83,4 84,1 

C주 ProduzJerendes Gewerbe Jnsgesamt 100 94,2 90,6 90,6 89,6 89,0 86,1 85,6 

10 K어llenbergbau， Torfgewlnnung 100 88,6 86,0 77,6 73,6 58,8 45,1 41 ,2 

15 Emêhrun뿔gewerbe 100 98,5 96,5 98,2 102,7 102,9 101 ,0 100,7 

21 Papie띠ewerbe 100 103,7 108,8 110,7 108,4 102,7 99,5 100,8 

23 Kokerei, MineralOlverarbeitung, Herstellung von Brutstoffen 100 84,6 77,8 74,6 72,3 72,2 72,1 72,5 

24 Chemlsche Industrie 100 94,3 85,1 84,2 72,2 68,3 70,2 69,5 

26 Glasgewerbe, Keramik, Verarbeitung von Steinen und Erden 100 106,6 108,3 116,2 121 ,0 116,2 116,2 117,4 

v Metallerzeugung und .bearbeitung 100 90,2 82,9 86,7 99,7 93,9 96,6 99,3 

40 Energieversorgung 100 96,5 94,2 95,6 91 ,6 96,5 93,6 92,5 
11-14 , 16-20, 
22, 25, 28.37, Ob끼ges Pr여uzierendes Gewerbe 100 90,6 85,4 81 ,9 89,5 90,0 84,9 84,9 

41 ,45 

G-Q Dlenstlelstungen Jnsgesamt 100 98,9 101 ,8 99,7 101 ,3 108,1 101 ,7 101 ,8 

A-Q I Alle WJrtschaftsberelche 100 94,8 92,2 91 ,9 91 ,4 91 ,8 88,4 87,9 

Nachrtchtllch: Prlvate Haushalte 100 
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G-Q 

Tabelle 12: Spezifische CO2-Emissionen nach Wirtschaftsbereichen 
CO2-Emission je DM Bruttowertschöpfung 

Kg/DM 

I Land- und Forstwlrtschaft, Flscherel und Flschzucht 0,29 0,24 0,23 0,24 0,25 

Produzlerendes Gewerbe Insgesamt 0,58 0,55 0,56 0,54 0,53 

Kohlenbergbau, Tor행ewlnnung 4,54 4,70 4,36 4,83 4,57 

Emahrun뽕gewerbe 0,23 0 ,24 0,22 0,21 0,22 

Papiergewerbe 0,67 0 ,67 0,74 0,71 0,80 

Kokerel, MlneralOlverarbeitur앵， HersteUung von Brutstoffen 4,71 4 ,20 3,89 4,65 6,14 

Cher에sche Indust꺼e 0,74 0,70 0,64 0,59 0,49 

Glas뿔werbe， Keramlκ Verarbeitung von Steinen und Er하en 1,09 1,12 1,11 1,10 1,14 

Metallerze‘J9ung und -bearbeitur、g 2,14 1,92 1,96 2,00 2,15 

Energleversorgung 4 ,90 4 ,76 4 ,66 4,67 4,21 

Obrlges Produzierendes Gewerbe 0,07 0,07 0,07 0,06 0,07 

Dlenstlelstungen Insgesamt 0 ,06 0,05 0,05 0,05 0,05 

I A1le Wlrtschaftsberelche 0,24 0,22 0,22 0,21 0 ,21 

1991 = 100 

I Land- und Forstwlrtschaft, Flscheral und Flschzucht 100 82,4 81 ,0 82,1 85,0 

Produzlerendes Gewarba Insgesamt 100 94,7 96,3 93,4 92,4 

Kohlenbe멍bau， Torfgewinnung 100 103,5 96,1 106,4 100,7 

Emahrun똥gewerbe 100 105,0 97,0 91 ,1 96,4 

Paplergewerbe 100 100,0 111 ,0 106,4 119,5 

Kokerei, MlneralOlver하beitur핑， Herstellung von Brutst。πen 100 89,3 82,8 98,8 130,4 

Chemlsche Industtie 100 94,9 85,9 80,0 65,7 

Glasgewerbe, Keramik, Verarbeitung von Steinen und Erden 100 103,5 102,4 101 ,4 104,5 

Metallerzeugung und -be하beitur갱 100 89,4 91 ,S 93,S 100,1 

Energleversorgung 100 97,1 95,1 95,2 85,8 

Obnges Produzlerendes Gewerbe 100 90,6 92,4 86,0 94,7 

Dlenstlelstungan Insgesamt 100 95,3 96,8 93,1 91 ,7 

0 ,22 0,21 0,21 

0,54 0,52 0,51 

4,55 5,12 5,01 

0,23 0,22 0,23 

0 ,69 0 ,60 0,61 

7 ,18 5,72 4,96 

0,47 0,47 0,46 

1,18 1,19 1,19 

2,05 2,04 2,07 

4 ,04 4,09 4,00 

0 ,07 0,07 0,07 

0,05 0,05 0,05 

0,21 0 ,20 0,19 

77,6 72,9 72,3 

94,2 89,8 88,6 

100,2 112,7 110,5 

100,4 96,3 100,5 

103,8 89,9 90,9 

152,7 121 ,6 105,5 

62,9 63,S 62,4 

108,4 109,6 109,0 

95,8 95,0 96,7 

82,4 83,4 81 ,S 

98,5 91 ,1 90,2 

95,1 87,7 85,0 

• 9 81 ,1 
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Tabelle 13: Materialentnahme nach Umweltbelastungskategorien 

Entnahme 1m Inland 

In MIII. Tonnen 

Belastung v。뼈 1005,4 975,9 1064,8 1016,5 981 ,4 958,9 927,4 950,4 

1991 = 100 

von Landschaften und Ökosystemen1) 100 100,0 97,0 105,9 101,1 

Einfuhr 

in MiII. Tonnen 

Ers하1δ마mg von Rohstoffen2) 137,2 144,4 145,7 153,1 148,6 160,8 157,7 164,2 154,7 
Belastung von landschaften und φkosystemen3) 240,4 254,3 239,2 260,8 254,7 263,9 265,0 276,9 257,1 
Belastung durch Rest- und Schadstl。뻐4) 286,1 300,6 286,9 310,0 312,1 329,5 334,3 350,1 328,5 

darunter: Halb- und Fertigwaren 173,3 179,2 167,0 180,2 189,4 201 ,5 207,0 212,8 196,4 

1991 = 100 

Erschöpfung von Rohstoffen 100 105,2 106,2 111,6 108,3 117,2 115,0 119,6 112,8 

Belastung von landschaften und Ökosystemen 100 105,8 99,5 108,5 106,0 109,8 110,2 115,2 107,0 

Belastung durch Rest- und Schadstoffe 100 105,1 100,3 108,4 109,1 115,2 116,8 122,4 

Die Mengen 헤gender fOr diè Belastungskategorien als bedeutend erachteter Materialien wurden aggregiert: 
1) Braunkohle, Steine und Erden, 앓Ize. 
2) Erdδ1. 
3) Braun- und Steinkohle, Erdδ1 ， Erze, Steine und Erden, Mineralien. 
4) Ene멘e뼈gem， NE-Erze, Salze, Halb- und Fertigwaren. 
Daten fOr 1999 vorfäufig 
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Tabelle 14 : Umweltschutzausgaben 

in Preisen von • 995 

Ausgaben fOr Umweltschutz insg. 1) I Mill. DM 

Anteil am Bruttoinlandsprodukt % x x x 
davon: Prod. Gewerbe 2) I Mil l. DM 17442 18233 18427 

Staat I MiII. DM 28393 31 777 29663 
privatisieπeö유'entl. Untemehmen 3) I Mil l. DM 

Investitionen 뼈r Umweltschutz I Mill. DM 

Anteil an den Gesamtinvestitionen % x x x 
davon: Prod. Gewerbe 2) I Mill. DM 6350 6710 6500 

Staat I Mill. DM 14843 16897 14653 
privatisierte öffentl. Untemehmen 3) I Mil l. DM 

Laufende Ausgaben für Umweltschutz I Mil l. DM 
davon: Prod. Gewerbe 2)4) I Mil l. DM 11092 11523 11927 

Staat I MiII. DM 13550 14880 15010 
öffentl. 

67546 

2.0 
18287 

28997 

20262 

30069 
3,8 

6049 

13517 

10503 

37477 

12238 

15480 

1) Ausgaben für Umweltschutz = Summe aus Inves!itionen und laufende Ausgaben für Umweltschu양zwecke. 
2) α10e Baugewerbe und Ausgaben für integrierte Umweltschutzmaßnahmen. 

69308 70141 66232 

2.0 2,0 1,8 

17496 17 826 15422 

27443 24758 21926 

24369 27557 28884 

27462 25220 22652 

3,5 3,2 2,9 

5050 4900 3454 

11982 9818 8516 

10430 10502 10682 

41846 44 921 43580 
12446 12926 11968 

15461 14940 13410 
17055 18202 

3) Hierunter sind die Ausgaben der außerhalb der öffentlichen Haushalte gef디hπ.en Untemehmen, insbesondere Eigenbetriebe der Abfallbeseitigung 
und des Gewãsserschutzes, erfasst 
Sie werden in den UGR wie in den Volkswirtschaftlichen Gesamtrechnungen als Teil der Untemehmen und nicht des Staatssektors betrachtet. 
Konsistente Daten liegen erst ab Be디chtsjahr 1994 vor, 1997 vor1ãufige Ergebnisse. 

4) α10e Gebühren und Entgelte für Entsorgungsleistungen durch Dritte. 
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Tabelle 15: Umweltschutzausgaben nach Umweltschutzbereichen 1997 
jeweilige Preise 

Mil l. DM 

Ausgaben für Umweltschutz insg. 1) 66533 26712 32507 691 
davon: Prod. Gewerbe 2) 15443 3199 5344 364 

Staat 22036 9225 12398 327 
p꺼vatisieπ:e öffentl. Untemehmen 3) 29053 14288 14765 

Investitionen 해r Umweltschutz 22367 4337 15847 516 
davon: Prod. Gewerbe 2) 3550 510 1233 189 

Staat 8346 835 7135 327 
privatisieπe öffentl. Untemehmen 3) 10471 2992 7479 

Laufende Ausgaben 펴r Umweltschutz 44166 22375 16660 175 
davon: Prod. Gewerbe 2)4) 11893 2689 4111 175 

Staat 13690 8390 5263 
öffentl. Untemehmen 3) 18582 11296 7286 

1) Ausgaben 찌r Umweltschutz = Summe aus Investitionen und laufende Ausgaben für Umweltschutzzwecke. 
2) Ohne Baugewerbe und Ausgaben für integrierte Umweltschutzmaßnahmen. 

6623 

6536 

87 

1667 

1618 

49 

4956 

4918 

38 

3) Hierunter sind die Ausgaben der außerhalb der öffentlichen Haushalte geführten Untemehmen, insbesondere Eigenbetriebe der Abfallbeseitigung 
und des Gew;쉰sserschutzes， erfasst. 
Sie werden in den UGR wie in den Volkswirtschaftlichen Gesamtrechnungen als Teil der Untemehmen und nicht des Staatssektors betrachtet 
Konsistente Daten liegen erst ab Be끼chtsjahr 1994 vor, 1997 vorläu껴ge Ergebnisse. 

4) Ohne Gebühren und Entgelte für Entsorgungsleistungen durch 0꺼tte. 
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Tabelle 16: Bruttoanlagevermögen für Umweltschutz nach Umweltschutzberelchen 
Bestand am Jahresanfang 1998 zu Wiederbeschaffungspreisen 

Bruttoanlagevermögen 때r Umwellschutz 
davon: Prod. Gewerbe 1) 

Staat 

inMiII.DM 

36416 
10771 
25645 

1) αme Baugewerbe und Anlagevermðgen aus integrierten Urnweltschutzinves뼈onen. 

366475 
29137 

337338 

10115 
4220 
5895 

5883-< 
58271 

563 
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1980 
1985 
1990 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Tabelle 17 : Einnahmen umweltbezogener Steuern und Steuereinnahmen insgesamt 
Mill. DM 

364 916 27936 
437199 31871 
549667 42935 

661919 58277 
731 730 68483 
749119 70358 
786159 78016 
814284 78693 
848705 81994 
853055 80426 
893343 81848 
952178 88596 

Früheres Bundesgebiet 

21351 
24521 
34 621 

Oeutschland 

47266 
55166 
56 300 
63847 
64888 
68251 
66008 
66677 
71278 

6585 
7350 
8314 

11 011 
13317 
14058 
14169 
13805 
13743 
14418 
15171 
13767 3551 

1) Vor Abzug von Kindergeld (Familienkassen und steuerliches Kindergeld). 

Statistisches Bundesamt 
Umweltökonomische Gesamtrechnungen 2000 



Tabelle 18: Versteuertes Mineralδl 

1991 40643 25890 41752 692 
1992 41103 27387 41671 676 
1993 41606 28782 41758 720 
1994 40094 29324 39543 731 
1995 40067 30425 39208 807 
1996 40329 30733 43749 889 
1997 40645 31423 41702 845 
1998 40793 32487 39351 803 
1999 40898 34 018 33412 762 

Statistisches Bundesamt 
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Tabelle 19: Kennzahlen des Straßenverkehrs 

1991 46220 713,5 46774 36,8 15460 1,8 

1992 47016 731 ,5 47572 38,0 16344 2,0 

1993 47507 740,8 48338 38,9 16634 2,1 

1994 46075 738,3 49182 39,8 17918 2,2 

1995 46573 742,9 49640 40,4 18730 2,3 

1996 46569 7휘，3 49756 41 ,0 19067 2,4 
1997 46509 749,7 50108 41 ,4 19474 2,5 

1998 46436 755,7 50876 41 ,7 20571 2,5 

1999 

1’ Mit Pkw, Kombi und motorlsierten Zweiradem. 
지 Nur Pkw und Kombi. 
이 Einschl. vorilbergehend abgemeldeter Fahπ:euge. 

Quelle: Bundesministerium fi)r Verkehr, Bau- und Wohnungswesen (Hrsg.): Verkehr in Zahlen 1999. 
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TabeJle 20: Emissionen des Straßenverkehrs 
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Glossar 



Einsatzfaktoren 

Für die Nutzung folgender Einsatz1àktoren aus der Ökonomie und aus der Natur können Produktivi­
tãten 뼈rg않tellt werden πabelle 2): 

Nutzung δkonomischer Faktoren 

Arbeit - Arbeitsvolumen 허s gelei앙ete Arbeits앙unden (Mill. Std.) 
Kapital - Kapitalnutzung 허sAbs싸eibungen(뻐11. DM in Preisen von 1995) 

Natur 외s Ressourcenquelle 

F1훌.che - Flächeninanspruchnahme 혀s Sie며.ungs- und Verkehrsfläche α1il1. km2) 

Energie - Eneτ밍everbrauch als Verbrauch von Prim삶ener밍e (pe떼01니e) 

Rohstoffe - RohstoJ빠erbrauch als Entnahme von abiotischen Rohstoδèn (verwertete abiotische 
Rohsto짧 und importierte abiotische Güter; Mil1. t) 

Wasser - Wasserverbrauch als Entnahme von Wasser aus der Natur (Mil1. m3) 

Natur als Senke 짧 Rest- und Schadsto節

Treibhausgase - Belastung der Umwelt durch die Emission von Treibhausgasen 
Versauerungsgase - Belastung der Umwelt durch die Emission von Versau삐mgsgasen 
Abfall - Belastung der Umwelt durch die Abgabe von Ab훌11 빼 die Natur 
Abwasser - Belastung d，ξr Umwelt durch die Abgabe von genutzt하n W:잃ser an die Natur 

Produktivität - Indikator Ïur die 
EfïlZienz der Faktornutzung 

Die Produktivitãt e피es Einsatz1àktors gibt an, wie viel wirtschaftliche Leistung mit der Nutzung einer 
Einheit dieses'F양tors produ:깅앙twird. 

Bruttoinlandsprodukt (reaI) 
Produktivit힐t= 

Einsatzfaktor 

Die Produktivitãt 따ilckt aus, wie effizient 려ne Volksw뇨tsc뼈.ft mit dem Einsatz von Arbeit, Kapital 
und Natur umgeht. D야kt untereinander 앤r밍eichbar sind diese F양toren wegen ihrer 뻐.terscl너e며i­
chen Besc뼈효해heit 뻐.d Funktionen nicht. Die Beobachtung 피rer Entwic입ung 뼈er längere Zeit­
rlI.ume kann aber 뼈rilberAusk:뻐.ft geben, wie sich das Ver뻐ltnis dieser Faktoren verändert. 
Weitei.퍼n ist zu beachten, dass bei der. B뾰chnung von Produktivitãten der gesamte r，않le Ertrag der 
wirtschaftlichen Tlltigkeit ausschließlich auf den jeweiligen Produktions월ktor bezo양n wird, obwohl 
das Produkt aus dem Zus없lDlen'찌rken sämtlicher Produktionsfaktoren entsteht. Die ermittelte Pro­
d따tivi엽tk없mdesh허bnur 외s grobes Orientierungsmittel dienen. 
Die methodisch，ε Umstellung der Berechnung des Bruttoinlandsproduktes auf das Europäische Sys­
t해1 der Volksw뇨tschaftlichen Gesamtrechnungen (ESVG 95) mit gleichzeitigem Wechsel des Ba­
sisj빼res auf 1995 hat Auswirkungen auf die Entwicklung der Produktivitãten im Zeitverlauf, so 때ss 
dieZ혀니en nicht mit vorherigen V뼈ffentlichungen ver밍eichbar sind. 

Energieverbrauch 

Die Berechnungen zum Ener링everbrauch nach Wirtschaftsbereichen werden in den Umweltökono­
mischen Gesamtre상mungen auf Grundlage der auf die Energiebilanz abgestimmten Input-Output­
Tabelle der Ener발ströme durchgefùhrt. 

Die Energieverwendung umfasst den gesamten Einsatz von Ener;멍e in einem Wirtschaftsbereich, 
und zwar lU빼뼈n멍g davon ob die Energie doπ selbst verbraucht oder umgewandelt und in anderer 
Form (z. B. Kohle in Strom) an nachgelagerte B하eiche weitergegeben wird. 

D하 Energieverbrauch er밍bt sich aus der Differ해z zwisch앙1 der in einem Wir잉chaftsbereich ein­
gesetzten und der von diesem Wirtschaftsberlξich an nachfolgεnde Bereiche weitergegebenen Ener­
밍emenge. In der Regel wird die 려ngesetzte 잠ler멍emenge im Verlauf der Produktions- und Kon­
sumaktivitãt 려nes Bereiches volls엽ndig verbraucht (z. B. 긴lm Antrieb von Maschin없， GerlI.ten und 
F빼neugen oder zur Raumheizung) und letzt1ich als Wãrme an die Umwelt abgegeben. In Ber려chen， 
die energetische Produkte zur Weiterv강wendung in nachfolgenden Produktions얀ufen herstellen, wird 
die eingesetzte Energi야lengenurzu 려nem Teil verbraucht. 

Der emissionsrelevante Energieverbrauch i앙 die Grundlage zur Ermittlung energiebedingter Emis­
sionen in die Luft. Er stellt di얻j앙피ge Energiemenge 때r， deren Verbrauch in einem Wir잉chaftsbereich 
ursächlich filr die Entstehung der Lufternissionen ist. 



Kumulierter Energieverbrauch 

Der zurVerw하ldung von Gütem notwendige Verbrauch von Ener멀e ist unmittelbares Resultat einer 
bestimmten Aktivitãt der Wirtschaftsbereiche und der privaten Hausha1te und wird deshalb 외s direk­
ter Energieverbrauch bezeichnet. 

D앉 Energieverbrauch, der bei der Produktion in den Vorstufen der Güterh하stellung notwendig ist, 
wird als indirekter Verbrauch bezeichnet. Dabei kann die indirekt im Ausland benötigte En하밍e­
menge nach Maßgabe ein하 dem Inland entsprech잉lden Produktionsstruk:tur und -technik be­
rücksichtigt werden. 

Die Summe von direktem und indirektem Verbrauch bildet der kumulierte Energieverbrauch. 

Berechnung direkter Emissionen in die Luft 

Die direkten Emissionen der einzelnen Luftschadstoffe werden fiir die Wirtschaftsbereiche und die 
privaten Hausha1te mit Hilfe spezifischer Emissionskoeffizienten (Datenbasis UmweltbundeS3nlt), 
dem Energieverbrauch (Datenbasis DIWlEner.링ebilanz) und unter Berücksichtigung der in den Pro­
duktionsbereichen 뼈laufenden Prozesse 앉mittelt. 

Grundlage dieser Berechnungen ist jeweils der emissionsrelevante Energieverbrauch, der nur die­
jenigen Energieσãger unlfasst, bei deren Verbrauch unmittelbar Emissionen in die Luft entstehen. Er­
g휩lZend um옮sst dergesamte Energieverbrauch auch so1che Energieπãger， deren Verbrauch un­
mittelbar keine Emissionen hervorruft (insbesondere Strom und Femwãrme). 

Spezmscher Energieverbrauch und Energieproduktivität 

Der spezirlsche Energieverbrauch eines Wirtschaftsbereichs 멍bt an, wie viel Energie zur Erwirt­
schaftung einer Einheit der doπ erzielten wirtschaftlichen Leistung 마r강tschöpfung) verbraucht wur­
de: 

Energieverbrauch 
sp양mscher Energieverbrauch 

Bruttowertschöpfung 

Die Energieproduktivität eines Wirtschaftsb앉eichs gibt an, wie viel wirtschaftliche Leistung (Wert­
schöpfung) mit einer Einheit der dort verbrauchten Ener밍e 하zielt wurde: 

Bruttowertschöpfung 
Energieproduktivität = ---------­

Energieverbrauch 

Dekompositionsanalyse 

Die Dekompositionsana1yse i앙 ein Instrunlent, mit dessen Hilfe die Wirkung von Einflussfaktoren 
auf eine interessierende Entwick1ung beschrieben werden kann. Die Ergebnisse fiir die Entwick1ung 
der COrEmissionen zeigen denjeweiligen Einf1uss eines Faktors unter der Annallme, 따ss die übri­
gen Faktorenjeweils unv，없ndert bleiben (cet려s-paribus-Regel). 

Folgende Einflussfaktoren der Entwick1ung der CO2-Emissionen bei der Produktion (alle Wirt­
schaftsbereiche) zwischen 1991 und 1998 wurden berücksichtigt: 

der wirtschaftlichen Leistung (Bruttowertschöpfung in Preisen von 1995) 
der Wirtschaftsstruk:tur (Anteile der Wirtschaftsbereiche an der Bruttowertschöpfung der Pro­
d뼈tion) 

der Energieintensitãt der Produktion (emissionsrelevanter Energieverbrauch / Bruttowertschöp­
fung) 
und 
der COrIntensitãt des Energieverbrauchs (COTEmissionen / emissionsrelevanter Energie­
verbrauch) 

Von den methodischen Voraussetzungen (Exoger너tät und Unabhängigkeit der Faktoren) sind der De­
komposition vor a11며1 im Bereich der ökonomischen Analyse Grenzen gesetzt, die bei der Interpreta­
tion der Ergebnisse zu berücksichtigen sind. Somit bietet die Anwendung des Verfa1rrens die Mög-
lichkeit, mit vergleichsweise 려nfachen Mitteln erste Aussagen über die Wirkung verschiedener Ein­
flüsse - z. B. auf die Entwick1ung der CO2-Emissionen - zu treffen. 



Darstellung und Abgrenzung der Materialentnahme 

Bei der Darstellung der Materialsσöme durch das Statistische Bundesamt wurde - insbesondere we­

gen der v하fìl.gbar얹1 Daten - ein pra맹tatischer Ansatz gewãhlt, der bislang nur 며e unn너ttelbaren， 

nicht aber die mittelbaren Materia1sσöme einbe깅eht. Der unmittelbare Materia1einsatz 하fasst die 
verw앙tete und die nicht verwertete Rohstoffentnahme aus der inlãn며schen Natur sowie die impor­
tierten Mat려외i앙1 (RohstoJ끊 sowie Halb- und Fertigwaren). Zum mittelbaren Materialeinsatz 
청h1en die im Zusarnmer비ang mit der Erzeugung der inψor치하ten Güter entstandεnen Materialent­
nahmen aus der Natur in der übrigen Welt. 

Eine Darstellung der mittelbaren Mat려a1entnahme erscheint 하forderlich， weil der Grundsatz der 
Nach1ta1tigkeit bei der Nutzung der Natur nicht nur nationa1, sondern g1oba1 gilt. Insbesondere, wenn 
inlãndische Rohstoffe durch ausl없ldische Rohstoffe oder durch weniger ntateria1intensive Halb- und 
F하tigwaren substitui하t werd하1 (Beispiel: statt inlãn며scher Koh1efòrderung Intport von Strom), ver­
ring하t sich zwar der Materia1aufwand im Inland, g1eichzeitig steigt aber die Rohstoffentnahme in der 
übrigen Welt. 

D하 mittelbare Materia1einsatz lãsst sich a11erdings nur sehr schwer mit einern be효iedigenden Ge­
nauigkeitsgrad 하mitteln， da 때zu sowoh1 Angaben über die Menge der nicht verwerteten Materialien 
beim Abbau der importieπen Rohstoffe 벼 Ausla끄d 외s auch Informationen über die bei der Erzeu­
gung der importierten Ha1b- und Fertigwaren eingesetzten Materialmenge benötigt werden. Das Sta­
tistische Bundesamt will die Datenbasis 해r so1che Berechnungen soweit verbes않rn， dass k파tftig 
Schãtzungenmit hinreichender Gertauigkeit mög1ich werden. 

U mweltschutzausgaben 

Zentrale Datenquellen 야r die hier ausgewiesenen monetãren Umweltschutzangaben sind die Statisti­
ken 갱 den Investition<얻1 und laufend얹1 Aufwendungen fìl.r Umweltschutz im Produzierenden Gewer­
be, die Jahresabsch1ussstatistik öffentlicher Unternehmen sowie die Jahresrechnungsergebnisse der 
δffi잉ltlichen Hausha1te. 

Aufgrund des novellierten Umweltstatistikgesetzes von 1994 werden bei den Unternehmen des Pro­
duzierertden Gewerbes ab dern Bericht헤와1I 1996 u.a. die Ausgaben 해r integrierte Umweltschut깅n­
vestitionen nicht mehr abgefragt. Gleichzeitig werden nun die laufenden Ausgaben fìl.r Umweltschutz 
erstm외s direkt bei diesen Unt<때lehmen ermittelt, ∞.tsprechend ohne Berucksichtigung der zusãtzli­
chen Aufwendungen fìl.r integrierte Maßnahmen. Die abgebi1det<히1 Daten 갱 den laufenden Ausgaben 
im Produzierenden Gewerbe fìl.r den Zeiσaum vor 1996 entstammen der bisherigen Ermittlung im 
R와lmen der Anlagevermögensrechnung fìl.r Umweltschutz. Sie umfassen nicht die Geb따lIenund 
Entgelte der Unternehmen des Produzierenden Gewerbes, die fìl.r Entsorgungsleistungen 때 Dritte ge­
갱삐tw따den. Beim Abg1eich der laufenden Ausgaben aus der Basiserhebung fìl.r 1996 und 1997 fìl.r 
따s Produzierende Gewerbe insgesamt mit den entsprechend errechnet<히1 Werten aus der Anlagever­
mögensrechnung ergab sich eine Differenz von rund -10%. In einem Korrekturverfahren wurden 며e 
Ergebnisse der Wirtschaftzweige fìl.r d앙1 Zeiσaum vor 1996 an das geãnd하te Niveau angepasst. 

Um nun zu konsistenten 뻐d mit der Primãrstatistik weitgehend abgestimmt야1 Zeiσeihen 갱 gelan­
gen, w따d암1 sowohl bei der Ausgaben- a1s auch der Anlagev<앙mögensrechnung fìl.r Umweltschutz die 
Investitionen fìl.r integrierte Umweltschutzleistung앙1 vor 1996 nicht mehr berücksichtigt (며e Primãr­
stati업k wies diesen fìl.r die Jahre 1975 bis 1995 einen Anteil an den umweltbezogenen Gesamtinves­
titionen des Produzierenden Gewerbes von durchschnittlich rund 17% zu). Da ab 1996 zud야1 die 
Umweltschutzinvestitionen fìl.r das Baugewerbe nicht mehr abgeδ.agt werd하1， wird das Produ킥erende 

Gewεrbe fìl.r die weiter zu피ck1iegenden Jahre hier g1eichsam ohne 없s Baugewerbe nachgewiesen. 

Nicht enthalten sind in den Tabellen aufgrund einer noch unzureichenden Datenbasis die Umwelt­
schutzausgaben der Landwirtschaft und von Tei1en des Dienstleistungsbereichs. Bei letzterern sind 
ledig1ich die privatisi앙ten öffentlichen Entsorgungsunt얹nehmen b때.cksichtigt. Zur vollstãndigen 
Abbildung des hier quantitativ bedeutsamen Entsorgungsbereiches feh1en vor 외l∞1 noch die rein pri­
vaten Abfall- und Abwasser하ltsorgungsunternehmen. Amtliche Daten über Ausgaben fìl.r spezifische 
umwelπ.elevante Aktivitãten der privaten Hau양lalte， wie z.B. Dãmmschutzntaßnahmen, Solaran1agen 
liegen nicht vor. Auch können weitere umwelσelevante Ausgabenfelder wie Naturschutz und Boden­
앓피하ung noch nicht adãquat beIÜcksichtigt werden. 



Umweltbezogene Steuern 

Basi뾰nd auf einem auf intemationa1er Ebene erarbeiteten Konzept einer Stati회k über umweltbèzo­
gene Steuem orientiert sich die De:finition von Umweltsteuem an der Besteuerungsgrundlage - un­
abhan밍g von der Motivation zur Einfìihrung der Steuer oder von der Verwendung der Ein없hmen. 

Maßgeblich ist d하J.ach， 때ss die Steuer sich auf eine physische Einheit (oder einen Ersatz dafìi.r) be­
zieht, die nachweislich spe강:fische negative Auswirkungen auf die Umwelt hat. Konkret sind d하un­

ter Emissionen im weitesten Sinne (Luftemissionen, Abwasser, Abfull, 냐rm)， Energ야하zeugnisse， 

der Verkehr oder Dünge- und Pflanzenschutzmittel zu ver하.eh얹1. Für Deutschland sind somit bei den 
Steu앉n die Mineralδlsteuer und die Stromsteuer (Besteu려mgs맹m띠.age Ener벌eerzeugnis) sowie 
die K뼈R옮뇨zeugsteueπ (emissionsbezogene bzw. bis 1.7.1997 verkehrsbezog앙le Besteuerungs­
grundlage) quantitativ am bedeutsamsten. 
Die hierp얹sentierten Erge뼈isse bezi야en sich ausschließlich auf diese Steuem. Die M야rwertstε:uer 

aufKra짧뇨zeuge， Miner허öl oder Strom ist nicht einbezogen. 

Ökosteuer 

Die sog. Ökosteuer, die zum 1. April1999 mit d야1 Gesetz zum Einstieg in die ökolo휠sche Steuerre­
form in Kraft trat, erweit하te die Ener횡ebest，밍l않ung 피demdie Min없lölsteu강sãtze erhöht und eine 
Stromsteuer 터nge해hrt wurde. 1m e피zelnen wurde zum 1.4. 99 die Mineralölsteu앙 auf Kraftstoffe 
um 6 Pfennig je Lit하， auf leichtes Heizöl um 4 pf앙lnigje Lit하 und auf Gas um 0,32 Pfennig je Ki­
lowat잉tunde erhöht sowie eine Sσ'omsteuer von 2 Pfennig je Kilowattstunde 히ngefiihrt. Für 려피ge 

Bereichew따den dabei ermãßigte Steuersãtze bzw. Steuerbe뾰iungen festgelegt. Als Beispiele s려en 

stichwo:π뼈g genannt: ermãßigte Steuersãtze fiir Land쩌rtschaft， Produzierendes Gewerbe sowie 젊r 

Schienenb빼nverk앙rr und öffentlichen Personennahverkehr; Steuerbefreiung fìi.r Kraft-Wärme­
Kopplung, Freistellung von Strom aus 해1뼈rbaren Energiequellen von der Stromsteuer. Mit dem 
Gesetz zur For뼈hrung derök이0밍schen Steu하reform wurden weitere Steuererhöhu끄gen fìi.r Kraft­
stoffe und Strom filr die Ji빼re 2000 bis 2003 festgelegt, 벼.e aber in den hier vorgestellten Ergebnissen 
noch nicht zum σagen kommen. 

Personenkilometer 

Personen뀔lometer ergeben sich durch die Multiplikation der Zahl der befδrd，양ten Personen mit der 
Zahl der zurückgelegten Kilometer. 
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Umweltökonomische Gesamtrechnungen (UGR) 

Kur깅nformation 히ber Methode, aktuellen Arbeitsstand und er깅리te Ergebnisse 

Zielsetzung der UGR 

Die Natur stellt rur wirtschaftliche Nutzungen vielfåltige Leistungen zur Verfiigung. 8ie liefert Energie 
undRohsto:많， stellt den Wirtschaftsstandort bereit und dient 떠s Aufnahmebecken 펴r 8chadstof풍， Abfål­
le usw. Ihr Leistungspotential ist jedoch nicht unendlic뇨 sondem wird durch Inanspruchnahme 
verrnindert, schlimmstenfalls so뿔r zerstδrt. Dass Natur ein Produktionsfaktor ist, dessen Knappheit in 
einer wirtschaftlichen Bilanz zu berücksichtigen ist, wird allerdings seit einigen Jahren mit dringender 
werdenden globalen Umweltproblemen deutlich. 

Die statistische Erfassung von Veränderungen im ''Naturv하mögen"， ausgelδst durch wÏrtschaftliche 
T낄.tigkeiten， ist Ziel der UGR. Analog zu den Vol않wirtschaftlichen Gesamtrechnungen, wo f꾀r 
produzierte Vermögensgegenstände Abschreibungεn kalkuliert werden, um Wertminderungen zu erfassen, 
so11en in den UGR die Basisdaten fiir die Berechnung der Abschreibungen auf das Naturvermögen 
errniuεlt werden. Nachhaltige Entwicklung (sustainable development) dient dabei als generelles Leitbild. 
1m einzelnen bedeutet dies - Ïn erster Nãherung - eine Verbesserung der Material-, Ener휠e- und Flä­
chene펌zienz ökonomischer Akti찌täten， letztlich fordert Nachhaltigkeit aber den lang당istigen Erhalt von 
Funktionen 앤otentialen) der Natur. Die UGR so11 statistisch zεigen， welche nat히rlichen Ressourcen durch 
die wirtschaftlichen Aktivitäten 앤roduktioψKonsum) einer Periode beansprucht, verbraucht, entwertet 
oderz하'Stört werden; Ausgangspunkt i앙 der in der Wirtschaftsstatistik abgebildete Prozess ökonomischer 
Wertschδpfung. Dabei sind grundsät킹ich nur Trends, Mittelwerte, Verteilungen u.ä. Mak:roindikatoren 
von Interesse; Einzεlfålle - seien es 8toffe, 8tandorte und Regionen, Untemehmen oder 8tδrfålle - werden 
zu statistischen Massen a잃regiert. 

Inhaltliche 8truktur 

Flussdiagramm Mensch - Umwelt - Mensch 

Verãnderung und 
Zerstörung von 
Okosystemen l Rrlanziel|e Krankheiten von 

Einbußen 
Menschen, Tieren 

Mensc에iche 넙| 0kkU빼 | μIW.~~d뼈nzen 배 짧r 
Materialzers뼈rung I I oder Boden, 

VerfOgbarkeit 
Aktivitaten r---:ïI von Flãche 

Einkommens-
| 때U앙:e usw.) 

Verminderung von 
Produktions-
faktoren 

Hunger, Armut, 
50깅ale Konflikte 

Umweltschutzmaßnahmen 
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Entstehung dεr Umweltbelastung, Umweltzustand und Umweltschutzmaßnahmen sind die Kategorien, fiir 
die statistische Daten bereitzustellen sind. Bei den Belastungen sind weiter Stoff능tröme und 
Flächennutzungen, beim Umweltschutz pr합.venti.ve und nachsorgende Maßnahmen zu unterscheiden. 1m 
obigen ,,Flussdiagramm Mensch-Umwelt-Mensch'“ wird diese inha1tliche Struktur skizziert. 

Methodisches Konzept 

Die Ka1kulationsschritte hin 갱 Abschreibungen auf das Naturvermδgen sind mit .vielfåltigen 
methodischen Problemen (Bewertungs-IAggregationsprobleme, beschr합nktes Wissen über Ursache­
Wirkungs-Zusammen뼈nge und große re횡onale Unt강schiede) .verbunden. Es ist deshalb deutlich da.vor 
zu warnen, die Erwartungen in eine solche Kalkulation 갱 übεrziehen. Dass sich daraus zweifelsfrei und 
objekti.v eine ein깅ge Abschreibungsgr뼈einDM er힘bt， aus der sich ein gesundes, nachhaltiges Wachsen 
des .volkswirtschaftlichen Einkommens ableiten ließe, gehört sicher zu den t퍼gerischen Hoffuungen. Das 
"Ökosozialprodukt“, a1s 효핑효 zahl der amtlichen Statistiκ wird es nicht geben. Vielmehr zeichnet sich ein 
Weg ab, wie mit Hi많 gesamtwirtschaftlicher Modellrechnungen .von F orschungsinstitutionen 
Entwicklun~잊pfade in Richtung ,,Nachha1tige Wirtschaft'“ skizziert werden können. Das Statistische 
Bundesamt wird hier in Kooperation mit den Forschungsinstituten Basisdaten für derartige multi-sektorale 
Modεllrechnungen bereitstεllen. 

Das Konzept der UGR ist so aufgebaut, dass bereits Zwischenschritte Antworten auf wirtschafts- und 
umwelφolitische Fragen geben. Wie sich der Einsatz .von Rohstoffen, Energie und Bodenfl합chen in den 
Sektoren der Wirtschaft zeitlich .verändert und welche Stoff농 an die Umwelt abgegeben werden, ist für die 
Beurtei1ung der EffIzienz ÌIÍl Umgang mit nat히rlichen Ressourcen im Rahmen .von Struktur- und 
Umweltpolitik .von Wichtigkeit. Hochaggre헝erte Indikatoren 하ber den Umweltzustand sol1en die 
qua1itati.ven Veränderungen in einer standardisierten Form zeigen. Die Kostenseite und die aktuelle Be­
lastung der Wirtschaft wird für die tats힐ch1ich durchgeführten Umweltschutzmaßnahmen festgehalten. Diε 
Schätzung .von Vermeidun!홈kosten für zusätzliche prä.venti.ve Maßnahmen runden das Bi1d ab und 
unterstützen 며e Abwägung und Entscheidung zwischen unterschiedlichen "Standards" (Zielgrδβen im 
Sinne .von physischen Reduktionszielen) 펴r die einzelnen gra.vierenden Belastungsfaktoren. 
Zusammengefasster밍bt sich folgendes Bi삐 f피r das UGR-Konzept: 
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Die UGR sind dabei in die abgebildeten 5 Themenbεreiche ge힘iedert: 

1. Material- und Energieflussrechnungen, Rohstoffverbrauc뇨 Emittentenstruktur, 
2. Nutzung von Fl홉.che und Raum, 
3. Umweltzus없nd， 

4. M:외3nahmen des Umweltschutzes, Investition따 Ausgaben, 
5. Vermeidungskosten zur Erreichung von Standards. 

Die verschiedenen Themenbereiche sind jeweils durch eine ihnen eigene charak:teristische Methode 
gekennzeichnet; der Plural im Namen UGR i상 also kein Zufall, sondem Programm. 
In den Themenbereichen 1 ,,Material- und Enεrgieflussrechnungen:“， 4 ,,Maßnahmen des Umweltschutzes“ 
und 5 "Vermeidungskosten'“ werden Wirtschaftsstatistiken und Gesamtrechnungsmethoden angewandt, 
um die von den Wirtschaftssektoren verursachten Sto짧tröme sowie die getrof뚫nen bzw. denkbaren 
Umweltschutzmaßnahmen zu bilanzieren. Thεmenbεreich 2 ,,Nutzung von Fläche und Raum'“ befasst sich 
mit den Belastungen, diε nicht sto표licher Art sind, sondem auf einer ge김nderten Nutzun풍verteilung des 
Raumes beruhen; methodische Instrumente sind Femerkundung und Geoinformationssysteme. 1m 
Themenbereich 3 ,,Indikatoren des Umweltzus없ndes“ besteht die Aufgabe im wesentlichen d따in， die 
räum1ich und inhaltlich isolierten Mess- und Beobachtungsdaten zu geeigneten Indikatoren 갱 verdichten. 
Eine "δkolo휠sche Fl합chenstichprobe“ dient in diesem Zusammenhang dazu, Ver합nderungen in der 
Diversi밟t von Landschaften, Pflanzen und Tieren aufwirtschaftliche Weise zu sammeln. 
Der UGR-Gesamtdarstel1ungsbereich umfasst nicht das Setzen von umweltpolitischen Zielgröβen. Die 
UGR stellen jedoch f피r den politischen Entscheidungsprozeß Sachdaten über Kostεn und Nutzen 
altemativer St뻐dardwerte im Sinne von physischen Reduktionszielen zur Verfügung. 

Beziehung zu den Volkswirtschaftlichen Gesamtrechnungen 

Die Diskussion über eine umweltbezogene Erweiterung der Vol꿇wirtschaftlichen Gesamtrechnungen hat 
ergeben, dass es am sinnvollsten erscheint, die traditionellen Sozialproduktsberechnungen als wichtiges 
Hilfsmittel für die kurz- und mittelfristige Wirtschaftsbeobachtung wie bisher fortzusetzen und dazu er­
gänzend ein Rechenwerk für die Darstellung der ökonomisch-ökologischen Zusammenhänge in einem ei­
genständigen Datenwerκ einem sogenannten Satellitensystem, aufzubauen. Letzteres sollte allerdings eng 
mit den Vol양wirtschaftlichen Gesamtrechnungen verkn:히pft werden. F낀r diesen Weg sprechen die noch 
vorhandenen methodischen und statistischen DefIzite bei der Bewertung der Umweltbelastungen durch die 
Wirtschaft. Die Beschr합nkung auf ergänzende Satellitensysteme bedeutet, dass die Möglichkeit ge­
schaff농n wird, neue Konzepte auszuprobieren und auch Daten 찌 verwenden, die statistisch noch nicht 
völlig abgesich앙t sind. Die für die Sozialproduktsberechnung im engeren Sinne nδtige Datenqualit홉t 
W디rde dadurch nicht beeintr합chtigt werden. Intemationale Konzepte für ein Umwεlt-Satellitensystem 
wurden insbesondere von den Vereinten Nationεn entwickelt. In einem Handbuch der Volks­
wirtschaftlichen Gesamtrechnungen wurde das "System for Integrated Environmental and Economic 
Accounting (SEEA)" vorgestellt. In Deutschland wird 따s Umwelt-Satellitensystem auf der Basis der kon­
zeptionellen Vorschl당ge des SEEA im Rahmen der Umweltδkonomischen Gesamtrechnungen realisiert. 

Sektorale Modellrechnungen 

Die Aufgabe, gesamtwirtschaftliche Kostengrößen zur Bewertung der Abschreibungen auf das 
Naturvermögen zu ermitteln, liegt - wie 없rgele윌 - außerhalb des Darstellungsbereiches der UGR Die 
Ergebnisse der Themenbereiche "Umweltschutzmaßnahmen'“ und "Vermeidungskosten:“ lief능m aber 
wichtige Komponenten des Grunddatengerüstes für dynamische, sektorale Modellrechnungen. Diese 
zielen in Richtung gesamtwirtschaftlicher Vermeidungskosten als Näherun흉größe für die 
periodengerechte, monetäre Bewertung der Umweltbelastung. Naturgem힘3h하ngεn diε Ergebnisse sowoh1 
von statischen als auch von dynamischen Modellrechnungen in starkem Maße von den zuvor getr짧농nen 
Annahmen ab. Derartige Modellrechnungen liegen außerhalb des Aufgabengebietes der amtlichen 
Statistik und sol1ten aus diesem Grund von extemen wissenschaft1ichen Institutionen durchgeführt 
wεrden. 
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Wissenschaft6che Begleitung 

Der Bundesminister f히r Umwelt, Naturschutz und Reaktorsicherheit hat einen Beirat zur Umweltökonomi­
schen Gesamtrεchnung eingerichtet, der die Aufgabe hat, ihn in allen Fragen wissenscha:ftlich zu beraten, 
die mit den UGR in Zusammenhang stehen. Der Bεirat hat in seinen Stellungnahmen 1991 und 1995 die 
Auffassung vertreten, dass die UGR unerl하sslich sind für eine 뼈1 Ziel der Nachhaltigkeit ausgerichtete 
Umwelφolitik. Darüber hinaus werden rege벼짧ig Fragen der näherεn Ausgestaltung und methodischen 
Grundlagen des UGR-Konzepts erδrtert. Diese stehen auch im Mittelpunkt der Dritten Stellungnahme des 
Beirats, die im Juli 1998 dem Bundesministerium 펴r Umwelt, Naturschutz und Reaktorsicherheit 
히bergeben wurde. Seit 1994 ist dem Beirat ein Begleitkreis zugeordnet, in dem gesellschaftliche Gruppen 
(vor allem Wirtschafts- und Umweltverb합nde sowie Gewerkschaften) vertreten sind. Damit sollen die 
Arbeiten 갱 denUGRauf εine breite gesellschaftliche Basis gestellt werden. 

Aktueller Arbeitsstand und Ergebnisse 

Die UGR-Themenbereiche bieten den Rahmen 펴r den weiteren empirischen Aufbau und die 
konzeptionelle Vertiefung. In jedem Gebiet wurden bzw. werden Forschungsprojekte und Feldstudien 
durchgeführt, die z. T. von extemen Sachverst합ndigen unterstützt werden. Empirische Daten über die 
belastungserzeugenden Wirtschaftsaktivitäten, über dεtaillierte Material- und Energieflussrechnungen 
sowie über Emissionen der Wirtscha:ftsbereiche, über Umweltschutzausgaben und die Bodenbedeckung 
Uεgen vor und werden im Rahmen der Fachserie 19 "Umwelt“ des Statistischen Bundesamtes 
kontinuierlich veröff농ntlicht. Die Eckdaten der UGR und wesentlichen umweltökonomischen Trends der 
Bundesrepublik Deutschland werden j짧rlich im Rahmen einer UGR-Pressekonferεnz der Öffentlichkeit 
vorgestellt. Die Datenbasis wird laufend erweitert, um somit Schritt für Schritt Antworten aufwirtschafts­
und umweltpolitische Fragen zur Umsetzung des Leitbildes ,,Nachhaltige Entwicklung'“ geben zu können. 
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4.5 Land and Ecosystems Accounts (LEA) 

1 Role of land and ecosystems accounting 

In national accounts land is treated as a non-produced economic asset that provides economic 
benefits to its owner and as an important p따t ofbalance sheets. The existence ofbalance sheets 
encourages ana1ysts to look more broadly in monitoring and assessing economic and fi.nancial 
conditions and behaviour (SNA 13.4). 

In environmental accounting this economic view of land is on1y paπ ofthe picture. Economic use 
ofland is often connected with short- or long-term processes of deterioration (or improvement), e.g. 
the ope띠ng of uncultivated land (such as virgin forests or wetlands) for recreational or agricu1tural 
purposes may upset ecological ba1ances, the use of areas for traffic or human settlement has 
radical1y changed the chara따eristics of land and ecosystems or agricultura1 use could cause soil 
erosion. On the other hand, the introduction ofless intensive management practices (e.g. organic 
f하ming) or restoration activities may lead to improvements. The objective of a better understanding 
。f the relationship between economic activities and the environment requires to take into account 
(1.) the use ofland by different economic activities and (2.) the potentials ofland from an 
ecological view. The latter relates e.g. to the extent and quality of habitats and ecosystems or the 
characteristics of the soi1. In this context land is treated as environmenta1 asset. 

Land and ecosystems as environmental assets are the most suited categories of assets for the 
integration of ecological and, in p없ticular， regional aspects in environmenta1 accounting. The 
ecological debate on natural assets also hinges on this point. The science of ecology is inclined to 
see natural assets as the stock of functioning ecosystems and not merely as a list of single elements 
ofthe environment. Nature can on1y be protected if complete ecosystems are maintained intact. 
Thus from 때 economic and ecolo횡cal point ofview the value of assets that deliver services to 
human systems (indire따 use benefi.ts) in the long term depends heavily on intact ecosystems and 
not on individual species or elements (1993 SEEA 35). However, it is often difficu1t even to find 
suitable indicators in physical terms to describe some ofthese aspects. The disposal services ofthe 
environment are an important example in this regard. On the one hand, it is relatively easy to record 
the quantities of residuals thatare emitted into the natural environment; on the other hand, it is 
much more difficu1t to describe the effects of ambient concentrations that result in a contamination 
。fbiota and soi1 and the final effect on health ofbiota, ecosystems and human beings (1993 SEEA 
41 and 42). 

A comprehensive set ofland and ecosystems accounting tables allows the Iinking ofthe economic 
and the environmental dimension and permits to derive aggregated sustainability indicators. 
These indicators provide the background framework for area-related policies (e.g. nature protection, 
agricultural and transport policy). However, there are different opinions as to which extent the 
en찌ronmenta1 dimension should be covered either by environmental accounting or in separate 
natural science information systems. Often a decision has to be taken on a nationallevel in the light 
ofnational priorities and the importance given to an integrated view of economic and ecological 
aspects in the context of sustainable development policies or in physical planning. 



In general the integration of a more comprehensive land and ecosystems accounting module in the 
SEEA can be useful for several reasons: 

It provides a compl앉e pl따ure of land cover and land use for a nation and allows to derive trends 
and indicators of ch없1ge. 
It aids the integration of diverse data sources on land cover and land use as well as other 없ía 
e.g.on popul없ion， economic activity, water balances, species or fertilizer use. 
It promotes standardisation and classifications ofland cover, land use and causes of changes in 
land cover and land use. 
It allows to link changes in land use, land cover, habitats and biodiversity as far as possible to 
the driving forces. 
It can be applied at national, regional watershed or landscape ηpe level (Eurostat 1999). 

In the following section general features of accounting for allland and ecosystem categories are 
described. More details on integrated descriptions of selected land and ecosystem ηpes can be 
found e.g. in the sections on forest, fishery and water accounts (see sections 4.2, 4.3 and 4.4). 

2 State of development of land and ecosystems accounting 

The concepts for the economic description ofland as an economic asset are well developed in the 
SNA and practical experience exists on the implementation of these concepts on the basis of land 
statistics. Land statistics in general have a long tradition in the statistical system. Nevertheless they 
are caracterised by compromises to satis함 the needs of many diverse users and corresponding 
differences in definitions, classifications and methods between countries. 

The economic treatment ofland in the SNA is rather simple from a conceptual point ofview: Land 
as a non-produced asset is defined as the ground itself, including the soil covering and the 
associated sur찮cewateζ over which ownership ri힘ltS can be exercised and which can, therefore, be 
the subject oftransactions between institutional units (see SNA 10.121 and chapter 2.1 
Environmental assets in the 1993 SNA). In the SNA only economic land that is owned and has the 
potential to provide economic benefits to its owner is considered. An aggregated classification with 
four types of land is included in the asset classification: land underlying buildings and stru야ures; 
land under cultivation; recreationalland and associated surface water; other land and associated 
su렀ce water (see chapter 2.1 Environmental assets in the 1993 SNA). 

The treatment of land and ecosystems as environmental assets in environmental accounting leads to 
a high variety of rather different user needs (e.g. subject of interest in terms of functions of land or 
different politicallevels) with the consequence that standardisation can only succeed within rather 
narrow limits. 

The extensive use of accounting methods in this field and the development of land and 
ecosystems accounts that adequately deal with the complexity of land and ecosystems as 
environmental assets is a rather new development and closely linked to the appearance of geo­
referenced land use or land cover data.1 The current situation is characterised by various aspects: On 
the one hand, a general consensus on the need and the basic structure of a comprehensive approach 
of land and ecosystems accounting emerges in and between many countries. On the other hand, 
conflicts concerning the use ofland and ecosystems are often characterised by specific regional or 
national interests or circumstances. This results in a high heterogenity of observation methods and 
reporting formats because current land accounting activities are not only dominated by global but 
by national or re.휠onalobjectives and by the data available at these different levels. 

lAm며orinp삐t 뼈s been the work done by the Con:l뚫rence ofEuropean Statisticians ofthe U피ted N:없ions from 1992 to 
1994 and the follo째ng discussions in meetings of the lntemational Association in lncome 없ld Wealthæ띠 ofthe 
London Group. 
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In addition it proved to be very important to tak:e the natural conditions into account in order to 
derive policy relevant trends. Environmental impacts resulting from the depositions or emissions of 
more or less harmful substances (such as nutrients, toxics and other pollutants) maybe different 
according to local environmental conditions. This is true, as well, for other pressures resulting from 
natural ressource use, either through withdrawel and operation or by in situ use including land use 
(parker et a1. 1996). Policy interest in land and ecosystems accounting is therefore not restricted to 
general tables with a high level of aggregation, but often focuses on issue-oriented accounts (e.g. 
biodiversity, quality of land and habitats) or re.횡onalised accounts (e.g. catchment areas, coastel 
zones), which require more detai1. 

The consequence ofthis situation is a lack of internationally agreed classifications and a bigb 
diversity of data collection methods with different observation units and scales. First attempts to 
develop intemationally comparable reporting systems can be noted in Europe and at world leve1. 
However, a common set of accounting tables has sti1l to be developed and then to be tested in 
different counπies. As a consequence a land and ecosystems accounting module must be 
characterised by a coinpromise between standardisation and flexibility. 1tseems to be extremely 
difficu1t (or impossible) to develop a single standard land c1assification that seπes all the different 
purposes in a meaningful way. 

The implementation of land accounting modules is on1y promising if political interest and a rather 
well-developed system ofbasic statistics on land are avai1able. In many countries basic statistics on 
land are less developed andsometimes even nationwide data on the main types of land are on1y 
partially available (e.g only for agricultural types ofland). Therefore, furtber progress in the field 
of land and ecosystems accounting depends on the right mix of development of concepts, 
improvement of the data situation and a strong orientation towards practical implementation. The 
design of a framework and of a statistical programme for obtaining the prim없y data must go hand 
in hand. Finally, a co-operation between st때삶cians， economists, geographers and biologists seems 
to be essential in the development and implementation of land and ecosystems accounting. 

3 Observation units and classifications 

1n the field of land and ecosystems accounting a special feature seems to be the extremely c10se 
link between the objectives ofthe studies, the determination ofthe observation or accounting units 
and the scale and theclassifications used. 

3.1 Land cover and land use 

A basic distinction in land and ecosystems accounting is t뼈.t between land cover and land use. 
Land cover reflects the (bio )physical dimension of the e없th‘ s surface and corresponds in some 
regard to the notion of ecosystems (see 3.2). Land use is based on the functional dimension ofland 
for different human purposes or economic activities. Typical examples for land cover categories are 
bui1t-up areas, grassland, forests or rivers and lak:es. 1n the case of land use types like dwellings, 
industrial use, transport, recreational use or nature protection areas are characteristic examples. A 
given surface can be a "forest“ from the land cover point ofview, from the land use perspective it 
may belong to timberproduction, recreational areas, nature protection areas or to areas ofno use. 
Land use in terms of human activities may res띠t in changes in biophysicalland cover (e.g. 
deforestation, bui1ding a road, urbanisation) or in changes ofthe conditions ofthe natural or 
modified biotopes (e.g, due to use of fertilizers or pesticides or to leaving land fallow, due to 
intensity oftraffic on a road, due to the density ofpopulation in a town). In principle land use can 
be better linked to economic acti찌ties. The land cover results from both the use of land by activities 

3 



and the natural processes, whether modified by human activities or not (see Conference of 
European Statisticans 1995). 

Land cover is norma11y obseπed by satellite observation, aerial photographs and ground surveys. 
Information on land use is gathered by cadastr떠 surveys, suπeys of economic units, aerial 
photography or ground surveys. 

Sometimes the land cover at a large scale is considered as a proxy for the use. Actually, land use 
is an issue much more complex than land cover because ofthe different functions a single land 
cover unit can fulfi1. Often there are parallel or multiple land uses, in particular with regard to 
recreation /tourism and to use restrictions due to protection status ofland. A forest, for ex없nple， has 
functions as a producer oftimber, a regulator of climate and water re횡mes， an absorbing medium 
for carbon dioxide, a retainer of soil, a habitat for wildlife and a provider of recreational functions. 
The use of one function of the natural environrnent can impair its capacity to serve others. These 
trade-ofI농 among functions of natural assets are one of the focuses of the ecological-economic 
interrelationhips that are studied in environrnental accounting (1993 SEEA 39). When a primary or 
dominant use is hard to determine, multiple allocation or a separate recording of multi use could be 
considered (Eurostat Task Force 1999). 

The distinction ofland use and land cover is basic from an analytical point ofview. Statistical work 
is, however, often caracterised by more or less mixed classifications of land use and land cover 
(see 3.3). Often built-up areas are more land use oriented parts ofthe classification whereas the 
disaggregation of more natural categories - like forest and woodland, wet1and or semi-arid and arid 
land - reflects more land cover aspects. Sometimes the whole mixed classification is more use or 
more cover oriented. 

3.2 Observation units 

Land use and land cover data are produced for different observation units. In the SNA the 
delimitation ofbasic units ofland is not explicit1y discussed. The concepts demand to take the type 
of land use and the ownership as important elements of the delimitation into account. Both aspects 
are in general documented in land registers based on legal units or can be surveyed by 
questionnaires to economic uruts. 

In environmental accounting, additional types of land units are used. On the one hand the use of 
land can be studied independent1y from the ownership (legal) aspect. This can be done as well on 
the basis of land registers as by aerial photographs or field surveys. On the other hand more land 
cover or ecosystems oriented presentations sometimes use similar sources of data, but are in the 
case of land cover often based on georeferenced satellite data, too. In all basic information systems 
the scale of the study determines the delimitation and the homogeneity of the basic land units, 
defined as surface areas with certain cover characteristics. At a small or medium scale, the land 
cover units are largely composite and must be classified according to their main characteristics. 
They could be regarded as ecosystems on a higher hierarchicallevel. In large scale studies including 
fieldwork, rather homogenous land units - such as biotopes - are common. In principle there seems 
to be no difference to the discussions about different types ofunits in the economic sphere (from 
multinational frrms to homogenous production units). In land accounting, however, no consensus is 
available on the "ideal“ type ofunit and the fact that different objectives ofanalysis require 
different basic units is more or less recognised. From a theoretical and conceptional point ofview, 
in land cover and ecosystems accounting some basic land unit types like biotopes, ecosystems or 
more heterogenous land cover units are emerging and shortly described in the following. In some 
cases land cover or land use aspects are combined with geometrical units (e.g. grids of 1 km2) which 
are described by the dominant ηpe of land use or cover. 
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Biotopes in the strict sense ofthe word are abiotiC areas that can be geographically c1early defined 
and that feature a combination of specific abiotic, non-living factors (regarding c1imate, soil, light, 
temperature, wateζ nutrients, etc.) They therefore off농r specific habitat conditions for organisms. 
Biotopes in the pragmatic sense in vegetation science incorporate both the spatial components and 
the vegetation within an area, i.e. p없ts of the biocoenosis. They are 낀pically land cover units. 
Where there are no plants, the existing abiotic land cover (e.g. buildings, roads, landfills) is used for 
descriptive purposes. The notion ofbiotope is in 뻐s context not restricted to protected areas or 
areas ofhigh ecological value. It covers the totalland of a country. 

In land accounting, more heterogenous land cover units are often used. They can be understood as 
aggregates of connected biotopes, where the dominating type ofbiotope determines the land cover 
class. In Europe, e.g. the project CORINE Land Cover is based on satellite data and on basic units 
with a mininmum size of 25 ha and a classification of 44 different land cover categories. Large 
areas with the same land cover class are in this context often described as ecozones or landscapes 
(e.g. agricultural ecozones or landscapes). 

Ecosystems are inhabited spaces and cover both the abiotic biotopes and the biocoenoses for 
communities - inother words its organisms. Ecosystems are best seen as the systems of interactions 
between the abiotic habitat and the organisms (flora and fauna) in a spatial unit. They form a 
superior whole: the holistic system does not react in the same way as its individual components 
would. Ecosystems can be defined for different hierarchicallevels. Examples ofhigher-ranking 
ecosystems are the sea, the forest, the meadow, etc. with all the organisms which live there and their 
interactions. Such systems consist ofsubsystems (e.g. pond, river, marshland, etc.). The notion of 
ecosystem is, however, not restricted to more natural p하ts ofthe land. In principle it covers all 
양pes ofl때d inc1uding urban ecosystems. There is no classification that allows for the c1earcut 
geographical separation of the theoretical notion of껴cosystems“ in the landscape. Depending on 
the species offauna, different requirements and geographical demarcations must be applied. For a 
pragmatic differenciation ofunits of ecosystems on a low hierarchicallevel the biotopes in the 
sense of vegetation units are often used. On a higher hierarchicallevel the more heterogenous land 
cover units or ecozones (or even the biographic regions in the world) can be interpreted as 
ecosy안ems (Ho많nann-Kroll et. 떠. 1999). (Note: In the asset classi:fication we have to decide on wlúch 
lúerar야i∞llevel we want to integrate 따1 ecosystem classi:fication. From my point ofview, the level ofl없ldcover 
would be the ad여uate one in the SEEA CORINE Land Cover or a F AO cover classi:fication could be used as an 
orientation. However 1 would not go too much into de때1.) As species are p따t of the ecosyStems, they are 
included twice in the asset c1assification of the SEEA: as individual plants or animals in the biotic 
natural ressources and as p없ts of ecosystems. 

3.3 Classifications 
(Note: the chapter is 앙피 based on the C따lberra-version of the as않t classi:fication) 

In the SEEA c1assification of assets, land and ecosystems are included twice: as natural resource 
stqck asset and as environmental system asset. Furtheron, soil is included as an additional natural 
resource stock asset. 

Land as natural resource stock asset characterises the space uséd in human activities. It inc1udes 
only land which provides a direct input into human activities. Five different types of land resources 
are distinguished: urban and built-upon land (2.3.2), land for transportation and other networks 
(2.3.3), agriculturalland (2.3.4), land for intensive forestry (2.3 .5) and recreationalland (2 .3 .6). 
Other benefits of land than space are included in the environmental system asset part of the 
classification. Therefore, only p없t of the total area of a country is shown as natural resource stock 
asset. 
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In the asset classification ofthe SEEA (see chapter 2.3), ecological aspects of1and, the aspect of 
land cover or the provision of services to humans are taken into consideration by the integtation of 
environmenta1 system assets. Terrestrial and aquatic ecosystems are seperate environmenta1 
asset categories. For illustrative purposes the terrestria1 ecosystems are further subdivided into a few 
maJor 낀pes ofbiographic regions to be found on the planet. (Note: see note at the end of c빼Iter 3.2 

concerning the adequate hierarchicallevel.) More detailed c1assifications that could be used in 
environmenta1 accounting on a national or a re횡onallevel have to be based on the definition of the 
corresponding observation units and the scale of observation (see chapter 3.2). At the moment, 
internationally agreed land cover c1assifications are available from F AO and for selected re횡ons， 
e.g. the CORINE land cover classification for Europe. A complete and internationally agreed 
biotope or ecosystem classification is not avai1able. 

(Note: Still to be added is a comparison to SNA and SEEA 93 as앓:t clas뼈cation in the case of land, based on Robs 
general comparison of the asset clas피fications， and to the ECE land use class퍼cation.) 

When land cover and biotopes aspects are inc1uded in a land and ecosystems accounting module, in 
the current situation this has to be done on the basis ofthese regional or national c1assifications. For 
c1assifications of the regional dimension of land use or coveζ e.g. for ecozones as connected areas 
of the same land cover unit, or landscape ηpe units the situation is more or less the same.2 

Landscape type units are land classes as spatial units which are characterised by rather homogenous 
natural conditions, e.g. regarding soi1, climate, geology, hydrology or relief (see Haines-Young et.al. 
1996 and Seibel et. alI999). However, even ifinternationally standardised c1assifications existed, 
the para11el use of different c1assifications for land use (natura1 resource stock aspect) and land 
coverlbiotope aspects would be necessary in land and ecosystems accounting. 

For land use in genera1 the more detailed ECE land use c1assification is the standard option for the 
time being and sometimes used in the context of environmental accounting (United Nations 1989). 
This classification is better suited to analyse ηpes of land use with different environmental impacts 
than e.g. the land c1assification in the SNA. However, the ECE is rather old and not entirely 
satisfactory (e.g. need offurther disaggregation for agriculture). Several international bodies are 
currently working towards an improved land use c1assification (see e.g. FAO 1999, Eurostat 1999). 

4 Structure of the land and ecosystems accounts 

4.1 Land in the SNA 93 

Land as natural resource stock asset is inluded in the SNA 1993 as p따t of the ba1ance sheets of 
institutional sectors and the total economy (Note: check with relation to SNA classi:fication in chapter 3.3). It 
1S P따t ofthe non-financial and non-produced assets. The economic benefits that are taken into 
account are restricted to income-related benefits and can be expressed in monet따yunits by 
multiplying physical stocks and the corresponding market values. However, physical data are not 
explicitly treated in the balance sheets. 

In the SNA the presentation of the value of stocks of land at different points in time is fully 
integrated with the changes of these stocks in a given period by transactions or other flows (see 
table 1 in chapter 3 structure ofthe asset accounts, subchapter 3.2 SNA assets accounts). In the 
capital account aquisitions less disposals of land are inc1uded as purchases or sales of non-
produced assets and not as gross fixed capital formation. However, major improvements in the 
quantity, qu떠ity or productivity of1and or the prevention of1and deterioration are recorded as gross 

2 πlese approaches are normally based on regular grids (e.g. lxlkm cells) or geographically homogenous zones (see 
Weber 1997). 
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fixed capital formation and consumption offixed capital. Examples are e.g. the reclamation ofland 
당om the sea by the construction of dykes, sea wal1s or dams or the clearance of forests to enable 
land to be used in produ따ion forthe first time (for more details, see SNA 1993 10.51-10.54 and 
10.121-10.125). 

Changes in value of land that result from other t10ws are recorded in the other changes in the 
volumes of asset accounts (in the case of volume changes of land) or in the revaluation account (in 
the case of changes in level or struαure ofprices). Concerning land the following flows are 
relevant: 

Transfers to economic assets, e.g. if land is transferred from a w i1d or waste state to one in 
which ownership may be established and entering the system boundary (SNA 12.18); 
Changes in quality due to (changes i피 economic use are reg없ded as the appearance or 
disappearance of additional amounts of assets, e.g. ch없1ge from cultivated land to land 
under1ying buildings or ch없1ge from cu1tivated land to communal grazing land result in an 
increase or decrease in the value ofland (SNA 12.20 없d 12.32); 
Changes in quality as a result of environmental degradation, e.g. erosion, nutrient loss (SNA 
12.33); 
Changes in status, changes due to political and catastrophic events, e.g. due to abnormal 
flooding or earthquakes (SNA 12.37); 
Changes in classification, e.g. changes in land use for a particular parcel of land. Not included is 
change in value resu1ting from the change in classification (SNA 12.62); 
H이ding gains between the beginning and the end of a period that are the resu1t of price changes 
of1and over time and that are recorded in the revaluation accounts (SNA 12.63ff.). 

In the SNA land is valued at its current price paid by a new owner including written-down costs of 
O째lership tr없lSfer. The value of1and includes major improvements that can not be physically 
separated from the land itself. The valuation at market prices is paπicularly di:fficu1t in the case of 
land, because often real transactions and market prices include buildings, structures, plantations or 
biological resources (e.g. vineyards) linked to a parcel ofland. The separation ofthe value ofland 
from the value of these other assets is often di:fficu1t and can - in the case of a single transaction -
even be evaluated in a different way by the purchaser and the seller. Because land prices can vary 
enormously according to locations and the uses for which a piece of land is suitable or sanctioned 
calculations should be done on a rather detailed level. Often a clear restriction in this regard is the 
low number oftransactions with land compared to the total ofthe stock especially ifthe structure of 
the transactions and the stocks is quite different, e.g. in the case oftransactions at the borders of 
agglomerations and considerable p강ts ofthe stocks in the centers with high price differences (for 
more detail see SNA 12.53 - 12.58). Ifthe use of asset prices from transactions for the valuation of 
land is impossible or restricted, an attempt can be made to det얹mine the value of land via other 
indicators such as rents or revenue (see chapter 3 structure ofthe asset accounts, subchapter 3.3 
valuation ofnatural resource stock assets). 

4.2 Physical accounts 

4.2.1 Overview 

Market price valuations are entirely useful and relevant when it comes to an economic assessment 
of nature as a fixed asset. However, they are not suitable for representing ecological aspects as 
market prices are based on human use and exploitation potential and do not reflect the ecological 
significance of an 따ea. Areas ofhigh ecological value that are, for example, protected or use-
restricted have considerably lower market prices than unprotected agricu1turalland or city centers 
heavily used for economic purposes. Additionally from the point ofview ofbalance sheets different 
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양pes of land use have to be distinguished if their prices are significantly different. In the context of 
environrnental accounting the classification of types of use or of cover is more determined by the 
environrnental relevance or impacts ofthe types ofland than by price aspects.3 This normally 
requires a more detailed classification and level of calculation. As a consequence of these demands 
priority is often given to physical accounts, measuring land in units of surface area (he따are or 
km2) or in some cases in length units or number ofunits (zones, biotopes etc). 

In the following are presented as core accounts ofthe land use and ecosystems accounting module 
important types of accounts that all nations could compile in a similar and as far as possible 
standardised way (see 4.2.1). From an environrnental p이icy point of view informations from core 
accounts are necessary but often resp. normally not satisfactory in formulating and monitoring 
environrnental policy. To be politically useful these informations have to be supplemented by 
further, more issue-oriented results that talce into account national and regional situations as well as 
the different availability ofbasic data. Due to their issue-oriented character, supplementarγ 
accounts (see 4.2.2) c없mot be st따ldardised as much as the core accounts but are consistently 
linked to them. In the case of ecosystems accounting e.g., the land cover aspect is included in the 
core accounts, biotope accounting in the supplement없y accounts. Because supplement따yaccounts 
are often indispensable for the users they form an important p없t of the land and ecosystems 
accounting module. The distinction of core and supplementary accounts characterises a compromise 
of standardisation 없d flexibility that does not need to be stable in the future. 

4.2.2 Core accounts 

A precondition for a politically useful and scientifically sound land and ecosystems accounting 
module is a good data base with georeferenced land use and land cover data. If only non-
georef앙.enced data, e.g. data from one source with a mixed classification of land cover and land use 
categories or even only p없t of it, is available only the land cover resp. land use stocks at different 
points of time and the net changes for each category of the classification between the opening and 
the closing stock can be deducted. In this situation the following accounts can be implemented on1y 
to a very limited extent. Especially the identification ofηpes of changes - in the physical accounts 
similar to the identification of different types of other volume changes in the SNA (see table in the 
없mex 1 to chapter 3 structure of the ass앙 accounts) - is not feasible in a satisfying way (see below). 
For this reason a full integration ofland in the structure ofthe asset accounts can only be reached by 
using georeferenced data. 

In the land and ecosystems accounting module core accounts establish the interface between the 
treatment ofland as an economic asset in the SNA, the description ofland use and land cover from 
an environmental perspective and more issue-oriented aspects like the quality of ecosystems. They 
provide a basic reference in terms of structure ofland use and land cover. The different aspects 
treated in this context are shown by figure 1: 

FIGURE 1: Structure ofthe core set ofland coverlland use accounts 
(see Conference ofEuropean Statisticans 1995, p. 6) 

(Note: Figure 1 is not yet available as file but promised) 

On the stock side the relation between land use and land cover as well as land use by economic 
activities are selected. 

3 Anothεr aspect is that in balance sheets for some ηpesof 없않lysis land can be valued together with other assets like 
b띠l며ngsifas맹하없ion of the values is not possible. ’The composite asset should be classified in the categoI)' with the 
greater part of its valuε. In environm없lta1 accounting sεp없ate figures are needed (see SNA 13.57 - 13.58). 
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The accounting of changes concentrate on the change of land cover resp. land use in terms of 
gross f10ws between two points in time and on an analysis of different 낀pes of changes that is 
similar to the analysis ofthe other volume changes in the SNA. 

The tables used for these aspects are presented in the following in a simple form. The classifications 
used coπespond to the relevant p없ts of the asset classification of the SEEA in chapter 2.3. (Note: πle 
text is based on the Canberra veπion. 1 have additiona11y subdivided othεrterrestr퍼1 ecosystems into agri때tural 

ecosy앙:ems and urban ecosystems. Without these di짧rentiation land accounting looses much of its potential.) To be 
political1y meaningful and scientifical1y sound they have to be adapted to the situation in a country 
orto the concrete objectives ofthe analysis. The realisation ofthis structure demands a big effort. 
Often significant changes in land cover and land use are occuring on1y in longer time scales. For 
these reasons the different tables of land accounting are norma11y characterised by a periodicity of 
4 or more years whereas separated land use data for the description of land as an economic asset can 
be available and analysed on a yearly basis. As a consequence in land accounting the notions of 
initial and final year are sometimes more suited than opening and closing stocks. The land 
accounting tables a110w a much better understanding of the ba'sic developments over time. 

The presentation of a land use/land cover-matrix for one year is from an asset accounting point of 
view restricted to the opening resp. closing stocks. Table 1 shows the land use/land cover-matrix on 
the basis ofthe classification ofland as an economic asset (land use) and the ecosystem part (cover) 
of the SEEA asset classificat,ion. This table is an idea1 starting point for more in depth 
considerations and analysis. Both apects of land, land use and the relation to economy as wel1 as 
land cover and the relation to nature, are integrated. The il1ustrative ex없nple for France on the basis 
of national classifications (see table 1 in the annex) (Note: illustrative table for France is not yet available as 
file but promised.) shows, that for some categories ofland cover, e.g. arable land and permant crops, 
the link ofthe cover to one use category (primary production) is quite evident. For others, e.g. 
slightly artificialised areas, the table indicates the importance of different 양pes ofuse or the p없t of 
the area that is not used at all. The compi1ation of this table assumes georeferenced basic data on 
land use and land cover either on the total area of a country or on the same area sample. As only 
few countries can fulfil this demand and because the production of separate land use and landcover 
data from on1y one source is on1y feasible to a limited extent most countries wil1 only be able to fi l1 
in the total column and the total row sometimes supplemented by some cases inside the matrix. If 
data are only availablefor one mixed classification ofland use and land cover, the land use/land 
cover-matrix wi11 be in practice a diagonal matrix and ofno additiona1 information value compared 
to the results ofbasic statistics. 

The second important element on the stock side of the core accounts deepens the presentation of 
the relation to the economy by linking land use to economic activities (see table 2). In this context 
land is regarded as a production factor and not as much as p없t ofbalance sheets. As a consequence 
the SNA treatment of land as p따t of balance sheets of institutional sectors is supplemented and 
enlarged in several points: the land use by economic activities matrix is targeted to industries and 
pnv따e households (not only to institutional sectors) and the presentation is normal1y based onthe 
actual use ofland (not on ownership) in the production and consumption processes.4 1t is, however, 
restricted to physical data (surface area). The illustrative table 2 in the annex gives an example for 
such a type ofanalysis for Germany. 1n this case the table is produced for selected land use 

4 In principle d:ifferent options εxistfor the 외l∞ation of land to industries and households: One could rnake a close 
re옮rence to national accounts clas뼈cations and categories (e.g. based on ownership for σm때ort infrastructures or 
recreational areas) or proceed more use-oriented by 외loca마19 areas for selected public goods (e.g. roads, parks) to the 
units that actually ùSe these areas. Furtheron, indirect land use linked to land used by industries producing intermediate 
goods' can be included in the 뻐.alysis. 
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Table 1: Land useJland cover-matrix 

2.3 Land use1 

2.3.2 2.3.3 2.3.4 2.3.5 2.3.6 2.3.7 
3.1 Land cover2 Urbanand Tran야)()r- Agricu1- Landfor Recrea- Otherland 

b띠lt-upon tationand turalland intensíve tionalland 
land other forestry 

network 
3.1 3.1.1 Forests 
Terrestrial 3.1.2 WetIands 
ecosystems 3.1.3 Montane regions 

3.1.4 pr허ries 

3.1.5 Tundra 
3.1.6 Other terrestrial 

ecosystems 
3.1.6.1 Agri때tural 

eco앙stems 

3.1.6.2 Urb따l 

ecosystems 
3.2 3.2.1 Marine 
Aquatic 3.2.2 Coastal 
ecosystems 3.2.3 Riverrine 

3.2.4 Lacustrine 
3.2.5 Other aquatic 

ecosystems 

1 Land as natural stock in 삐eSEEA 양set c!assification 
• Ecosystems: teπ'estrial and aql쩌tic e뼈ronmenta1 system assets, 3.1.6.1 and 3.1.6.2 added 

categories only. 5 A table on land use by industries (or products) and househ이ds allows deriving, for 
example, indicators for land produ띠vity (value added per unit of1and used). However, the 
a110cation rules of land to producers (industries) on the basis of actual use are in some cases 
difficult to fix and standards are not yet fully developed (see Krack-Roberg/Schäfer 1998 and 
Leurs/van Dalen 1998). Often there are par떠lel uses, in particular with regard to recreation (e.g. 
agriculturalland, forests or waters may be used for several purposes) or protected areas. It is 
sometimes hard to determine a ,primary‘ or ’dominant‘ use so that mu1tiple allocation or a sepå.rate 
recording of multiple use could be considered. A land use by economic activities matrix can be 
estimated on the basis of non-georeferenced data, too. A precondition is that the use-oriented 
categories ofthe c1assification are highly disaggregated and that other basic data - e.g. on land for 
housing, kitchen gardens, use of land by industries from housing and industry surveys - are 
available or can be estimated in a reliable way. 

5 In the 않se of Germany p이itic떠 disαlSsion concentrates a lot on traffic and built-up areas. For the other categoriξs of 
land use th，ε q뻐lity of the use is judged much mor，ε important than the quantity of land (su펴cearεa in km2) used. As a 
consequence the land use by industries table is restricted to the σaffic and b띠lt-up land 
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Table 2: Land use by industries and private households 

Industries2 and private 2.3.2 Urban 
households andb띠1t-

uponland 

AgriCtÙture, hunting, fore앙ry， 

fis피ng 

A+B 
Mining quarrying 

C 
Manufa따따ing， electricity 

D+E 
Consσuction 

F 
Whole앓le， retail σ'ade， repair 

motor vehic1es, hotels and 
re앙auran잉 

G+H 
Tr때sport， storage, 

commumcation 
I 

Financial intermediation, re외. 
est., other business services 
J+K 

Educ., health, social, personel 
seπices M+N+O+P 

Public aφ미n. ， defence, s야i외 

seCtlrity, other public 
sernces 
L 

Private households 

l 니nd as natural stock in the SEEA assets c1assification 
• ISIC classification (System ofnational Accounts 1993) 

2.3 Land use1 

2.3.3 Trans- 2.3.4 2.3.5 
portation AgriCt피· Landfor 
and other turalland ínteoslV 
network forestry 

2.3.6 2.3.7 
Recreationa1 Other land 

land 

From the stock accounts time series on opening or c10sing stocks can be established that show the 
net flows in the periods inc1uded. However, for the interpretation of changes in the field of land 
accounting gross flows (areas increasing the stock of a category during a period and areas 
decreasing it) are especially important from an ecological point ofview because the replacement of 
old stocks of paπs of nature (old part of a forest) by new stocks (afforestation) in a country is 
normally linked to a considerable loss in ecological quality. In general two levels of changes can be 
disti맹üshed: changes between categories of land use or land cover (external changes, changes in 
c1assification) and changes within categories (internal changes). Extemal changes are desribed in 
the core accounts. They can be described to some extent by more detailed c1assifications of land use 
and cover. Intemal changes will typical1y be described in supplementary accounts (see chapter 
4.2.3.4). To some extent a bigger paπ of the total changes can be covered by the extemal changes in 
the core accounts if more detailed classifications are used (Eurostat 1999). 

The land cover change matrix, cross-tabulating land cover at two different points in time gives a 
detailed insight into the extemal changes (see table 3). The same analysis can be done for land use 
changes, too. It shows how much of the opening stock of a land cover category is still the same in 
the c10sing stock and between which categories of land cover gross flows can be noticed. The total 
increase, the total decrease, the total change (increase + decrease) and the net change (increase -
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decrease) can be dedu따ed from this table. The production of such a table has normally to be based 
on georeferenced data sources because single data for the same unit cover in the opening stock 
(initial year) and in the closing stock (final year) must be known and analysed. The analysis can in 
principle be done on the basis ofthe total area or of a sample. In the latter case the size ofthe 
sample determines however to which extent the gross flows can be analysed with reliable statistical 
quality. (Note: An 피mσative table for the annex with resu1ts from the UK is not yet available as file but promised. A 
short comment will be added to the text) 

The land cover change matrix forms the ideal starting point for developing an analysis ofthe types 
of changes of land cover (resp. land use) in line with the general structure of the asset accounts (see 
chapter structure ofthe asset accounts, 3.4 SEEA asset accounts). In the case ofland changes in 
quantity, e.g. an increase ofthe stock ofland by reclaiming land from the sea, are margina1. A 
classification of causes of changes has to focus on changes in quality that correspond to changes in 
classification in the case of extemal changes. Standard classifications on the types of changes are 
not readily available at intemationallevel, on1y selected national approaches exist. For this reason 
the proposal of a classification included in table 4 is based on some first discussions on important 
양pes of changes (see Eurostat 1999) and has a more i1lustrative character. (Note: An il1ustrative table for 
the annex with resu1ts from the UK is not yet available as file but promised. A short comment will be added to the text.) 
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Table 3: Land cover1 changes matrix 

3.1 Land cover (Fin외 year) 
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The analysis ofthe causes of changes in table 4 is restricted to extemal changes. It assumes 
georeferenced land data for a11 units ofthe tota1 area or for a permanent sample ofunits and data on 
gross changes. This ηpe of data is actually better available for land cover than for land use. For 
every unit the cover category of the intial stock (opening stock) and the final stock (c1osing stock) is 
identified. Ifthey are different, the ch없1ge is allocated to a type of change according to fixed 
allocation rules. To carry out this procedure individual data on gross flows are required. In 
traditional, non-georeferenced land statistics on1y the net flows are available and in the physical 
accounts the 양pes of changes can not be deduced.6 

In some cases additional aspects can be added to the core accounts. Linear landscape features (e.g. 
hedgerows and walls) are a typical example. Linear f농atures are othen rather poor1y represented in 
land cover c1assifications. Nevertheless reporting on their quantity in form of length units in some 
countries adds important informations on significant elements in the landscape (see e.g. the 
contribution ofthe United Kingdom in Conference ofEuropean Statisticans 1995). Another aspect 
are re횡onal accounts that enlarges the possibilities of analysis in some regards considerably (see 
4.2.3.1). 

4.2.3 Supplementary accounts 

4.2.3.1 General aspects 

The supplementary accounts are strongly driven by policy interests (see chapter 4.2.1) . They can be 
divided into two groups: The first group concerns problems of naturalness and intensity of land 
use respectively. Phenomena such as sealing or fragmentation are incorporated and c10ser links to 
the economic activities are established than in table 2 of the core accounts on land use by industries 
and private households. The focus of the second group is more on land cover aspects, the state of 
the natura1 environment or biotopes accounting. Aspects such as biodiversity are integrated. 

In environmental accounting in the context ofthe SEEA, national tables ofthe core accounts have a 
high priority. The precondition of geore찮renced data additionally opens the possibility of deducting 
regional accounts on a subnationalleve1. This is paπicularly relevant for the supplementary 
accounts. Regional accounts often are ofhigh political interest in the field ofland accounting. In the 
land cover paπ nature-oriented regional c1assifications like ecozones, landscape type units (land 
classes) or watersheds are widely used (see chapter 3.3), in the land use oriented paπs ofthe 
accounts administrative regions can be relevant as well. 

In general supplementary accounts are characterised by the fact that they integrate land use or land 
cover data with data from a great variety of other economic and ecological data sources. In this 
regard one ofthe problems in establishing ideal supplementary accounts often is the availability of 
well-suited data and statistical instruments or monitoring programmes. Especially for characterising 
the quality ofthe environment the data situation often is fragmentary compared to economic and 
social statistics or to data on the pressures exerted by economic activities. 

4.2.3.2 Land use-oriented accounts 

In land use-oriented supplementary accounts the land use paπs of the core accounts are 
differenciated in a consistent way by more detailed descriptions of issue-oriented aspects. The 

6 In physical accounting the situation is di짧rent from monetary accounting. For monet따y accounting of land in the 
SNA (see 4.1), it is possible to iden팩r the type of changes in the revaluation and other changes of volumes accounts on 
the basis of net changes in physical units, because normally the physical net flows are valued by the corresponding 
pnces. 
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description of changes in artificiality of land and their link to human driving forces or pressures and 
the intensity ofuse ofland are in general the main theme in the land use-oriented accounts. Typical 
issues are in this context e.g. the sealing of soil, the partitioning (fragmentation) of land by tr없lSport 

networks and the impacts on land by industries, agriculture, tourism, transpoπ andhuman 
settlements (see Conference ofEuropean Statisticians 1995). Often both production pattems 
inc1uding technological aspects and consumption pattems have to be considered. 

Soil sealing seems to be a good and simple example to explain the relation to the core accounts. In 
some countries the sealing of soi1 is a m멍or environmental problem as the functions of the soil are 
tota11y desturbed. Consequences are e.g. the destruction ofbiotopes and the impacts on the 
microclimate and the water balances. The units used to produce results for land use in the core 
accounts are normally sealed up to very different degrees. In the case of dwellings e.g. the ground 
area of the house often is completely sealed up whereas the garden around is not or only to a very 
extent. To detect general trends of soi1 sealing in a country or in a re링on the degrees of sealing of 
the different land use (or even land cover) categories have to be derived from other data sources (e.g. 
interpretation of 때al photographs, housing stati양ics or field surveys) and linked to the volume of 
the different land use categories. Depending on the objective this can be done on the basis ofthe 
land use c1assification in table 1 of the core ac∞unts， a classification where single categories (e.g. 
land underlying building and structures) are further disaggregated, or even in the context oftable 2 
by economic activities. 

Other data that can be integrated in the supplementary accounts are e.g. data on the intensity ofuse 
of agricultural, urban or infrastructure land like use of chemicals in agriculture, emissions, disposal 
。fwaste, extraαion ofwater or other resources, transport related information like traffic density 
etc.7 An important f농ature of the supplementary accounts is that in many cases the issues demand 
data that are re휠onalised or even geocoded. The detail of geographical referencing determines the 
detail ofpossible accounting (see Parker et. a1. 1996). 

4.2.3.3 Land cover-oriented accounts 

In the land cover-oriented supplementary accounts the land cover information in the core accounts 
is extended by describing in a more detailed way the potentials ofland and aspects ofbiodiversity. 
The potentials of land relate e.g. to the richness of the natura1 habitats in terms of extent and 
biodiversity, to their vulnerabi1ity, to the characteristics ofthe soil, to the social and economic 
activities ofwhich it is the support. The potentials can be assessed from several points ofview, one 
ofthem being the capacity ofthe landscape to sustain naturallife under the pressure ofhuman 
activities (parker et. a1. 1996). In the case ofthe cover-oriented accounts the link to economic 
activities and pressures is more difficult to establish than for use-oriented accounts. In principle data 
on biotopes, flora, fauna and informations on the natura1 conditions in a country or region (c1imate, 
soil, water etc.) are important premises for the land cover-oriented accounts. 

For analysing land cover or ecosystems on a more sophisticated level often more homogenous land 
units are used. Especial1y biotope accounting is a very important example in this regard. Biotope 
accounts are normally better targeted to nature conservation policy or to (ecosystems) theory than 
land cover descriptions. The link to the core accounts can in principle be established by a table 
crossc1assifying land cover and biotopes in the same way as table 1 of the core accounts does for 
land use and land cover. As in the core accounts a biotope change matrix (corresponding to table 3) 
and a table indicating the causes of changes (corresponding to table 4), distinguishing human 
influences from natura1 developments, can be produced (see e.g. StottIHaines-Young 1996).8 

7 For examples see e.g. Conference ofEuropean Statistici없15 1995 or European Environement Agl얹lcy (1997). 
8 Basic data in biotope accounting are often georeferenced. See e.g. Stott퍼aines-Young 1996 and Seibel et. 외.1997. 
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An important aspect ofbiotope accounting is the integration of qua1ity indicators, e.g. on 
biodiversity aspects (see chapter 4.2.3.4). Changes in biodiversity in most cases are a cönsequence 
ofhuman activities. However, in biotope accounting only the dimension of diversity of species in 
biotopes 잃n be integrated. In the biodiversity debate habitat diversity, that can be understood as 
diversity ofbiotopes in a landscape, is another important aspect. To inc1ude habitat diversity in the 
land and ecosystems accounting module more heterogenous landscape units like ecozones or 
landscape 양pe units have to be desσibed by the corresponding quality indicators. In the case of 
biodiversity the p하'a11el use of different accounting units is therefore indispensable 띤offmann­
Kroll et.a1. 1999). 

In general the surface area accounts for landscapes and ecosystems or biotopes that are reqired to 
reflect biodiversity can be linked not only to diversity indicators but a1so to the relevant materiaI 
(e.g. degradation by residuals) or functionaI indicators for describing the state ofthe environment. 
It leads to a systematic, theory-based description of the state of environment which would' extend 
(from a conceptional point ofview) the current data reporting conducted on a medial or sectoral 
basis. 

4.2.3.4 Integration of qu때ity aspects 

The integration ofquality aspects ofland is a common feature ofbothηpes of supplementary 
accounts, land use- and land cover- oriented accounts. Qua1ity aspects can only be integrated 
dire따ly in an accounting structure based on surface areas (see 4.2.1) as long as they can be desribed 
as extemal changes by more detailed classifications. In the more detailed version of SEEA as 
discussed in Rio it is therefore clearly stipulated that land and ecosystems types should be further 
subdivided in a c1assification system based on quality. The description of the stocks and changes of 
land and ecosystems would accordingly be extended to such quality c1asses. However, there are two 
clear limitations to such an approach of general, aggregated quality classes from a methodological 
and practical point of view: 

There are no concise breakdowns by complex quality c1asses ofland or ecosystems 양peswhich 
are scientifically sound. For the forest ecosystems, for instance, the health ofthe trees, the soil, 
the abundance ofwild plants and animals or the state ofthe soil would all have to be considered. 
At the current state of the 따t， a quality classification in viewofthese aspects would be feasible 
only if normative standards as well as statistical descriptions were applied for the aggregation of 
the individual factors to quality c1asses. 
Because of the combination of the various quality characteristics, any attempt to avoid 
normative elements in the assessment by cross-classifications resu1ts in a very large number of 
qua1ity classes. This would be unrealistic and/or extremely cost1y to be quantified in a reliable 
way at present. 

The only practical solution is a pragmatic approach. The surface area of ecosystems or land cover 
units can be depicted by integrated accounting methods, whereas the indicator method is used for 
any further qualitative differentiation ofthese units. If suitable non-additive quality indicators are 
defined for the classes used for describing land use, land cover or biotopes in the corresponding 
accounts, the quality indicators can be added to the surface values as separate columns in stock 
matrices. From a methodological point ofview this approach is similar to monet따y valuation in the 
treatment of land as an economic asset. In the latter case the additive measure is the price as an 
expression ofthe productivity ofland; from an ecological point ofview, intemal quality is 
expressed by different quality indicators instead. 
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This approach opens the field to a lot of politically important analyses by combining the 
advantages of accounting and indicator methods. For example, aspects of biodiversity (especially 
habitat and species diversity) can be reflected by accounting methods on1y to a very limited extent. 
The consistent methdologicallink between accounting methods such as surface area balances and 
the respective biodiversity indicators are imperative for a satisfying result. To 링ve a concrete idea 
:from the kind of links between area balances and quality aspe따s in the following some examples of 
appropriate indicators will be named which are suitable to describe biodiversity in the rural 
landscape. The biodiversity of habitats in a landscape or ecozone (heterogenous land cover units , 
see chapter 3.2) on the one hand can be recorded by indicators like natura1ness of1andscape 
(percentage of area covered by natura1 and rather natural biotope types), biotope diversity of 
landscape (number ofnön-technical biotope types), len힘h of linear features/verges, number of 
small biotopes or occurence of endangered biotopes (in percentage of area). On the biotope level 
biodiversity of species can be characterised by indicators like the mean number of species (in 
biotopes or sample units in biotopes), the share of endangered species (as mean number or 
percentage of all species) or the share of specific strategy ηpes that describe the stress to which e.g. 
plants are subjected (see Ho:ffmann-Kroll et a1. 1999 or for some other indicators Haines-Y oung 
et.a1 1996). 

Another politically relevant example is soil degradation. Soil degradation is defined as a process 
that lowers the capacity of the soil to produce goods and services. The two categories of soil 
degradation are displacement of material by water or wind erosion and soil deterioration by 
chemical or physical processes. Examples for indicators used in the supplementary accounts to 
cover the aspect of chemical deterioration of soils are loss ofnutrients andlor organic matter, 
salinization, acidification, pollution, acid sulphate soils or eutrophication. (United Nations 1999; see 
especially paragraph 299 to the link of soil, land, socio-economic data and data on natura1 
con떠ld버itions). 

In general the degree to which quality indicators are combined with the accounts depends on the 
objectives of the analysis; in environmental accounting a more Iimited use of quality indicators 
than in natural science reporting systems on the state of environment is normal1y adequate. 

5 Integration of soil 

In the SNA (see 4.1) soil is not treated as a separate economic asset. It has no distinct monetary 
value. If the quality of soil is important for the use of land - as it is e. g. the case for agricultural or 
forest land - the quality of soil is a factor inf1uencing the price of land. 

In the asset classification and in physical accounting of the SEEA soil is integrated explicit1y as 
distinct natural ressource stock asset. (Note: πllS is 때lid for the Canberra-version ofthe asset classi:fication.) 
This reflects the quantitative dimension of soil that is soil erosion reducing the availability of soil as 
a consequence of direct human use 따 a site (see table in the annex 1 to chapter 3 structure ofthe 
asset accounts). Physical flows connected with soil erosion are treated as involving a decrease in 
soil and an increase in the soil of the area to which the soil has been transported by wind and water 
(1993 SEEA 289). This underlines the character of soil as an in principle depletable asset. On the 
other hand, the use of soil is different 융om that, for example, of sand and stone extracted by the 
mining industry. The basic character of soil as a natural resource stock asset is in a way more 
similar to the character ofland. As shown in chapter 4.2.3 .4 the negative impacts ofsoil degradation 
are integrated in the land and ecosystems accounting module, too. The qualitative dimension of soil 
(ηpe of soil, nutrients etc.) is an important aspect of a11 terrestrial ecosystems. If soil erosion is 
included in this type of analysis, it is done more under the aspect of surface area (in ha) that is 
a:ffected by erosion problems or has a high risk to be eroded. 
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As a consequence the way in which soil is inc1uded in environmental accounting - as natura1 
resource stock asset or as p없t of land and ecosystems accounting - depends on the importance of 
the quantitative resp. the qualitative dimension of soil in a country or re힘on (F or a more 
detailed presentation see United Nations 1999, p.123 ff.). 
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Abstract 

Ecolo명cal Area Sampling (EAS) is a new statistical approach to provide data on the state 
and development of ecosystem and landscape structures. EAS is a systematica1ly designed and 
standardized tool of data s없np파19 and analysis to get representative results of physical stru따ures 
forthewh이eofGξrmany. Data are collected periodi빼y in monitoring sites sele따ed at random. 
The concepts were tested to a limited extent in a pilot study in summer 1995 and summer 1996. 
In the article the general concepts ofEAS w퍼 briefly be outlined. The survey contents and the 
indicators that can be derived will be described, and some first results of the pilot study will be 
gIven. 

1. Objectives of EAS and pilot study 

1. Ecolo밍cal Area Sampling (EAS) is a new tool with which integrated data on the nature 
and landscape structures and their development are to be collected for the first time in a sys­
tematic, representative and periodical manner which will be uniform for the whole of Germany. 

2. EAS is p없t of a more comprehensive research project on the state of environment which 
is integrated into the Environmental Economic Accounting (EEA). In EEA much work has 
already be done to provide information from a national point of view both for the pressures of 
economy on the en찌ronment and for responses to improve the environmental conditions. A de­
scription of the state of the environment on a national scale however is st퍼 missing. In order to 
퍼lt피s gap, land cover information for the whole of Germany has been derived from satellite data 
(prl이ect CORINE Land Cover), and a research project on the development of a sy안em ofindi­
cators of the quality of environment in Germany has been carried out. The EAS ist part of this 
latter project, as the physical structure of landscapes and ecosystems is an important aspect of 
this indicator system. The other aspects are impacts of pollution and the functionality of ecosys­
tems (cf Schäfer 1995). 

3. Information on the state of the environment in Germany that is currently collected on a 
regular basis focuses mainly on the impact on media and organisms caused by harm:ful substances 
("impacts" aspect). For tlús there exists a number of monitoring systems covering the area of 
Germany. Data on the state and quality of landscapes and nature from "phy.sical structure" as­
peαs， which pro찌de just as important information on the st없 of the environment, are however 
available only for specifi.c cases, limited spati외 sections or do not meet the requirements of an 
indicator system on the st따e of environment in a s때S행ng way. For t피s reason EAS is the pre­
condition for systematic, periodic, and nation-wide data collection in this field (cf Heidrich­
RiskelHoffinann-Kroll 1994 and Barr/Bunce 1993). Thus it will be a reliable basis for informa­
tion and a usefi띠 tool for decision-making in the field of nature conservation, which so far 
has not been available at the level ofthe Federal Republic: 

The EAS results permit supplying information on the st따e and ch뻐ges of nature and the 
landscape in current land use areas. 
The EAS will provide for the first time data on the frequency and qu떠ity of ecosystem 
types which will be reliable in terms of statistics for the whole of Germany. This means 
considerable support for political action in the field of nature conservation because 



3 

"large-area nature conservation", i.e. sustainable use also outside protected areas, requires 
information on the entire territory too. 
By means ofEAS, area-related changes ofthe biolo횡cal diversity in Germany may be 
represented and ev려uated for all-German nature conservation policies. 
EAS results will permit to measure the success or failure of nature protection policies at 
the feder떠 level because the extent of changes can be obseπed. 
EAS results will provide a basis for comparison with regard to purposeful area protection 
measures as p따t ofnature conservation; e.g. the efficiency oflarge-scale nature conser 
vation projects of the federal government can be represented in comparison with the state 
of the overalllandscape. 

4. For EAS, data on the landscape qua1ity, the biotope qu빼.ty， and the occurrence of species 
in biotopes are collected in periodically monitored sites that were selected at random. Some 
aspects ofthe survey design ofEAS were 떠ready presented at the Joint ECEÆurostat Work Ses­
sion in Helsinki 1994 and in Mèze 1995 (cf. Heidrich-RiskelHofiìnann-Kro111994 and Schäfer 
1995). First ofall, a concept was developed in cooperation between the Federal Statistic떠 Office 
and the F ederal 0퍼ce for Nature Conservation with the support ofprivate comp없nes 
(cf. Back/RohnerlWillecke 1995, FoecklerlHerrmann/Schmidt et al. 1996). The survey design and 
programme are shown in ch.따t 1 (see chapter 2). 

5. The concepts were testet to a limited extent in a pilot study in summer 1995 and summer 
1996. This pilot study - from which results are now available - focused in particular on finding 
solutions to issues of methodology (e.g. sampling concept, operationa1isation of ind없.tors， sam­
p파1geπors) and survey organisation. Especially for an entirely new survey tool suchas EAS, a 
methodological pilot study is indispensable. For analysing the contents, the results ofthe pilot 
study are suitable only to a limited degree, which is due to two factors: First, the mainly method-
010휠cal character of the pilot study and, second, the small sample sÏze which, in turn, is due to 
파nited funds. The consequences of these restrictions are the delimitation of the pilot study test 
area (see chapter 2) and the sampling random errors that occurred in the pilot study; because of 
the small sample size, these errors are considerably more serious than would be expected for the 
main survey. However, since the pilot study is a rather large survey if compared with other data 
available for the ecolo횡cal field, the standards applied to the representation of results should be 
less exacting than usual in 0많cial statistics - all the more so, since there is a great national de­
mand for data which at least give an impression of magnitudes. 

6. In the following, the general concept ofEAS and the role of CORINE Land Cover (CLC) 
and of the land classes will briefly be outlined. The survey contents and the indicators that can be 
derived will be described, and some results ofthe pilot study will be given. 

2. General features 

7. Ecological Area Sampling may be divided into two levels (see chart 1): 
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Chart 1: Ecological Area Sampling (EAS) 
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At the first level, indicators oflandscape quality and ofbiotope quality are covered for 
the sample units (size 1km2). For this purpose, aerial photographs are evaluated to cöver the bi­
otopes existing in a given sample area. The scale ofbiotopes is quite appropriate to describe the 
s앙t없없eo아ft뼈h뾰e environment because it penn뼈 a뻐na뻐na때ψS잉i피s in tenns of ecological theory, too. Subse­
quently, the landscape is examined (through a field survey) and the biotopes checked for their 
coverage or, where necessary, further specified by means of a biotope classification comprising 
some 500 items. Moreover, the field survey al10ws the coverage of small biotopes that are not 
visible on the aerial photograph. F or important biotope types, the field survey also seπes to cover 
additional variables on the biotope quality. The results of aerial photograph interpretation and 
field survey then are di링talized and stored in a geographical infonnation system (ARCIINFO). 
Subsequently the data are raised to hi방ler levels such as land classes (see below) or biotope types 
in Gennany. Results are evaluated both for the overall areas of the sample units concemed (land­
scape quality) and for individual biotope types (biotope quality). Theoretical work on the con-
cepts ofthis level is described in detail in Back/RohnerlWillecke (1 995). 

At the second level, these results are supplemented by an analysis of the species (plants 
and some groups of species of animals) existing in randomly selected subsample units within the 
sample areas of the first leve1. The concept for this second level is described in detail in 
Schmidt!FoecklerlHernnann (1996). 

8. Only when landscape quality and biotope quality (level 1) are linked with the stock of spe­
cies in biotopes (level TI) it will be possible to arrive at a satisfactory assessment of the ecosystem 
qu빼ty with regard to the physical structure, as is planned for the indicator system. 

9. Generally, any landscape - agriculturallandscapes, urban areas, woodland and land cover 
types close to nature - has to be included in such a sample for the Federal Republic of Gennany. 
For reasons ofpragmatism, however, the pilot pr이ect currently focuses on agricultural areas 
(type of1and cover) in Brandenburg, Berlin and Thuringia. Land cover in Gennany was en-
tirely covered as p없t ofthe European CLC1 project for areas with a mÎnimum size of25 ha and 
for linear structures (e.g. watercourses) with a mÎnimum width of 100 m. The indicators men-
tioned in the following are tailored to the prev없ling type of agricultural area. Nevertheless the 
indicators partly seem to be applicable for the other non-urban areas, too. The landscape and 
nature quality based on structural variables is assessed mainly from the aspect ofbiodiversiη and 
nature conservation. Other, and possibly competing, environmental aims such as groundwater 
protection, climate protection, recreation and the like, are not inc1uded in this project. This would 
mpaπ require supplementary indicators. 

10. Since the appearance of landscapes and the occurrence of species heavily depend on the 
localland conditions, a classification of Gennany into 28 land classes was developed; each of 
these land c1asses is characterised by a largely homogeneous natural composition (regarding ge­
ology, climate, soil, hydrology and morphology). Because of methodological and financial rea-
sons seven of the total of 28 land c1asses were selected in the test area of the pilot study for the 
coverage of1andscape and biotope quality, while for the coverage of species four ofthose seven 
c1asses were selected. 

1 On the basis of satellite data, aerial photographs and topographical maps. 
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11. While the information on land cover and land classes are available for the entire test area 
(which was limited as explained above), 70 sample units of 1 square kilometre each were select­
ed as paπ ofthe pilot study to cover the landscape and biotope qu때ty. The occurrence of species 
was generally covered in even smaller subsample units. 

12. The much higher degree of di표농rentiation ofthe EAS compared wÍth the coverage of 
land cover (the lower limit of coverage for biotopes is 400 m2, which is just 0.16% ofthe lower 
limit of coverage for the eva1uation of land cover as p하t of CLC) becomes obvious simply by 
comparing the biotope types covered by the EAS with the land cover units. Chart 2 shows how a 
landscape unit that looks homogeneous on a small scale (the CORINE agricultural area in Bran­
denburg, Ber파1 and Thuringia) becomes more di:fferentiated when chan맹19 from land cover 
types to biotope types. Of course, arable land and managed grass - accounting for 85% ofthe 
area - are hi맹ly domin뻐t in the agricultura1 1and cover types. However, it becomes a1so obvious 
that there do occur smaller non-agricultura1 biotope types to a significant extent, e.g. forest (3%) 
as well as settlement and technica1 biotope types (허so 3%). This quantitative information about 
the shares of different biotope ηpes is quite essentiel for the interpretation of qualitative changes 
over time (cf Krack-RoberglRiege-WcislolWirthmann 1995, Conference ofEuropean Statisti­
cians 1995). 

;:~:~:~:~:j::';r'::r::r; 틀{:: 

3. The first level of the sample survey 
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3.1 Indicators of landscape quality 

13. The landscape quality ofthe sample units will be covered by indicators with regard to 
three items: 

cultural impact/intensity of use, 
structural diversi양 and 
rareness / endangerment 

Chart3: Indicators of landscape quality in agricultural pattern 

item indicator 
intensity of use arti:ficiality 

soil sealing 
risk of erosion of arable 

land 
fragmentation 

structural diversity biotope diversity 
plot size of agricultural 

areas 
elements with linear 

features 
small biotopes 
spatial distribution of 

structural elements 
spatial distribution of 

endangered biotopes 
rareness/ endangerment occurrence of endangered 

biotopes 

14. The indicators to be covered in the sphere of cultural impact/intensity of use are artifi-
ciality/naturalness, soil sealing, risk of erosion, and fragmentation. The degree of artificiality / 
naturalness ofthe sample area is shown by the shares ofthe area ofbiotope types with low aπifi­
ciality levels. 

Chart 4: Artificiality of biotope types by land classes 1995 in the test area *) 
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15. Generally, the biotope 양pes may be allocated to different levels of naturalness on the type 
leve1. This work was carried out by prior technical discussion. The three groups distinguished 
here are natural biotope types (and biotope types c10se to nature); semi-natural biotope 양pes; 
biotope types characterised by cultural impact and 없퍼cial biotope ηpes (to simplify matters, the 
latter are referred to as "biotope 양pes determined by culture" in the following). Chart 4 shows 
the corresponding area shares, broken down by land c1asses. The extent to which the natural en찌­
ronment is already characterised by human impact in the agricu1turallandscape is shown by the 
large share ofbiotope types determined by cu1ture (68%) and the small share ofnatural biotope 
types (and biotope types c10se to nature) (4%) in the test area. An examination ofthe individual 
land c1asses reveals considerable variations depending on the natural situation: Marsh1and and 
river plains, plain land near to groundwater and palaeozoic low mountain ranges are covered by 
semi-natural biotope types up to a degree of about a third. For the remaining four land c1asses the 
shares ofbiotope types determined by culture rise to about 80% or even more. Among the agri-
cultural areas, plain land near to groundwater has the largest share (5%) ofnatural biotope types 
(and biotope types c10se to nature). These are essentially reeds. The fertile, and thus intensively 
used plain land distant from groundwater and the Gäz，β'ächen on loess show the lowest figures 
(3% and 2%) for natural biotope types (and biotope types c10se to nature). 

16. T 0 assess the overall degree of soil sealing of the s없nple area, the degree of soil sealing of 
bui1t-upon biotope types is rough1y estimated as paπ of the field survey. As regards the risk of 
erosion, it will on1y be possible to develop a rough indicator which will main1y be derived from 
the slope inc1ination, possibly inc1uding precipitation. The presentation of fragmentation is to fo­
cus on the length of the paved road network per ha in the areas outside the settlement area. 
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17. In the field of structural diversity, attempts are currently made to cover the following 
indicators: biotope diversi낀， biotope size of arable land, the occurrence of elements with linear 
features and ofsmall biotopes, the spatial distribution ofsuch elements and ofbiotopes ofthe red 
data book. To show biotope diversity, the number ofbiotopes and ofbiotope 양pes within the 
S없nple area is to be determined. 

18. Biotope types ofthe settlement sphere and technical biotope types such as dumping 
grounds are not taken into account here. Chart 5 shows the average number of different biotope 
ηpes by land classes. On average, there are 32 biotope ηpes per square 힘lometre. The fertile 
G따tfl찌'chen (23 biotope 낀pes per square kilometre) are the most monotonous ones, whi1e the 
greatest number of di많rent biotope types per area unÌt are found in the pa1aeozoic low mountain 
ranges and in plain land near to groundwater (35). This resu1t corresponds quite clearly to the 
distribution ofbiotope types with different levels ofnaturalness (Ch없t 4). The resu1ts thus show 
quite clearly how aspects of cultural characterisation of the landscape are interlinked with aspects 
of structural impoverishment. 

19. For arable and viticulturalland, the biotope size as an important indicator is estimated. 
The occurrence of elements with linear features is determined by calculating the overalllength of 
such elements within the sample area.For small biotopes such as ponds, is이ated trees, rocks and 
the like, the frequency of occurrence in the sample area is determined on the basis of the resu1ts 
ofthe field survey. 
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20. As regards the sphere ofrareness/endangerment, it will be attempted to cover the bi-
otopes of the red data book and to determine the shares of their areas. 

21. As a result ofthe pi10t survey, there will be refinements or slight changes in indicator 
construction, especially in computing the indicators of spatial distribution of structural elements. 
In general however the indicators proved a success. 

3.2 Indicators of biotope quality 

22. From the aspect of nature conservation, it is possible to allocate different values to di표농r-
ent biotope 양pes at the ηpe level (e.g. according to intensity ofuse/artificia1ity levels ofthe 
types; see above). Additional characteristics regarding the determination ofbiotope quality of 
selected important biotope types are covered at the object level as p하t ofthe field survey. As 
such characteristics - 4 to 7 per biotope type -di표농r according to the biotope ηpes， their com­
plete presentation would be too far-reaching here. 

23. In the following, some qua1ity aspects are presented with regard to the group ofbiotope 
ηpes with the greatest area shares in the test area, i.e. arable land (see chapter 2), among which 
grainfields and fallow land have the biggest shares. The quality is - among other things - de­
scribed by the occurenée of edges and wild plants. 

24. As far as the occurrence of edges in arable land is concemed, the situation is heterogene-
ous: A total of 86% of the arable land in the test area had edges, whi1e 12% had none. A more 
differentiated examination of land classes shows however that in every land class most fields 
(73% offield area at least) had edges, but this predominance differs according to the land class. 
In marsh1ands and river pl밍ns， in the Gä랜achen on loess and in the Keuper-Lias-land the share 
offields without edges is sti1l considerable (more than 15 up to 25%). In plain land and in low 
mountain ranges on poor clay, clay and sandstone, however, arable land with edges prevail quite 
clearly with more than 90%. For the palaeozoic low mountain rangξs， it is not meanin행11 to 
compi1e the relevant figures because there is a large share ofunavai1able data. Altogether, there is 
a slightly decreasing percentage for edges in landscapes which are characterized by wide plains. 

Chart 6: Occurence of edges in arable land by landscape types and land c1asses 1995 
in the test area *) 
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25. In 1995, there were wild plants in half of the total area of the arable land within the test 
area. In 27% of the fields, wild plant occurrence was sparse, while in 23% it was strong. In 41 % 
of the fields, there were no wild plants, and for 10% of the fields no data are available. In marsh-
land and river plains, in the Keuper-Lias land as well as in low mountain ranges on poor clay, clay 
and sandstone, clearly over 50% ofthe area ofthe arable land has no wild plants and in less than 
20% the occurrence ofwi1d plants is strong. The most extreme situation is found in the Keuper­
Lias land, where 60% ofthe fields have no wild plants, while injust 13% the occurrence ofwild 
plants is strong. In plain land near to and distant from groundwater, arable land without and with 
strong occuπence of wild plants is roughly b떠anced， althou힘1 here too there is a sli뱅tm며ority 

offields without wild plants. In plain land distant from groundwater, fields with sparse occur-
rence ofwi1d plants have the largest share (44%). Qnly in the palaeozoic low mountain ranges, 
the area ofthe arable land with strong occurrence ofwi1d plants (14%) is larger than that without 
wild plants Gust 2%). Here, the share of fields with sparse wild plant occurrence is 84%. 

26. In general, the characteristics ofbiotope quality proved a success, too. Nevertheless there 
is a need for further standardisations in specific cases. 

4. Level II of the Ecological Area Sample 
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4.1 Purpose of data collection and pilot study 

27. The purpose offurther differentiation ofthe area sample at level II is to derive 
inforrnation on the stock and changes of communities of plants and selected groups of animals. 
This is necessary for two reasons: First, the species and the preservation oftheir diversity are a 
value of their own and, second, the occurrence of species permits to draw conclusions on the 
state ofthe habitats (biotopes), which in turn makes it possible to derive further inforrnation on 
the biotope qua1ity in addition to what was obtained from the first leve1. Comparable studies 
caπied through in Great Britain (cf Barr and Bunce, 1993 in the Countryside Survey) show that 
qua1itative changes ofbiotopes (i.e. changes in the number and composition ofspecies and in 
their ecological types of requirement patterns) occur long before land changes emerge through 
the transition to another biotope type. F or instance, the totallength and the outward appearance 
of hedges in specific land classes did not show any changes over time, while the number of 
species living in hedges dramatically decreased in the same period. This example clearly shows 
that there are several relevant measuring levels for describing the physical structure of the 
environment. Depending on the issue to be examined, it may not be su田cient to represent the 
physica1 structure of the environment on1y at the above-described level 1 (and by means of the 
indicators mentioned there). 

28. For f10ra and faúna, differentiated collection concepts were developed as p따t ofthe 
project (cf Foeckler, F., Herrmann, T., Schmidt, H. et al. , 1996). Based on a catalogue of criteria 
(among which gradient of intensity of anthropogenic use, gradient of humidity and nutrients, 
meaning for f10ra and fauna, and others), a number of biotope types and groups of biotope 
types were selected. Considering the objective of "nature conservation over the entire area", it 
was deliberately avoided to focus on the areas that are particularly valuable for the protection of 
species and biotopes. Examples for selected biotope types are arable land, vineyards, different 
types of grassland, moors, shrub land / edges, ditches and lakes. 

29. As for level 1, areas for f10ristic and faunistic studies are selected at random. Such 
random sampling is perforrned in two steps: First, biotopes of previously defined types are 
selected at random within the sample square kilometres of level I. Then the subsample units 
("plots") in the selected biotopes are drawn. 

30. The theoretical preparatorγ work a1ready showed that the requirements of such a 
statistical approach are more di:fficult to meet for animals than for plants, which is main1y due to 
animal mobility. The problems of practical coverage, too, are more numerous and more di:fficu1t 
for animals. This is why the focus oflevel II for the empirical work ofthe pilot project was on the 
f10ristic studies, even though the theoretical concept was developed both for plants and animals. 

31. In summer 1996, a pilot study for level II was carried through. The coverage of species 
in the pilot study was limited to even more restricted groups ofbiotope types. With regard to the 
vegetation, where the examination clearly focused higher plant species, the selection consisted of 
three groupings of grassland biotope types: grassland biotopes on arid land; semi-humid, inten-
sively used grassland with a sma11 diversiη of species; and a selection of shrub land as linear bi­
otope types. The animals covered were birds in the sample square kilometres serving to cover the 
landscape structure in Thuringia and water molluscs in ditches. 
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4.2 Methodology and indicators for covering the flora 

32. The sizes and shapes ofthe s없nple areas/plots are based on the 안ninimum area" and vary 
between 4 and 64 m2 (squares or rectangles), depending on the biotope ηpe. 1t proved better, 
however, to uniform the plot size in a main survey to be able to compare the results. For each 
group ofbiotope ηpes seleαed， biotope survey forms were designed. Primary data to be 
collected are: 

- number of species per plot, 
- degree of soil coverage2’ 
- height and number of stock str없a， 

- tota1 degree of soil coverage of stock strata and 
- species belonging to stock strata. 

33. In addition, there are various auxiliary variables such as genera1 data on the plots or the 
flowering aspect of important species to ensure the comparability of the phenologica1 times of 
recording. 

34. The list below shows the most important among a number ofindicators suggested which 
refer to the sample plots of any biotope ηpe and are derived either direct from the basic data or 
throu양 파1kage with additiona1 information: 

- Mean number of species: It indicates the diversity of species but has to be interpreted taking 
into account additional information such as the range of species that is 양plC외 of the biotope 
concemed. 

- Evenness of species in combination with the degree of soil coverage: This indicator describes 
the dominance structure (that may change, for instance, with the stock of species remaining 
unchanged) on the basis of the ratios of the degrees of soil coverage and indicates the 
structura1 diversity of the flora. 

- The total degree of soil coverage and the height of the stock strata indicate the stability 
and producti찌.ty of a location. 

- The share of specific strategy types describes the "stress" (disturbance and availability of 
resources) to which the plants of a location are subjected. This is achieved by subdividing the 
stocks according to the share ofhighly competitive species (C strategists), stress-tolerant 
species (S strate링sts)， and species tolerating unstable, disturbed conditions ofruderal 
locations (R strategists). 

- The ecological indicator values for nutrients and humidity: the share of specific nutrient and 
humidity indicators provides information about the relevant conditions ofthe location. 

- The share ofindicator types for low levels of Hemerobie (artificia1ity ofland cover): 
Hemerobie is "the total of a11 intended and unintended effects exerted by man on an 

2 Percentage of the plot that is covered by speci:fic species if the relevant totalleaf surface as seen from above is 
projected onto the ground. 
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ecosystem" (BLUME and SUKOPP, 1976)3. By allocatingHemerobie values to individual 
species, the degree of naturalness of, or cultural impact on, vegetation stocks is shown. 

- The number of species included in the Red List shows the importance of the biotope ηpe 
concerned for the protection of endangered species. 

35. Among three proposed programme v때ants of a floristic survey, the 안ninimum 
programme" is the solution meeting minimum requirements in terms of subject-matter. It is 
limited, among other things, to: 

- data col1ection 피 all sele따ed biotope types which, however, are combined to form groups of 
biotope 양pes; 

- one survey per year in the summer months; 
- a fol1ow-up period of 5 years; 
- coverage of species only for vascular plants, while for cryptogams only the total degree of soi1 

coverage is covered. 

36. To 휠ve an ex없nple of the vegetation structure in the test area, chaπ 8 shows the struc-
ture of plant communities by land c1asses in 없id grassland, in semi-humid, intensively used grass­
land with a small diversity of species and in selected shrub land. 

37. The absolute values for the average number of species, the average number ofRed-List 
species and the average number of two types of ecolo휠cal indicator species (oligotrophy and 
nitrogen) per area ex없뻐ed ("plot") m,ay be compared in a meanin맹II way for different groups 
ofbiotope types only ifthe figures ref농r to areas of the same size. Consequent1y, absolute values 
for arid grassland (examined area 36m2) cannot be compared with those of intensively used 
grassl없d (8 m2) and shrub 1빼 (8 m2), whereas shrub land c때 be compared with intensiveψ 
used grassland. The shares of di짧rent groups of species on the total amount of species per plot, 
however, can be compared between 떠1 biotope types examined. 

38. In arid grassland there are 40 species to be found per plot on the average, varying from 26 
to 46 according to the land c1ass. Intensively managed grassland has 19 species per plot (from 14 
to 24 in the different land c1asses). For shrub land the situation is quite similar (21 species, v따y­
ing from 18 to 27). 

39. There are only f농w endangered species (species ofthe Red List); their mean numbers per 
plot are below one for all biotope types and allland c1asses. Arid grassland still has the highest 
share (1.7%) which is due to site conditions with rather high values in plain land distant from 
low mountain ranges shrub land has more endangered species than intensively used grassland. 
Chart 8: Structure of arid grassland, intensively used grassland, and shrub land by land 
classes 1996 in the test area*) 

3 BLUME，잭 .-P. ， SUKOPP，잭. (1976): ?ologische Bedeutung anthropogener Bodenver?derunglεn. Schr.Reihe 
Vegetationskunde. 10, p. 75-89, Bonn-Bad Godesberg. 
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40. As for the difI농rent biotope types examined arid grassland is characterized by the highest 
share of oligotrophy indicator species (42%) and the lowest share of nitrogen indicator species 
(8%). Most clearly this fact is to be seen in low mountain ranges on poor clay, clay and sandstone 
where oligotrophy indicator species have a share of 50% and nitrogen indicator species only of 
4%. Oppositely intensively used grassland has the highest share of nitrogen indicator speCies 
(38%) and the lowest share of oligotrophy indicator species (6%). Only in Palaeozoic low 
mountain ranges the highest share ofnitrogen indicator species (36%) and at the same time the 
lowest share of oligotrophy indicator species (12%) is not achieved in intensively used grassland 
but in shrub land. Comparing the different land classes it is obvious that the oligotrophy indicator 
species mainly concentrate on low mountain ranges, whereas the highest shares of nitrogen indi­
cator species (except for arid grassland) are to be found in the Gäuflächen on loess. 
41. First experiences of the pilot study show that there are indicators which seem to be not 
quite suitable, e.g. evenness (which does not differentiate in a su田cient way) or the hight and the 
coverage ofthe stock strata (which are not measurable exact1y). Nevertheless further tests wil1 
잊ve additiona1 information. 
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4.3 Methodology and indicators for covering the fauna 

42. For the faunistic study, groups of species were selected on the basis of a catalogue of 
criteria (indicator value, time required for investigation, f농asibility， acceptance). Among the 
invertebrates, these groups are butterflies, dragonflies, locusts, ground beetles and water 
molluscs, while among vertebrates the birds and amphibia were chosen. For every group of 
species, the sample area is standardised (as a plot or transsect4). Observation is performed either 
for the entire sample area oflevel 1 (transsect for birds and butterflies) or on1y in specific biotope 
types. F or every group of species, landscape survey forms were developed. 

43. Indicators under consideration are, among others: 

- total number of species in the plotslbiotope type or in the sample unit; 
share of rare species or species inc1uded in the Red List in the sample units; 

- share of species by ecological types of requirement pattems (냉enök"/"euryök" to induce 
ranges ofvariation of environmental factors, stenotopic/eurytopic to characterise the similarity 
ofhabitats, species preferring specific temperatures or humidities). 

44. Due to financial aspects it seemed to be convenient to divide the fauna programme into 
several steps which could be carried out according to funds available. A first proposition was 
performed by experts of the F ederal 0田ce ofNature Conservation. The first step consists ofthe 
coverage ofbirds in the sample units oflevel 1 and oflocusts in sever머 grassland types. As with 
flora and landscape, the follow-up period here is five years, with different numbers of runs in the 
year of observation, depending on the group of species. 

5. Outlook 

45. The results shown as ex없nples will certain1y not provide enough differentiation for many 
interesting issues. Although it would be possible also as paπ of the pilot study to obtain results 
for other survey characteristics, providing tables with a more detailed breakdown, the random 
error caused by the small sample size would in some cases reach a dimension that would involve a 
considerable risk of overinterpreting the results. A routine EAS main survey for the representa-
tion of trends would have to inc1ude forest and land cover types c10se to nature rather than being 
limited to the CORINE agricultural area; due to a larger sample size and the inc1usion of the oth­
er land cover types, a considerable reduction of errors would be expected5. Thus a main survey 
for Germany would provide a more comprehensive and more differentiated programme which 
nevertheless could be evaluated with a justifiable degree of errors. Also, it would be possible to 
include in that programme additional survey contents (e.g. with regard to the fauna) and more 
comprehensive evaluations (e.g. regarding the relation of diff농rent survey contents such as the 

4 Transseα: Preciseη de:fined path through a sample area along w피ch the species are recorded in a previously 
de:fined manner. 
5 First, there are still considerable random errors at present with regard to information on biotope types which 
O따r mainly outside the CORINE agricultur외 area (e.g. for앓t). Second, in the case of ar않s continuously 
monitored, the errors of estimation occurring during trend estimation are clearly smaller than for stocktaking at 
a speci:fic point in time. 
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fauna ofbirds in relation to the structural diversity ofthe landscape). Despite its focus on meth­
odolo멍cal aspects, the pilot study successfully demonstrated by means of examples the possible 
information v떠ue also in terms of contents and the potenti싫 of the EAS to provide hi힘ùyim-
poπant information on ecolo횡cal structural situations which so fc따 has not been avai1able in 
Germany. In the following, the experiences ofthe pilot study willlead to a concept for a main 
survey. Although this concept is widely accepted financial aspects and the tin뻐g for the survey 
remain to be cleared. 
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1 The German Environmental Economic Accounting 

1.1 The menu of env}ronment staâsâcs 

Before we wi11 outline the concept of the German Environmental Economic Accounting it is useful to 

remember the specific role of statistics and accounting towards sustainable development. Statistics and 

accounting provide quantitative (ex post) models ofthe actual situation. Their task is neither to set 

standards or politica1 targets nor to simulate future or hypothetical situations. Hence, there is a need for a 

c10se co-operation between statistics, scientific research and the politica1 setting of standards. 

Furthennore, there are two working areas in the close neighbourhood of accounting which must be well 

co-ordinated with accounting activities and frameworks: basic statistics and indicators. In particular with 

respect to the very limited financialand personal capacities it seems to be unacceptable that double work 

would be done in the development ofbasic statistical systems and indicator sets. Basic statistics, 

indicators and accounting provide infonnation for different uses. Their quality profiles (accuracy, up-to­

dateness and level of detail) have to be different, accor버n링y. Diff농rent user groups 없ld user needs 

require a menu of statistical data which observe one specific item from selected angles. Nevertheless, 

accounting can and should be used as a tool to improve consistency and perfonnance ofthe production 

and analysis of S'때.tistica1 figures in genera1. Keeping these conditions in mind, it seems to be meaningful 

to distinguish between a narrow set of environmental accounts, being in line with the main concepts and 

fonna1 rules ofnationa1 accounting, and a set oftables, accounts or even maps which are more loosely 

linked (찌aidentic떠 classifications, accounting u며ts， etc.) to the System ofNational Accounts (SNA). 

The SNA itself should integrate those environmental goods which are of shoπ-tenn and nationa1 

economic interest (in figure 1 this is indicated by an asterisk). 

Figure 1: Scope and context of environmental accounting 
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It is obvious that this proposal is in so far different from the actual SEEA handbook (United Nations 

1993) as it underlines the limitations in providing answers to environmental problems from the very 

be혈nning. A consequence ofthis is to deny the existence of an "Eco-Domestic Product" which is 



meanin~펑ll， descriptive and comprehensive. Being 1ess ambitious concerning the endogenous 

monetarisation of environmental e1ements this approach emphasises the major ro1e that accounting is ab1e 

to p1ay as paπ of decision processes. It opens the door for comp1ementary modu1es where the SEEA -

being c1ose1y linked to economic accounting - has 1imitations. Those shortcomings are, in partic띠ar， the 

dominance of the nationa1 sca1e (globa1 or regiona1 issues can rare1y be integrated), qualitative changes 

(biodiv하sity， etc.) and changes in distributions (e.g. spatia1 restructuring). 

1.2 The framework for Environmental Economic Accounting 

Based on these theoretica1 회ndaments the German Federa1 Statistica1 Office has deve10ped the 

framework for a "Green’I Accounting System (Radermacher/Sch짧r/SeibelI995; Radermacher 1996; 

Radermacher/Stahmer 1996). The objective is to add meaningfu1 modu1es to the traditiona1 System of 

Nationa1 Accounts which are designed to quantify the extema1 (environmental) effects of economic 

activities. Figure 2 describes the different modu1es and there re1ation to decision making and target 

setting. 

In G하many， the collection and eva1uatiön of environment re1ated data has already a 10ng σadition. Basic 

environment statistics (waste, water and environmenta1 expenditures) have been carried out since the 

early seventies (Ba1tes/Nowak 1974). Geographica1 information systems and remote sensing are applied 

for 1and cover/use statistics since about ten years (Radermacher 1993). The concepts of satellite systems 

in the fie1d of environmenta1 accounting have been deve10ped by accountants ofthe Federa1 Statistica1 

Office in the eighties. Since 1989, there has been a specia1 division for "German Environmental 

Economic Accounting (GEEA)" in the department for economic and environmenta1 statistics 

(Radermacher/Stahmer 1994). This new division is now responsib1e for the who1e fie1d ofintegrated 

economic and environmenta1 accounting. Neverthe1ess, work on satellite systems has been continued in 

the department of nationa1 accounts. This work has now become an integra1 paπ ofthe GEEA. On the 

other hand, other types of information and adequate methods of evaluation and aggregation are considered 

in the GEEA, too. The framework cou1d a1ready be realised and published to an extend that is re1evant for 

actua1 policy making in Germany. However, the questions of aggregation and evaluation are in a stage 

that is still characterised by research and deve1opment. 

1.3 Methodological conc쟁t 

The calcu1ation of depreciation for nature capita1 involves numerous methodological problems (problems of 

valuationlaggregation, limited knowledge of cause-effect relations, and great regiona1 differences). For this 

reason, we must not expect too much of such a calculation. It would certain1y be wishful thinking to believe that 

such a calculation could provide one single objective and indisputab1e depreciation value in DM terms from which 

a sound, sustainable growth of the nationa1 income cou1d in turn be derived. It would be realistic instead to expect 

that in a gradual process of setting up such a system, the data actually measured, collected or obseπed would frrst 

be processed in an adequate manner, and then condensed further by means of standardised valuation procedures. It 

2 



still remains to be seen to what extent such a condensation will be usefu1, and whether a va1uation in money terms 

will be comp1ete1y successful. 

For this reason, Environmenta1-Economic Accounting has been set up in such a way as to provide answers to 

questions of economic and environmenta1 policy at every stage on the way to the final system. For eva1uating the 

efficiency ofnatura1 resource handling within the framework of structura1 and environmental policy, it is of 

fundamenta1 importance to know how the use ofraw materia1s, energy and 1and changes within the sectors ofthe 

economy over time, and what, in contrast, the emissions into the natura1 environment are. High1y aggregated 

indices of the state of the environment indicate qualitative changes in a standardised form and reflect the effects 

and benefits side of environmenta1 protection measures. The costs side and the current burden on the economy is 

recorded for environmenta1 protection activities which are actually being carried out. Abatement costs of 

additiona1 preventive measures comp1ete the picture, he1ping to wei맹 different "standards" (target va1ues) for 

individua1 serious pressure factors against each other and to decide in favour of one ofthem. The fo l1owing figure 

2 presents the comp1ete concept ofthe German Environmenta1-Economic Accounting: 

Figure 2: German Environmental Economic Accounting 
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The fo l1owing five subjects are covered by the German Environmenta1-Economic Accounting: 

1. Material and energy flow analyses, raw material consumption, emission structure 

2. Use of1and and space 

3. State ofthe environment 

4. Environmentalprotection activities, capital formation, expenditures 

5. Imputed abatement costs for attaining sustainabi1ity standards 

As indicated by the different symbols, the various subject fields are characterized by their own specific 

methods: In subject fields 1, 4, and 5, methods of economic statistics and accounting are used to balance 
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the materia1 flows caused by the economic sectors and the environmental protection activities taken. 

Subject field 2 deals with immaterial pressures arising from a modified distribution of1and uses, physical 

intervention, etc; the methodolo횡cal instruments used are remote sensing and geo information systems. In 

subject field 3, the objective basica11y is to condense measurlng and monitoring data, which are avai1able 

in an isolated form, both with regard to space and contents, so as to provide suitable indicators; on the 

basis of subject field 2, an area sample is prepared which aims at the production of 

ecoindicators/ecoindices. The entire working area of Environmental-Economic Accounting does not 

include the setting of standards. For establishing such standards, however, information from 

Environmental-Economic Accounting explicitly aims at providing factual data, where avai1able, on costs 

and benefits of a1ternative standard values for the process of political decision-making. 

2 Material and energy flow accounting in Germany 

2.1 Conception and 싼'ogress 

As a methodolo명ca1 paπ of GEEA, the mat하ial and energy flow analyses uses the natural sciences as a 

background to en1arge the material flow concept of the economy into the 만ndustrial metabolism'’ (see 

BACCINI, P., BRUNNER, P. 1991; AYRES, R.U., SIMONIS, U.E. 1994; STRASSERT 1991 and 1996). 

Characteristics ofthe concept are (see Figure 3): 

• Nature is taken into account by putting an additional asset/stock account both on the input and the 

output side ofthe system ofnationalaccounts; 

• The border between the economy and nature is defined explicitly: raw materials are extracted from the 

nature and residues are discharged into the nature; 

• The vector of goods and services in the system of nationa1 accounts is supplemented by raw materials 

and residues; 

• The material and energy flows within the system borders (e.g. domestic economy, activities of 

production and consumption, technical processes) are ca1culated by taking the law of conservation of 

material and energy into account. 

Within the system borderlines raw materials (material and energy) wi11 be transformed into products or 

groups of products and en찌ronmental burdens e.g. air emissions, waste and waste water. Depending on 

the system borderlines, economic activities can be interpreted as a technical network aiming at the 

production of goods and services. In relation to GEEA, it is relevant to cover the material and energy 

flows caused by activities ofthe domestic economy (RADERMACHER, W., STAHMER, C. 1996). 
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Figure 3: Material f1.ow through the domestic economy 

Domestic Economy 

The resu1ts of materia1 and energy flow accounts in Germany are based on previous work e.g. the 

investigation ofthe consumption ofraw materials (RADERMACHER, W., HφH， H. 1993) and the 

emission structure of air emissions for branches (THOMAS, J. 1996 u. 1993). Theyare pre파ninary 

comprised in the publications ofmateria1 and energy flow accounts (e.g. StBA 1995a). 

Table 1 shows the mat，려al flow accounts 1960, 1990 and 1995 for Germany, which represents the 

withdrawa1 and the discharge of materials in tota1. Detailed information of the environmental-economic 

trends for the former territory in both years can be gathered from the publication from KUHN, M., 

RADERMACHER, W., STAHMER, C. (1994). Such expression ofmaterial flow accounts is also 

published regular1y in the Statistical Yearbook ofthe German Federal Statistical Office (e.g. StBA 1998). 

With a simi1ar approach the resource flows for four important indusσialised countries (Germany, Japan, 

the Netherlands and the United States of America) was recentlypublished (see WRI et al. 1997), which 

opens the possibi1ity to compare the material flows in those countries. 

Furthermore the first Physical In.put-Output-Table (PIOT) for 1990 has been 5하 up which brings together 

the material accounts of the domestic economy e.g. raw materials extraction, flows of commodities in the 

production and consumption activities, and discharge ofresidua1s (air emissions, waste and waste water) 

into the nature (STAHMER, c., KUHN, M., BRAUN, N. 1997). In. this account the activities ofthe 

domestic economy (former territory ofthe Federal Republic) are divided into 58 branches ofproduction, 

an additional branch of environmenta1 protection activities (included recycling) and consumption 

activities of private households. The tables also show in physica1 units the inputs and outputs of gross 

fixed capital formation (equipment and construction), stocks and nature. The nature seπes the domestic 
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economy with raw materials and at the same time absorbs residues from the economic activities. The 

material f10ws are broken dσwn by nine types of raw materials, 49 groups of commodities and eleven 

sorts of residues. 

on the basis of the work mentioned above, two targets were developed for the next steps: first improving 

the data on waste and waste water and second bringing together all the results of material and energy 

f10ws into a Material and Energy F10w Information System (MEFIS). 

2.2 Material and Energy Flow Information System 

The basic structure ofMEFIS is a viπu외 cube (Figure 4) which shows the material and energy f10ws on 

the basis ofthe scheme ofthe Physical Input-Output-Table (PIOT) (see AGME 1997). The horizontal face 

of the cube describes a matrix of economic activities of the domestic economy, change in capital and in 

nature and the rest ofthe world as well. The vertical axis ofthe cube shows the types ofmateria1s, which 

were divided into raw materials, commodities and residues. Every horizontal face ofthe cube gives a 

description of a specific material f10w within the mentioned areas of the matrix. 

Figure 4: The MEFIS Cube 
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Federal Statistical Office, Germany 1997 

One ofthe targets which have to be achieved in MEFIS is to improve the material f10ws which were 

captured by PIOT 1990. This can be obtained by improving the breakdown of material types and by 

linking raw materials, commodities and residues. 
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The economic activities in the materia1 and energy flow accounts are classified according to the 

fuß(πional delimitation ofbranches as applied in the German System ofNational Accounts. A branch is 

deflned as the totality of a11 homogeneous production units producing a commodity within a commodity 

group (StBA 1995). From the aspect ofEnvironmental Economic Accounting, the classification ofthe 

economic acti찌ties by branches thus provides the connection between the economic data and the data on 

residues or environmenta1 burdens. At the same time, this functiona1 classification is the prerequisite for 

investigating the economic linkages by means ofthe input-output analysis, e.g. investigation ofthe 

cumu1ative environmental burdens for consumption. So, the environmental burdens (e.g. air emissions) 

determined with a breakdown by branches are completely different from those which are calcu1ated on the 

basis of the emission sources. The first one are orientated towards activities, while the second one are 

orientated towards the emission sources, without taking account of direct linkage with economic 

activities, e.g. the production and consumption of commodities. The determination of environmental 

burdens on the basis of emission sources thus represents the principle that the pa따 causing burdens is 

liable for the damages (cf. StBA 1997a). Figure 5 shows the differences ofthe results ofthis approach for 

CO2 air emissions as an example. 

From the aspect of environmental policies, this means that the ana1ysis of environmental burdens and 

environmenta1 protection activities are thus not limited to technical and regulatory bases, e.g. using the 

"end-of-pipe" technology and tight없ing the threshold limit va1ues of emissions. Environmental economic 

accounting opens up the possibi1ity to analyse the environmental burdens on the basis of economical 

activities, e.g. the production or consumption of commodities. 
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Figure 5: Origin of CO2 emissions according to emitter groups 
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2.3 Further Considerations 

The German approach which has staπed with the "Emitter-Structure" (polluting substances in a 

breakdown of economic branches) meanwhi1e has integrated further demands from another group of 

users. Stimulated by the recent discussion in Germany (see e.g. SCHMIDT-BLEEK 1994) and Austria 

(see e.g. FISCHER KOW ALSKI et al. 1997) it became clear that a set ofpure 'reductionistic’ indicators 

which measure specific impacts at the output side of the economy is not sufficient as decision support for 

a preventive environmental policy. A more holistic’ view is needed enabling us to describe the þhysical 

reality’ of economic activities as paπ of their natural environment in order to improve the understanding 

ofmateri떠/energy f10ws in connection with the production of goods and services. These ana1:백C떠 goals 

require a higher degree of integration and consistency (in a physical sense). Hence, it was necessary to 

adjust the methods of material f10w analysis which so far had been developed and used for single 

products / substances (a miσo-economic perspective) for an application 피 a macro-economic context. An 

adjustment is needed, since it is by no means possible to quantify all materia1 f10ws of an entire economy 

with the same degree of detai1 as in substance f10w accounting. A specific quality mix of information 뼈s 

to be determined. fu this context it is convenient to distinguish five broad sets of considerations which are 

interlocking: 

• scientific adequacy: do the description 때d evaluation methods dea1 wel1 with the inψortant features of 

the natura1 world and its characteristic processes of change? 

• social adequacy: do the methods furnish information in ways that respond to stake-holders’ needs and 

that support social processes of decisionmaking? 

• economic rationality: do the suggested courses of action that emerge from the valuation process 

respect economic e웠iciency， in the sense of appearing to be a reasonably cost-effective way of arri찌ng 

at the envisaged outcome? 

• statistical adequacy: are the empirica1 measurement and subsequent aggregation procedures consistent 

with the guidingtheoretical precepts, and do they conform to norms ofreliability, coverage or 

representativeness? 

• budgetary realism: can the proposed approaches be expected to yield reliable and useful information 

Gudged in terms of the four sets of considerations above) within the limits on resources that can be 

committed to the research? 

The brin밍ng together of scientific, social, and economic considerations in real time is a process in which 

a lot of decisions have to be taken with respect to the concrete specification of an accounting system. 

Two examples may exemplify this: First, it has to be decided how to deal with a very complex reality. I.e., 

how to reduce and to simplify complexity in order to achieve measurability? Mat려외 f10ws through an 
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economy is a complex matter as it implies mu1tiple hi하arc퍼cal sca1es which can be 없ken as reference 

pomts for an observation (sca1es of economic u띠ts， sca1es ofregions, scales of substances, etc.). Even if 

we decide to account on1y for flows throu맹 the total economy and the entire nationa1 territory we would 

still have to determine which materials or substances have to be integrated. Thls is depending on the 

selection criteria which a뿔in are a function of a widespread understanding of environmental relevance. In 

Germany it bas been decided to follow a top-down-approach, starting from the totals of material and 

energy flows and then trying to disti맹lish those flows as 찮 as possible with respect to their economic, 

environmental and regional relevance (see figure 6). 

Figure 6: Sca1es of Materia1 and Substance Flows 
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Secondly, the borderlines ofthe accounting system have to be defined. We have decided to delimit the 

system èconomy’ in correspondence to the physical flows. That means that a flow between two economic 

activities is paπ of the economy even if this flow has no economic value (e.g. the discharge of sewage 

water into the drainage system). 
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3 Availab江ity of data on environmental burdens 

Aspaπ of the material and energy flow accounts, three 양pes of environmental burdens are examined on 

the output side: air emissions, waste and waste water. The calculation method for air emissions is based 

on the energy balance, which is compiled by the working group " en하gy ba1ance", and on the technica1 

emission factors determined by the German Federa1 Environment Agency (UBA). This method is 1arge1y 

standardised. Compared to that, the method to ca1cu1ate the amount ofwaste and waste water is in the 

deve10pment stage, and it was used for setting up the first Physica1 Input-Output-Tab1e in Germany. Basic 

data for this method are main1y the statistics ofthe German Federal Statistical Office; the statistica1 data 

on waste and waste water are collected as a ru1e every three and four years, respective1y. Because ofthe 

different times of co11ection it is at the moment not possib1e to show the materia1 flows in a11 the three 

areas of environmental burdens for the same year. In this context a method to assess the amount ofwaste 

and waste water for a specific year or in a time series has to be deve10ped. A corresponding study on 

waste is caπied out at the moment; the resu1t ofthis study shou1d make it possib1e to assess the amount of 

waste m various categones. 

In tab1e 2 the fo11owing 양pes of direct and cumu1ative air emissions were calcu1ated for the most 

important branches and the private househ01ds for 1994 (G하many): nitrogen oxide NO;x, su1phur dioxide 

S~， carbon dioxide CO2 , methane C~， dinitrogen oxide N20 , carbon monoxide CO, particu1ate matter 

and NMVOC (non methane v01ati1e organic compounds). The cumu1ative emissions are ca1cu1ated as the 

sum of direct and indirect emissions. The investigated emissions from the processes are the direct resu1t 

of a specific economic activity of a branch, and therefore they are defined as direct emissions. The 

emissions resu1ting from the domestic or foreign production of intermediate goods (inc1uded is a1so the 

purchase of e1ectricity from suppliers) are defined as indirect emissions (StBA 1997a). 

4 Results of the material flow analysis for the GEEA press conference 

The GEEA press conference 1998 of the Federa1 Statistica1 Office dea1t with the questions of how 

productive1y we are using nature in Germany, how that productivity performs when compared with that of 

1abour and capita1, and what the development has been like over the 1ast few years. Here are the key 

answers: 

• Over the 1ast 35 years, rationalization and technica1 progress in Germany have reduced the production 

factor "1abour" much more than the factor 안lature" (in some cases, 1abour was even entire1y rep1aced). 

• For the first time, the use of the production factor 안wture"， was measured in a rather differentiated 

manner throu양1 GEEA. A "Natur productivity" was ca1cu1ated as the ratio of economic performance 

(measured by gross domestic product) to the v01ume of natura1 resources used. In 1995, the 

producti찌.ty of energy use was 31 % hi양ler than in 1960, whi1e that of water use increased 36% and 
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that of raw materials 49%. However, labour productivity rose by 207% in the same period, that is it 

more than tripled. Due to the increasing use of fixed capital in production, capital productivity fell 

44%. 

• With regard to the use of nature as a sink for residuals and pollutants, nature producti찌.ty between 

1960 and 1995 showed different trends: For greenhouse gases, productivity doubled, for acidification 

gases it a1most quadrupled, whi1e for waste it rose near1y 70%, and for waste water it increased almost 

20%. 

• Those responsible for environmenta1 loads are not on1y production industries but also, and to a 

considerable extent‘ households. Household consumption (heating of bui1dings and private transport) 

caused direct discharges of some 227 million t of greenhouse gases into the environment in 1994. In 

addition, households were indirectly responsible for emissions of 2.5 times that amount, that is another 

560 million t, which were generated by the production of all the goods demanded by households. The 

total greenhouse gas load on the environment that is attributed directly or indirectly to the 

consumption ofhouseholds in 1994 amounted to near1y 790 million t, that is about 60% ofthe German 

overa1l 1oad of greenhouse gases. 

• Detai1ed industry proflles show in which economic branches production involves en찌ronmenta1 

burdens: During the production of goods and services in Germany, some 830 mi11ion t of greenhouse 

gases were released in 1994; more than 40% of them were caused by electricity production in power 

plants. 

• Within the GEEA framework, the Fed많a1 Statis상cal Office used an estimation procedure to determine 

the total amount ofwaste produced in 1994 and its distribution among economic groups of generators. 

Al1 production areas together produced near1y 350 million t of waste. The sectors with the largest 

shares were construction (over 40% - main1y excavated earth and demolition waste), coal mining 

(almost 20% - main1y slag), and 리ectricity generation Gust under 7%). When interpreting these 

figures, it should be noted that GEEA focuses on the quantitative aspect, i.e. no differentiation is made 

between waste categories with different environmental hazards. 

• In the field of sewage pollution, GEEA focuses on the quantitative aspect; the development of water 

qua1ity is not examined. In 1995, production activities generated more than 40 bn m3 ofwaste water. 

Near1y 70% ofthe total amount were produced by energy supply (almost 
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5 An example: Environmental indicators for greenhouse effect and acidification 

5.1 Method 

Environmenta1 indicators are ca1cu1ated by aggregation of physica1 pressures within the same category of 

effects or environmenta1 subjects. Physica1 flows are aggregated by mu1tip1ying them by a equiva1ence 

factors of globa1 warming potential. On the basis ofthe availab1e data on air emissions the indicators of 

greenhouse gases and acidification are ca1cu1ated, following the recommendations of the Internationa1 

Pane1 for Climatic Change IPCC (StBA, 1997a). 

To ca1cu1ate the indicator ofthe greenhouse effect, the air emissions ofC02, N20 and CRt are weighted 

and aggregated on the basis of CO2 = 1. For examp1e, N20 emissions receive a weight of3 10, and CRt 

emissions a weight of21 , compared to CO2 emissions. The resu1t is the greenhouse gas emission 

expressed in CO2 equiva1ents. To ca1cu1ate the indicator of the acidification effect, the air emissions of 

NOx and S02 are aggregated on the basis of S02 = 1 by mu1tip1ying the quantity ofNOx by the factor 0.7. 

5.2 Results for air emissions 

The direct air emissions of greenhouse gases and acidification gases as well as their cumu1ative emissions 

are presented with the re1ated economic figures of gross va1ue added. The economic figures are taken 

from the monetary Input-Output Tab1es (StBA, 1997b). 

Regarding the direct emissions, va1ue added are presented (see tab1e 3). Four fifth ofthe greenhouse gases 

- with a tota1 amount of more than one billion tonnes - are emitted by production activities. This share is 

even hi양ler in the case of acidification gases with a tota1 amount of four million tonnes (see figure 7). As 

shown in the chart, three quarters ofthe direct emissions of greenhouse gases and acidification gases from 

a11 production sectors are caused by just six production sectors. Less than five percent (greenhouse gases) 

and 1ess than three percent (acidification gases) ofthe respective air emissions from production activities 

are emitted from each ofthe other production sectors. 
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Generally, on1y a few production sectors are responsible for the largest quantities ofthe direct emissions 

and so contribute the largest shares to the respective environmental effects (see figures 8). At the same 

time, the effect ofthose production sectors on economic performance (value added) is in inverse 

proportion. The exception to this rule is constituted by the government services. Their share in the 

emissions is a1so comparatively high, one of the reasons being their activities in waste disposal and waste 

water treatment. Their contribution to value added and their share of employed persons exceeds their 

contribution to the direct greenhouse effect as a result oftheir main activity being services. 

More than 40 % ofthe greenhouse gases and more than half ofthe acidification gases are emitted by the 

electric power sector (including the power plants of energy supply companies, of rai1road companies and 

in the industry). On the other hand, less than 1 % ofthe persons are employed in the electric power sector 

and its contribution to value added is less than 2 %. Also remarkable is the contribution ofthe agricultural 

sector to the greenhouse effect with more than 8 % of the respective emissions, 2.6 % of the employed 

persons and only a 1 %-share in value added. Those and the other examples mostly refer to sectors that 

produce important inputs (like electricity, agrarian raw materials) for the further processing in the other 

sectors. 

Due to the economic interconnection, examining on1y the direct emissions is not sufficient to get a 

complete idea about the environmental pressure from a sector성 air emissions. This is the reason why a 

second perspective is taken in calculating cumulative emissions that a1ready arise with the production of 

the inputs of a sector (see table 4). 
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Environmental-Economic Accow1ting 

The order of the most important emitters of cumulative emissions differs clearly from that of the direct 

emissions. Due to its large share of direct emissions and in spite of its small share of indirect emissions, 

the electric power sector is still in the first place. The following positions are mostly occupied by sectors 

with high inputs of intermediate goods. 

The relation between direct and indirect emissions differs widely, comparing the production sectors. As a 

rule, in the primary industries the direct emissions are dominant, in the processing industries and in the 

service sectors the indirect emissions are prevailing, which is due to the relatively high inputs of 

intermediate goods, for example electricity. 

Examples are the elec떠c power sector, where the cumulative emissions of greenhouse gases are only 

10 % hi양ler， or agriculture, where they are less than 20 % higher than the direct emissions. On the other 

hand, the cumulative emissions ofthe food products sector are nine times, and those ofthe building sector 

even ten times higher than the direct emissions. 

The additional information about the cumulative emissions gives a good idea ofthe emissions caused 

totally by the production of a certain group of goods. 1t allows a1so to draw conclusions about the total 

emissions caused by the respective demand. Also, indications can be derived about the production sectors 

with the highest potentials to avoid emissions and the best chances for the application of avoiding 

techniques and strategies. 
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Table 1: Material flow account 1) 
million tons 

| 1960 I 1꾀Or-T995 

|Fom뼈itOW ORK| 마뼈ny 
Federal Republic 

Materials 

Withdrawal 
Solids, fuels 2) 

1,253 2,072 3,501 Material application 
780 995 1,368 Fertilizer 
133 188 198 Farmmanure 
647 807 1,171 Commercial fertilizer (nutrient) 
248 193 266 Pesticides (active substances) 
399 614 905 Sewage sludge 

Not used raw materials, extraction 
(incl. flate) 

474 1,077 2,133 

136 387 464 Exported goods 
25 65 69 Biotic goods 

110 323 395 Abiotic goods 
Waste (incl. soil excavation, rubble) 

16 58 76 Recycling 

1,405 2,517 4,041 Tota! 

Oxygen consu빼t~on and air pol1뼈 

409 
Air Emissions 

651 I Carbon dioxide 
Carbon monoxide 
Nitrogen dioxide 
Sulphur dioxide 

4,900 I Total 

Balance (materia! re띠ned) 

533 

1,814 3,050 

1) Discrepancies in totals by rounding of figures. 

2) Inc1uding useful gases and certain liquid materials. 

16 

227 252 283 
226 251 282 
224 246 277 

3 5 5 
0.01 0.03 0.03 

0.7 0.9 1.2 

415 982 1,989 

75 207 225 
6 46 60 

70 160 165 
113 164 194 

16 58 76 

846 1,661 2,768 

568 717 914 
555 707 895 
9.8 7.4 6.9 
1.6 2.0 1.9 
3.3 0.9 2.1 

1,414 2,378 3,682 

400 672 1,218 



Tablc 2: Air cmissions (dircct and cumulative) ofthc most important branchcs in Gcrmany 1994 

Carbondioxide C02 Carbonmonoxide CO Sulphurdioxide S02 Nitrogenoxide NOx Particulate matter Methane Cl-l4 Distickstoffoxide NMVOC 
N20 

Branches direct cumulative 1) direct cumulative 1) direct cumulative 1) direct cumulative 1) direct cumulative 1) direct cumulative 1) direct ~lImulativel ) direct cumulative 1) 
No. 

1000 t I mo t | direct 10%t | dimct 1000 t | direct moo t | direct 1mo t | dlrect moo t | direct Iom t | dire따 | 
=100 =100 =100 느100 =100 =100 =100 =100 

IAgriculture ……… ..... 8,967 19,223 214 113 144 128 12 52 424 75 97 130 119128 108 1,693 1,789 106 61 65 107 41 58 
2 티ectric power, steam, 

hot water supply ............... … ... … 353,553 376,200 106 126 166 133 1,720 1,803 105 344 382 111 43 53 121 7 361 5,537 13 43 340 8 44 580 
3 p>almining ………… 8,974 18,529 206 26 43 166 64 106 167 17 29 173 102 106 104 812 835 103 o 1 360 2 7 285 
4 Man. of chemical products, 

(incl. nuclear fuel) … .......... 25,237 67,824 269 19 102 544 87 275 317 43 109 256 8 31 368 1 206 18,720 81 86 105 69 99 144 
5 Man. of refined petroleum products… .. 17,844 33,473 188 66 91 137 59 176 297 26 48 189 6 484 5 302 5,588 1 2 371 142 150 105 
6 Ruarr. of stones and c1ays, 

man. ofbuilding al띠 const. materia l.. 46,139 58,017 126 209244 117 45 95 210 100 121 121 24 34 141 3 77 2,792 1 3 294 17 28 165 
7 Man. of iron and steel... .... 43 ,882 64,084 146 955 989 104 53 146 276 40 70 174 59 87 146 3 206 7,455 1 2 295 6 14 238 
8 Man. of electr. machin., 여uip. ， 3,362 30,734 914 20 159 816 4 102 2,828 9 60 676 1 18 2,600 0 84 21 ,555 o 5 5,039 6 31 520 

applian ... 
9 Man. of food products 

C(oeIxISciLru bcetivoenmEes)------------ 12,686 48,598 383 28 213 753 28 142 514 31 163 527 12 133 1,154 1 1,627 182,811 o 60 14,835 30 105 351 
10 6,167 69,292 1,124 78414 529 8 140 1,691 44 181 408 5 46 844 2 138 9,102 o 6 2,115 26 76 289 

exc l. install.&build.compl.) 
11 Wholesale trade, etc., 

12,165 22,098 182 99 126 127 10 50 501 95 115 121 7 12 165 2 50 3,121 o 2 379 44 59 136 
12 11,538 39,990 347 127 174 137 7 134 1,929 48 87 184 3 14 482 2 87 3,802 o 3 678 39 61 157 
13 28,622 42,094 147 166 223 134 20 71 357 242268 110 18 26 142 2 80 4,986 1 3 320 79 108 136 
14 8,011 35,196 439 172 272 158 4 98 2,427 35 96 272 2 21 1,284 3 180 6,137 o 11 3,293 49 97 199 
15 22,370 66,484 297 93 218 235 22 196 874 51 128 254 4 29 724 1,044 1,250 120 7 15 219 23 84 370 
16 71 ,523 x X 433 X X 129 x X 210 X x 31 X X 363 x X 2 X X 535 X x 
17 

~어RAmaaalUlggam1 oilr a 。falpmtr&lmr찌r aaamynd 에 ak1tddn@e b쩌lti ‘vasalulve ElsPo le*L ~ aιmccl ‘,iVen‘ lg -

681 ,040 X X 2,728 X X 2,272 x X 1,409 X X 441 X X 3,941 x X 170 X X 1,116 X x 
final cons lImption: 

18 Private hOllseholds ............. 220,899 X X 4,446 X 
19 써11 ofbranches 

and private hOllseholds ... 901 ,939 X X 7,174 X 
1) CUl11l1lative emissions are calculated as the Slll11 of direct and indirect emissions 

Federal Statistical Office, Germany 1997 

Environl11ental-Econol11ic Accounting 

X 217 

X 2,490 

x X 634 X x 71 X X 156 X X 8 X X 1,006 X x 

X X 2,044 X ￥ 」5lr }4 x κP97 X < l78L 견 X_~!l22 X x 
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Table 3: Direct emissions of greenhouse gases and acidification gases and gross 
value added (at market prices) 1994 

Emissions of Emissions of Gross value 

Row Branches greenhouse gases 1) Acidification gases 1) added 

No. 

l이)()T % l000T % % 

1 Agriculture …._ ............ 0404… ..... … ....... … .. 49 ••••••• 69.925 8,41 65 1,98 0,91 

? Elec디c power, steam, 

hot water supply.…._ ... …………_ ..... 357.793 43,01 1.961 60,17 1,73 

3 Coa1 mining … ...... … .. 28.943 3,48 75 2,31 0,24 

4 Man. of chemic외 produαs， 

(incL nuclear fuel) .. _. 51.282 6,16 117 3,59 2,01 

5 Man.ofrefmed 야trolel血 products .... 18.169 2,18 77 2,37 1,64 

6 Q따π. of stones and clays; 

man. ofbuilding and consσ. materia1 •••• 46.486 5,59 115 3,54 0,99 

7 Man ofiron 때d steel.. .............. _ .. 44.175 5,31 81 2,48 0,38 

s Man. of electr. machln.，eq띠p.&appl때nces. 3.405 0,41 10 0,30 2,94 

9 Man offood products 

(ex.cl. bev야ages) .................... 12.838 1,54 49 1,51 1,64 

10 Construction (ex.cl.insta1l.&buildcompl. ) .... 6.290 0,76 39 1,21 4,16 

11 Wholesale σade， etc., 

recovery ... 12.363 1,49 77 2,35 6,73 

12 Retail trade ...... _ ... ………………… .. 11.724 1,41 40 1,23 4,59 

13 Transport activities n.e.c… ......• 28.997 3,49 190 5,82 2,45 

14 Other market service activities… ....... 8.187 0,98 29 0,88 14,10 

15 C해t외 and loca1 goverment .................... 50.205 6,03 58 1,78 11,37 

16 Rest of branches .... 81.135 9,75 276 8,47 44,13 

17 AlI of branches ............. 83 1.917 100 3.259 100 100 

fm외 consumptioπ 

18 Private households ... … ..... 227.299 x 661 X 

19 AlI ofbranches 

and pri vate househ이ds ..... 1.059.216 x 3.920 x 

1) To calculate the greenhouse effect, the air emissions of carbondiox.ide, dinitrogenox.ide and methane are weighted and aggregated. 
For the calculation of acidification, the air emissions of sulphurdiox.ide and nitrogenox.ide are taken into accounL 

18 



Table 4: Cumulative emissions of greenhouse gases and acidification gases, 1994 

Cumulative1l emissions Cumulative 1 l emissions 

Row Branches of greenhouse gasell of acidification gase앙 

No. 

1000t I direct E.=lOO 1000t I direct E.=1 00 

Agriculture …- 83.987 120 120 185 

2 E1ec미cpower， ste뻐L 

hot water 잉lpply ........ 398.932 111 2.071 106 

3 Coal mining ............... 39.257 136 127 168 

4 M따1.ofch，야너ca1 products, 
(inc1. nuc1ear fuel) ............. 100.237 195 352 301 

5 Man. of reflned petroleum produ다S… 41.576 229 210 272 

6 Q때rr. of stones and c1ays, 
man. of building and consσ. materi외… 60.727 131 180 156 

7 Man.ofiron 없d steel... ....... 69.792 158 195 241 

8 Man.ofelecσ.mac비n. ，eq띠.p.&appliances ..... 34.466 1.012 144 1.471 

9 Man. offood products 

(excl. beverages ) ..................... 107.782 840 257 520 

10 Construction (exc1. in앙a1l.&bui1d.compl.) ••. 74.484 1.184 267 678 

11 Wholesale trade, etc., 
recov'하y .... … .... … ..... 23.926 194 130 170 

12 Retai1 trade .... 42.998 367 195 484 

13 Transport activities n.e.c ............. 45.133 156 259 136 

14 Other market service activities .................... 43.037 526 166 574 

15 Cenσal and loca1 goverment … ......... 102.053 203 286 494 

16 Rest ofbranches .............. X X X X 

17 A11ofbranches ............... X x X XI 

1) Cumulative emissions are calculated as the sum of direct and indirect emissions. 
2) To caIculate the greenhouse effect, the air emissions of carbondioxide, diniσogenoxide and methane are weighted and aggJ 

For the calculation of acidification, the air emissions of잉l1phurdio찌de and nitrogenoxide are taken into account 
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Executive summarγ 

The 1990 Physica1 Input-Output Tables (PIOT) are a macro-economic activity-based material flow account, 
predominantly in tonnes. This makes them a maj or ∞mponent of Section 1 "Materia1 and Energy Flow 
Accounts" of the Federa1 Statistica1 Office성 Environmental Economic Accounting (EEA) 
[Umweltδkonomische Gesamtrechnungen (UGR)]. The PIOT concept is based on the πinciples of the 
United Nations ’파stem for Integrated Environmenta1 and Economic 욕ccount피g" (SEEA) (U미ted Nations 
1993) for a physica1 accounting system (bui1ding block B). 

In the PIOT, the acti찌.ties ofthe domestic economy (Federa1 Republic of Germany prior to unification - the old 
돼nder) are subdivided according to the 58 bmnches ofthe G하man Input-Output Account, an additiona1 bmnch 
for external environmenta1 protection services, and the consumption activities of households. Ap따t from these 
activities, additions to and reductions of domestic tan~영ble assets and foreign σade are a1so described in tonnes. 
The stock of tan밍ble as않ts itse1f is not shown. The most si맹ificant addition 없 compared with the monetary 
Input-Output Table is the inc1usion of nature as a source of mw materia1s and a sink for residua1s. Non­
pr뼈uced natural assets provide the economy with mw materials in the form of water, oxygen, minera1 
resources, etc. and have to absorb such residua1s as waste water, 려r emissions and waste. 

The PIOT show the inputs (uses) and outputs (supply) of mat려a1s for each branch of production, for the 
consumption acti찌.ties of households, for the tan벌ble assets (e.g. bui1빼gs， machinery and equipment, or 
natuml assets) and for the rest of the wor1d. They disti맹lÍsh nine mw mat려als， 49 양pes ofprodu따s and 11 
residua1s. Output inc1udes 려1 the goods produced in the domestic economy and a11 those imported, the 
residua1s arising in the course of production 뻐d consumption, and the withφawa1s or physica1 diminution from 
the various tangible assets. So in PIOT, output is not on1y the result of production processes but the whole 
amount of materia1s coming out of the dif옮rent categories (bmnches of production, consumption activities of 
households, various tan!영ble assets and rest of the wor1d). The tota1 output of materia1s by these categories then 
flows to the categories of PIOT as inputs. Thus, mw materia1s and products are used as intermediate inputs in 
the various bmnches of production, are consumed by households, are added to tan!킹.ble assets or are exported. 
Residua1s are either discharged into nature (input of natura1 assets), processed by extema1 environmenta1 
protection services and then discharged into nature, stored in controlled landfills or exported. 

According to the physica1 1aw of the conservation of matter, the combination of withdmwa1s of mw mat하ia1s， 

product flows and residuals into an integrated system, the PIOT, must resu1t in the input and output of 
materials being identical in each branch of production 때d in the consumption acti피ties ofhouseholds. For the 
categories of tan횡ble assets and for the rest of the wor1d, the ba1ance between input and output is given by the 
change in mat하ial stocks (materia1 aCCl血ulation) and the net physical expoπ or import. By definition, the sum 
of domestic mat，하ial accumu1ation and net export or import must come out as zero. 

PIOT 1990 is a complex system of tables, di찌ded into a physica1 input (uses) table, a physical output (supply) 
table, a material integration 없ble and two additiona1 tables. The physical input table shows which categories 
of PIOT (bmnches of production, consumption acti찌.ties of households, tan횡ble assets or rest of the wor1d) use 
or receive which materia1s (mw materia1s, products, residua1s). The physical output table describes which 
categories produce or deliver which materials. Thus, for example, mw materia1s appear as an output of non­
produced natura1 assets in the output table and as an input of the with마awing sector (e.g. mining) in the input 
table. The material integration table describes the deliveries ofmaterials between the categories ofPIOT. π1e 
classifications of rows and columns of this table are identica1 and coπespond to the columns of the input or 
output tables. For the input, output and materia1 integration tables there are a1so sub-tables for energy, water and 
other materials. The materia1 flows are shown in units of wei방1t (tonnes). In addition, two suppJementary 
tables are shown. One shows energy inputs and outputs in ca10rific values Goules). The other shows air 
emissions with a specific wei양1ting for their contribution to the greenhouse e많ct and acidification. 

In PIOT, the wei앙1t of some materi려s， such as water, m피ing overburd앙L 밍1ergy c없riers or b띠1벼ng materia1s, 
tends to eclipse other material flows, some ofwhich are si뿔ificantly more dangerous to the natura1 en찌ronment 
To some ex않nt， this difficu1ty can be overcome by dividing the PIOT into sub-tables, as we have done for water, 
energy and other mat려려s. A further step to overcome this difficul양 are 삼1e above mentioned supplementary 
tables. The detailed PIOT are found in the Tables sectio피 chapter 4 gives an OVI하view of the resu1ts. 



Contents 

Page 

1 Introduction .................................... ………………………………………………………................. 1 

2 Concepts .......... … ..•........•. ………… ..... … .•.•..••..... ………… .............. … ......•. ……… ..... ……… 2 

2.1 OVI하Vlew… ..• ……………………… ..•..........•.....•.. … ..• …………… .... ……… ....... ………… ..•. … 2 

2.2 Materia1 flow accounting in the SEEA ............... ……………………………………................ 2 

2.3 Physica1 input-output tables .......................................................................................... 11 

l 2.3 .1 The basic concept ........................... …… … … … ……………………… .... ………n… .. ….. 11 

2.3.2 The Physical Input (σ(us않e않s야)T‘a때b비le and the Phy:뱃'sica외10‘u따따tφput (엽Su뼈pp미ly꺼)Ta빼ble “…… .•• …….… ..• …….… ... …….….“ •. …….…… .. ….. 11 

2.3.3 Thema없t하려1a떠1 integration tab1e ................... … .......•.......••....••...••.•......... … ...•...•..•• …......... 12 

3 2.3.4 Supplemen밟ytables.............. … … … … •.....•....•..••.. …… ……… … . 13 

3 2.3.5 The syster없no야ft떠able잃s ............... ……………………………… ………………… …………...... 13 
2.3.6 Speci떠 conceptua1 problems … ....................................... …............................................ 15 

3 Principles and methods of ca1culation........................................................................... 19 

3.1 ov하view… .....•..••..•.• … •••.•.•.••..•• … •••...•...•.......•.•.•..••...••............. ………………… ............. ….. 19 9 

3.2 Product flows “…… .•. …….….“ •• …….… .•. … ..... …… •• …….….“…….… •• ……”…….“… .. “…….… .• … •.. “ ………………………………………………. 1얘 9 

3.3 F1owso야frawmat않e하n퍼빼a머ls a때ndres허idua떠ls .. …… ••. …….… ..• …….… .•. …….….… •. …….… ••• …….… •• “…….… ... …….….“.“…….… ••• … •. …........................................... 21 

3.3.1 Raw materia1s ... ……………………… •..•...•• … .. …………………………… ..•. …·…… ... ………………. 21 
3.3.2 Water and waste wat하 •••••••••••••• ………………………… ......•.......•......•.... ………………………. 2낀 1 

3.3.3 Use 0야fe야ne하rgya때nd 외빠Ietn피is잃sions ................ …………………………………….......................... 22 

3.3.4 Was않 ”“”“” …………… .•••.••. “n … … …… … …… ……… ……… •. 2깅 2 

3 3.4 Bio이log휠;ica려1me없tabolism....................... … … .•..... ……………………….................. 2경 

3.5 Re야conci1퍼1퍼la뼈tion 0야fin때:pu따ttsa때ndou따tφpu따ts ............................... ……………………………….......... 23 

3.6 Materia1 integration table … .......................... …............................................................. 25 

5 3.7 Supplemen없rytables ........... …… ………… ……… …………… … ……”“................ 25 
3.8 Preconditions for implem얹ltation ….............................................................................. 25 

4 Review of findin뚱 .•..................................................................................................... 27 

5 Applications .................................. “”“… ...... “ .........•...... ‘ ...... “ ....................................... …….“.“…….…... 35 

5.1 Interna1 a때ppli바ica뼈.tions… ................................................................... ….................................................. 35 

5.2 External uses ……… ........ … ...... ………………… ........................ … .. ……………… ...•. ……… ... ……….. 35 

6 0따look. ..... …… ....... … ... ………·…………………… ..................... … .....•..... … .. … ... ………… ......... … 37 

Bibliography ................................................................................................................................ 38 

Table section … ..................................................................... …................................................................... 39 



Territorγ covered 

Figures relate to the territory of the Federal Republic of Gennany up to 3 October 1990; they inc1ude West 
Berlin (fonner Fed하외 t떼t아y). 

PIOT 

SEEA 

ADP 

proc. 

TFMG 

prod. 

extr. 

man. 

serY. 

mkt. 

NF 

PNPI 

oth. 

distr. 

m피. 

t 

TJ 

0 

-

-

Abbreviations 

Physical Input-Output Tab1es 

System for Integrated Environmenta1 and Economic Accounting 

Automatic Data Processing 

processmg 

too1s and finished metal goods 

production 

extractlOn 

manufacturing 

setV1ces 

market 

non-ferrous 

private, non-profit institutions 

other 

distribution 

Units of measurement 

million 

tonne(s) 

Ter매oules (1 012 Joule) 

Other symbols 

Nothing present or less than half of 1 in the 1ast occupied position 
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Introduction 

1 Introduction 

So 훨r as we know, this paper presents the first complete macro-economic matl하i떠 f10w account in the form of 
an input-output table. Such Physical Input-Outp따 Tables (PIOT) comprise not only the product f10ws of the 
traditional input-output tables in physical units, but also materia1 f10ws between the natura1 environment and the 
economy. Complete matl려a1 balances can therefore be generated for the various economic activities. 

The PIOT are p따t of the Federal Statistical Office침 Environmental Economic Accounting (EEA) 
(Radermacher, Höh 1993; Fed하a1 Statistical Office 1995; Radermacher, Stahmer 1996). The EEA are a 
reporting system, the aim ofwhich is to show in statistical form the interrelationships between human economic 
acti찌.ties and the natura1 environment. They are also intended to serve as a basis for more extensive analyses to 
때swer questions of environmental and economic policy. 

The EEA are based on the concept of susta피able development and are divided into the following five sections: 

l. ma휩ial and energy f10w accounts 

2. use ofland and space 

3. environmental indicators 

4. environmental protection measures 

5. avoidance costs for achieving standards of sustainability. 

The PIOT must be considered as p없t of Section 1: "Materia1 and energy f10w accounts". In a sense, they 
represent the macro level in the material f10w accounts. 

The PIOT concepts are described in the United Nations "System for Integrated Environmental and Economic 
Accoun파19" (SEEA) (United Nations 1993). An initial attempt to produce PIOT was made in Austria using 
inp따-output data for 1983 (Katterl, Kratena 1990). This pione하ing study discussed various conceptual 
problems of PIOT and presented the first, albeit incomplete, res띠.ts for Austria. An important conceptual basis 
is provided in particular by the mat려a1/energy balances developed by Rob많t U. Ayres (Ayres 1978, 1993; 
Ayres, Simonis 1994). These concepts have been further developed and implemented over a number ofyears 
(see Bacc피i， Brunner 1991; Schmidt-Bleek 1994; Kuhn, Radermacher, Stahmer 1994; Bringezu 1995). Lin1잉 
with bioeconomics have been developed by Günter Strass앙t (Strassert 1991, 1994, 1996). So far as produα 
f10ws are concemed, the concepts are largely the same as in the Federal Statistical Office’s mon앙ary input­
output account (see Fachs하ie 18 "Volkswirtschaftliche Gesamfrechnungen", Reihe 2 "Input-Output-Tabellen 
1990"). 

The work on the PIOT has been supported fmanci와ly by Eurostat, the Statistical Office of the European Union, 
in the form of a research contract. The purpose of상le research contract was to test the 앙atistic삶 implementation 
ofthe SEEA’s proposed conceptua1 framework for material f10w accounts respectively PIOT and to find ways of 
improving those concepts. It is also intended to show possible ways of interpreting and ana1ysing PIOT. 

Technical suppoπ in constructing the PIOT was 혈ven by the Wuppertal Institute for Climate, Environment and 
Energy (Stefan Bringezu 뻐d Helmut Schütz). In particular, results for certain aspects such as the biological 
metabolism of plants, animals and human beings were obtained under work contracts outside the Federal 
Statistical Office (Wupp하tallnstitute， Stephan Moll, Markus Imle and others). 

The qua1ity of the data in the 1990 PIOT presented here for the territory of the old L칭nder is not up to the 
Fed하al Statistical Office’s usua1 high standards and there is no doubt room for considerable improvement. The 
first attempt at compiling PIOT is necessarily af뚫cted by many shortcomings that may be remedied in later 
versions. Comments on how the present version mi힐lt be improved are therefore welcome. We hope that other 
countries will undertake similar work so that we can exchange experience. 



담뜨또쪼 

2 Concepts 

2.1 Overview 

PIOT relate to bui1ding block B of the United Nations "System for Integrated Environmental and Economic 
Accounting" (SEEA) (United Nations 1993). The SEEA recommends a combined stock and flow account of 
materials and eneπgy. Materia1s (피cl뼈ng energy 때riers) are extracted and transformed in the course of 
economic activities and sooner or later are retumed to the environment. The PIOT divide these economic 
activities up, using the conventional input-output table c1assification, with the aim of showing complete material 
ba1ances for each branch of production and for the consumption activities of households. The PIOT a1so show 
additions to and reductions of produced tangible assets, e.g. bui1dings, and non-produced natura1 assets, e.g. 
Dllntπa1 resources. The PIOT do not show stocks, whereas the SEEA requires a complete stock accounts. 

Wesh떠1 now look at the SEEA general concept for a physical mat，려a1 flow and stock account (SEEA b띠lding 

block B). SEEA matrlces that form the conceptua1 basis of PIOT 따e de더ved from a flow ch없t of the whole 
economy. The classifications stipulated in the SEEA are adopted by the PIOT, althou행 in some instances they 
have to be adapted to German circumstances. We shall then describe how the PIOT concepts are derived from 
those of SEEA. Partic띠ar attention is paid to how the concepts 따e further developed and to any peculiarities. 

2.2 Material ßow accounting in the SEEA 

Scheme 1 shows the materia1 flows of the domestic economy. The complex relationships between the natura1 
environment and the economy are reduced to a minimum in order to hi웰light the main features ofwhat is rea11y 
av하Y COIIψlicated system. The descrlption covers three 성nds ofmaterials (raw materia1s, products, residua1s), 
two types of econ01피c activity (environmenta1 protection activities and other activities) and two 양pes of 
produced 없ngible assets (produced capi없1 goods, etc. and controlled landfills of wastes). Non-produced 
domestic nature is shown as an 따ea around the economy. Similar1y, the rest ofthe wor1d surrounds the count낀 
in question, which comprises domestic nature and the domestic economy. 

It is not necess하Y to explain every materia1 flow shown in Scheme 1. Raw materials and products, of domestic 
or foreign ori휠n， are the domestic economy성 material inputs. Transformations of those inputs within the 
economy give rise to new products, which are consumed or accumu1ated. As by-products ofthis transformation, 
residuals are σeated in environme뼈1 protection 피sta11ations and (or) stored in controlled landfills. Sooner or 
later, the materia1s leave the economy as residua1s or as exported products. Those materia1s are received by 
domestic nature or by the rest of the world. 

The material flows described in Scheme 1 (raw materia1s, products, residua1s) may be classified as follows: 

Material flows 

1 Raw materials 
a Non-produced biomass (wild 없:rima1s， plants and their products) 
b Subsoi1 assets 
c Water 
d Air, wind, etc. 
e Soi1 (erosion) 

2 Products 
a Agriculture, forestry and fishery products 
b Ores and minera1s 
c E1ectricity, 쩔s and water 
d Manufacturlng 
e Construction work 
f Mat하ial flows of services 

3 Residuals 
a Waste (solid, liquid) 
b Waste water (cooling water, production waste water, etc.) 
c 웰틀며s혀()IlS (뿜ses， 뻐st， ste빼 
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Concepts 

Further information on the c1assification of raw mat하ials and residua1s isprovided in the SEEA (paragraph 233 
and Table 3.5). For products, the SEEA recommends the Centra1 Product Classification (CPC). 

πle activity blocks (1) "Environmental protection activities, recycling" and (2) "production activities ", shown 
in Scheme 1, are identified 없ld divided in the SEEA by an expanded version of the International Standard 
Indusσial Classification (ISIC), paying particular attention to environmental protection activities; see below: 

Economic Activities 

1 Production activities of industries σSIC) 

37 Recycling 
90 Waste water, waste and other disposal 
A + B Agriculture, forestry, fishing and fish famring 
C Mining and quarrying 
D+E Manu찮cturing， power and water supply 
(except 37) (except recycling) 
F Consσuction 
G + H Trade, hotels and restaurants 
1 Transport and communication 
J + K Banking and insurance services, letting, business services 
L Pub1ic administration, defence, social security 
M + N + 0 Education, he머.th， socia1 services 
(except 90) and other services (except disposal) 

2 Consumption activities of households 

In the case of households, production acti、rities can be described as well as consumption activities. The SEEA 
dea1s with this in Chapter V. Like the conventional system ofnational accounts, however, the PIOT show on1y 
consumption activities. πle on1y "outputs" of the consumption process are residuals. Nevertheless, the 
description of consumption activities as transformation processes of materia1s and the special treatment given to 
consumer durables (section 2.3.6) blurs the border1ine between production and consumption. 

The SEEA shows stocks and changes in stocks of non-produced domestic nature in asset accounts, which are 
c1assified as follows: 

Domestic assets (not including intangible assets) 

1 Produced assets of industry 
a landfùls of waste 
b machinery and equipment, bui1dings, inventories 
c produced natural assets 

2 Consumer durables 

3 Non-produced natural assets 
a non-produced biomass (wild animals, plants) 
b Subsoi1 assets 
c land and soi1 (inc1. ecosystems) 
d water 
e rur 

πle SEEA contains a detailed c1assification of assets (paragraph 145 and Annex D) with further disaggregations 
of the items described above. In the context of materia1 flow accounts such as the PIOT, intan밍ble non­
produced assets, and land have no part to play. Apart from these, the PIOT do record additions to and reductions 
of the above assets. 

4 



Concepts 

Tables 1 to 3 show the materia1 f10ws of Scheme 1 for the various 성nds of materia1s in matrix form. The on1y 
distinctions made are between raw materia1s, products and residua1s. Further disaggregation is of course 
necessary if meaningful ana1yses of materia1 f10ws are to be made. These maσices are mere1y intended to 
il1ustrate the concept. The rows in the tab1es show activities or asset stocks delivering materia1s. The c01umns 
represent activities or asset stocks receiving materia1s. The rows and c01umns numbered 1 to 4 refer to the 
domestic economy (darker shaded area), row and c01umn 5 to non-produced domestic natura1 assets, and row 
and c01umn 6 to the rest of the wor1d (lightly shaded area). Row 7 and c01umn 7 show the tota1 uses and tota1 
supp1y respective1y. Each cross (x) represents a materia1 f1ow. 

The materia1 flows ofSEEA Tab1es 1 to 3 are combined in Table 4. The c01umn tota1s (row 7) ofTables 1 to 3 
are shown in rows 2 to 4 ofTab1e4. The row tota1s (c01umn 7) ofTab1es 1 to 3 correspond to rows 5 to 7 of 
Tab1e 4. All the materia1 flows from Scheme 1 are therefore inc1uded, but particu1ar information about the 
re1ationships between supplying and receiving activities (or stocks) is no 10nger evident. Such a condensed 
presentation of materia1 f10w data has the advantage of being easy to follow and cou1d make it easier for many 
countries to carry out materia1 flow ana1yses, since the amount of data required is very much reduced. 
According to the SEEA asset data (Tab1e 4) shou1d inc1ude opening stocks (row 1 of Tab1e 4) and c10sing 
stocks (row 9). An additiona1 item "Other volume changes" had to be introduced in order to arrive at a complete 
material stock bal때ce. This item covers changes not brou맹t about by the economic use of materials but, for 
examp1e, by politica1 or natura1 causes. 

The PIOT do not describe physica1 stocks, but on1y material f10ws (Table 5). Tab1e 4 has to be adjusted 
according1y. Rows 1 to 6 of Table 5 represent the materia1 f10ws of Scheme 1. Row 7 introduces balancing 
items ref1ecting changes in tan밍ble assets or the accumulation of materials resulting from economic activities. 
Balancing items are a1so necéssary for links between the domestic economy and the rest of the wor1d. These 
ba1ancing items represent net flows to the domestic economy from the rest of the wor1d or vice versa. For 
economic activities, materia1 inputs and outp따s are ba1anced. The SEEA concepts and Table 5 in particu1ar 
form the basis for the PIOT. 
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Table 1: Raw material flow matrix 

Uses envlron- other controlled other non- Total 

Ser. mental (incl. house- landfills of produced produced the world supply 

No. Supply protection’ hould activi- waste assets (incl. natural (exports) 
assets 

(5) 

Economic activities 

1 environmental protection, recycling 

2 other (incl. household activities) 

Domestic assets 

3 controlled landfills of waste 

4 other produced assets (incl. cons.dur.) 

5 non-produced natural assets X 

6 X 
Rest of the world (imports) 

7 X X X 
Total uses 
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Economic activities 
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Domestic assets 

controlled landfills of waste 
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non-produced natural assets 

Rest of the world 

Total uses 

Table 2: Product flow matrix 

envlron­
mental 

protection, 

other 
(incl. house­
hold activi-

7 

Rest of 
theworld 
(exports) 

Total 
supply 

X 

X 

X 
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Ser. 
no. 

2 

3 

4 

5 

6 

7 

Uses 

Supply 

Economic activities 

environmental protection, recycling 

other (incl. household activities) 

Domestic assets 

controlled landfills of waste 

other produced assets (incl. cons.dur.) 

non-produced natural assets 

Rest of the world 

Total uses 

Table 3: Residual flow matrix 

envlron­
mental 

protection, 

X 

other 
(incl. house­
hold activi-

X 

8 

controlled 
landfills of 

X 

other 
produced 

assets (incl. 
cons.dur 

X 

Rest of the 
world 

(exports) 

X 

Total 
supply 

X 

X 

X 

X 

X 
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Concepts 

2.3 Physical input-output tables 

2.3.1 The basic concept 

The 1990 PIOT are a macro-economic, activity-based material t10w account in tonnes. The acti찌.ties ofthe 
domestic economy (old Länder) are divided into the 58 branches of the G하man 피put-output account, with an 
additiona1 바anch for extema1 environmenta1 protection s하vices， and the consumption acti찌.ties ofhouseho1ds. 
The PIOT 외so describe additions to and reductions of stocks - in other words, changes in tangible assets, for 
example buildin.뚱， machinery and equipment and natura1 assets - and foreign trade in tonnes. 

So far as product flows are concemed, the PIOT are to a 1arge extent comparab1e with the monetary input­
output tables. The most important addition the PIOT make to the monetary input애utput tables is the inc1usion 
of natura1 assets as a source of raw materia1s and a sink for residua1s. A distinction is made between produced 
뻐d non-produced natura1 assets. Materia1 flows to and from the non-produced natural assets are intended to 
휠ve an indication ofthe economic use ofthe natural environment. In PIOT, produced natural assets comprise 
cu1tivated p1ants and anima1s. These expansions are discussed in section 2.3.6 "Specia1 conceptua1 problems". 

The PIOT show the ouφuts (supply) and inputs (uses) of materia1s for each branch of production, for 삼le 
consumption acti찌.ties ofhouseho1ds each tan휠ble assets and the rest ofthe world. Nine raw materia1s, 49 types 
of products and 11 residuals are distinguished. The output of matl려a1s includes all domestica1ly produced and 
imported products, the residuals resu1ting from production 때d consumption, and the withdrawals or physica1 
reductions of the various tan휠ble assets. So in PIOT, output is not on1y the resu1t of production processes but 
the whole amount of matl려~s given up by the different categories (branches of production, consumption 
activities of households, various 왜ngible assets and rest of the wor1d) shown in PIOT. These materia1s flow to 
the various categories ofPIOT as inputs. For example, raw materia1s and products may be used as intermediate 
inputs in the various branches of production, consumed by households, increase the tangible assets or be 
exported. Residua1s are either discharged into nature (input of natura1 assets), treated by the branches "extema1 
environmenta1 protection s하vices" or ,,recycling" or are expoπ:ed. The treated residua1s are then discharged into 
nature or re-used as secondary raw mat，하ia1s. 

The physica1 1aw of the cons하vation ofmatter (first principle ofthermodynamics) means that the combination 
of와1 materia1 flows (withdrawa1s ofraw materia1s, product flows and residua1s) in the PIOT makes the materia1 
inputs and ouφuts identica1 for ev하y sin빙e branch of production and for the consumption activities of 
households. F or the various kinds of tan~깅b1e assets and the rest of the wor1d, the ba1ance of input and output is 
the change in materia1 stocks (materia1 accumulation) and the physica1 net export or import. The sum of 
domestic materia1 accumu1ation 뻐dnc갚 expoπ is by definition zero. 

The 1990 PIOT are di찌ded into the physica1 input (uses) tab1e, the physica1 output (supp1y) tab1e, the materia1 
integration 없b1e and two supp1ementary tab1es. The following sections of this Chapter 100k frrst at the 
individua1 tab1e types, then at the system of tables and fin떠1y at a se1ected number of conceptual problems of 
thePIOT. 

2.3.2 The Physical Input (Uses) Table and the Physical Output (Supply) Table 

The physical input table shows which categories of PIOT - branches of production, consumption activities of 
househo1ds, tan.힘b1e assets or rest of the world - use or receive which materia1s - raw materia1s, products or 
residua1s. The physical output table describes which of these categories of PIOT produce or pro에de which 
materials. Thus, for examp1e, raw materia1s appear as an output of non-produced natura1 assets in the outp따 
table and as an input ofthe branch "mining“ for the production of mining produ따s in the input tab1e. 

The co1umns of the input tab1e and the output table show 59 branches of production, the consumption activities 
of househo1ds, seven categories of 때n휠ble assets (private consumer goods, changes in stocks, 1andfi11s, 
b띠1벼ngs， mac.퍼nery & equipment, and produced and non-produced natura1 ass없，) and the rest of the world. 
The rows show 피ne raw materia1s, 49 product catego더es and 11 양pes of emissions (for further subdivisions of 
air emissions see section 2.3.4). 
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As work on the PIOT progressed, it seemed appropriate to split both the input table and the output table into 
three sub-tables. This makes them easier to follow as regards the various problem fields and makes it easier to 
reconcile inputs and outputs. At the level of aggregation of the composite tables, the sources of the problems in 
ba1ancing inputs and outputs would be difficult to see. Showing the supply and uses of water separately, for 
example, continues to be necessary, if on1y because of the quantities of water involved. The amount of water 
used in our economy is so great that all other materia1 flows seem insignificant by comparlson. The breakdown 
was made according to the kind of residua1s and pragmatically from the basic statistics. 

Sub-tables are distinguished for the following material inputs: 

• 없ergy， 

• water, 
• other materials. 

On the input side, the sub-table for energy covers all energy carriers (fuels) and other materials (e.g. oxygen) 
necessaη for their combustion and transformation. Opposite them on the output side are the air emissions, 
steam and combustion residues resulting from combustion, and products made from energy carriers. The water 
sub-table compares the entire water input of the various branches with the water output in the form of waste 
water, steam and water contained in products. Once the energy and water tables have been defined, we are left 
with a remainder consisting chiefly of non-energy raw materials and products on the input side, and chiefly 
products and waste (including reductions in stocks, such as builder성 rubble or bulk waste) on the other. These 
very different materia1s are combined in the sub-table for other materials. 

The row and column divisions of the sub-tables are fully compatible with those of the composite tables. In the 
sub-tables, inputs and outputs by column are identica1 for branches of production and consumption activities 
of households (b따 not for tan밍ble assets and the rest of the wor1d), as they are in the composite table. In the 
rows, on the other hand, the sub-tables may show differences between inputs and outputs. This is the case where 
paπ of a sub-table's output is posted as an input in another sub-table. Water is used in the manufacture of paints, 
for example. The tota1 wei양1t of paint produced a1so contains a quantity of water. The input corresponding to 
that water is paπ of the water withdrawn from nature. The output table for water therefore shows p와t ofthe 
output of the product "paint" corresponding to this input. For simplicity침 sake, however, the use of the entire 
product "paint" is shown in the table of other materials. 

2.3.3 The material integration table (input-output table) 

The material integration table shows in its rows and columns the branches of production, consumption 
activities of households, tan!갖ble assets and the rest of the wor1d (exports and imports). This breakdown is the 
same as the columns of the input table and the output table, but 양pes of materia1s are not distinguished. The 
material integration table shows in its rows the use made of the entire supply of materia1s (raw materials, 
products and residuals) by the varlous categories of PIOT. The total mat얹ial supply of a branch of production, 
for example, consists of the materia1 output from domestic production and the imports of the same kinds of 
goods. The latter means that, for example, imports of agricu1tural products are assigned to the materia1 supply of 
production branch 1 "production of agricultural products". The columns show what materia1s, and how much, 
are taken up by the branches of production or other categories and how hi양1 the overall material supply is. The 
total supply ofmaterial (column tota1S) is identical with the total use ofmateria1 (row totals). 

The material integration table is also divided into various sub-tables. The sub-tables show in detail the use 
made of products, raw materials and residuals and the use of imported products. The sub-table for residuals 
is further subdivided into the use of residuals from the utilisation of energy, of water and of other materials. 

The materia1 integration table differs conceptually from the input table and the OUtput table in the posting of 
agricultural and forestry products. In the input and OUtput tables, changes in produced natural assets are 
shown grOSS. πlÌs means that the total growth in biomass (OUtput of agriculture and forestry) is posted first 
as an input of produced natural assets. The ouφuts of produced natural assets are the agricultura1 and forestry 
products used in the period. Althou맹 this is a departure from the SNA concepζ showing them gross is of 
advantage for describing the biolo링cal metabolism. In the material integration table, however, we describe the 
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produced natura1 assets net. This means that the agricultura1 and foresσy products used in the period are 
ascribed directly to the us하s， and on1y genuine 피creases or decreases in stocks in the accounting period 따e 
sho’wn as produced natural assets. The ba1ancing item of produced natura1 ass하s is the changes in stocks of 
cu1tivated p1ants and anima1s. The materia1 f10ws in the fie1d of produced natura1 assets - as with the input tab1es 
and output tab1es as a who1e - are therefore 10wer in the materia1 integration tab1e than in the input table and 
output table. In this respect, the procedure followed for the material integration table corresponds to the concept 
of the revised SNA. In other respects, the two table types are conceptually and quantitative1y the same. 

The concept of the physieal input table and output table makes possible a much more hi행ly detailed 
presentation of the a11ocation of materials to branches of production, consumption activities of households, 
tangible assets and rest of the wor1d and thus of the relationships between the domestic economy and nature 
than the material integration table. However, the input tab1e and output table do not say anything about the 
links between the categories of PIOT. The material integration table, on the other hand, is designed to show 
these links and thus forms the basis for input-output an머yses. If materia1 f10ws are to be investigated without 
input-output 때a1yses， the input tab1es and output tables are probably the more suitab1e tool. 

2.3.4 Supplementarγ tables 

The previous explanatory notes to the PIOT concepts referred to a c10sed presentation of the materia1 f10w 
account in tonnes. Such a presentation in tonnes a10ne natur려ly abstracts from the q ualitative aspects of 
mat하ial f1ows. The PIOT concepts can however a1so be applied to other units of measurement. As we see it, the 
purpose of any material f10w account must be to offì하， so fj따 as is meanin~힘11 and possible, supplemen밟y 

tables in units other than tonnes and to des따ibe qua1itative aspects. 

It is at present possible to compile on1y two supplementary tables. These tab1es are of course conceptua11y 
fully compatible with the corresponding data in tonnes. The first supplementary table shows the sub-tab1es for 
energy of the Physic외 Input Table and Ouφ따 Table in terajoules. The energy sub-tabl양 breakdown into 
columns is exact1y the same in tonnes as in terajouJes. The choice of calorific 때ues as the units does produce 
di많rences in the breakdown by rows, however. Thus, a new heading has been introduced und하 raw materia1s 
for hydroelectric power. on the ouφut side, items such as useful energy (light, heating, etc.) and heat losses 
have to be shown. The generation and use of electric current can now 머so be shown here. 

The second supplementary tab1e shows the air emissions of the branches of production and households 
according to 양pe of emission in greater detail than the Physical Input-Output Tab1e. Air emissions are also 
weighted with weighting factors for the environmental problems of the greenhouse effect and acidification. 
The weighting factors show, for example, that the discharge of one tonne ofnitrogen dioxide (N20) contributes 
320 times more to g10b떠 wanning than the discharge of one tonne of carbon dioxide (C02). The wei양lting 
makes clear the contribution of individua1 branches of production to the total pollution potential of 없r 
없피ssions resu1ting from human acti꺼ty， as regards the greenhouse effect or acidification. Such calcu1ations 
have a1ready been pub1ished by the N밟lerlands Centra1 Bureau ofStatistics (De Haan, Keuning, Bosch 1993). 

2.3.5 The system of tables 

Since the PIOT is a complex system of tables, an overview of the relationships between the composite table and 
sub-tables seems to be required. In this section, we sh떠1 not say anything more about the supplementary tables 
for energy in ca10rific values and for air emissions, as this seems unnecessary for understanding the context of 
the PIOT systl않loftables. 

First, the quantitative connection ofphysical Input Tables and Output Tables is shown. This is d~ne using the 
following sing1e-co1umn account for the corresponding total quantities of inputs and outputs from the various 
tables. The figures in brackets are the numbers ofthe tables in the table section. 
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Total 
million t 

(1) Physical Input (Uses) Table 1990 

(1 .2) Energy ......................................................... 4 543.3 

+ (1.3) Wat하........................................................... 103704.0 

+ (1.4) Othermaterials ............................................ 4808.1 

4 = (1. 1) Tota1 .• …… •• ….“ •• …… •• …….“…….“…… •• …… •• …… •• … ••• …….“…….“….“.“…….….“.“…….… ••• …… •• …… •• …… •• …… •• … ••• …… •• …… •• … ••• …… •• …… •• …… •• …… •• …… •• …… •• … ••• …… •• …… •• …… •• … •• “…….“…… •• …… •• …… •• …… •• …… •• …… •• …… •• …… •• …… •• …… •• …… •• …… •• … 113 055 .4 

(2) Physical Output (Supply) Table 1990 

(2.2) Energy ......................................................... 4 564.9 

+ (2.3) Water........................................................... 103905.5 

+ (2.4) Other materials ............................................ 4 5ß5.0 

= (2.1) T야a1 …......................................................... 113 055.4 

This account shows that whi1e the tota1s of inputs and outputs are the same, the totals of the sub-tables are 
nevertheless different. This is due to transformations from one kind of material to another, shown in the 
transitions between the sub-tables for energy, water or other materials (see section 2.3 .2). The column totals of 
the branches of production and the consumption activities of households always. match, however, as already 
explained. 

The difference between the total quantity of materials given by the Input Table and Output Table and that 
shown in the Material Integration Table is explained by the conceptual difference already mentioned (see 
section 2.3.3). 1t involves the diff농rent posting of agricultural and forestry products in produced natura1 assets. 
The transition is quantified in the following account: 

Input/Output as per Input Table or Output Table 

- differences in produced natura1 assets ................... . 

= total material supply / total materia1 use as per material 
integration table .................... . 

million t 

113055 .4 

221.7 

112 833.7 

The material integration table, too, is divided into various sub-tables. The following account illustrates the 
quantitative relationship between the tables. The figures in brackets again refer to the table numbers in the table 
sectlOn. 

(3) 1990 Material integration table 

(3 .2) Use ofproducts and raw materials -

T otal input or 
output 

mi1lion t 

domestic production ....................................... 58 741 .4 

+ (3.3) Use ofresiduals - domestic production 
3.3 .1 Tota1...................................................... 53699.8 

+ (3 .4) Use ofimported products ............................... 392.6 

(3.1) Tota1- domestic production 없d imports …..... 112833.7 
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The use of products and raw materia1s - not inc1uding residua1s or imported products - is shown in Table 3.2. 
Table 3.4 shows the use ofimports byproduct category and branches or households. Table 3.3 "Use ofresiduals 
- domestic production" is further divided into the following sub-tables: 

Total 
million t 

(3 .3) Use ofresidua1s - domestic production 

(3.3.2) Energy.................................................... 2069.4 

+ (3.3.3) Water… ....................... ….......................... 50614.5 

+ (3.3 .4) Other materials ….................................... 1 015.9 

= (3 .3 .1) Tot려… ........•...••..•.. … •....•••••..••••. … 53699.8 

The tables of uses of residuals (Tables 3.3 .1 to 3.3.4) describe where the residua1s ori휠nating in the various 
branches of production or other categories flow to. Among other things, this shows whether the residua1s are 
discharged directly into nature or whether they are disposed of in the branch "extema1 environmental protection 
services", for example. 

2.3.6 Special conceptual problems 

Changes in tangible assets 

As 려ready mentioned, the existing PIOT do not show any stocks of tan휠ble assets, but on1y changes in such 
assets. They are therefore confined to material additions to or reductions of tan밍ble ass하s.Ap없t from the types 
oftan휠ble assets described below (private consumer goods and natura1 assets), the PIOT a1so show additions to 
and reductions of machinery&equipment and buildin뚱， and on1y increases in stocks in waste in landfills. 
Transfers from controlled landfills to nature are not inc1uded for lack of adequate data. Additions to tangible 
assets are capita1 investments (in tonnes) and waste deposited in landfills. Reductions of physical assets are 
chiefly rubble and sσap. The balance of inputs and outputs describes the change in stocks of the corresponding 
types oftangible assets in tonnes. The changes in inventories (additions less reductions) are shown in the input 
table. Apart from stocks of live anima1s and plants, it is currently impossible to present additions and reductions 
separately. Attention should a1so be drawn to two special problems. M iIitary buiIdings and machinelγ and 
equipment are presented in the PIOT as output of general government and input of the corresponding 
categories oftan밍ble assets, since they nonnally remain in the stock of physical assets for severa1 years. This is 
not fully in line with SNA concepts, which regard on1y assets that can a1so be used for civilian purposes as non­
financial assets but not purely military ins없llations. In the PIOT, material flows relating to maintenance works 
are shown as physical additions to assets. However, in accordance with the ESA (European System of 
Accounts), smaller maintenance works shou1d be posted not as additions to ass얹s but as intermediate 
consumption. 

Natural assets 

As a1ready mentioned, the most important addition in the PIOT as compared to the monetary input-output table 
is the inc1usion of natural assets. A distinction is made between produced and non-produced natura1 assets. In 
the PIOT, produced natural assets include cultivated plants and animals and are therefore c10sely linked to the 
production branches agriculture and forestry. We shall discuss this in the following section on agriculture and 
forestry. The non-produced natural assets are intended to provide an indication of the economic use of the 
natural environment. In a materia1 flow account like the PIOT, this use is reflected in the material flows betwe없 
nature and the economy. Without the additions to and reductions of natura1 assets, macroeconomic materia1 
ba1ances like the PIOT cannot be closed. In sÍII껴plified terms, a material flow of subsoil assets, water, oxygen, 
etc. flows from nature to the domestic economy. People use these materia1s, transform th밟1 and, sooner or later, 
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return them to nature again in the fonn of residuals. The PIOT σY to depict these flows, initia11y without 
qua1itative eva1uation. The essentia1 criterion in the PIOT for a withdrawa1 frorn or discharge to nature is the 
direct transition from nature to the economy or vice versa and is ultimately based on the immediate avai1ability 
ofthe materials. If, for example, a company were to allow effiuent to seep away on its property, the PIOT would 
regard this as a discharge into nature, even though the company성 prop하ty cannot be described as nature. The 
position with a withdrawal from nature is similar. The PIOT would interpret the withdrawa1 of water from an 
하뼈ciallake as a withdrawal from nature, even thou맹 that water could a1so be considered a stock within the 
economy. In some cases, the system boundary is not c1ear and it has been drawn conventionally, with an eye 
외so to the underlying statistica1 data. 

The balance between input and output of non-produced natural assets is a quantity expressing the change in the 
distribution of materials between the domestic economy and nature. However, it is not sufficient to derive from 
this the pollution of the natura1 environment. To do that, additiona1 qualitative indicators would have to be 
linked to the various materia1 flows. In addition, the natural exchange of residua1s between the national 
economyand the rest ofthe world would a1so have to be inc1uded. 

Agriculture and forestrγ 

In this field, the presentation in the PIOT differs greatly from the concept of the monetary input-output tables in 
their existing (unrevised) form, but does, however, largely take account of the concepts of the revised SNA. 
Agricultural and forestry production is 찌rtually inseparable frorn nature, making the distinction p뼈cularly 

difficult. Consideration of the harvest quantity, for example, is not enough. In the PIOT, the output of 
agriculture and forestry corresponds to the tota1 biomass increase of cultivated plants and animals (e.g. growth 
in woods cultivated as forestry operations, in cerea1s or pot와oes， and the increase in livestock). This in따'ease m 
biomass may increase the produced natural assets of agriculture and foresσy or be consumed during the period 
mquestlOn. 

Agric띠ture， foresσy and produced and non-produced natura1 assets are closely inteπelated. In the PIOT, non­
produced natural assets provide agriculture and forestry with a large p따t of the materia1s necessary for the 
growth of biomass, such as rainwater, carbon dioxide and oxygen. Unfortunately, major influence factors like 
energy from the sun cannot be taken into account, as they cannot be measured in tonnes. Thee supplies of non­
produced natura1 assets enable agriculture and forestry to produce cultivated plants and a띠ma1s. Plants and 
뻐ima1s form paπ of non-produced natura1 assets if they are not directly asc더bable to agricultura1 or forestry 
production. These are e.g. trees in a wood not operated as a forestry enterprise or freely li찌ngwi1d 뻐ima1s. 

Biological metabolism 

As described above, the PIOT depict the natura1 growth of produced biomass as an ouφut of agriculture and 
forestry. This concept a110ws a complete picture to be drawn of the material flows neces앓ry for metabolism of 
cultivated plants and animals. The inputs of the metabolic processes are raw materia1s such as water or air 
(oxygen, carbon dioxide) and products such as animal feed or fertilisers. The metabolic outputs inc1ude the 
natural growth of trees and the like, products such as eggs or apples, and residua1s (evaporated water, liquid 
manure, etc.). The need to inc1ude such metabolic processes arises from the need for a consistent application of 
the identity of materia1 inputs and outputs. Thus, liquid manure and methane are major residual outputs of 
agriculture, the corresponding inputs of which, namely water, feed and breathing of farm animals, must 
therefore be inc1uded. Apaπ from the biolo잉cal metabolism in agriculture and foresσy， similar processes in 
households, namely the biolo잉cal metabolism of humans and domestic animals, are inc1uded. fu view of the 
qua1ity of the data, the results for biolo횡cal metabolism are inc1uded only in the review of findings (Chapter 4) 
and not explicitly shown in the tables section. 
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Households 

ThePIOTdi찌de the households branch into consumption activities and the acc\血u1ation of consumer durables 
by households. The category "consumption activities of households" describes a11 material inputs and outputs 
used or disposed of again 피 a reporting period. In order to construct a complete materia1 ba1ance for this t10w 
account, it is necess따y to inc1ude not on1y purchases of consumer goods but a1so the entire metabolism of 
human beings and domestic 뼈뼈als.0퍼y residua1s 없 shown as outputs from the colls\血:ption activities of 
households. Apart from production for own consum뼈on in agriculture, possible product outputs of households 
for own use are disregarded. In the accumulation of consumer durables, the purchases of furniture or cars, for 
example, increase that asset and dispos외s like bulk waste or scrapped motor vehicles reduce it The resulting 
ba1ance is the change in stocks of consumer durables in tonnes. 

External environmental protection serγices 

By comparison with the monetary input-output tables, the PIOT show an additional branch of production for 
extema1 environmental protection services. In the monetary 피put-output tables this branch is part of "Other 
market services" and "Services of centra1 and local government". An environmental protection service is 
described as extema1 if it is provided for third parties, Ï.e. does not serve to dispose of residuals originating 
within the same enterprise. E:앙ema1 environmental protection services inc1ude in particu1ar sewage c1arification 
and waste treatment. The landfilling of waste is a materia1 accumu1ation and is shown under changes in tangible 
assets. 

Services 

on a conceptua1 1evel, the question arises whether the use of s하vices shou1d be inc1uded in a mat려al t10w 
accoun1‘ and if so in what form. The PIOT shou1d 50 far as possible record a11 materia1s received or discharged 
by the categories - production branches, consumption activities, tan휠ble assets and rest of the wor1d - described. 
In some cases, the use of sεrvices also involves materia1 flows. For example, the service "catering in 
restaurants" involves a materia1 flow to households equiva1ent to the wei양lt of the food 따ld 굶ink consumed. 
Estimates of some of these materia1 flows were included in the PIOT. A complete picture cannot however be 
혈ven here for want of the necess없y statistics. The most inψortant of these material t1ows, such as the food and 
d더nk consumed in restaurants and cante∞s， are probably recorded in the PIOT. 
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3 Principles and methods of calculation 

3.1 Overview 

The compilation of the 1990 PIOT may be described briefly in five stages: 

1. First, the outputs (supply) and inputs (uses) of products are calc띠ated in tonnes, without materia1 flows 
between nature and the economy. This gives the physical counterpart to the monetary input-output tables 
(Section 3.2). 

2. Then the material ßows between the economy and nature are ascertained. A link is made with the 
materials withdrawn from nature and the residua1s produced. Natural assets are brou맹t in as a contra 
entry to these material flows (Seαions 3.3, 3.4). 

3. The third stage is to reconcile the inputs and outputs of the various branches of production and the 
consumption activities of households and to check the balances in tan~킴ble assets and the rest of the world 
(section 3.5). 

4. The input table and output table are then transferred into a symmetrical material integration table 
(Section 3.6). 

5. Once the PIOT have been calculated in tonnes, the supplementary tables mentioned above are compi1ed 
(Section 3.7). 

3.2 Product flows 

In the first stage, vectors are determined for domestic production, impoπs and exports in tonnes. This involves 
principal1y products of the producing sector, agricu1ture and forestry. Data in physic떠 u피ts available from the 
production and foreign σade statistics form the basis for the vectors. 

The statistics of output in the manufacturing industry describe around 60% of the categories of goods 
produced by larger enterprises1 in m피ing and manufacturing in units ofweight (tonnes). The other products 
recorded in these statistics have to be converted into tonnes from other physica1 u미.ts - e.g. piece, litre, square 
metre - using special average wei양lts. Most of these conversion factors can be arrived at using ratios from the 
foreign trade statistics, e.g. ratios oftonnes to pieces or to square metres. Some ofthe conversion factors had to 
be obtained by special investigation or from supplementary information. In about 10% of cases, ratios of tonnes 
to DM are used. The conversion was made at the lowest possible level of aggregation so as to minimise the 
heterogeneity of products and thus the scope for error in making the conversion. Around 1,500 products are 
distinguished in the PIOT. 

Since the statistics for the output of the manufacturing industries normal1y inc1ude larger enterprises (with more 
than 19 employee상， Slφplemen때ry estimates were made for smaUer enterprises (뼈th less than 20 employees). 
Further additions were req마ed for pac피ng material in a number of product categories (e.g. beverag않， toys or 
musical instruments). 

Data on the weight of new buildings were not found in the officia1 statistics. Instead, the inputs of building 
materials for the branches "construction" and "insta11ation and building completion works" were used to 
estimate the new bui1dings in tonnes. πlÌs ouφut of the construction branches increases the accumu1ation of 
mat려als and must therefore be posted as an increase in tangible assets. 

In agriculture and forestry, the PIOT presentation differs marked1y from the concept of the monetary input­
output tables. As explained in Chapter 2, the ouφut of agriculture is represented by the increase in biomass of 

Thes때tistics of output in the rnanufacturing indusny nonnally ∞，ver only local units of enteIp피ses with more than 19 employ'않s. 
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m피tivated p1ants and animals. The increase in biomass is ca1cu1ated from data in physica1 units from the 
agricu1ture and forestry statistics on harvest qu때tities and stocks of p1ants and 때뼈a1s and from information 
from agronomics. This w피 be discussed further in Section 3.4. 

까1e statistics of output in the manufacturing industries, agricu1ture and forestry and the supp1ementary estimates 
referred to provide us with a vector for the domestic output of goods in tonnes, divided into some 1,500 양pes 

of products according to the c1assification of the input애utput tables (CIO). Production figures not directly 
measurab1e in tonnes, such as e1e~city， are not inc1uded. The foreign trade statistics provide hi맹ly detailed 
figures for imports and exp야ts of goods in tonnes. This enab1es us to construct the fol1owing equation for 
every one of the 1,500 product 양pes: 

Domestic production + imports = domestica11y availab1e goods2 + exports = tota1 supply. 

These vectors establish the basic data for the product flows in the PIOT. The essentia1 next step is to di찌dethe 

products availab1e within the country (domestic availabili양) among 상1e using categories - branches of 
production, consumption activities of househo1ds and tan휠b1e assets. This is done partly with the he1p of 
physica1 data and part1y fol1owing the use structures from the mone없ry input-ouφut account which describe the 
branches ofproduction and categories offina1 use inwhich each ofthe 1,500 product 양pes is used. Since many 
of the use structures are derived from mone않ry data, corrections have to be made if significant price differences 
occur between various users or purchasers of the same product type. Data in physic외 u며ts are availab1e in the 
case of energy carriers, the distribution of water or purchase of fresh water, etc. (details in Section 3.3). The 
outcome of this step is a description of the deliveries in tonnes of the products to the various branches of 
production, to househo1ds, to the 때n휠b1e 잃sets (domestica11y availab1e goods) and to the rest of the world 
(exports). 

A number of pec띠iarities in the ca1cu1ation of the PIOT product flows as compared to the monetary input­
output tab1es 없e exp1ained briefly be1ow. 

In the branch "who1esa1e trade, recycling", activities for the recovery of raw materia1s are combined to give an 
overall picture of the economy성 recyc1ing effort. The recycling ac엄vities of the manufacturing industries are 
inc1uded as wel1 as those of trade. Recycling resu1ts in secondary raw materials. In the PIOT, this t하mis 
used to describe those treated or recyc1ed wastes that flow back into the production process to substitute other 
raw materia1s. Not all the figures for the domestic production of secondary raw materia1s are contained in the 
production statistics. The most important other sources used to determine the extent ofthe production and use of 
secondary raw materia1s were the Federal Statistica1 Office성 iron and stee1 statistics, waste statistics and various 
other statistics compiled by industry associations. 

The branch "External environmental protection services", which is not explicitly shown in the monetary 
input-output tab1es, is formed on the basis of information 효om the statistics on waste, waste water and of the 
Fed하a1 Statistica1 0뻐ce칭 accounts of environmenta1 protection expenditure. 

In addition, a number of mat려al flows connected with services are inc1uded in the PIOT. One important flow 
is the food consumed in restaurants and cante얹lS. This is estimated on the basis ofthe Natio따1 Nutrition Study 
and physio1o횡cal factors and indicators. 

Once the basic tab1e for product flows in tonnes has been constructed, the materia1 flows between the 
environment and the economy are added. This means raw materia1s withdrawn from non-produced natural 
assets for the p따pose of production and consumption and residuals that pass from the national economy to the 
non-produced natura1 assets. The sub-tab1es for water and energy of the Physica1 Input Table and the Output 
Tab1e are also compiled at this stage in the work, which is described be1ow. The sub-table for other materials is 
produced 1ater from residua1 amounts (Section 3.5). 

2 inclu빼19Changlξs ininv<히rtories. 
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3.3 Flows ofraw materials and residuals 

3.3.1 Raw materials 

The withdrawals of raw materials from nature comprise not on1y subsoil assets, but a1so the overburden from 
m피ing， soil excavated for building purposes, water, oxygen - especi려ly for combustion - 없ld other materia1s 
which are incorporated into the goods during production 뻐d/or which arise as residuals. 

The subsoil assets withdrawn from nature and often also the associated quantities of overburden are recorded in 
special mi미ng statistics and certain association statistics. The overburden which occurs but is not used is posted 
at the same level on the input and the output side. Oxygen inputs are estimated on the basis of the energy 
carriers bumed and the air emissions so produced. Oxygen inputs a1so occur in connection with the biological 
metabolism ofhuman beings and animals. 

3.3.2 Water and waste water 

The withdrawal of water from non-produced natura1 assets, the distribution of water within the economy, 
and waste water are an inseparable unit, both as a material f10w and from the point of view of the underlying 
data. The basic data are the Federa1 Statistica1 Office능 Statistics of Water Supply and Waste Water Disposal 
(Federa1 Statistica1 Office 1991). These provide much va1uable information for the construction of PIOT. 
Unfortunately, these statistics are not available for 1990, but for 1987 and 1991. They were converted to 1990 
using association data, other auxiliary factors or by interpolation. Further calcu1ations had to be made to arrive 
at the concepts and level of aggregation of the PIOT. The division of a composite item embracing households, 
thes하vice se따or， agriculturé & forestry and sma11er ent，하prises of the producing sector (norma11y with less 
than 20 employees) proved difficu1t. To break down this it뼈， investigations were made of water withdrawal 
and distribution in particular. This is discussed below. These statistics a1so 휠ve results by industry, whereas the 
PIOT show them by branch of production. The difference is that industries are formed of institutions with the 
same principa1 economic activity, whereas branches produce sole1y the products of a particular category. In 
order to move from industries to branches, the quantities of water for secondary activities and the quantities of 
waste water they produce have to be 1rans옮rred to the branches that produce main1y the goods in question. 
Since the survey unit for the water supply and waste water disposal statistics is the loca1 unit, on1y a f농W 
quantitatively significant amounts ofwater and waste water need to be πansferred. 

For the purpose of compi1ing the sub-table for water, the withdrawals of water from nature are first 
determined for the input-output account's 58 branches of production, for externa1 environmental protection 
services and for households. F or larger enterprises of the manufacturing indus며es and water supply enterprises, 
상ús information can be obtained from the water statistics (Federal S빼stical Office 1991) and association data. 
Addition허 es뼈rntes are required, chief1y for agriculture and households, but a1so for the unrecorded small하 
enterprises and for services. The water input of agriculture is ascertained from the produced plants and anim머S 

using physiologica1 in버ces3 . The water withdrawn by households is estimated from the proportion of the 
population connected to the water supply. πlese ca1culations give the tota1 water withdrawa1 from nature and 
thus an important total for the water table. 

The next step is to determine the water distributed by water supply enterprises. For larger enterprises within 
manufacturing indusσy， information is ag빼 available from the water statistics. The composite item mentioned 
above for the supply of water to households, etc. must be broken down to aπive at the PIOT classification. The 
calculations for sma11er producing sector entl강prises， agriculture & forestry and services are based in paπ on 
production and workforce figures and in paπ on additional information. The disπibution of wat많 to households 
is obt없.ned as the remainder. When added to the withdrawals of water from nature, this gives the tota1 fresh 
water input ofthe branches and households. The supply (output) ofwaste water must a1so be determined for 
the 58 branches ofproduction, externa1 environmental protection services and households. For larger enterprises 

3 꺼너s gives only that 뼈rt of irrigation, ra피， etc. that has act뻐lly gone into the agricultural products. πleq뻐ntities ofwat，핫 received 
슐om상le public water s\빼，ly must be deducted in order to g하 the water with，빼.wn from nature byag꾀m뻐re and forestry. 
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within manuf없m피g industry, the waste water statistics (Fed하al Statistical Office 1991) provide the basic data. 
The further divisions of the supply of waste water are estimated on the basis of the fresh water inputs of the 
various branches. The waste water statistics a1so show the amounts of waste water treated int앙n외lyand 
extemally. For larger enterprises, these data describe which branches send how much waste water to the branch 
"extema1 environm하1tal protection s하vices" for extema1 disposa1 and how much waste water is treated in the 
enterprises’ int하nal clarification plants. It is assumed that households, the service sector and sma1ler enterprises 
have all their waste water disposed of externally, exceptiona11y a paπ which is evaporated or oozed away. For 
households at least, this is not entirely true, since in rural areas some households have their own treatment 
faci1ities. However, it is likely that on1y small amounts ofwaste water are involved. 

3.3.3 Use of energy and air emissions 

The Federal Statistical Office has for several years calculated the supply and use of energy in physical u미.ts 

(tonnes, joules) and, on the basis ofthat, the air emissions (Federal Statistica1 0뻐ce 1996). These results are 
adopted by the PIOT largeiy unchanged. In compiling the energy sub-table, a distinction is made, on the basis 
ofuse, between energy carriers that are bumed in the production process and those that are not. Most man-made 
alr 얹nissions result from the buming of energy carriers. Air emissions are therefore calculated by multiplying 
the quantities used for combustion by specific emission coefficients.4 fu addition to energy and the air emissions 
resulting from their use, the PIOT energy sub-tables must also inc1ude other material f10ws to make the input 
and output columns identica1. These include the oxygen required for combustion and certain chemical products 
necessary for the conversion of energy carriers. Apart from the 앙1ergy carriers resulting from conversion and 
the air emissions (inc1uding steam), the output side must a1so show certain chemica1 products obtained from 
energy carri하'S and combustion residues. 

3.3.4 Waste 

The basis for the presentation of the . supply of waste (waste output) and waste disposal in the PIOT is the 
waste disposal statistics and the waste ba1ance sheet derived from them (Federa1 Statistica1 Office 1990), which 
compare the total amounts of waste produced and disposed of. The first step is to divide the amount of waste 
shown in the waste ba1ance sheet among the 58 branches of production, households and the various tangible 
assets. The waste produced by larger enterprises in the producing sector is recorded in the waste statistics. 
Like the water supply and waste water disposa1 statistics, the waste balance sheet shows on1y a composite item 
for the waste produced by households, the service sector, smaller enterprises within the manufacturing industry, 
agriculture and forestry (when removed by refuse collection seπices). 깐1e waste from the smaller enterprises 
is inc1uded by making mark-ups in line with the supplementary estimates for sma11er enterprises in the input of 
materials and products (see section 3.2). The amount of household and bulk waste produced by households is 
estimated from the results ofthe 1980 and 1985 national household refuse analysis and the key va1ues from the 
waste balance sheet. The remainder of the composite item is divided among the service branches on the basis of 
selected product inputs. 

The amounts of waste produced as shown in the waste statistics a1so contain waste from durable goods such as 
builders’ rubble, sαap， etc. Depending on the type, this waste is shown as an output of the various tangible 
assets "buildings" or "machinery and equipment". Similarly, the waste produced by households is divided into 
waste from durables and non-durables. One major 앙pe of agricultural waste, namely liquid and solid manure, 
is not recorded in the waste statistics. These quantities are calculated on the basis of livestock numbers and 
average factors. Liquid and solid manure are shown in the PIOT as discharges of other materials into nature. fu 
order to make the πansition from waste production to disposal easier, the PIOT distinguish: 

• waste for processing, 
• waste for treatment and 
• waste for landfil1. 

4 Air emissions not resu1ting from the combustion of fue!s are additionaI!y estimated on the basis of physicaI quantities. 
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Waste for processing is an input of the br없lch 안'ecyc파19". W aste for σeatment is treated (e.g. incin앙ated) 
either intemally, i.e. in the loca1 unit where the waste is produced, or extemally in the branch "externa1 
environmental protection services". In the P10T, 외1 wa와e for landfi11 flows to the tangible asset "controlled 
landfills". 

Here, too, most of the data are taken from the waste statistics and the waste ba1ance sheet. There are, however, 
major discrepancies between the supply and disposa1 of waste that have to be c10sed by means of plausible 
assumptions. F or example, on1y about one ha1f of the excavated soil for construction purposes that is recorded 
as waste in the waste statistics is a1so shown on the disposa1 side. 1t is assumed that the unrecorded portion is 
returned to nature. 

3.4 Biological metabolism 

πlere are On1Y rough estimates a얘ilable of the mat하i떠 inputs and ouφuts for the biologica1 metabolism 
(a미ma1s and plants, ht血ans). For these estimates, physiologica1 information is combined with data on the 
consumption of products for food. This 외so provides us with the figures for the consumption of food in 
restaurants and canteens or the withdrawal of water by agriculture. The ca1culations were made in two research 
projects by Stephan Mol1 (Wittlich) and Helmut Schütz (Wupp하tal Institute for Climate, Environment and 
Energy). The findings cannot be interpreted as "official" resu1ts. They shou1d rather be regarded as rou방1 

estimates, which is nonetheless necessary in order to aπive at identical material inputs and outputs. 

3.5 Reconciliation ofinputs and outputs 

Materia1 inputs and outputs ofthe branches ofproduction and the consumption activities ofhouseholds must be 
identical. The increase or decrease in the materia1 stock of the domestic economy is reflected in the balance of 
the tangible assets columns and in the ba1ance ofimports and exports. For example, ifthe balance ofproduced 
tan휠ble assets is positive overal1, the stock of materia1s in the domestic economy has increased at the expense 
of the stocks of domestic non-produced natural assets anψor the rest of the world. This means that a 
corresponding negative amount must appear under the latter. Inputs and outputs are reconci1ed at the level of the 
sub-tables for water, energy and other materia1s. 

The inputs and outputs ofthe sub-tables for water and energy are ba1anced first. Since inputs and outputs must 
be identica1, this c1early shows up the weaknesses and gaps in the basic data. Changes have to be made to the 
al1ocation of materia1 inputs and outputs to sub-tables and to branches, and additional estimates made to close 
the gaps. The balance is normally achieved by estimating suitable material outputs, a procedure which, 
incidenta11y, runs counter to the method in the monetary input-output account, where the outputs are normally 
given and the main task is to identify corresponding inputs. Inputs and outputs of these two sub-tables are 
subtracted from the unba1anced composite items (raw materials, products and residuals). The remaining 
physical material flows predominantly reflect both inputs of solid raw materia1s and products and outputs of 
solid products and waste. This third sub-table is ca11ed the Table of Other Materials. Other materials a1so 
inc1ude capital goods increasing the produced capita1 assets (buildings, machinery and equipment, consumer 
durables). Here, too, an independent reconciliation is made frrst of al1. U1timately, however, there must be a 
simultaneous reconciliation process between the three sub-tables in order to arrive at a plausible composite 
table. 

The reconciliation of the inputs and outputs of the biological metabolism reflects a combination of the sub­
tables for water, energy and other materials. These metabolic processes were therefore analysed and reconciled 
in a separate compi1ation stage, performed under the research contracts mentioned above. The results are 
integrated into the P10T. 

Scheme2 링ves an overview of the steps required for implementing the physica1 input table and output table. 1t 
is high1y simplified, but shows the main elements in the ca1cu1ation. 
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Scheme 2: Implementation of physical input tables and output tables 
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3.6 Material integration table 

The material integration tab1e is derived from the input tab1e and the output table. The starting point for the 
calcu1ation is the materia1 outputs shown in the output tab1e for the various branches of production, the 
consumption activities ofhouseholds, the various tangib1e assets and the rest ofthe wor1d. The entire outpuζ 1.e. 
the total raw materials, products and residuals of each of these categories, must be divided among the receiving 
categories of PIOT. Most of the information required can be 없ken from the input tab1e. A branch's output of 
products is used by the domestic categories or exported. Residuals flow either direct to nature, to 1andfi11 sites, 
or to branches of production that treat or recyc1e the residua1s (ext'한nal environmental protection services, 
recycling). This presentation of the flows of materials between categories of PIOT must again guarantee that 
inputs and outputs are identical in the varlous branches of production and for households. The accumu1ations in 
the tan멍b1e assets and the physical net export or import must cancel each other out again in the total. 

3.7 Supplementalγ tables 

Like the sub-tables for energy in tonnes, the supp1ementary tab1es for energy in calorific values were compi1ed 
from existing figures (Federa1 Statistical Office 1996). In line with the presentation in tonnes, the additional 
branch of production for external environmenta1 protection services had to be is이ated from other branches. 
Most of the calcu1ations were made in conc하t with the work on the sub-tab1es for energy in tonnes. Important 
energy f10ws like e1ectricity and energy from water power were identified in addition to those in the 
presentation in tonnes. New ouφut categories, name1y usefu1 energy (li힐lt， heating, etc.) and energy losses also 
had to be introduced here to make inputs and outputs identical for energy, too (second princip1e of 
thermodynamics). The main source for ca1c띠ating usefu1 energy and energy 10sses is the energy f10w chart 
published annually by Rheinisch-W esttãlische E1ektrizitätswerke. Most of the energy 10s않s were obtained as a 
residua1 amount. 

The supp1ementary tab1e for air emissions is based on the detai1ed figures for air emissions ca1cu1ated in the 
Environmental Economic Accounting (Section 3.3 .3). First, the air emissions ofthe branches ofproduction and 
househo1ds are presented in the supp1ementary tab1e in detai1 according to type in line with the composite air 
emissions of the energy sub-tab1e of the Physical Output Tab1e. Ceπain 양pes of air emissions are then weighted 
with equivalence figures for green house effect and acidification (section 2.3 .4). These figures are taken from a 
United Nations Environment Programme research repoπ (United Nations Environment Programme 1992, 
1994). It must be pointed out that in some cases there are very different equiva1ence figures for the same thing. 
The research report in question made a choice that is general1y accepted in scientific circ1es. 

It was not possible to inc1ude in the ca1culation 떠1 the inf1uencing factors for the two environmental problerns, 
but the important ones were. The pollution potential for the greenhouse effect is 밍ven by mu1tip1ying the 
equiva1ence figures for carbon dioxide (1), nitrogen dioxide (320) and methane (24.5) by the corresponding 
types of air emissions in 1,000 t. Other air emissions also contributing to the greenhouse effect are disregarded 
here. The ca1culation of the pollution potential for acidification (of the air and consequently of rain and soi1) 
takes account of on1y two types of a뇨 emissions: su1phur dioxide, which is wei방lted with 1, and nitrogen oxides 
(NOJ, which are wei양lted with 0.7. Extensions for other environmental problerns are both feasible and 
desirable. 

3.8 Preconditions for implementation 

The imp1ementation of PIOT is a time-consuming and labour-intensive task. The work can be accomplished 
on1y if national accountants (especially ’'input-output experts") and expeπs in environmental statistics and 
accounting co-operate. The costs will probably be comparable with those of compi1ing an inψpu따lt-애ou따ltφput tab비le in 
monetary uru끄llts . . 
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Wbat 성nd of data base is necess없Y to work successfully in this field? Four data sets seem to be especially 
1ßlφ아않nt: 

1. Production and foreign trade statistics disaggr엉gated according to 양pe of product in units of wei양lt have to 
be avai1able. 

2. li1formation on the use of products in a deep breakdown by types of products and user categories. This 
information is a:쐐i1able if the commodity flow method is used for compiling the input-ouφut tables. Of 
course, this method is based on use structures in mone밟y terms, that is, any p더ce differences have to be 
eli며nated. 

3. Environmental statistics on water use, waste water production and disposa1, 뻐d waste production 때d 

disposal by branches of production or at least by important branches of industry. 

4. Information on the annua1 depletion of natura1 resources are important. 

Other necessary data can be es벼mted in relation to existing data (e.g. a:ir emissions in relation to energy use). 
The lack of disaggregation 피 the basic statistics can 떠so to some extent be compensated by the requirement that 
inputs and outputs be identica1 in each branch of production and for households. PIOT calculation and the 
construction of an emitter sσucture complement each other ideally. Thus, ce따in breakdowns by branch of 
production can hard1y be estimated without the material inputs ca1culated in the PIOT. A1so, because inputs and 
outputs are identic떠， the PIOT offer the poss삐피ty ofidenti함ing gaps and weaknesses in an 뾰itter structure 
and c10sing them by estimation. on the other hand, the results of an emitter structure are central to the PIOT. 
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4 Review of findings 

The detailed PIOT are given 피 the Tables section of this report. This cbapter wi11 desσibe only the aggregated 
PIOT in tonnes; the supplementmy tables (Tables 4 and 5 in the tables section) are not discussed here. The aim 
is to 휠ve an overview of the 째rious tables and to present the most inψortant materia1 flows. 

Table 6 shows the hi뱅lyaggregated overall physical input (uses) table and the ouφut (supply) table for 1990 
for the old Länder. The upper portion of the table shows the inputs (or uses) of materia1s. The raw materia1s 하e 
used by the branches of production 뻐d households. Additions of raw materia1s to tan휠ble assets or to the rest 
of the wor1d (exports) are, by defmition, not shown. This may seem surprising, especia11y in the case of minera1 
resources. But the PIOT show expor잉 of coa1, for example, not as exports of raw materia1s but as exports of 
IDl며ng products, and they are therefore 피c1uded in prod야ts. Products are used as intermediate inputs in the 
production of other goods, consumed by households, increase the tan밍ble 잃S하s or are exported. Residua1s are 
either disposed of or recycled in the branches "externa1 environmental protection s하vices" or "recycling", 
stored in controlled landfi11s (other assets) or disc벼rged into nature. In the latter case, they are posted as inputs 
of non-produced natural assets. 

Table 6: Physical Input (Uses) and Output (Supply) Table 1990 

- Totals-
Old Länder 

million t 

B머nches of productlon Changes In tangible assets 

extemal en- Consump- Produced assets 
vlronmental 。ther tlon acllvltles Non- Restofthe 
proIection bran야18sof 。，fhou훌’，oIds Produ。뼈 prod‘lC8d world 

Materials ‘ervlces. produ며Ion 。therasse잉 natural natural 
recy허’ng assets assets 

Inp이s(Uses) 

Raw materlals ••• ……………………… 3522.9 45 707.1 280.4 0.0 0.0 0.0 0.0 

Subsoil assets ••••••••••• … .. 0.0 1961.1 0.0 0.0 0.0 0.0 0.0 
Water from nature ••••••••••• … ....... … ••• 3501.1 42867.5 59.0 0.0 0.0 0.0 0.0 
Gases … ................... … ........... 21.8 878.5 221.4 0.0 0.0 0.0 0.0 

Produçts… .......... 28.3 5683.7 3075.0 597.1 250.4 6.8 205.9 

Reaiduals •••••• ………… .....• … .• "U. 4531.1 3.4 0.0 117.3 0.0 49045.8 2.1 

Waste, other materials ……… .... … .... 134.9 3.4 0.0 117.3 0.0 1595.6 2.1 
Waste water, water vapour etç. … 4396.2 0.0 0.0 0.0 0.0 46412.5 0.0 
Alr emissions ............................ 0.0 0.0 0.0 0.0 0.0 1037.7 0.0 

Totallnputs ............ … .... … ..•••• … •.• 8 뼈0.3 51394.2 3355.4 714.4 250.4 49052.6 208.1 

Outputs (Supply) 

Raw materlals …… ..... ………………· 0.0 0.0 0.0 0.0 0.0 49510.4 0.0 

Subsoil 영sets ••••••••••••••• 0.0 0.0 0.0 0.0 0.0 1961.1 0.0 
Water from naωre … .......... wo •••••• “ ••• 0.0 0.0 0.0 0.0 0.0 48427.6 0.0 
Gases •••••••••••••• 0.0 0.0 0.0 0.0 0.0 1121.7 0.0 

Produçts •••••••••••• 91.4 9139.2 0.0 0.4 221.7 0.0 392.6 

Res‘duala …… •••••• … ..... …… ...... 7966.9 42255.0 3355.4 44.9 55.8 0.0 0.0 
Wa잉e， other materials •• 37.9 1675.8 39.2 44.9 55.6 0.0 0.0 

Waste water. water vapour etc:. ……· 7928.3 39773.9 3106.5 0.0 0.0 0.0 0.0 
Alremis힐。ns •••••••• … ... …· 24.7 805.3 207.8 0.0 0.0 0.0 0.0 

Totaloutputs … ..•... 8060.3 51394.2 3355.4 45.3 2n.3 49510.4 392.6 

Inputs mlnus outputs ................. .1 
Balançes (Changes in sloçks) 

0.0 0.0 0.0 669.1 -26.9 -457.7 -184.5 

Total 

49510.4 

1961.1 

46427.6 

1121.7 

9845.3 

53 699.8 

1853.4 

50 뻐8.7 

1037.7 

113055.4 

49510.4 

1981.1 
46427.6 

1121.7 

9845.3 

53 699.8 

1853.4 

50606.7 

1037.7 

113055.4 

0.0 

The categories from which these quantities of materia1s come are shown in the lower portion of Ta ble 6, which 
presents the outputs (or the supply) of materia1s. In the branches of production there are both products and 
residuals, whereas the on1y outputs of households 따e residua1s. Goods produced by households for their own 
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use are disregarded. The ouφ따 ofproduced 빼멜ble assets COI때，rises flTStly the 앓le of used products or, in the 
case of produced natura1 assets, of the agricu1tural and forestIy products that 없 so삐. Secondly, there are 
wastes like bui1der성 rubble, scrap or harvest residues which reduce ta따영ble assets. Withdrawa1s of raw 
materials appear as an output of non-produced natural assets. The output of the rest of the world in the next to 
the last column ofTable 6 represents the imports into the domestic economy. 

In the 바anches of production and the consunψ상on activities of households, inputs and outputs are identic외.In 
the columns "Changes in tangible 잃S하S“ the bal뻐ces (inputs less outputs) s빼d for the changes in stocks of 
tangible assets and the net import in tonnes. The b허ances of produced and non produced natura1 assets are 
negative. That me때s， output is larger than input and the stocks decrease. The category "Other assets“ which 
includes bui1ding, equipment etc. increases as indicated by the positive balance. The balance with the rest of the 
wor1d is negative. In Germany, imports measured in tonnes are. nearly twice as high as exports. That is not 
smprising because traditionally G하manyexpoπs more high-tech goods and imρorts more raw materia1s or 
S뼈i-fabricated goods. These latter products are on average cheaper per tonne than hi양l-tech goods. That is the 
physical side of the traditionally positive fo따gn trade balance in monetary units. 

The overall total of all materia1s is dominated by the quantities of water. This is true not only of raw materia1s 
and residua1s, but also of products. These in fact a1so inc1ude the quantities of drinking water sold by water 
supplyent하prises. Rou행ly two thirds of the total quantity of products in tonnes is therefore d더뼈ng water. 
Nearly half ofthe raw materia1 피puts from "subsoi1 assets“ are mining overburden, which isdea1t with mainly 
as a throughput. πlat is, mining overburden is on the one side an 피put of raw materia1s and on the other side 
directly ouφut of waste of mining industries. Oxygen is a quantitatively important substance shown as p따t of 
gases under raw mat려a1 input, and is used mostly for combustion. on the output side, oxygen is incorporated in 
the emissions to 삶r (C02, NOx etc.). Further quantitatively in껴portant materia1 flows are energy carriers and 
b띠1하ngmat하ia1s. 

The 1990 Physica1 Input-Output Table tota1s (Table 6). are di퍼ded into four sub-tables. Tables 7 to 9 below 
show the matl하뼈 flows in tonnes of energy, water and other materia1s for the branches of production 때d the 
consumption activities ofhouseholds. Table 10 contains the inputs, outputs and changes in stocks ofthe various 
않n휠ble assets and the rest of the wor1d for all 양pes ofmat하ia1s. π피s separation of tan혈ble assets and the rest 
ofthe wor1d from the energy, water and other materia1s sub-tables contrasts with the detailed tables in the tables 
section, but was necess없y for technical and presentation reasons. 

Table 7 shows inputs and outp따s of energy flows measurable in tonnes for the branches of production and 
households. The presentation does not include forms of energy such as water power or electricity, since they 
cannot be directly measured in tonnes. To comρensate for this weakness, the tables section contains 
supplementary tables for energy in ca10rific va1ues Gou1es). The present Table 7 distinguishes between inputs 
and ouφuts of energy caπiers， on the one hand for combustion - inc1uding combustion processes for the 
transformation of energy c없riers (e.g. for electricity generation) - and, on the other hand, for transformation 
(without combustion processes, but inc1uding extraction and non-energy uses). Since a11 combustion processes 
are combined, the transformation of energy caπiers consists ma피ly of the extraction 때d manufacture of coa1 
m피ing products (branch 6). The inputs are predominantly raw materials from nature (ov1하'burden and 
unprocessed emπgyc없riers). 깐le outputs of branch 6 are chiefly products, more precisely sa1eable energy 
carriers, and overburden. ov하burden is shown at the same level for inputs and outputs. The centre of interest in 
the presentation of the combustion of energy carriers is the relationship between energy inputs and air 
뼈issions. The greatest use of energy c없ri하s and of the oxygen necessary for combustion is found in electricity 
generation and households. The high inputs and outputs of materia1 in the category "Other branches of 
prodUctiOIl“ is explained by the large number of branches of production and the branches of transport they 
contam. 
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Table 7: Physical Input (Uses) and Output (Supply) Table 1990 
-Energy-

-Branches ofproduction, households-
Old Länder 
million t 

Produd 
typo "'-

Electricily 
generation 

and dis1ribut. 
ion. steam. 
hot ‘/3ter 

c。m∞site branches 어 production 

Ex1nIction ’ I Manufacture 
Gas ofcoal. 않뼈on of I of chemical I Manufacture I Other I Consump-

m여uction I manufacture I crude oil and I pr혀야15. I of refined I 뼈Inches o( I tion activities 
and lof coal miningl nallJral gas I (훌ile and I ∞troleum I α。duction I of 

O밟ibutiα1 I products I (eπile I products I I households 

Materials material 

3 4 6 10 1.2.5.7. 
11.59 8 9 

Raw materials ... ‘ .. ’‘ ... … ..... …._ ..• …… .•• 0.0 0.0 1136.9 

Mining overburden ....... ……· 0.0 0.0 958.0 
Energy carriers … ....... 0.0 0.0 177.8 
。thergases … .......... 0.0 0.0 1.1 

Products … •..••.•.• _ ................ -. 0.0 50.0 37.7 
4.9.56 Gases and chemical prod띠s .. 0.0 0.9 0.1 

6 Coal. ∞ke and mine gas ..................... 0.0 0.7 36.6 
8 cn잉e oil. natural gas … ... 0.0 48.4 0.0 
10 Refined petroleum pr여야ts .. 0.0 0.0 1.0 

Total inpuι •••••• …… ..... ……- 0.0 50.0 1174.6 

Products ........... … .. 0.0 49.7 206.2 
Ene멍ycarriers … ........ 0.0 49.7 206.2 
。ther products … ...... 0.0 0.0 0.0 

Residuals ........... ……… ....... … •.. _ ............. 0.0 0.3 968.4 
Mining o..erburden … ........... 0.0 0.0 958.0 
。ther materials ……… .. 0.0 0.1 9.1 
Airemissiα15 ........... 0.0 0.2 1.3 

Totaloutp띠5 ... …u ................. …· 0.0 50.0 1174.6 

Rawmate꺼als .... ……- 249.2 0.6 5.7 
。xygen … ••..•...• 249.2 0.6 5.7 

Products ..... … … ...•...•.•.. … •••••.•••..••.•••••• 157.7 0.2 1‘9 
4 Distributed gases .. 9.1 0.2 0.0 
6 Coal. coke and mine 9as ......... 142.8 0.0 1.1 
10 Refined petro띤um produαs .. 3.2 0.0 0.0 

2.8.16 。ther energy carriers … ......... 2.5 0.0 0.8 

Residuals 0.0 0.0 0.0 
Waste for incineration … ..•. 0.0 0.0 0.0 

Total inputs .... … ...•.•. … •..••..• 406.9 0.8 7.6 

Residuals ............................................. 406.9 0.8 7.6 
Ashes. s떠QS. dusts. etc .. 11.8 0.0 0.2 
Steamlwater vapour .. 128.3 0.3 1.4 
Air emissions ......... 266.8 0.5 6.0 

Totaloutpu야 ••••• … ..•.•....•.. 406.9 0.8 7.6 

Transfonnation (eXc8pt combu힐jon’ 

Inputs (uses) 

15.8 0.0 0.0 
0.1 0.0 0.0 

15.6 0.0 0.0 
0.1 0.0 0.0 

0.0 16.8 92.9 
0.0 1.3 1.1 
0.0 2.4 0.0 
0.0 0.0 75.5 
0.0 13.0 16.3 

15.8 16.8 92.9 

Outputs (supply) 

15.6 16.5 
15.6 0.0 
0.0 16.5 

0.2 0.3 
0.1 0.0 
0.0 0.3 
0,1 0,0 

15,8 16,8 

Combustlon 

Inputs (uses) 

1,6 26,8 
1,6 26,8 

0,5 9,0 

0,0 3,9 
0,0 3,3 
0,0 1,4 
0,5 0,4 

0,0 0,7 
0,0 0,7 

2.1 36.4 

。utputs (supply) 

「I

『I

nU 

”
ι
 (u 
”u 
‘/-(3 

양
 없
 0 

O 
O 
O 
O 

없
 

0,0 0,0 

0,0 0,0 
0,0 0,0 
0,0 0,0 

10,2 0,2 
0,1 0,0 
6,2 0,0 
0,0 0,0 
3,9 0,2 

10,2 0,2 

6,7 0,0 

6,4 0,0 
0,3 0,0 

3,5 0,2 

0,0 0,0 
3,5 0,2 
0,0 0,0 

10,2 0,2 

16,4 266,3 205,0 
16,4 266,3 205,0 

4,6 83,7 61,3 

0,7 19,0 13,7 
0,0 16,7 2,5 
3,9 43,9 42,8 
0,0 4,1 2.4 

0,0 11 ,7 0,0 
0,0 11 ,7 0,0 

21 ,0 361,7 266,3 

2,1 36,4 21 ,0 361,7 266,3 
0,1 0,7 0,0 5,8 0,3 
0,9 13,2 7,6 102,1 84,7 
1,1 22,6 13,4 253,8 181 ,3 

2,1 36,4 21 ,0 361,7 266,3 
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Table 8 des따ibes the quantities of water and waste water. By far the majority of the water withdrawn is used 
for cooling in electricity generation (branch 3), with a corresponding amount ofwaste water on the output side. 
Other branches withdrawing large 없nounts ofwater from nature are water distribution (branch 5), the chemical 
indus며 (branch 9) and external environmental protection s하vices (branch 56). In the case of external 
environmental protection services, the water from nature is rainwater, some of it polluted, that passes throu맹 
the sewers to waste water treatment plants, where it is purified. The residuals received by this branch are all the 
waste water discharged by the branches of production 뻐d households for external disposal. The total of treated 
waste water and rainwater then deterIDÏnes the level of the treated waste water ouφut of external environmental 
protection services discharged to nature. 

Table 8: Physical Input (Uses) and Output (Supply) Table 1990 

- Water-

- Branches of production, households -

Old Länder 

million t 

Composite branches of production 

R。‘duct
type 

number 
AgricuHure. 

lorestry. 
fishing. etc. 

Generation 
anddi앙n. 

bution of 
electric디ity. 

steam. hot 
water 

Extraction 
a여 distri­

bution 01 
water 

Manufacture 
。1 chemical I Exterr딩I en- I Services andl Other 

products. I vironmental I general I branches of 
fissile. and I protedion I govemment I production 

fertile servi∞s 

material 

Consump­
tion activ‘­

tiesol 
households 

Mate꺼als 

1.2 3 5 9 56 57 魔
-

Inputs (떠es) 
Raw materla\s “ ............ 

Water 110m nature """",,,"" ............... i 262.2 30308.6 5513.7 3146.8 3500.。 82.4 3554.8 59.0 

Products … ..... … ............ n ••••••••••••• … ......... 
5 I Water … ........... 61.9 143.7 1659.6 372.9 16.6 333.0 1 140.5 2926.0 

Resld uals ..... … ....... 
Waste water ............ 0.0 0.0 0.0 0.0 4396.2 0.0 0.0 0.0 

To1allnputs .. " ....... … .•....... … •. 4040 .... 324.1 30452.3 7173.3 3519.7 7912.8 415.4 4695.3 2985.0 

。utputs (supply) 

ProduÇts … ............................................. 

5 |W Waatteerr i …nc--l-u--d--e--d- in 。ther pr。ducts … I 0.0 0.0 6661.8 0.0 0.0 0.0 0.0 0.0 
121.4 0.0 0.0 30.0 0.0 0.0 67.0 0.0 

Residuals … ......... … .... 
0.0 0.4 0.5 0.0 0.0 0.0 0.0 0.0 

27.2 30085.1 429.9 3462.3 7895.0 318.8 4386.8 2619.9 
175.4 366.7 81.2 27.5 17.8 96.6 241.5 365.1 

324.1 30452.3 7173.3 3519.7 7912.8 415.4 4695.3 2985.0 
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The other material t10ws are described in Table 9. They involve a wide variety of mainly solid materia1s, such 

as plants, 뻐뼈a1s， mincπa1s， sand and gravel, chemica1 products, motor vebicles, mac버nery and equipment, 
secondary raw mat，려a1s or wastes. Most of the materia1 flows are found among building mat려als and the 

related branches 13,41 and 42. 

f'IO. 
빼ICI 

type 
nu깨-

bar 

43 
7 
13 

1-43 
44 
52 
53 
51 

6IJi8.!!9 

Table 9: Physical Input (Uses) and Output (Supply) Table 1990 

- Other materia1s -

- Branches of productioD, households -

Oldl흥nder 

million t 

camαlSìIa brancl톨sofp"성u:Iicn 

α.ørryi1g 

d훌。res81얘 。ther

CIaYS. bnlnchesof Exterr빼en-
얘t빼118. 

”‘allJfac‘1'8 @1eS Fg。jd。lfjI%
Whole용lIe 

‘ rironm8l1al 。ther
fore빼y. ofbu삐.rg cor얼IUC뼈n h훌훌.81ι. 

p"찌edi’on boanc/훌 
닮1뼈.8κ 

mater홉Is. rec야ing 
sennc:es 

Materials etc. 

1.2 13 41.42 웅12. 14-40 43 56 ~흘5. 5객jQ 

Inputs (usesl 

Raw ma뼈IaIs •• ‘·‘ •• __ ........ __ ... u.… .. 333.4 닮12，6 168,9 46.5 0‘0 0.0 0.7 
Mning 。‘iIBrbuItIen........ … ... u ................ 0,0 2,1 0,0 21 ,6 0,0 αo 0,0 
Mr뻐-als .... … .................. … ........•..•. … ... 0.7 0.0 0,0 0,0 0,0 0,0 0,0 
Soil excavation .............. _ .......... … ....... 0,0 1,1 1E필9 0,0 0,0 0,0 0,0 
야l8I" SOIiCI rrElerials (stlnes. eIc.) ••••• 0,2 589,4 0,0 24,9 0,0 0,0 0,7 
G훌훌S “ ........ n ...................... 3월，5 0.0 0,0 0,0 0,0 αo 0,0 

Products •• _.… ... __ ... -.…_ .... __ .. …-_ ... 133,3 200,8 595,8 혀4，9 1,6 α1 40,4 
sec융녕aryπ'fN rrElerials ._ ••••••.• _ •.• …· 4,7 15,6 21 ,1 35,2 0,0 0,0 0,1 
Mning pr따JCIS … ................................ 2,6 1,3 0,0 64,9 0,0 0,0 0,8 
SICr홉， days， α뼈ìr명 뼈ter. ， 빼g … •. 1,0 1없.5 549,1 26,9 0,0 αo 10,4 
。lherpr여ucIs ................... … .............. 1정，0 1,4 정，5 41τ8 1,6 α1 29,2 

Ras뼈UaIS ••• __ •••• __ •••• _…… •.• … ... … 0,0 αo 0,0 0,0 104,4 21,5 0,0 

Wa잉8Sfa~ng … ........................ 0,0 0,0 0,0 0,0 104,4 αo 0,0 
W훌빼sfatr훌1Iment ••••• …._ .......... … .. 0,0 0.0 0,0 0,0 0,0 21,5 0,0 

T여혀 Inputs … ...•. … ..... … ... “ ... … •..• … ..... 466,8 7명，4 764,6 591 ,4 106,0 21 ,6 41 ,1 

ouφuts (suppl꺼 

Pπ찌‘JCtS ............. ………”‘ •••. _._ ....... … .. 129,9 756,4 540,3 419,9 90,9 α4 25,2 
pr여UCIS (iOO. 뼈nass inaease) … .... 129,9 756,4 540,3 419,9 90,9 α4 0,0 
Plasticcaπierbags ••••••• _ ••••••• … ........ αo 0,0 αo αo 0,0 αo 0‘2 
MeaIS in re잉æra며50 빼c. •• _ •••••••••• _ .... αo 0.0 0,0 0.0 0,0 αo 7,0 
Bcx뼈， maga깅nes， etc. ••• _ •••• 0,0 0,0 αo 0.0 0,0 αo 1,3 
Mil뻐rygc:x성s ••• _ •••••• … .. …… ......... _ .... 0,0 0.0 0.0 0,0 0,0 0,0 16,6 
soc:얼1 insUlël'lCe 야!rlelits in 에r녕 •• 0,0 0.0 αo αo 0‘0 0,0 o‘2 

Ras얘‘빼5 ... … ............. … .......... … ............. 336,9 37,0 224,3 171,5 15,1 21.2 15,8 
Wa잉øsfar훌:ydìr명 ••• _.… .... _ ............ 0,0 1,3 22,9 44,2 0,3 4,9 1,9 
W훌빼sfatr훌lIment ••••••••••••••••••••• _ ••• 0,0 1,5 31 ,9 10,2 1,1 3,6 2,6 
Wal!#.esfa 일며빼 … ....................... _ ... 0,1 3,3 똥，1 14,3 α8 0,7 5,5 
Mn뼈CMlI'bU빼n … ••.. … ............. … ..... 0.0 2,1 0,0 21.6 αo 0,0 0,0 

찌remissions …… ....... …· …·… .....•.. _. 259,2 0.0 0,7 8,8 0.0 1,4 1,9 
야l8I" resiåJals … ........................... _ ... 77.6 28,8 113.7 72.4 12,9 10,6 3,9 

T。뻐 뻐뼈Jts .. “ ......... _ ... _.… ............. - 466.8 7명，4 764,6 잃1，4 106,0 21 ,6 41 ,1 
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ConsllTlP-
Iion adivHies 

d 
households 

16.4 

αo 

oρ 

0,0 
0,0 

16,4 

87,5 

0,2 

1,3 

αo 

86,1 

αo 

αo 

0,0 

104.0 

0,0 
0,0 
0,0 
0,0 
0,0 

αo 

0,0 

104,0 
4,4 
4,3 

10,7 

0.0 
48,9 
35,e 

104,0 
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Table 10 completes the sub-tables ofthe Physical Jnput-Output Table with changes in tangible assets and the 
rest of the world. Additions to tan벌ble assets and the rest of the wor1d (exports) appear under inputs, 
reductions and in껴ports under ouφuts. Unlike Tables 6 to 9, the inputs and outputs of the various shown 
categories are not identical. 

Table 10: Physical Input (Uses) and Output (Supply) Table 1990 

- Changes in tan횡ble ass얹s， rest ofthe world-

Oldl흥nder 

million t 

Chan야5 in tangìble a5sets 
Produced 용sets 

Fìxedassets Non-
Prod‘JCed produced Rest of 야1e 

Cα，sumer Controlled 
Machìnery naωral natural w。꺼d 

durables ’nventorie5 landfìlls Buìfdir‘95 and assets assets 

Materìals 
equìpment 

Inputs (uses) 

Pκ삐ucts.… ......... … .... ……‘_ ..... ow' •••••••••••••• “ 7,1 25,3 0,0 553,6 11 ,0 250,4 6,8 205.9 

Reslduals ............... … •• -...... -… .... ….u •••••• __ • 0,0 0,0 117,3 0,0 0.0 0,0 49045,8 2,1 

Wa5tes ................. 0,0 0,0 117.3 0,0 0,0 0,0 ' 32,4 2,1 
때ning 。‘애rburden •••••••••••• 0,0 0,0 0,0 0,0 0,0 0,0 981,8 0,0 
Other materìals dìscharged ìnto nature •• 0,0 0,0 0,0 0,0 0,0 0,0 581,4 0,0 
Wa5얘 water •• 0.0 0,0 0,0 0,0 0,0 0,0 44 846,6 0,0 
Wa뼈r vapour, oozed water etc ••••••••••••••••••••••••• 0,0 0,0 0,0 0,0 0,0 0,0 1565,9 0,0 

。~gen ••••••••• … .......... …” 0,0 0,0 0,0 0,0 0,0 0,0 226,1 0.0 

Carbon dioxìde etc. …………· 0,0 0,0 0,0 0.0 0,0 0,0 811,7 0,0 

T018I Inputs ... … .• …-_ ...................... … .. _. 7,1 25,3 117,3 553,6 11,0 250,4 49052.6 208,1 

。utputs (supply) 

Raw materlals …… .•. _-… .. u …… ........... _-_ ......... 0,0 0,0 0,0 0,0 0,0 0,0 49510,4 0,0 

Mìnìng overburden ………… •• 0,0 0,0 0,0 0,0 0,0 0,0 981,8 0,0 
Ene멍ycaπiers ••••••• … ....... 0.0 0,0 0,0 0,0 0,0 0,0 193,3 0,0 
때nerals ................................................... 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,0 

Soìl excavation •••••••••••••• 0,0 0,0 0.0 0,0 0,0 0,0 170,0 0,0 
。ther soIìd materials (stones. clay, etι) •• 0,0 0.0 0,0 0,0 0,0 0,0 615,2 0,0 
Waterfrom 빼ture .................................... 0,0 0,0 0,0 0,0 0,0 0,0 46427,6 0,0 

。xygen .............................. … ............... … ......... 0,0 0,0 0,0 0.0 0,0 0,0 809,9 0,0 
Carbon dioxìde etc. •..•••••• 0,0 0,0 0,0 0,0 0,0 0,0 311,8 0.0 

Products •• ‘ ...................... … ................... …‘… 0,1 0,0 0.0 0,0 0,3 221,7 0,0 392,6 

Reslduals •••••••.•• … ...•.•. -…"_. 4.1 0,0 0,0 32,5 8,2 55,6 0,0 0,0 

Wastes •• … ........ n ......................... _ ••••••• 4,1 0,0 0,0 32,5 8,2 0,0 0,0 0,0 
。ther lT벌terìals dìscha멍ed int。 뼈ture •• 0,0 0,0 0,0 0,0 0,0 55,6 0,0 0,0 

T018I OUtpulι .... _.……… •.. … .......... ‘· 4,2 0,0 0,0 32,5 8,6 277.3 49510,4 392,fj 

Inp빼 mlnus 。빼뼈 ’ 4 
Balances (changes In stocks) 

2,9 25,3 117,3 521 ,1 2,4 -26,9 -457,7 -184,5 

By 훨I the majority of the inputs are additions to nOn-llroduced natural assets. These are predominantly 
treated and untreated waste waters discharged into surface waters. Other significant quantities appear in the 
form of water vapour and carbon dio찌de discharged into the a뇨" and of overburden that is st야'ed， some of it 
retumed to nature , πle output of non-produced natural assets in Table 10 inc1udes 외1 materials withdrawn 
from nature for human activities or ori밍nate during withdrawal without further use, such as mining overburden, 

Looking at the balances (changes in stocks), we find that most of the material accumulation takes place in 
b띠ldings， inputs of which ultimately stem from non-produced natural assets , Most of the liquid and gaseous 
materials inc1uding energy carri하s are throu양IPuts with a comparatively small effect on the materia1 
accumulation, but which are centra1 to 떠r emissions and waste water. The rest of the world makes a physical 
contribution to the domestic economy, i ,e. in tonnes more is imported than exported. More than 50% of 
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뼈ports are m피mg products (predominantly coa1, σude oi1 and natura1 gas) and refmed petroleum products. 
The composition of exports is much more heterogeneous. 

Pπ，. 

duct 
type 
num. 
ber 

1.2 

1 
5 

9 
38 
39 
43 

1.2 

1 
2 

Table 11: Physical Input (Uses) and Output (Supp양) Table 1990 

-Biolo혈ca1 metabolism-

Old냐nder 

million t 

Biological adivities of Changes In stocks of 

Cultivated Culti빼，ted Cultivated Cultivated 
plants (nol ainnidm.a p|set (ms)l Forests Pets Human plants (nol animals (not Forests 

incl. forests) 
beings incl. forests) incl pets) 

Malerials 

Inputs (uses’ 
R_ materlals ................................ … .. - 385.3 137.4 47.5 0.3 16.1 0.0 0.0 0.0 

Mine며Is .... … .... …………………………·…· 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Water from nature “ ...•. uu ................... 107.6 115.7 13.8 0.0 0.0 0.0 0.0 0.0 
Oxyçen … ... … ........ 0.0 21.8 0.0 0.3 16.1 0.0 0.0 0.01 
Carbon dioxide … ............... … 277.0 0.0 33.7 0.0 0.0 0.0 0.0 0.0 

ProcIucts .. _… ... …---_.“· 11 .2 169.2 0.1 1.1 56.8 195.1 32.3 23.0 

Biomass increase …………………………· 0.0 0.0 0.0 0.0 0.0 195.1 32.3 23.0 

A~ricultural produ여5 ... … ... …… ...... _.… 1.3 98.3 0.0 0.0 12.2 0.0 0.0 
g:gJ Water .......... … ••• __ •• __ •• -•• …… ..... ……· 5.7 53.3 0.0 0.4 8.0 0.0 0.0 

Ferti&zers. pesticides .... …… ••••• ………‘ 4.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 
Foc쩌 (not incl beveraçes) ............. … .. 0.0 13.9 0.0 0.7 22.1 0.0 0.0 0.0 

Beve대깅es .. “·… •••• 0.0 0.0 0.0 0.0 14.6 0.0 0.0 0.0 

Se∞ndary raw malerials .. 0.0 3.8 0.0 0.0 0.0 0.0 0.0 0.0 

Totallnpu홉 .-…… ...... … .. 396.5 306.7 47.6 1.4 73.0 195.1 32.3 

。utputs (supp’Y’ 
Proclucts ........ … ••••• …._.…“ ..... _. 195.1 32.3 23.0 0.0 0.0 139.5 32.2 

4셰oio페’비” Biomass increase …… ••.•..••• … ...... ……· 195.1 32.3 23.0 0.0 0.0 0.0 0.0 

A~꺼cultur톨1 produds …… ....•. 0.0 0.0 0.0 0.0 0.0 139.5 32.2 
Foresl harvestinG .......................... 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Reslduals ............... _ .. _ ...................... 201.4 274.4 24.6 1.4 73.0 55.6 0.0 0.0 

Excreta. plant wastes. etc. … .... ……·…· 0;0 241.3 0.0 0.8 31.6 55.6 0.0 0.0 
Waler vapour, oozed water, etc. .. 0.0 7.8 0.0 0.3 22.2 0.0 0.0 0.01 
。'K'J드en … ........... 201.4 0.0 24.6 0.0 0.0 0.0 0.0 0.0 

Carbon dioxide … •••••• … .•.• ………·… ....... 0.0 23.8 0.0 0.4 19.2 0.0 0.0 0.0 

Melhane ... ……… .. 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 

Total 。‘Jtputs …… ............... …- 396.5 306.7 47.6 1.4 73.0 195.1 32.2 49.9 

빼min뻐 outp빼 l 0.0 0.0 

Balancas (changes In stocks) 

0.0 0.0 0.0 0.0 0.0 -26.9 

Table 11 gives an overview of the biological metabolism of plants, anima1s and human beings. The data in 
Table 11 represent sub-items ofTable 6 or Tables 7 to 10. Most ofthe data were ca1culated outside the Federa1 
Statistica1 Offi.ce under work contracts. In order to 하rive at a complete materi떠 balance, the entire inputs and 
outputs of li찌ng creatures must be included. Among other things, 상lÎs gives a comprehensive pi야ure of the 
oxygen and carbon dioxide inputs and outp따s of plants, anima1s and human bein뚱. The change in stocks of 
forests for 1990 is sσiking， showing a reduction of just under 27 million tonnes. This is due principally to that 
year성 severe storms. Th얹'eÎs no d얹ailed table about the biologica1 metab이ism in the tables section. 

The material integration table (I'able 12) was compi1ed on the basis ofthe physica1 input table and the output 
table. It shows the categories of PIOT - branches of production, consumption activities of households, changes 
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in 없n휠.ble assets or rest ofthe world - to which the material output (raw materials, products and residuals) of 
any given categories t1ow. The material integration 없.ble is symmetrical, in other words, the row and column 
breakdowns 없e identical. 

Table 12: Material Integration Table 1990 

OldL칭nder 

Million t 

암\: 
Branc/‘훌 ofpr여Ur:IiOn c/영nges in tangiÞle assets 

Produced assets 
Environ- ott뻐f Consump- Non-
mental bnmc/1es of tion 용Iivilies Pπ피‘JC8d produc훌d 

protection. produclion 。f OIher_ natural nalural 
%야cfing households assels asselS 

Total materials 

Environment밍 prctection, recycling ……·… .... …· 2.5 6,4 0,0 1,9 0,0 7940,9 
。ther branches of production ••••••••••••• 1795,2 57π，9 3075,0 681,9 28,7 40354,0 

Consum마。n 훌tivities 01 households “ .••... 2640,6 4,4 0,0 10,9 0,0 699,5 

。t훌rpπ얘‘l훌d aSSeIS •••••••••••••••••• 5,7 16,7 0,0 19,8 0,0 2,7 
Pκ혀uced natu며lassels “ ............... 0,0 0,0 0,0 0,0 0,0 55,6 
Non-produced n혀UI를la훌훌5' •••••••••••• 3509,8 45720,2 280,4 0,0 0,0 0,0 

Totalmate꺼려 inp띠 (= φn홉slic male꺼리 

@빼JI) ••••••••••••••••••• _ ••••••••• ….-…n ..... 7953,9 51520,6 3355,4 714,4 28,7 49052,6 

+ 삐αlrts of similar∞mm여뼈85._ •••••••••••• …· 0,0 392,6 

-Mat삐허 accumul;앙ion … .... …… ............ … ........ 0,0 o‘o 0,0 669,1 -26‘9 -457,7 

-1i벼를Ima"떼I supply …---‘_ •.•....... 7953,9 51913,2 3355,4 45,3 55,6 49510,4 
1 끼10 냉e of mw IIIl1erials ∞m:spoJ녕S to the use ofma야d따sofnon-pr때U야dnan맹l 양selS. 

Restof 1he T 0181 materia 
world uses 

2,1 7953,9 
205,5 51913, 1 

0,0 3355,4 

0,4 45,3 
0,0 55,6 
0,0 49510,4 

208,1 112833,7 

-392,6 0,0 

-184,5 0,0 

0,0 112833,7 

For example, the material ouφut of a branch of production normal1y consists of products and residuals. The 
domestic material output (or the mat려al input) and the imports of similar goods give the total material 
supply of a branch of production. The total material uses of products - from domestic production 때dimpoπs­
and of residuals for this supply are shown in one row. Products t1ow, for example, to other branches of 
produ며on or to households, residuals to extemal environmental protection s하vices， control1ed landfills or to 
non-produced natura1 assets. A breakdown for the different 성nds of materials is not shown in this table. Such a 
breakdown (like in the input table and OUφut table ) is possible, but would require a third dimension. 
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5 Applications 

5.1 Intemal applications 

The construction of PIOT requires data from awide variety of economic and environmen때 statistics to be 
consistently combined in an over려1 system. F or internal purposes, this has two particular ad쩌ntages. Any gaps 
and inconsistencies in economic and enviIonmental statistics in physical 血its become especia1ly apparent when 
reconciling 피puts and outputs. PIOT could play a similar role when combining statistics in physical umts to that 
played by the National Accounts for monetary economic statistics. 

Another internal use of PIOT is in estimating physic외 data on the interrelationships between economy and 
environment, if these are not evident from the basic statistics. The consistency of the over려1 PIOT system and 
the underlying principle of the conservation of matter, which requires inputs and outputs to be identica1, makes 
it easier to estimate missing data. The preparation of emitter structures for 려I en피ssions， waste and waste 
water is an example of this. In Germany, the emitter structure for air emissions is ca1culated mainly from 
하lergy inputs and 하피ssion 훨ctors (as explained in Chapter 3). In the case of waste and waste water, a key 
sector of the emitter structures is covered by surveys. A complete emitter structure for waste and waste water 
can in turn be meanin~행111yb띠lt on the corresponding materia1 inputs of the PIOT. 

The budgets of s떠tistical offices have been cut in many countries. It is therefore increasin~킥y important to be 
able to supplement a reduced statistica1 programme with estimates so that users can continue their an허ytic떠 

work. 

5.2 External uses 

The PIOT data give an overa1l view ofthe materia1s used in the domestic economy. They show which branches 
of production 따ep없tiC1피arly material-intensive and the relationship between material use, goods produced and 
quantities of pol1u빼，ts (waste, wa앙e wa따 히I emissions) in the various branches of production. Questions 
relating to the efficient use of raw materia1s and the importance of waste recycling and of secondary raw 
mat려als as a substitute for primary ones can be tackled using PIOT. The changes in the materia1 intensity or 
the material efficiency of the branches of production over time cou1d sεrve as intere염ng additiona1 indicators 
for an en찌ronment떠ly-friendly development of the economy. Here, too, a distinction shou1d be made at least 
between water, energy and other materia1s. 

The extensive paral1els between the monetary input-output tables and the PIOT mean that a connection can 
be made between the monetary and the physicallevels at virtual1y any point. For example, residuals can be 
linked directly to the monet따y input-output table. In this way, the effects of environmental policy measures 
affecting costs, such as the introduction of an ecologica1 tax, can be investigated at both the monetary and the 
physicallevel. What would be the effect, for example, of an 피crease in the price of certain raw materials on 
the recycling of waste or the production of secondary raw materials? What impact do input- or output­
oriented measures to reduce air emissions have on the use of energy carriers and on emissions overal1?5 
Would any measures produce a shift between waste, waste water and air emissions? It may be possible to 
provide better answers to ques다ons of the effectiveness of en찌ronmental policy measures in the li양lt of a 
complete description ofmaterial flows as provided by the PIOT. 

PIOT may be used to ana1yse materia1 flows, showing not only the direct material inputs and outputs of 
economic acti찌.ties but a1so the indirect material burdens of production 때d consumption. Goods are produced 
using mat，려a1s from upstream stages of production. Upstre뻐1 production in tum requires materia1 inputs and 
creates residua1s. Such indirect mat맞ia1 flows can be πaced using PIOT. 

The analysis of direct and in(퍼rect materia1 inputs can be applied to scenarios for reducing the consumption of 
materials in the economy. Even if the available technolo벌es are unchanged, strategies for reducing the material 
intensity can be developed. In the absence ofPIOT, such investigations ca 

5 πle energy table in 혀lorific 뼈lues 001피es) alreadyrefeπ려 to is also requ뇨ed in order to answer this question. 
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input-output tables with physica1 data (e.g. on raw materia1s, energy use, residuals). However, such ana1yses do 
not achieve the standards of qu머ity possible with physical data, since monetary data do not accurately 
reproduce physica1 structures. The reason for this is that prices within a 밍ven product category vary for 
different purchasers or categories of use. Monetary input-output analyses of material flows can therefore be 
interpreted on1y as an initial workable but preliminary step towards models based completely on physica1 
information. The results from the model can of course be linked with monetary information (e.g. on costs or 
ecologica1 taxes) at a second stage. 

Further disaggregations of economic activities could be useful for special studies. Specia1 attention should be 
paid to household activities, which are represented in on1y two columns (consumption activities, consumer 
durab1es) in the German PIOT. Such analyses mi양1t allow the satellite system of household production to be 
1inked with environmenta1 satellite systems (Stahmer 1996). Input-output analyses of certain fields of activity of 
households could a1so be of interest. For examp1e, the question of the materia1 flows and emissions associated 
with leisure activities could be discussed. Extended PIOT could a1so be a key analytical too1 for bio-economic 
investigations (Strasseπ 1991, 1994, 1996). 

The existing PIOT were simply an ex-post analysis of the physical relationships betwe앙1 inputs and outputs. 
A1ternative input-output relationships of economic activities could be used to simulate technological change. 
Such 않udies bring us to dynamic PIOT incorporating a variety of scenarios for the accumulation and 
transformation ofmateria1s (see Faber, Proops 1990). 

The supp1ementary tables for energy in ca10rific va1ues and for air emissions contained in the tab1es section are 
the most important further development of PIOT in tonnes. Because of their potentia1 to pollute the 
en찌ronment， the weighting of air emissions in particu1ar is a va1uab1e additiona1 piece of qua1itative 
information. It shows the contr;ibution of individual polluters to the tota1 m때-made effect on particu1ar 
environmental problems. 
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6 Outlook 

The work on the PIOT for 1990 has shown that the quality of the data in the PIOT is not a1wa갯 up to the 
Federa1 Statistica1 Office칭 usu떠 S없ndard. Moreover, some of the results, such as those for biologica1 
metabolism, must be re쩔rded as a first attempt with v하yrou맹 estimates. 

The PIOT data could provide an incentive for further investigations and analyses. We a1so hope it will suggest 
ways in which both concepts and data qu머ity can be improved. Such in껴provements could then be impleme따ed 
in further PIOT, for 1995 없ld for Germany as a whole, for example. 

The two most important improvements from our point of view would be a link with results from process chain 
analysis or eco balance sheets of products and the inclusion of further indices ma성ng possible a qualitative 
statement about the environmenta1 pollution associated with material flows. 

Results from process chain analyses could both in껴prove the quality of the PIOT data and a1so lead to the 
develoJπnent of a second level of presentation with more hi맹ly disaggregated data, at least for some branches 
of production. This would be necess따y for a proper materia1 flow an떠ysis of particularly complex branches of 
production such as the chemical industry. Such a presentation would at the same time pres하ve the link with 
tota1 material flows. 

In the existing PIOT, the weight of some mat하ia1s， such as water, mi며ng overburden, energy carriers and 
bui1벼ng materia1s, tends to eclipse other material ßows, some of which are significantly more dangerous to 
the natural environment. To sçnne extent, this diffiC\피.ty can be overcome by dividing the PIOT into sub-tables, 
as we have done for wateζ energy and other materials. One promising but very labour-intensive approach is to 
apply indices to the material flows in order to arrive at qualitative statements sinillar to those obtained for air 
emissions. Because of the heterogeneous nature of the contents of those material flows, however, 파벼ng in 
further qu떠itative indices is likely to be v'하Y difficult. 
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TABLE SECTION 

Physical Input-Output Tables 1990 

1 Physical Input (uses) table 1990 

1.1 Total 

1.2 Energy 

1.3 Water 

1.4 Other materia1s 

2 Physical Output (supply) table 1990 

2.1 Total 

2.2 Energy 

2.3 Water 

2.4 Other materia1s 

3 Material integration (input-output) table 1990 

3.1 Tota1 - domestic production and imports 

3.2 Uses of commodities and raw materials - domestic production 

3.3 Uses ofresiduals - domestic production 

3.3 .1 Total 

3.3.2 Energy 

3.3 .3 Water 

3.3.4 Other materials 

3.4 Uses of commodities - imports 

Supplementary tables 

Table section 

4 Physical input output (supply and use) table for energy - energy content in calorific values 

5 Air emissions 
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1 Physical input (u않) table 1990 
1.1 Total 

10001 

Man 
ofr하ined 

∞@농um 
q여ucts klnds of materials 
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1 Physical input (u않) table 1990 
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1 Physical input (use) table 1990 
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Product Inputs 
1 1 뼈ricullural pr혀u∞ … •.............. … .. … ............................. . 
2 1 FCf훌IIY and flshely pr혀ucts， atc... ‘ .. … … 
3 1 Elac1rIc power. staam. h여_ ......... … ...... … ............... . 
4 I Gas ........................ … ......... …................... … ...... . 
51W_…… ........................................................................ . 
8 1 CoaI.p'혀ucts of coal mining “ •••...••.••.• … ...... … .............. . 
7 1 '"뼈ucts of mining (axcl.coal.ClUde α~na1ural 뻗a) ........ ‘ 
8 1 Crude oi~ nalural gas ... …… ................... … ......•.... 
9 1 Chem뼈 m여ucts (incL 매CIaerωaQ .. . 
10 1 빼flnad 뼈@‘umpr혀ucts … ........ -‘ .............................. . 
11 1 _ products ............................... …· 
12 1 RubÞer pr여u∞ ....... … ............................... …… ..... … ...... . 
13 1 stor훌 and cleya‘ bullding a. ∞ns1rucIion _뼈a. atc. • 
14 1 caramic pr혀‘κ1$ .......................... ‘ .... … ...... … -
15 1 Gless and gless pr여없s ........................................ … .... . 
얘 l 뻐nand s1aeI ............. … ............. … · …… … .....•..... … …… 
17 1 NOrHerraUa matals，‘톨n빼1‘h뼈 α여ucts thenIaf .. '‘· 
18 1 F'。뼈Iry produ∞ ‘ ......... - ...................... … ..... . 
19 1 '"여ucts of _g plants, cc뼈 roilng mills. atc. .. .. 
20 1 S1ructural m빼1 111'혀ucts.llllir엠 SIOCk “·… ............ … .. . 
21 1 Machi빼yand equipmant (8lCCL elactr삐) .... ‘ .... .. 

22 1 0fIiCa n톨chinery. au\amallc da톨 prac훌slng 핵u_야뼈nt .. 
23 I R∞dwhic‘s_ .......................................... …-._ ............. .. 
24 1 Sh뻐l야야’ boaIs an뼈1삐d이’ftOaI빼In뼈1맹g 빼""""훌 .... …….…-…‘ .… .... ……… .. …… .. … .. …… ”… . 
25 1 Ai'craft a삐 빼@빼κ ................................... …·… … .. . 
281 메ctricalma빼1tIIY. 핵uipmant and appliance‘ … ..... ‘… .. 
271'"엉slan and 뼈ical ina1ruma빼._and빼&뼈s .... 
28 1 TooIa an뼈빼h뼈 me톨1 11'혀ucts ._ ................... … .... … 
29 1 Muaical insIruman톨. gamea and tDYa. sκIIIs go<빼 etc … 
30 I Wo<성“ ............ … ..... -
31 1 Wo여 prod뼈5 .......... _ .................. _ .. ‘… ............... …… 
32 1 Pulp. pe빼r and pepedJoard ....... .. 
331'"여uc앨 of peper and pepe<boanf ................... … .... … .. 
341'"여ucts of prlnting and duplica1ing … ... .. 
35 1 Lealher and 빼ther pr여ucts，뼈\wear .. 
38 I Textilea … ............. ……… ... ………… ............ … ............ … ... _ .. 
37 1 Wearing ap빼reI ........ … 
38 1 F，。여 W여uc톨 (axd 뼈하ages) ................................ ‘ · 

381 8&얘톨ges … .............. _ ............. ……… .... … .............. …· 
40 1 T，。야∞。 products …....... … ....................... … .. ‘ 
41 1 Bui빠ng and ci애 ”‘glnaering warks, atc. .... .. 
42 IIn빼l톨lIOn and bullding a>m이øtion warks .... . 
43 1 se∞삐aryrawma빼f월10 ............ . 
44 I Ralai’1ra빼 … ........... _ .... … ..... … … .... .. 
52 I Meals of hotøls ..... tauran1s. cantin훌 .. 
53 1 War1cs of ari, 뼈Ics. 뼈g혀 
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Raalduallnputs 
Wastes Iar accncmic ......... 
W앓tes for 1r훌tmant .. 
Wastes far s1Draga ....... … · …...... … .. … .......... … .. 
Rew~Is， n며 usad ................................. ……· 
a빼rma1ar홉‘ dischargad in1D 빼IUre …· 
Wasta_for빼almanl. 

Waste빼tar dlschargad into nalura • 
Watarvap여훌Id .. .. 

。째gan .............. .. 
Carbon dI。κida .. … ....................................... . 
。ther air erniaSion‘... “............. … ................. … .. . 
Tot의 res애U혀 Inputs ........ ………… •...• ………… 

113860 53210 17827 1498 1182239 187 50807 406924 
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1 Physical input (use) table 1990 
1.2 Energy 
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1 Physical input (use) table 1990 
1.2 Energy 
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R8I‘ materl빼 Inputs 
Raw materials. "ot u잃d 
Raw materials for energy carriers 
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Product Inputs 
1 Agricultural p<여u∞ .. … ..... . 

2 1 F이용SIrY and fish하Y P<여ucts， etc. . 
3 1 티@야 power， sta삐1， hotwater … .. 
4 I Gas. ‘ 

5 I Water ... 
6 1 C∞1， p<oducts of∞81 mining … .. 
7 1 Products of mining (exd.c<에，aude oìl,natural 맹s) 

8 1 Crude 011, natur해 ga5.... … ... 
9 1 Chamical p<여ucts Qncl. nudeerfueQ '" 
10 1 Reflned peù뼈um p<여uc흩 .. 
11 1 Plastlc p<oducts … ... . 
12 1 Rubber p<oducts ..................... … ......................... , .. . 
13 1 Stones and clays, buildlng a. ∞nstrudlon materials, etc .. 
14 1 Ceramlc p<od뼈5 .••••. 
15 ’ G연ss and glass p<oducts .. 
16 I Iron and steel … 
17 1 뼈n.에TQUS 뼈tals， sem~flnished pr여uctst뼈"&of • ‘ 

18 1 Foundry pr여u∞ .. 
19 1 Products ofdraw‘ng plants, ∞엉 rolllng mills, etc. … -
20 1 s야cωralms'톨1 p<od따15，삐Ung 앙ock “ .. 

21 1 Machlnery and equiprnent (excl. elec1r업i) ..... 
22 1 0fIICe n훌chinery， a떠m홉.tlc data processing equlprnent • 
23 I Road vehlcles “ .. 

24 1 Ships, b<훌ts and ftoatlng structures ... 
25I Airα빼 a뼈 spececrafl ....... 
261 태ctrIcal machl뼈y， equiprnent and appllances … •••••••••••• 
27 1 Pred.lon 빼d 얘tlcalln야uments， cloclcs and watches 
28 1 T，∞15 and flnished metal 빼빼cts … ..... . 
29 1 Muslcallnstruments, gam.훌 and toys, s∞<l5 g∞dseι … 
30 I Wood .... 
31 1 W∞d p<여야15 .. 
32 1 P비p， pa빼r and paperboa띠 . 
33 1 Products 01 paper and paperboard .‘ 
34 1 Products 01 pfintlng and duplicating .. 
35 1 Leather and Iea뼈 products, 10。뼈.ear 
36 I Textlles .. 
37 1 Wearlng apparel … ...... . 
38 1 Food products (ex여 뼈"erages) 

39 1 Beverages ‘· 
40 1 Toba∞。 pr여야ts 

41 1 Buildlng ar애 d에 engineering works, etc. .• 
42 1 Installatlon and bulldlng completlon wor양 … ........ . 
43 1 앓cor얘ary raw mat_1s .... 
44 I Retail trade 
52 I Meals of hotels, restaurants, c히1tlnes . … ... 
53 1 Works ofart, b∞ks， maga깅nes， newspa뼈rs .. 
561 앙ternal environmental 뼈뼈ction services 
57 1 Mllitary g'αlds ........ 

54,561 Social insuran∞ beneflls In klnd 
,59 

290 

”u 
nu 

nu 

Au 

nu 

nu 

”U 
AU 

nu 

nu 

nu 

nu 

455 

nu 

‘, 
nu 

n” 
nu 

nu 

nu 

nu 

nu 

nu 

nu 

4l 

2590 

o 
1179 

o 
o 
o 
o 
o 
o 
o 
o 
o 

1179 

551 

O 

짧
 

O 
O 
O 
O 
O 
O 
O 
O 
O 

웠
 

423 

0 

원
 

O 
O 
O 
O 
O 
O 
O 
O 
O 

%% 

61 

nu 

a9 

nu 

nu 

nu 

nu 

”u 
nu 

nu 

nu 

nu 

a9 

714 

nu 

‘‘“ 
”u 
nu 

nu 

nu 

”u 
”u 
nu 

nu 

nu 

‘‘‘ 

164 

nu 

‘‘ 
”u 
nu 

nu 

nu 

”u 
nu 

nu 

nu 

”u 
‘‘ 

1314 

o ” 
o 
o 
o 
o 
o 
o 
o 
o 
o ” 

77 

nu 

nu 

”u 
<U
nu 

nu 

”U 
nu 

·u 

AU 

nu 

nv 

Total product Inp띠S ••. 

Reslduallnput9 
Wastes for economic re에Jse. 
Wastes forσætmant .. 
Wastesfors뼈 ... ge ‘ 

Raw mat_Is, not used . … 
。therma뼈rials dlscharged into nature .. 
Waste water lor treatment . 
Waste water discharged into nature 
Watervap。야ed. 

。xygen ..••• 
Carbon diox녕e .. 
。ther air emíssions ••. 

Total resldual Inputs ..... … •••• 

1275 1987 11942 3249 2761 271 3103 663 
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5291 328 T이allnputs …… .•..••..••. … 
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1 Physical input (use) table 1990 
1.2 Energy 
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Raw malertal Inpu‘· 
Raw materials, not ω뼈 •••.••..•...•.•••••• … ........ . 
RaWIT톨_15 for .nergy cani톨'S ....................... .. 
S이1 minerals for plalTls … ... _ .....•.......................... 
S이lexcaV1뼈on for strudul8S ............ …… …· 
。t뼈rsolld lT홉_Is (stDnes, c톨y 빼c.) ••••••.• … ....... . 
Watar ralsed ‘ ............... - .......................... … ............... _ ... . 
Oxyg.n._ ................. … •.... ….... … ........ _-…… .......... . 
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Product Inputs 
1 1 Agrtcu뻐1'81 produds ••••••••• ‘ 
2 1 Forasby and flshary prod뼈S， etc. .‘… .......... . 
3 1 EI，흩야뼈ar，양빼1， 11α빼tar .•••.•••••••••••••••••••••• … ......... . 
4 I Gas •• _ ••••••• …… ..... … ..... … .... … .... … •••••• …… .... ………… .. 
5 I Watar •• ‘ “ ••.•.•.........•. _ .• 

8 1 CoaI, prod떠S여 coal뼈Il1'1g ••••••••••• _ ••••• … ..•........... -... 
7 1 Produds af I배II'Ig (ax며.cosl，cruda oil，n빼Jralga히 •••••..•.... 
8 1 Cnldaoll, 빼W영 gas ••••••••.•••••••..•••• … ...... … .. -… ........•.. 
9 1 Chamlcal pr여ucts (lncL nucl_ fu애 .... …… ..•..... 
10 1 Reflnad ps뼈농umpr여ucts ••• _ … ....... …… ..•............. … .. . 
11 1 PIaSIlC produc훌 … .........•.... ……… .... … ... … ......... . 
12 1 Rubbar pr여uc톨 ••••••••••••••• … ..... _ ........................... , ...... . 
13 1 SIOr홉5a뼈 CISYS, bu뼈Ing a. ∞ns1ructlon ms때에s， aIc .••. 
14 1 Caramlc produds ••••••• …… ...... … ... … .........•... … .. 
15 1 GIass Bnd gla훌 R여uds •••••••••••• … ............................. -... . 
18 I lrDn and __ .. _ •... … .... _ .... _ ............. _ .... …‘ .. 
17 1 뻐W倫。us metals, sami빼Ish여 W여uc톨Ihareof ••• _. 
18 1 Four빼ypr。야ds ••••• ‘ ........................ … .................. … .... .. 
19 1 pr빼uds af drawlng pla빼，C<뼈 rolllng mills, etc. ••• ‘ ...... .. 

20 1 Structural me톨Ipr여ucts， rOII때StOCIC •••••••••• … ....... ‘_ .... . 
21 1 MachII1lllY Bnd 핵뼈118nt (excI. al8야뼈1) •• … ......... … ... . 
221 。뼈 빼야Inary， ButomaIlc data pr뼈ssingaq뼈nant .••• 
23 1 Road whlclas • …· ‘_............. … ...................... … ..... … 
24 1 Shlps, bc훌앙 andftæ뼈앤 strudul8S… ................ … 
251 샤@하 ar얘 spscaa혜 ................... … ................... …… .. 
28I E1a야뼈lmach뼈y， aqulpmant and Bppllancas •• 
27 1 PreclsIon 뻐dOI여Ica’ Ins뼈mants， CIOCICS and watchas … .... 
28 1 TI∞15 andfinls뼈 matal pr여야15 ..••.• _. 
29 1 MI뻐calk빼uma’rts， gamas and 뼈s， s뼈1s goc빼@ 
30 1 w .. 찌 ..... 

31 1 Wrx얘 R여ucts “ .............. … ................ _. … ... … 
32 1 Pulp, paper and pspslboard •• 
33I Pr여ucts af psper and pa뼈_ .. 
34 I Pr여udsafpr뼈ng and dupllcatlng … ........ .. 
35 1 Lasthar and lasthar pr여Uds， fl∞뻐빼r ...................... ‘ 
38 I Textilas ............ ‘ ..... … ... .. 
37 1 Wasring ap뼈ral •••••••.••• … ........... . 
38 1 F뼈 g여ucts(excL 뻐αagas) ••••••••••••• _ ••••••••.••••••••••• _ ••• 
39 1 Bavacagas ..................... …· ‘ ...... .. 

40 1 TI야)8CCO prod야g ‘ .......................................................... .. 

41 1 B빼빼 a찌 뼈angln빼ng 뼈ks， etι ..................... … 
42 1 삐빼삐삐landbul삐Ing com찌etlon뼈ks •••• … ......... -…-
43 1 Secondary raw materials ••••• … ......... .. 
44 I R빼ai’ trada .. … .... … ............... … ...................................... . 
52 1 Maals af hotels, rastauralTls, can에nes ............................... . 
53 1 WorIcs of aπ， books， mag뼈nes. n&빼papsrs … -
58 1 ExWnalanvlronmantal pr빼ctlon sarv뼈s ....................... .. 
57 1 MI뻐rygcx삐s .................. . 
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1 Physical input (use) table 1990 
1.2 Energy 
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Ser. 
N。

klnd5 of materials 

Raw materlal Inputs 
Rawn녕terials ， not used 
Rawmeter혈Is loren뼈ycamers … ........ 
5011 minerals lor plants .‘ 
50il excavatlon for s1ructures ••.•..• 
。t뼈'501‘떼 뼈얘rlals (slone5, clay etc.) ..... 
Water raised •• 
。xygen •••. 
Cart>on dl。찌de 
。ther air cornponents (nitrogene etc.) •.•.. 
Tota내 rawma’erlaJ InpU1s •.••••• 

Product Inpu앤 
Agricuitural prod뼈S 

2 Forestry and flsh하y α。ducts， etc. ... 
3 Electric power, steam, hot water .......... 
4 Ga5 .. 
s Water 
8 C∞1， products of coal mining … ......... 
7 R여ucts 01 mlning (exd.ct훌I ，crude oil,nalural gas) .. 
8 Crude oil, naturaJ ga5 ‘ ....... 

9 Chemical products Øncl nudear luel) … .... 
10 Reflned petroleum products ............. 
11 P톨stic products 
12 뻐Jbberpr여ucts 

13 Stones and days. building a. ∞ns1ructlon matertal5, etc. ‘ 

14 @염mtc 야여ucts .•....•..••••• 
15 Glass and glass products … ••••••••••••• 
16 1m" and s훌el “ ................................................ 

17 Non-倫rous me13Is, 5em~fin빼ed prod야ts 1I1ereof .. 
18 Foun아y products .. 
19 Products of draw‘ng plants, cold rolllng mll늘， etc .... ‘ 
20 Structural metal products, rolllng stock .......... 
21 Machinery and 뼈uiprnent (excl elec1rlcaJ) ........... 
a 어lcemachl뼈y. automattc 뼈13 proces5ing equiprnent ... 
23 Roadv히，tcles •• 
24 Shlps, b∞ts and ftoatlng s1ructures … .......... _. 
25 Alrcraft ar얘 5paCecraft .. 
26 Electrlcal machinery, equlpn、eo1 and appl언nces 
27 pred잉on 없d 야tlcalln야uments， clocks and watches 
28 T∞Is and flnlshed metal pr여야ts ................. … ..... 
29 Musicall뼈rumen흩， gamas and toys, sports 9。여s etc. 
30 w。‘여 .. 
31 w。‘여 products 
32 P버p， paperand ∞∞·∞ard • 
33 Produds of paper and 뼈뼈rboa떠 … ............. 
34 Products of πintlng and dupllcatlng … ............. 
35 L훌thar and leathar products, lootwear .... … ..... 
36 Textlles 
37 Wearlng apparel 
38 F∞d products (exd. bev하"ge5) 
39 Beverages ••.•.••• … ... … ................ …·… ............. … ............ 
40 T。∞∞。 product5

41 Buildlng ar삐 civll engineertng works, etc. 
42 Ins1a1녕tlon and b뼈Ing COf뼈etionw하Ics. 

43 Secondary raw meter‘als .. 
44 Retsil trade .. 
52 Meals 01 hotels, res13urants, cantines … ........ … ............ 
53 W여1<501 하t， α:xJks， magazines. newspa∞rs. 

56 El야하1181 environmental protection s하V뼈5. 

57 Military good5 ................ … .... 
54,58 Soc‘al insuran∞ beneflls In kind .. 
,59 

Total product Inp여s .•..• 

Reslduallnp여S 

Was1es for economic r용use.......................... … ........... 
Wastes for treatn뻐01 .................................. … ................ 
Wastes for storage .. 
Rawmateriaι. not used .............................................. 
。ther materials discharged in10 nature .... 
Waste water for treatmeo1 … · … ....... 
Waste water discharged io1o nature 
Waterva∞꺼sed 

。'xygen.

Carbon dioxide ..•.•••..•.....•....•...................••.•••..........•• 
。ther air emissions .. 
Total resldual Inputs ... 

T여allnputs .... … ............. … ••.•.••. 

1 Physical input (use) table 1990 
1.3 Water 
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4 I Gas … .. 
5 I Water .. 
6 I Coal, π여udsof∞almining 
7 I Produds of mining (excl.c∞I，crude oil,natural gas) • 
8 I Crude oil, natural gas “ ..... … ........ … ...... . 
9 I Chemical pr여udsOncl 매clearfueQ. 
10 I Reflned pelJ뼈umpr여야g “ ................... …-
11 I Plastlc produds .. 
12 I Rub∞f π。duds ............. …· 
13 1 Stones and c힐ys， buildlng a. ∞nstrudion mate뼈s， etc .. 
14 1 Ce<amlc pr여uds 
15 I GIass and glass produds … .................... … 
16 I Iron and steel 
17 I Non-feITous metals, 훌.."i-flnished α。d띠tst뼈"8of ... 
18 I Fou뼈ypr여뼈s .. 
19 1 pr∞uds of drawlng planls，∞Id rolllng mil늠， etc .. 
20 1 Structural metal pr며uds， mlllng 51α:k .... 
21 1 Machlnery and equipment (excl. ele야k회) .. 
221 。πtcemac얘nery， a‘Jtomatlc data pr。∞ssing 뼈uipment 

23 ’ Road vehlcles .. 
24 1 Sh뼈， boats and floatlng structures 
25 I Alrcraft a.성 spac∞aft ... … 
26 I Electrical machln하y， equlprnent and appl벼nces … .......... . 
27 I Preclsion 81애 야tlcal instrumants, clocl<s and watches 
28 I Tools and finished metal pr여야ts ..... 
29 1 Mustcallnstrumanls, games and toys, s∞rtsg∞dsetc … 
30 I Wood … .......... . 
31 1 Wood pr여Uds .................. .. 
32 1 PUlp, paper and p빼r!>oa떠 ....• 
33 I ProdUds of pa뼈rand 뼈P어∞ard .. 
34I Pr여uds of printing and duplicating 
35 I Leather and leather pr여uds， ’∞，twear 
36 I Textlles 
37 1 Wearing apparel ... 
38 I FαXI produds (exd. beverages) .. 
39 I Beverages 
40 I Toba∞。 products
41 I 5ui얘Ing and dvll engineertng wo<ks, etc. .. 
42 I Installation and buildlng ∞mplelion wO<ks .. 
43 1 앓∞ndary raw mater밟 ...... . 
44 I Ratail lJade .. 
52 1 Meals of hotais, 18staurants, eantines .. 
53 1 WO<ks 01 art, b∞ks， mag혀nes. news뼈∞κ .. 
56 I External environmental 야뼈ction 영”뼈s. 
57 I MilHary 9αxls ... 

54,561 soc눔I insurance benefrts in kind 
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Reslduallnpu‘s 
Wastes for economic r용US8 .••.••.......•........•.......•..... 
Wastes lor treatment … ... 
Wastes for storage 
Raw materials, not used .... 
。ther matarials discharged into nature .. 
Waste water lor 1reatment ......................... … .. 
Waste water discharged into nature 
Water vaporised 
。xygen .... 
Carbon dioxide ............ .. 
。ther air emissions ................................................. , 
Total r •• lduallnputs … ........................... . 

15839 76437 351490 10022 17813 3802 29677 9675 
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Pr혀uct ’매uts 

1 1 Agricuttural pr∞uds ‘ ........ . 

2 I F'어'BSIrY and fishery α。duds， 어c.. 
3 1 Electric κ_， 51훌m， hotwater … ............................... … .. 
4 I Gas 
5 I Water… .......... . 
6 ICoa’， pr며uàs of coal mining .• 
7 I pr어uds of mining (exd.coal,crude oil，n없lral gas) 
8 1 Crude α1， n영W밍 gas .. 
9 I Chernicai pr여야15 (lnci. nudear fueQ 
10 1 Refin혀 뼈troieum produds ... 
11 1 PIasIic produds .. 
12 1 Rubber produds ..... 
13 1 Stones and days, buildlng a. ∞nstruction ma뼈ials， etc ... 
14 1 cer밍nic pr여uds ...... 
15 1 Giass a뼈 g녕55 produds 
16 I Imn and s빼e’ .. 
17 1 Non-farrous n톨tals， sern째nlshed prod따15 th8l8of .... 
18 1 Fo뻐앙y 야。d뼈S .. 
19 I ProdUds of drawing p톨n‘s， ∞삐 mlllng miils, etc ..... 
20 1 Structural metal pr여야15， mlling stock …· 
21 1 Machlnery and equlαnant (exci. ele야뼈1) … ........ . 
22 1 office machi뼈y， a띠m훌tic data prα혹sslng 액ulprnant ... 
23 I Road vehicles .... 
24 1 Shlps, boats and fl‘JBllng 얘lJctures 
25 1 Aí'다81t ar얘 혹)8ceaaft .• 
26 1 Eleclrical machinery, equipment and appliances .. 
27 1 Precislon and optk경I Instruments, ciodcs and watches 
28 1 T，∞15 and finlshed me헤 α。d야15 .. 
29 1 Musical Instruments, games and toys, s∞IIS goods etc .. 
30 I Wood 
31 1 Wood products .. 
32 1 P비p， paper and paper∞ard .... 
33 1 Produds of pa뼈rand ∞per∞ard ... 
34 1 Produds of printlng and dupiicating .. 
35 1 Lealher and 빼ther produds, f，∞twear 
36 I Textiles ....... 
37 1 Wea꺼ng ap∞rel. .. 
38 1 F∞d products (exd ∞，verages) 
39 1 Baverages .. 
40 1 TobaCCO produds 
41 1 Bullding ar잉 âVil engineering works, etc. •. 
42 1 Insta뻐tion and buildlng ∞mpleiion works … 
43 1 se∞l얘ary raw materials ... 
44 I Retaii trade 
52 1 Meals of hotels, restaurants, cantines .. 
53 1 Works of art, b∞ks， maga깅nes， newspapeπ • … 
561 당ternal environmental pr。‘ection services 
57 1 MilHary ∞여S. 

54,581 Social insuran∞ beneflls In kind 
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Resldual Inputs 
Wastes for economic re--use .‘ 
Wastes for treatment 
Wastes fcr siorage .. 
Raw materials. not used 
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Waste water for treatment .. 
Waste waler discharged inlo nature ........ ‘ 
Watervaporised .. 
。xygen

Carbon dioxide . … · 
。ther air 하꺼issions .. 

Total r •• ldu려 Inputs • 

923 415448 7912810 33465 39860 1784 25835 o 
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nv 
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nu 
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nu 

nv 

”u 
”U 

”u 
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Raw materlal Inputs 
Raw materlals, n여 used .. 
Rawmat톨연Is lor energy c히ners 

Soil minerals lor planls 
Soil excavation for strudures .• 
。ther solld materials (stones, c어y efc.) ..... . 
Waterralsed 
Oxygen .. 
Car∞n di뼈de 
。ther air cornponents (nftrogene etc.) . 
Tatal raw materlallnputs ••.•• … . 
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Product Inputs 
1 Agricuftural α。duds

2 1 ForestJy and flshety produds, etι … ..... . 
3 1 Electric ∞wer， steam, hot water 
4 I Gas … ......... . 
5 I Wa엄r. 

6 1 C∞1， α。ducla of ∞.alminlng •..• 
7 1 pr여ucts of mining (exd.eoal,aude oil,natural 행s) .. 
8 I Crude α1. natural gas .. 
9 1 Chemical pr여야Is Qncl. nudear lu에). 
10 I Reflned petroleum produds ... 
11 1 P톨StIC produds .... 
12 1 Rub∞r produds 
13 I Stones and 빼ys， b뼈Ing a ∞nslrudlon mat왜als， efc •• 
14 1 Ceramic α∞뼈s .. 
15 I Glass and gla55 produds .... 
16 I lron and steel • 
17 1 Non.tem>us n톨tals， sem매nlshed produc1s thereof ... 
18 I Fou뼈y π。duds
19 1 Produds of drawing plants, cold rolllng mills, efc 
20 I StnJctural metal produc훌， rolling stock ..... 
21 I Machinety a뼈 eq‘Jlprnent (excl. ele야k페) .... 
22 I 0fII0a machlnary, a뼈1톨tic deta processlng equl야l8nt 
23 I R∞d vehicles 
24 1 Shlps, boats and fl∞tlng slructures 
25 1 Aircraft ar얘 쟁acecra1t … 
26 I Electrlcal machinery, equiprnent and appl영nc훌 ••.• 
27 I Pracislon 뻐d optical inslrumants, clocks and wafches 
28 I T，∞Is and finlshed metal produc1s .. 
29 I Musicsl in야ur뼈nts， games and toys, s뼈tsg∞ds efc.‘ 

30 I Wαxl ... 
31 I W∞d α。duc1s ... 
32 1 매Ip， paper and pa뼈rboa며 • 

33 1 Produds of paper and paper∞art! … .. … ... 
34 I Produds of printlng and duplicating .... 
35 1 Leather and leather produds, tootwear • 
36 I Texllles 
37 I Wearing apparel 
36 1 F∞d produds (exd ∞verages) . 
39 1 Beverages 
40 1 T，。∞∞。 produds
41 1 B비에ng ar삐 civil engineering works. etc. “ .. 

42 1 Installatlon and bullding ∞mpletlon works .• 
43 I 앓condary raw materials ..•.• 
44 I Retall trade .... 
52 1 Meals ot hotels, restaurants, cantines .. 
53 I WorI<s of art, 뼈ks， magazines, newspa∞π -
56 1 External environmentsl 빼，tection services 
57 I Mllftary goods . 

54,581 Soclallnsuran∞ benefrls in kind 
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nu 

nu 

”u 

Tot히 product Inp띠s .••. 

Resldual Inp띠S 

Wastes for economic re-use ......... … · … ........ … .............. .. 
Wastes tor tr‘영1ment 
Wastes tor storage … ......................... .. 
Rawm혀없als， not used 
。ther materials dlscharged into nature 
Waste water lor treatment .. 
Waste water discharged into nature . 
Waterv뼈。rised 

。xygen .. 
Carbon 비oxide .. 
。ther air emissions .. 
Total resldu혀 Inputs 

20119 21597 1266 657 2463 120혀 121 

62 

112 193 Totallnputs .. 



Production a생vltlas of brancl>훌 

soc톨l P꺼vate Housa-
secuti\y non-pr해t TotaIs 뼈M∞n. Consum하 
funds institU1뼈ns， ‘ump뻐n durablas 

m뼈W activ뼈 .. 

뼈useholds 

58 59 60 61 62 

o o 23682 o o 
o o o o o 
o o 710 o o 
o o 170000 o o 
o o 615210 0 o 
0 o 0 o o 
o o 21792 16438 o 
o o 310697 o o 
0 o o o o 
0 o 1142091 16438 o 

5 35 170353 18271 o 
o 1 25895 559 o 
o o o o o 
o o o o o 
o o o o o 
o o o o 0 
o o 69573 1303 o 
o o o o o 

194 52 95660 2415 o 
o o 0 0 o 
o 4 5714 581 42 
4 z 101뼈 302 5 
o o π19887 6 o 
o o 1722 263 5 
o o 6669 192 31 
0 o 126 훌10 o o 
o o 8623 o o 
o o 3819 0 o 
o o 13925 7 o 
0 0 1109 0 o 
o o 3039 27 11 
o o 44 50 8 
3 o 3932 314 3016 
o o 1 o 6 
o o 19 o o 
o 1 2944 147 995 
o 3 228 58 19 

o 5005 287 794 
o o 38 445 a 
o o 19443 400 o 
o 1 4190 989 1869 

51 4 20249 149 o 
7 o 811’4 10앓 o 

11 36 5113 37 o 
o 0 60 324 o 

2 2058 423 302 
o 2 44 663 o 

18 241 46652 33213 o 
2 1 96.껴 16688 o 
o o 34 191 o 
o o 5737 0 o 
o o 324 o o 
0 o 76760 157 o 
o o o 178 o 
o o o 7여7 o 
o 530 571 o 
o o o o o 
o o o 17 o 
o o o 175 o 

298 386 1516799 87522 7123 

o o 104413 o o 
o o 21535 o o 
o o o o o 
o o o 0 o 
0 0 0 o o 
o o o o o 
o o o 0 o 
o o o o o 
o o o o o 
0 o o o o 
o o o o o 
o o 125948 o o 

298 386 2784636 103960 7123 

1 Physical input (use) table 1990 
1.4 Other materials 

1000t 

AccumulaUon 

Man-made assets 
Fixed 앓g혀S 

Char핑eln C빼- Pπ얘uc혀 - landfills Machinery, ’llltur를| 
Buildlngs assets equipment 

63 64 65 66 67 

o o o o o 
o o o o o 
0 o o o o 
o 0 o o o 
o o o o o 
o o o o 0 
o o o o o 
o o o o o 
o o o o o 
o 0 o o o 

-995 o o o 227 357 
20008 o o o 23αm 

o o o o o 
o o o o o 
o o o o o 
o o o o o 

983 o o o o 
o 0 o o o 

664 o o o o 
o o o o o 

g o 158 o o 
-3 o o o o 

3546 o o o o 
12 o o o o 
54 o o o 0 

• 105 o o o o 
149 0 11 o o 
30 o o 275 o 

147 0 o 0 o 
o o 1941 499 o 

87 o 80 3390 o 
2 o o 108 o 

132 o o 2440 o 
-174 o o 502 o 

o o o 4 o 
18 o 181 672 o 
5 o o 110 o 

30 o 365 1996 o 
-2 o o 57 o 
138 o o o o 
46 o 113 841 o 
32 o o o o 
53 0 o o o 
15 o o o o 
2 o o o o 

-140 o o 47 o 
4 o o o o 

1316 o o o o 
166 o o o 0 

8 o o o o 
o o 510790 o o 
o 0 23456 o o 

-279 o o o o 
o o o o o 
o o o o o 

-7 o o o o 
o o o o o 
o o 16520 54 o 
o o 0 o o 

25999 o 553614 10 앉16 250얻7 

o o o o o 
o o o o o 
o 117349 o 0 o 
o o o o 0 
o o 0 0 o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
0 o o o o 
o o 0 o o 
0 117349 o o o 

25999 117349 553614 10998 250357 

63 

Non. S&<. 
praduced TotaJs Restofthe TotaJ "톨t_1 No. 

natural w。껴d Inputs 
assets 

g 69 70 71 

o o 0 23 뼈2 

o o o o 
o o o 710 
o 0 o 170000 
o o o 615210 
o o o o 
o o o 38230 
o o o 310697 
o o 0 o 
o o o 1158529 

o 226 362 6715 421701 1 
o 43008 3237 72699 2 
o o o 01 3 
o o o 01 4 
o o o 01 5 
o o o 01 6 
o 983 7554 79413 7 
o o 0 01 8 
o 664 29143 127902 9 
o o o 01 10 
o 236 2어8 8579 11 
o z 618 2018 12 
o 3546 43502 816941 13 
o 17 496 2499 14 
o 65 1765 8730 15 
o -105 18앓5 144970 16 
o 160 1735 14055a15g 17 
0 305 461 18 
0 147 2316 16395 19 
o 2439 728 4276 20 
o 3566 4010 106μ 21 
o 116 74 264 g 
o 5566 6557 16390 23 
o 334 734 1070 24 
o 4 18 411 25 
o 1866 2097 7055 26 
0 134 124 혀4 27 
o 3187 1677 10155 28 
o 77 125 683 g 
o 136 2053 220월 30 
o 2870 10명 9088 31 
o 32 4163 24593 32 
o 53 1347 10636 33 
o 15 388 5553 34 
o 2 104 511 35 
o 209 1499 4189 36 
o 4 128 859 37 
o 1316 14833 98013 38 
o 166 1432 27966 39 
o 8 89 320 40 
o 510790 23 516551 41 
o 23456 o 23760 42 

6816 6538 12688 96159 43 
o o 0 178 44 
o o o 7여7 52 
o -7 306 1400 53 
o o o 01 56 
o 16574 o 16591 57 
o o o 175 54,5 

8,59 
6816 8혀 905 174509 2633734 

0 o 0 1여 413 

32421 32421 2143 56099 
o 117349 o 117349 

23662 23682 o 23662 
393361 393361 o 393361 

o 0 o o 
o o o o 

30323 30323 o 30323 
2260:앓 2260:앓 o 226052 
43138 43136 o 43138 
21458 21458 o 21456 

770436 887 765 2143 1015875 

m252 1742690 176652 4808139 



Ser. 
No. 

kinds of mater연15 

Raw materfal outputs 
Rawn힘t ... 연15， not used ....• 
Rawmatl훌ials lor energy cani..-s 
S이Imi뼈als flα plan1s .. 
5011 excavation for s1rudures ••...• …·… 
Others이얘 뼈앤ials (s1ones, claye1l::.) 
Water ralsed .... 
。xygen .•..• 
Carl>α1 dioxide .. 
。t뼈rair cornponen1s (nnrogene etc.) •••••.......•.. 

Tctai 낌w material ou‘puts 

Product output8 
1 Agrlcunural products … 
2 Forestry and fishery products, etc. … ............... 
3 ElectrIc power, steam, hol water 
4 Gas … .......... 
s Water .••• 
6 C∞J， prod따:ts of ∞almining 

7 Products of mining (exd.coal,crude oil,natural gas) .. 
8 Crude oil‘ naturaJ gas 
9 Ch..-nic밍 찌。ducts Qncl. nudearωeQ 
10 Refin뼈 petroleum products •..•...•• 
11 Plastic products .• 
12 Rubber products •• 
13 Stones and days. buildlng a. cons1rudion materials, etc .• 
14 Ceramic products •• 
15 Glass and glass products … … ...... 
16 Iron and steel • 
17 Non-~하TDUS metals, s..-n~finlshed products 1hereof .‘ 
18 Foundry products …· … 
19 pr여ucts 여 야awing plan1s. cold rolling mills, etc ...... 
20 Strudural metal products, rolllng stα:1<. … 
21 Machi뼈y and equipment (excl. eledrlcal) 
a 。ffice machinery, aufon톨tlc data α。cessing equiαnent 
23 Road vehicles .. 
24 Ships, boats and fl∞tlng s1rudUres ............. 
25 Ait:raft 젠1d spacecrafl ••. … … ...... 
26 Eledrlcal machinery, equlpment and appllancas ... 
27 Preclsion 빼d opticallns1rume여s， clocks a뼈 wetches 
28 Tools and finlshed metal products 
29 Musicallns1rumen1s, games and 1oys, sαxts goods e1l:: ••••• 
30 w。여 

31 Wo<찌 products .•.• 
32 P비p， pa뼈rand pa빼rboard … ......... 
33 Productsof 명perand 뼈perα'"떠 
34 pr여uds of printing and duplicating … ............. 
35 Leather and ieether produds, lootwear ........ … 
36 Textiles. 
37 W없uing apparel . … ...... 
38 Food products (exd. beverages) ............ 
39 Beverages ..•...••••.•. … ........................................................ 
40 Tot엉@∞ prod‘JCts .•......• 
41 Buildlng a얘 dvil englneering works, etc. ‘ 
42 Installation and buildlng ∞mpletion works 
43 Secor얘aryrawmat하ia/s. … ......... 
44 Retalltrade 
52 Meals of hotels. restaurants, cantines ... … ..... 
53 Works 01 art, b∞ks， n영gazlnes， newspa∞<s … ... 
58 External environmental protection servic:es … ........ 
57 MlI\laryg∞ds ..••••.• … 

54,58 Social insuran∞ benefrts in kind 
,59 

To1al pnodu히 。utp벼S “ ..•.... … ... … 

Resldual oulp띠8 

Wa엉.es for economic re에S8. …...................... … ... …· 
Wastes for treatn얘nt 

Wastes lor storage . 
Rawn녕ter\als ， not used … .......... 
。ther materials d잉charged Into nature ............•• 
Waste water lor treatment 
Waste water dischar딩ed into nature 
Watervap。꺼sed . … ........... 
。xygen

Carbon dloxide ....... 
。ther air emissions ...••..••........ … .................................. 
Total resldual outputs .••••.•••..••••.••..••..•••..••• … ................. 

Total oUlputS •• 

Memorandum l1em: 
MaterfaJ accumuJatlon .esp. Forelgn trade balance" ..••.. 

1) Inputs (Table 1.1) minus Ouφ띠s (Ta비e 2.1) 

2 Physical outp따 (supply) table 1990 
2.1 Total 

1000t 

Production activnles of α'anch‘훌 

。ther

Agrlcunure Forestry Electrlcity. Gassupply water Coal mining 
and f1Shing steam, hot supply mining (excl ∞al， 

etc. water crudeoll, 
supply nat gas) 

1 2 3 4 5 6 7 

o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o 0 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 

o o o o 0 o o 

228134 o o o o o o 
o 23234 o o o o o 
o o o o o o o 
o o o 49707 o o o 
o o o o 6661841 o o 
o o o o o 206223 o 
o o o o o o 27603 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o 0 o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o 0 o o 0 
o o o o o o o 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o 0 o o 
o 0 o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o 0 o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o 0 o o o 
o o o o o o o 

228134 23234 o 49707 6661841 206223 27603 

o o 6173 9 98 17 5 
23 1 2922 20 77 234 40 
54 2 3611 19 342 342 166 
o o o o o 958 041 21611 

251495 961 52 125 50 9167 4397 
25117 2119 50234 o o 39584 737 

o o 30034 875 o 429899 821078 116983 
10817 1804 495030 336 81202 21809 4601 

201428 24624 o o o o o 
31503 2324 266 041 452 117 5963 822 

1900 12 728 185 2 1313 4 

522 337 31 846 30 859 665 1146 511 788 1 857 548 149566 

750 471 55 060 30 859 665 50 853 7 173 629 2 063 771 177 169 

o o o o o o o 

64 

Extract. M원.of Man 
。fσude chemical 。1 r하ined 

。iI， natural products petroleum 
gas [md. products 

nudear 
fuell 

8 9 10 

o o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 

o o o 

o o o 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 

15589 o 0 
o 100526 o 
o o 92663 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 
o o o 
o o 0 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 
o o o 
o o o 
o o 0 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o 0 0 
o o o 
o o o 
o o 0 
o o o 
o o 0 
o o o 
o o 0 
o o o 

15589 100 526 92663 

4 1176 58 
46 1541 61 
54 3506 39 
77 o o 
7 11662 92 

428 243884 5771 
21481 3218400 232819 
2315 40675 24656 

o o o 
1063 22429 13263 

69 2309 325 

25544 3545581 277085 

41133 3846107 3697.‘48 

o o o 



2 Physical output (supply) table 1990 
2.1 Total 

1000t 

Ser. 
No. 

Bu뼈Ing 

여 ships. 
k훌IS a. 
R양ding 

s1rUcIulllS 

Man. 
ofp톨sllc 

products 

”” 
”u 
nu 

nv 

nu 

”u 
”u 
”” 
”u 
AV 

24 

nv 

nu 

”v 
nU 

Rv 

n” 
nu 

n-AV 

nu 

nu 

”u 
”u 
”u 
n” 
nu 

”u 
nv 

”“ 
au 

nv 

Ru 

lu 

”u 
”u 
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2 Physical output (supply) table 1990 
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2 Physical output (supply) table 1990 
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2 Physlcal output (supply) table 1990 
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2 Physi∞I output (supply) table 1990 
2.2 Energy 
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2 Physical output (supply) table 1990 
2.2 Energy 
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13 1 Stones and clays, buildlng a, ∞nstrudion materials, etc .. 
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40 I Toba∞。 producls

41 1 Buildlng and civil engineering worXs, elc. 
42 11야tallatlon and building ∞Impletlon worXs .... 
43 1 Secor녕ary raw materials .... 
44 I Relail 1rade 
52 1 Meals 01 hotels, restaurants, cantines 
53 1 Works of art, books, magazines, newspa뼈π .. 
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Wastes for econ어nic re--use .........•••....•.•.....•.... 
Wastes for treatment “ ........ 
Wastes for s10rage 
Raw malerlals, nol used .. 
。lhermat하ials dlscharged in10 nature .. 
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Total output. ……… ................................... … ....................... . 
Memorandum Item: 
Materl외 accumulatlon resp. Forelgn trade balance" ... 

1) Inp띠s (Table 1.2) minus Outputs (Table 2.2) 



Pnlduction actlvRIes af branch훌 
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2 Physical output (supply) table 1990 
2.2 Energy 
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o o 0 o o o o 

o o o o 3060 o 3080 

o o o o o o o 
o o o o o o o 
o o o o o 0 o 
0 o o o o o 0 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o 0 o 
o o o o o o o 

o o o o 3얘o 1924249 1 없7329 

Re영。It’.e 
w。에d 

70 

o 
o 
o 
o 
o 
0 
0 
o 
o 
0 

o 
o 
o 
o 
o 

15738 
o 

111 ∞a 
o 

47590 
o 
o 
0 
o 
o 
o 
o 
o 
o 
0 
0 
o 
o 
0 
0 
o 
o 
o 
o 
o 
0 
o 
o 
o 
o 
o 
o 
0 
o 
o 
o 
0 
o 
o 
o 
o 
o 
o 
0 

174336 

o 
o 
o 
o 
o 
o 
o 
0 
o 
o 
o 
o 

174336 

• 732 0 o o • 3060 132804 128 993. 150 617 
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Se’-TotaI material No. 
Inputs 

71 

958136 
193347 

o 
o 
0 
o 

771 e:양 
o 

1141 
1924249 

01 1 
3060 2 

01 3 
49707 4 

01 5 
221961 8 

01 7 
126597 8 
16500 g 

140253 10 
01 11 
01 12 
01 13 
01 14 
01 15 

6400 18 
01 17 
01 18 
01 19 
01 20 
01 21 
01 22 

200 엉 
01 24 
01 25 

100 26 
01 27 
01 28 
O 형 
01 30 
01 31 
01 32 
01 33 
01 34 
01 35 
01 36 
01 37 
01 36 
01 39 
01 40 
01 41 
01 42 
01 43 
01 44 
01 52 
01 53 
01 58 
01 57 
01 54,5 

8,59 
앓4798 

7782 
4656 
6369 

958118 
13345 

o 
0 

혀8531 

o 
734 711 
12 혀8 

2075 앓O 

4564907 

• 21625 



Ser. 
No. 

kinds of materials 

R_m혀erl잉 。벼puts 

Raw materials, not useci ... 
Raw n톨terials for._밍y caniers… ........ 
Solln‘ nerals for planls .. 
Soll excavatlon for structuras … •••••••••••• 
a뼈rs해Id n톨_Is (s1Ones, clay 811:.) 
Wa빼rralsed 

。째en •.... 
Carbon 벼。얘de ........ … •••••••••••••••• … ... … ....... … ..... … 
αharalrax까Xlnents (nltrogene alc.). ‘ ............ 

Tot해 raw materlaJ outputs “ •••••••••••••• … .......... - •••• 

Pr뼈‘.ct outputs 
1 Agrfcuilllral products .. _ ....... 
2 F~and뻐h"'Y pr뼈ucts， etc. ................ … .. 
3 EI훌trlc pDII얘r， steam, hot watar .......... 
4 Gas … ..... … ........................ … 
5 Wa톨r. 
g Co허. α。ducts of coal mlning ‘ .......... 

7 prod떠s of mining (exd.coal，aude 때nalUral행s) ....... 
8 CIUde oIL natural 행s ...... 
9 Chem뼈 α。ducts (Inct nudear fuel) ............................... 
10 Re뼈1혀 야Iroleum producls ... … .......... 
11 P_products … ............. 
12 Rubbarpr여ucts ..... … •.... … ........ … .. … ...... … ...... , •..••..• 
13 Sto .. 융 and days, bulldlng a. ∞nstructlon materl삐.， etι .. 
14 Caramlc products .. 
15 GIass and glass products ............ 
16 Iron end sIE훌1 ............. _... ‘ ....... 

17 Non빼m>US metals, sem~ftnlshed pr。ωcts thare여 .‘ 
18 Foundry products .. … ......... 
19 Products of draWlng plant’‘ cold I'OIllng m빠， etc. 
20 stru‘삐삐 me톨Ipr여ucts， r빼ng stock .............. 
21 Machl""'Y ar얘 액ulpr빼nt (excL elec1rlcal) ......... … • 
a 。tIiCe machlnery, au1amat1c data procesalng equlprnent ... 
23 Road Wlhlcles ..................... 
24 Shlps, _ and floating structuras … ........ 
25 Akcraft a.삐 혀l8C8CπR … ••••••••••••• 
26 EIeC:Ir뼈1 machln"'Y, 뼈ulprnent and appllances .. 
27 PradsIonand 매tICa’ instruments, clocks and watches … .. 
28 Tools and finlshed metal products 
29 Muslcal instrumen톨， garn<훌 and Ioys, sports goc얘s 811: .... 
30 w。여...................................... … 
31 woc찌 prod야ts ........... … ...... 
a pu썽" pepar and pa∞rbc영rd ... … .. 
33 pr‘”뼈:ts of papar and 빼빼-… ................................ 
34 Produc월 of printlng and dupllcatlng ‘ ....... 

35 Laathar and _ar products, foc찌‘빼!lI' ............. 
36 Textiles . 
37 Waarlng ap뼈뼈 .. 
36 Foc얘 야여야ts (excL 빼veragas) .... , ........ 
39 Beverages .. 
40 Tobaccopr여ucts ........... 
41 Bui얘ingar삐 d헤I englneerlng wα1cs， etι .. 
42 In혀allatlon and bul얘Ing com이ellon WOI1<S ... … ...... 
43 Secor삐ary raw mater톨톨 ........................... … ......... … ...... 
44 RetaHtr흩d8 .. 
52 Maals of hotels, raslauranls, cantines ‘ ........ 

53 Works of art, b∞ks， n톨ga잉n，빼， newspapers .......... … ... 
56 앙ten없1 anvlronmental protectIon servioss “ ........ … ........... 
57 MIlItary 9∞ds ..... 

54.‘58 Soclal insuran∞ banaflls In kind ............ 
,59 

ToIl에 product outp띠s ...... 

Resldual 。이puts 

Wa_ for economlc r를애se … ............ 
Wa‘ es fortreatment ..... ……· 
W양tesfor ‘toraga ....... 
Raw mat_Is, not used .............. 
。thar materials dlscha띠ed Inlo natu며 … .......................... 
Wa힘ewa‘er for 1rea1ment ... … ........ _ .......... … ......... … 
Wastewaκ" dlschargad into nature .... 
Wetarvapαlsed ............ 
。xygen ..... 
Carbon dioxide .. 
。thar air emisslons ... _‘ 
TotaJ resldu혀 @띠put’ ....... 
Tot혀 α찌puts ...................... , ....... … .. ……· 
Memorandum Hem: 
Materl히 accumulatlon resp. F이.Ign ’r빼e balance’ 

1) Inputs πable 1.3) minus Oulpu톨 (Table 2.3) 

2 Physical output (supply) table 1990 
2.3 Water 

10001 

Productlon activltles of branch훌 

aκt 

Agrfcullun> F。πlSIrY 티øclriclty， Gassupply W험ar Coal minlr멍 
and 1Ishing steam, hot supply minlr밍 (excL ∞al， 

811:. watar crude oil, 
supply 뼈l gas) 

1 2 3 4 s 8 7 

0 o 0 o o o 0 
o o 0 0 o o o 
o o o o o o 0 
o 0 0 o o o 0 
o o o o o o o 
o o 0 0 o o o 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 

o o o o o o o 

107838 o o o o o o 
0 138∞ o o o o o 
o 0 0 o o o 0 
o o o o o o 0 
o o o o 6661753 o 0 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o 0 o o o o 
o o o o o o o 
o o o 0 0 o o 
o o o o o o 0 
o o 0 o o 0 0 
o o o 0 o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
0 o o o o o 0 
o 0 0 o o 0 o 
o 0 o 0 o o 0 
o o o o o o o 
0 0 o o o o o 
o o 0 o o o 0 
o o o o o 0 o 
o o o o o o o 
o 0 o o o o o 
0 o o 0 o o 0 
o o o o o o o 
o o o o o o o 
0 0 o o o o 0 
o o 0 o 0 0 o 
o o o o o 0 o 
o o o o o o o 
o o o o o o o 
0 o o o o o o 
o o o o o 0 o 
o o o o o o o 
0 o o o o o o 
0 o o o o 0 0 
o o 0 o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
0 o o o o o o 
o 0 o o o o 0 
o o o o 0 o 0 

107838 13800 o o 6661753 o o 

o o 5 0 94 o o 
0 o 84 o 60 o 0 
o o 361 o 337 o o 
o o o o o o o 

174 앓6 0 o o o o o 
25117 2119 50232 o o 39579 737 

o o 30034815 o 429899 821078 116983 
o 751 368718 o 81158 20455 4180 
o o o o o o o 
。 0 o o o o o 
o 0 o o o 0 0 

1997양 2 870 30 452 254 o 511548 881111 1219∞ 

307420 16670 때452254 o 7173301 881111 121 없P 

o o o o o o o 
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Ex1ract Man. of M빼 

ofauda chemlcal 。frefjn혀 

。i’， natural producls pelroleum 
gas (1nCI w∞κg 

nuhdjegllr 

8 g 10 

o o o 
o 0 0 
o o o 
o o o 
o o o 
o 0 o 
o 0 o 
o o o 
o 0 o 

o o o 

o 0 0 
o 0 0 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 
o 30000 o 
o 0 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 
o 0 o 
0 0 0 
o 0 0 
o o o 
o o o 
o 0 o 
o 0 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 
o o o 

o 30αm 0 

o o o 
o o o 
o 0 o 
o o o 
o o 0 

428 243855 5769 
21 481 3218400 232819 

1382 27487 17085 
o 0 o 
o o o 
o o o 

23291 3489722 255673 

23291 3519722 255673 

o 0 o 



2 Ph뿜ical output (supply) table 1990 
2.3 Water 

.1000 t 

Ser. 
No. 

Bu뼈ing 

ofships, 
g훌Is a. 

fIoaIlng 
strucIun융 

Man. 
ofp톨stlc 
q。φJcts

ng 

nu 

nu 

nu 

nu 

nu 

”u 
n” 
”u 

nu 

24 

ng 

”” 
”u 
’u 
nu 

n“ ”u 
”v 
ng 

”u 

nu 

”u 
”u 
n“ 
nu 

nu 

”u 
Ru 

nv 

nu 

au 

”u 
”u 
nu 

nu 

au 

av 

”” 
”u 

au 

nv 

nu 

”u 
”u 
AV 

n‘ 
Rv 

nu 

”u 
nu 

nv 

nu 

nu 

”u 
ng 

n“ 
nu 

”u 
”u 

RU 

nV 

<u
”u 
nu 

n” 
”u 
”u 
”u 
‘u 

nu 
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”u 
nu 

AU 

AV 

”u 
nv 

nu 

”u 

”v 
nu 

nu 

nv 

au 

”u 
au 

n” 
”” 
nv 

nv 

nu 

”u 
nu 

”” 
”” 
”u 
A” 
nv 

nv 

n” ”u 
nv 

nv 

”u 
lu 

”u 
nu 

”u 

au 

nu 

nu 

av 

nv 

nu 

”u 
nu 

nu 

”9 

nu 

nv 

”u 
nu 

nu 

”” 
”u 
”u 
nv 

”u 
”‘ 

nv 

”u 
”u 
<u
”u 
nu 

nu 

nu 

”u 
”” 

11 

01 
01 2 
01 3 
01 4 
01 5 
01 8 
01 7 
01 8 
01 9 
01 10 
01 11 
01 12 
01 13 
01 14 
01 15 
01 16 
01 17 
。 18

01 19 
이 m 
01 21 
이 22 
01 23 
01 24 
01 25 
이 28 
01 27 
01 28 
이 29 
이 30 
01 31 
01 32 
01 33 
01 34 
01 35 
01 38 
01 37 
01 38 
01 39 
01 40 
01 41 
01 42 
01 43 
01 44 
01 52 
01 53 
이 58 
01 57 
01 54,58,5 
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2 Physi∞I output (supply) table 1990 
2.3 Water 
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N。

kinds of materials 
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Raw malerlal output. 
Raw materials, not 뼈ed .. 
Rawmat용ials for energy carriers .......... . 
Soil minerals for plants .. 
S이I excavation for strudures .. 
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。xygen .. 
Carbon dioxide 
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2 Physlcal output (supply) table 1990 
2.3 Water 
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2 Physical output (supply) table 1990 
2.3 Water 
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2 Physical output (supply) table 1990 
2.3 Water 
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2 Physical output (supply) table 1990 
2.4 Other materials 
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15 I Glass and glass products …· 
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22 I 0fIiCe n톨chin8l)'， autct뼈tic data processing equiprr뼈여 • 

23 I Road vehicles .. 
24 15뼈， b∞ts and floating structures 
25 I Aircraft ar녕 spa∞crafl 
26 I EIec1ricaI machin8l)', equlpment and appl어nces .. 
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36 I Textiles .. 
37 I We엉ng apparel ... 
38 I F∞d products (exd 뼈verages) .... 
39 I 8everages ..... 
40 I Toba∞。p<oducts
41 I Buildlng 하얘 civil engineering wcrks, etι • 
42 I Installation and bui얘ing ∞m이ation works . 
43 I Secondal)' raw materials .. 
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2 Physical output (supply) table 1990 
2.4 Other materials 
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2 Physical output (supply) table 1990 
2.4 Other materials 
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7 I pr여ucls of mlnlng (excl.coal,crude ol~natural gas) … 
8 1 Crude 011, natural gas … ••••• … ........... …… .............. … ........... . 
9 I Chemical produc톨 뻐c1. nucieer fuel) 

10 I 뻐h혀 W빼빼m producls ............................ … .............. . 
11 1 PI훌tlcpr여ucls …… .. . 
12 I Rubbet pr여ucls ................................................... 잉 ••••••••• 
13 1 Stones a빼 c1eys, bu뼈In9a. ∞nstrucllon mate뼈‘ etc. .. 
14 I Ceramlc pr여u∞ . ‘ 

15 1 GIass and gla양 producls ................................ .. 
16 I lron and stael … ••••• … .. … … ..... … .... … .......... . 
17 1 Non.fanous metals, sem~ftnished α。d야15 thereaf ...... …· 
18 I Founmy pr여ucIs ..................... …‘ ............... _ ................. . 
19 I pr여ucls ofd빼빼뼈nts，∞삐삐삐9 mlDs，뼈 • 

20 1 Structural metal producls, I'D빼ng StOCIC ...... 
21 1M뼈.Inery and equlpmen.t (excl. electrical) ......... 
22 I 0I!ICe n염.chlnery， a뼈matlc data pr야asslng equlpn홉삐 ... 

23 I Road whlcles “ ..•..•.•............... … ......... 40 ••••••••• 

24 I Shi어. 뼈15 and fIoatlng 혀uclllteS......... … .. 
25 I AirCnIft al삐 space。해 … .............. … ................................. . 
26 1 Eleclrlcal machinery, equlpmen.t and appllane<훌 ••••••••••••••• 
27 1 Precislon 삐d optlcalln야uments， clocks and walches ..... 
26 1 TooIs and flnlshed metal pr여야15 … ••••••••••••••••••••••• 
29 I Muslcallnstrurnen.ts, gan뻐s and toys, s∞rtsg∞dsetc .. 
30 I Wood ....... … 
31 1 Wood pr여야15 .. 
32 I PUlp, papar and p빼rboa며 ‘ 

33 1 Produclsofpa뼈t8nd paparboard .. 
34 I Pr여ucls of printlng and dupllcating ................. … ••••• 
35 1 L엎빼< and laatherα혀ucts. I1αM엎r ••••. 
36 I Textlles .......... . 
37 I w，훌ring ap뼈뼈 .... 
36 1 Foc찌 W여ucls (excl. 뼈verages) ‘ 

39 1 Bevα1Iges … ...... … ....................... . 
쩌 I T，빼@뼈‘JCtS“· 
41 1 Bu뼈Ingal얘 cIvIl englnearlng wor야‘ etc. .. 
42 1 ’nslallatlon and Þuikllng complelion works .... 
43 I se∞뼈ary raw mater얼톨 ...... 

44 I Retaß!빼de .. 
52 1M빼Is ofho‘.15， reslaurants, cantines … ....... 
53 I Wa1cs 여aκ books, magazines, newspapaπ • 
561 타!emal environmen.tal protection servlces … ..... ‘ 
57 1 M뼈arygoods “ ................... . 

54,581 SocIellnsurance þe빼fItS In klnd ... 
,59 
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1) Inputs (TaÞIe 1.4) mlnus Ouφuts (TaÞIe 2.4) 



2 Physical output (supply) table 1990 
2.4 Other materials 

Ser. 
No. 

1000t 

Man 
d ‘eather, 
and leather 
α。ducts.

footwear 
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”u 
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1) Inputs (Table 1.4) minus Outputs (Table 2.4) 

o o o 



Ser. 
No. 

klndsaf~1s 

Rawmat.rtal 。띠puts 
Raw_톨， notUS4뼈 • 
Rawπ1B1_1s for energy csn1 ...................... 
5011 뼈n ... 빼 for plsnls “ •••. … ........ 
SoIlaxcavation for .truduπts ....... _ ..... _. 
。t뼈rsolld n톨ter톨1$ (slDnes, cfay øtc.) ............................ 
Weter ralsed ................................... 
。xygen ..... 
CarÞon 빼g뼈 •.•••••••••••••••••••••••••• _ .. … ••••••••••••••.• -“ ••••••• _ •• 

。ther alr components (nllr째_atc.) … ..................... … ... 
To어 ræN m히.rl혀 。u‘puts ........ _ ... ‘ ............ _ •• n ........... 

Producl outputs 
1 Agrlcultural pt혀u∞ “ ..... … …· …… .......... …_ •••••• …… ••••. 
2 F여'8SIIY and flsha-y products, atc. “ •••• … ......... _ .. … ......... 
3 ElecIrIc powa-, _m, hot we톨r ................................ _ ••.• 
4 Ga ..... … .................................. … ........................... … 
5 Weter. 
8 C∞1， pt여뼈s af coal mlnlng … •••• … ... 
7 pr혀ucts af mlnlng (axd.coal，aude 며’，nøtural gas) .. 
8 CnIda 01’, nøt‘!’해 ges “ •••• _ ••••••• _. 
g Ch..-nlcal pt。빼ICIS {lncL nud_fue9 … •........•..•.....•...•..•.. 
10 Reflned P빼빼umpr혀ucts … .. …… •.•. 
11 p‘stlcpr혀ucts .................. 
12 RuÞÞerπ여uds .......................... … ••••••••.•••••.• …, ••.• …· 
13 stcnes and deys, Þu뼈빼 a. ∞M뼈ctIon 빼tertals， øtc •• 
14 c...amicpr여ucts ......................................... … •••. _ ..•.••. … 
15 Glasaa뼈 g1a ... produds ‘ ••.••.••• __ .••.•..•••••• … 
16 Iron and stael .. _ ... …… •••••• …… •••• __ ••••• … ••..• … .••••••••••.•• … 
17 Non-1iInou8 me톨Is， seml-ftnlsh여 products t빼aaf .. 
18 Foundry produds … .... … •••..•.•.•. …·…… ......... _-… .. … .. _ .. 
19 Produds af drawlng plsnts, ∞삐 m뻐Igm뼈，8Ic. … .... 
a StIU빼Jralme톨1 produ야s， roAIng SIOCk … ....... …… ............. 
21 Machlr홉ryand 얘U’pn톨nt (a>CCI. eleclrlcal) .... ‘ ................. 
a 。lfICa machlna-y, autometlc data proa엉81ng equipment ‘ 
a Roed vehicles ...... _…_. … ............................ … ...... -… ... 
24 Ships, _ and ftoatlng stru빼 ... ‘… ................. … ........ 
25 AiI'α'llft a，얘 spacecraft …·… ... -… .................... … ... …_ ...... 
26 Eleclrical m훌hlna-y， equlpn톨ntandapp뻐ncas … ......... -
27 PracIsIon81얘 야tlcallnstru빼nts， clocks ar얘 wøtches … ... 
26 Toolsandfln“red matal produ야 •• ‘._ ... …… .... -………… .. , 
29 M‘뼈cal instrumants, games and toys’ sports goods øtc … 
30 Wood “ .. …................. … ............ … .......... 
31 WOl.찌 α。d싸:ts .......................................................... 
32 Pulp, pe빼ra’‘dp빼erÞOard ........................ … 
33 Produds af pe야rand 에뼈rÞOard ............................... … 
34 Produds af prIntIng and dup‘IcaUng ............... 
35 L_ and laather products, footwear “ ........... 
36 Text뼈S .. 
37 Weering apperel ......................... _. 
38 F。여 W여ucts (axcL 뼈verag“) .. _ ... … ••.... _ .••.•••••.•..••.. 
39 Baveraues … •.•.•.•••••. 
40 ToÞecc。 α여ιts …·… ..•...••...•.............. … ........... _. 
41 Buildlng a뼈 d찌1 englneering -. atc. ..... … •..• 
42 Instal1ation and Þuildlng completion wα1cs ........... 
43 se∞I삐ary raw meter톨15 ......... … ... 
44 RøtaBtrade … ......................... … ....................................... 
52 Meels 이 hDlals, 18S1aurants, csntln‘es .••••••.••.••...••..• … •••••. 
53 WDrks af 811, Þooks, maga:희185， newspe뼈s .......... … ...... 
56 ExternBlenvlronrnental protac펴。n S8fVlces ........... 
57 MIlHary ∞여1 ........ 

54,58 Soclallnsurance þe빼fflsln klnd … .......... 
,59 

Tctal product 。띠p띠S .. 

Resldual 。빼puts 

Wastes for economlc 엄애S8 ........................................... _ 
Waslesfortr훌tment ....................... 
W앓tes for starage .. 
Raw mat_Is, n여 used ..... 
。ther~1s discharge이 inlo nature .............. … .. ' 
Waste weter for treatment … ............................ … •.•••.•••••••• 
Wasta weter dlscharged into nature … ............. 
Wøter얘portsed .................................. … ............ … … 
。xygen … .. 
CarÞon dlox삐8 .. 
。theralrem“ions “ ....... … … .................. n ••••••••••• ‘ ·… 
Totalresldu혀 @삐puts “ ................................. 

T야혀 。utp띠S .. ,.… .............................................. …" 

Memorandum “em: 
Mat.rt빼 accumulatlon resp. For.lgn trade balance" .... 

1) Inputs (TaÞIe 1.4) minus Outputs (TaÞIe 2.4) 

2 Physlcal output (supp씨 table 1990 
2.4 Other materials 

1000t 

Productlon actlV.1es af branch ... 

Insuranc8 H。‘.1$ Educat Hea뻐 

Banklng (e>CCI. s∞fal Ren삐ngaf and rasearch, and VetarInaIY 
‘@찌꺼Iy 1'881 훌홈흩 resta ..... nIs cu뻐1'81 market 
fund.) homesand seMces and S8fV1ce 

hostals puÞlishlng actl빼es 

49 m 51 52 53 54 

o 0 0 o o o 
0 o 0 0 0 o 
o o o o o 0 
o o 0 0 o o 
o 0 0 0 o o 
o o 0 o o o 
0 o o o o o 
0 o o o 0 o 
o o o o o 0 

o o o o o o 

o o o o o o 
o o o o o 0 
o o o o o o 
o o o o o o 
o o o o o o 
0 o o o o o 
o o o o 0 o 
o o o o o o 
o 0 o o o o 
0 0 0 o o o 
o 0 o 0 o o 
0 o o o o o 
0 o o 0 0 0 
o 0 o o o o 
0 o o 0 o o 
o o o o o o 
o o o o o o 
o o o o 0 o 
o o o o o 0 
o o o o o o 
o o o o o o 
o o o o o 0 
o 0 o o o o 
0 o o 0 o o 
o o o o o o 
o o o o o 0 
o o 0 o o o 
o o 0 o o o 
o o o o o o 
o o o o o 0 
o o o o o o 
0 o 0 0 o o 
o o o o o o 
o o o o o o 
o o o o 0 o 
o o o o o o 
0 o o o 0 o 
o o o o o o 
o o o o o o 
o o 0 o o o 
0 0 0 o o o 
0 o o 0 o o 
0 o o o o o 
o o o o o o 
o 0 o 7047 o o 
0 o o o 1257 o 
o o o o o o 
o o o o o o 
o o 0 o o 13 

o o o 7047 1257 13 

46 27 59 492 41 
35 20 s 437 212 79 
82 47 11 1017 492 160 
o o o o o o 

27 15 105 969 4 56 
2 3 o 730 5 307 
o 0 o o o o 
0 o o 0 o o 
o o o o o o 
o o o o 0 o 
0 o o 1795 o 1 

193 112 121 s ∞7 1206 844 

193 112 121 12054 2463 857 

0 o o 0 o o 

86 

1'11:찌uctIol 

。lIIer Extemal Central Sacial 
n톨rkøt en애ron- and Iocal SeaniIY 
s8fV1ce mantal govwnment funds 
actIV해es， pro1IBdlon 

øtc. S8fVk:es 

55 56 57 56 

o o o o 
0 o o o 
o o o o 
o o o o 
o o o o 
0 o o o 
0 0 0 o 
o o 0 o 
o o o o 

o o o o 

o o o o 
o 0 o o 
o 0 o o 
o 0 o o 
o o o o 
0 o 0 o 
o o o o 
o o o o 
o o 0 o 
0 o o o 
o 0 o o 
o o o o 
o 0 0 0 
0 o o o 
0 o o o 
o o o 0 
o o 0 o 
o 0 o o 
o 0 0 o 
o o 0 o 
o o o o 
o o o o 
o o o o 
0 o 0 o 
0 o 0 o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o o 
o 0 o o 
o o 0 o 
o o o o 
o o o 0 
o o o o 
o o o o 
o o o 0 
o 0 o o 
o 0 o o 
o 0 0 0 
0 o o 0 
o o 0 o 
o o o o 
0 o 0 o 
o o o o 
0 o o o 
0 415 0 o 
o o 16591 0 
o 0 o 147 

o 415 16591 147 

174 4871 438 30 
214 3610 897 24 
497 716 1782 51 

o o o o 
218 10578 338 13 
156 o 94 33 

o o o o 
o o o o 
o o o o 
0 o o 0 
8 1408 o 0 

1266 21182 3528 151 

1266 21597 20119 298 

o 0 0 o 



, activiUes of bmnches - House-
non-pl혀t Tatals hold ∞n- Con ... mer Change In 

Instlluφns， S띠11ption durables stocks 
private actlv뼈es 

house뻐Ids 

59 60 61 62 63 

o o o o o 
o o o o o 
o o o o 0 
o o o o o 
o o o o o 
0 o o o o 
o o o 0 o 
o o o o o 
o o o o o 
o o o o o 

o 120496 o o o 
o 9434 o o o 
o o o o o 
o o o o o 
o 66 o o o 
o o o o o 
o 27603 o o o 
0 o o o o 
o 54026 o o o 
o o o o o 
o 7113 o o o 
o 1324 o o o 
o 758360 o o o 
o 1153 o o o 
o 7069 o o o 
o 128032 o o o 
o 7351 o o o 
o 4257 o o o 
o 14529 o o o 
o 3 혀5 o o o 
o 8595 0 o o 
o 145 o o o 
0 12143 o 107 o 
o 562 o o o 
o 15 o o o 
o 5063 o o o 
o 431 o o o 
o 8741 o o o 
o 473 o o o 
o 16934 o o o 
o 7296 o o o 
o 14431 o o o 
o 9661 o o o 
o 5397 o o o 
0 212 o o o 
0 2492 o o o 
o 347 o o o 
o 65914 o o o 
o 4541 o o o 
0 260 o o o 
o 516481 o 0 0 
o 23760 o 0 o 
o 90943 o o o 
o 178 0 o o 
o 7047 o o o 
o 1257 o o o 
o 415 o o o 
o 16591 o 0 o 

15 175 o o o 

15 1963023 o 107 o 

61 75433 4405 2165 o 
102 50966 4321 360 0 
180 79761 10736 1565 o 

o 23882 o o o 
21 318494 19272 o o 
6 1430 16301 o o 
o o o o o 
o 7839 22484 o o 
0 226052 o o o 
o 23633 19505 o o 
o 14523 6935 o o 

371 821814 103960 4110 o 

366 2784838 103 960 4217 o 

o o o 2906 25999 

1) Input5 (Table 1.4) minu5 。띠puls π.able 24) 

2 Physical output (supply) table 1990 
2.4 Other materials 

1000t 

Accunw연tIon 

Man..made assets 
Fixed assels Non-

Con1r。‘ed pro<미Jced produced 
landfills 

Machin하y， 
natural natural 

8uildings equipment aSSeIS assets 

64 65 66 67 66 

o o o o 23662 
o o o o o 
o o o o 710 
o o o o 170000 
o o o o 615210 
o o o o o 
o o o o 36230 
o o o o 310697 
o o o o o 

Totals 

69 

23662 
o 

710 
170000 
615210 

0 
36230 

310697 
0 

o o o o 1158 529 1158 529 

o o o 171743 o 171743 
o o o 46835 o 46835 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o 0 o o 
o o o o o o 
o o o o o o 
o o o 0 o o 
o o o o o o 
o o o o o o 
o o o o o 0 
o o 206 o o 315 
o o 134 o o 134 
o o o o o o 
o o o o o o 
o o o o 0 o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o 0 
o o o 0 o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o 0 o o 
o o o o o o 
o o o o o o 
o o o 0 o o 
o o o o o o 
o o o 0 o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 

o o 342 218578 o 219027 

o 6547 7981 o o 16693 
0 8011 o o o 8391 
o 17979 239 o o 19784 
o o o o o o 
o o o 55595 0 55595 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o 0 o 
o o o o o o 
o o o o o o 
o 32537 8221 55595 o 100463 

o 32537 8563 274 173 1158 529 1 478019 

Restofthe 
wot1d 

70 

o 
o 
o 
o 
o 
o 
o 
o 
0 

0 

21624 
2630 

o 
o 
o 
o 

51810 
o 

28565 
o 

1488 
694 

30581 
1346 
1661 

16939 
3188 

328 
1866 

632 
2049 

136 
3732 

374 
26 

1891 
112 

1414 
210 

5098 
1792 

10162 
975 
155 
299 

1697 
511 

17100 
1425 

40 
70 
o 

5216 
o 
o 

143 
0 
o 
o 

218158 

o 
o 
0 
0 
o 
o 
o 
o 
o 
o 
o 
o 

218158 

117349 5210π 2433 - 23816 - 361 277 284 671 - 41506 
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Ser. 
T。강lmateπal N。

Inpuls 

71 

23662 
o 

710 
170 ∞o 
615210 

o 
36230 

310697 
o 

1158 529 

314α13 1 
58899 z 

01 3 
01 4 

881 5 
01 6 

79413 7 
01 8 

82611 9 
01 10 

8579 11 
2018 12 

η!6 941 13 
2499 14 
8730 15 

144 970 16 
10519 17 
4 앓5 18 

16395 19 
4276 20 

10644 21 
284 22 

16190 경 
1070 24 

411 25 
6955 26 
혀4 27 

10155 26 
883 29 

22032 30 
9088 31 

24593 32 
10636 33 
5553 34 

511 35 
4189 36 

659 37 
83013 36 
5966 39 
용O 40 

516551 41 
23780 42 
96159 43 

176 44 
7047 52 
1400 53 

415 58 
16591 57 

175 54,5 
8,59 

2400208 

98638 57382 

110281 
23882 

393361 
17731 

o 
30323 

226052 
43136 
21458 

1026237 

458497. 

223165 



3 Material integration (input-output) table 1990 
3.1 Total- domestic production and imports 

1000 t 

Prcduction activHies of bnmches 

Use 

ser 。ther Extract. 
N。 Agriculture Forestry Electricity, Gas WaIer Coal mining 。laude

and flshlng steam, h여 su째Iy supply minl때 (excl ∞L 。U， na1ural 
etc watersup이y crudeoil, gas 

nat gas) 

Supply 
1 2 3 4 5 6 7 8 

1 I AgricuKlKe 99558 78 1 o o 0 o o 
2 I Forestry ar잉 fishing etc. 180 88 180 o o o o 0 
3 I Electricity, steam, hot water supply. o o 1 o o o o o 
4 I Gas supply ... 1 159 9134 630 o 9 266 o 
5 I Water supply ... 59013 2870 143880 o 1659561 77952 1999 1219 
6 I Coal mining 53 26 142845 681 o 37684 38 o 
7 I Other minlng (excl. coal, aude 011, nat. gas) .. 21n 399 37 o o o 7266 o 
8 I Extract. of aude 011, natural gas o o 81 48393 o o o 453 
9 I Man. ofc뼈nlcal 야여ucts (Incl. nu∞arfu히) .... … 8451 182 168 31 115 149 16 8 
10 I Man. of refined petr뼈umpr여야15 .. 2556 802 3251 57 40 1041 20 5 
11 I Man. of plastlc products ... 101 2 1 o o 2 o o 
12 1 Man. of ru야 ..... prc얘uds ... 41 2 1 o o 4 o o 
131 auaπ 。1 slDnes a. clays, man. of buik:llng a. constr ... 1012 27 16 o 26 56 16 o 
14 Man. of ceramlc produds 53 11 ‘ 4 o o o o o 
15 I Man. of glass and glass α。ducts. .. 793 8 o o o 0 o o 
16 1 Man. of iron and steel.. .... … .•••• o o 2228 o o 791 o o 
17 1 Man. of non-feπ" metals, semifin. 이。ducts th하eof ... o o o o 0 o o o 
18 I Man. of foundry products ................ 5 o o o o 8 o o 
19 I Man. of drawing pl빼15 prod., ∞b 찌 24 2 o o o 48 4 o 
20 Man. 01 structlK81 n홉181 products, rolling slDck. .. o o 10 1 o 33 o o 
21 Man. of machinery and equi때빼 (exc’ electrlcal) ... 110 7 16 3 4 153 10 8 
22 Man. of otfoce machinery a띠'om. dala procass. equlprnent .... o o o o o o 1 o 
23 Man. 01 roed vehlclas ... o o o o o o o 0 
24 Buildlng of앙llps， boats a. fIoatlng struclures ......................... o o o o o o o o 
25 Man. 01 aircraft and spacecraft. .................................. o o o o o o o o 
26 Man. of electrical machlnery equiprnent and appllances. .. 10 o 73 8 2 7 3 o 
27 Man. of precis. ar얘 。ptical instrum., cJock:s a. w경tches ... o o o 3 8 o o o 
28 Man. of IDoIs and flnish혀 metal pr여야15.… •••.•...•• 30 1 2 o o 18 2 o 
29 Man. of musical in응trum .. games a. toys, spof1 9。여'setι o o o o o 0 o o 
30 Man. ofwo여… 36 o 1 o o 53 o o 
31 Man. ofw，。여 prod야15.… ......... ‘ 131 12 o o o o o o 
32 Man. of 야Ip， paper and pa뼈rboard .... 48 5 82 o 4 16 o o 
33 Man. of paper and paparboard prod야15 .............. 90 1 4 o 1 3 1 1 
34 Prlntlng and dupllcallng ............. 44 4 5 o 1 3 o o 
35 Man. of leather and 빼ther products, footwear ... 4 1 o o o o o 1 
36 Man. ofte，얘les ... 6 o o 1 o o 
37 Man. of we_g apparel .... 1 o o o o o o o 
38 Man. 01 food produds (e.ol. 뼈，verage히 14650 188 o o o o o o 
39 Man. of beverages… ••..••.••. 51 o 2 o o 8 o 
40 Man. of IDbec∞ products… ...•.... o o o o o o o o 
41 Construct. (e.ol. Ins힐lI.andb띠Id. completlo미 ... 0 o o o o o o o 
42 In5lallatlon and bulldlng, COI끼P‘etlon o o o o o o o o 
43 Wholasale trade, etc., r홍ycllng … .. 4747 o o o o o o o 
44 Ralall trade o o o o o o o o 
45 Ra뻐ay trans뼈t .... …· o o o o o o o o 
46 Watertr하lSpαt， ports, o o o o o o o o 
47 p。잉 and telec∞mmunication ...•..... … ..........••••....••••............... o o o o o o o o 
48 Transpof1 acllvitles n.e.c. .... o o o o o o o o 
49 Banklng o o o o o 0 o o 
50 Insurance (exd. sα:ia l security lunds) ........................ o o o o o o o o 
51 Renting of rea뻐 state .......... o o o o o 0 o o 
52 Hotels and restaura며s， homes and hostels ...................... … .. o o o o o o o o 
53 Educat , reseaπh. αKural servlces and publishing o o o o o o o o 
54 Heatth a. vetl없nary market servk:e adM뼈s .. o o o o o o o o 
55 。ther market servlca aclM뼈S， etc o o o o o o o o 
56 Extemal environmenta’ protecllon servlces o o o 415 o o o o 
57 Ce빼al and local government.. .. o o o o o o o o 
58 Soclal security lunds ............... o o o o 0 o o 0 
59 Private non-profit Institullons. private househ o o o 0 o o o o 
60 Totals ... 193953 4674 301803 50= 1659762 118017 9664 1692 

61 Househ。떠 ∞n잉m뼈na생vHIas o 0 o o o o o o 
62 Consumer durables ••••...•••.••.........................••.•...•••.......... o o o o o o o 0 
63 Change in stocks ............. … ...........• o o o o o o o o 
64 Controlled landfills ... o o o o o o o o 
65 Buildlngs .... o o o o o o o o 
66 Machinery, equlpment. o o o o o o o o 
67 Produced nalural assets......... … •.•.... “ ........................ o o o o o o o o 
68 Non-produ∞a 뼈tural assets 556518 50 407 30 557 862 632 5513867 1 945 754 167 잉6 39442 

69 Tota’ mal빼al in뼈 (= domestlc mater뻐louφ01) 750471 550뼈 30859665 50853 7173 양9 2063771 177169 41133 

70 + Imports of similar products. … 21824 2630 o o 73 15738 51810 1110때 

71 • Material accumulation resp. foraign trade ba녀n，∞ ... o o o o o o o o 

73 =T，여러 material supply 7n 295 57 710 30 859 665 50 853 7 173 702 2 079 509 228979 152141 

88 

Man. of Man. 
야lemical 어 relin혀 

q∞ucts petroleum 
(ind. nuclear prod야S 

fueQ 

9 10 

36 o 
82 o 
o o 

5241 655 
3n904 19011 

5707 o 
4876 o 

450 75507 
58418 l 0e0 
14388 20281 

367 8 
9 3 

4114 40 
14 o 

142 o 
z o 

280 o 
23 15 
13 o 
20 7 
66 14 
o o 
o o 
o o 
o o 

14 2 
3 o 

466 110 
1 o 

95 o 
167 o 
663 o 
663 o 

78 1 
o o 
4 o 
o o 

3130 12 
17 2 
o o 
o o 
o o 

80 o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o 0 

27 o 
o o 
o o 
o o 
o o 
o o 
o o 

472497 116728 

o o 
o o 
o o 
o o 
o o 
o o 
o o 

3173610 253020 

3646107 3697쩌 

28585 47590 

o o 

3674693 417338 



Man. Man. Quarr.af Man 
01 pIasIic 01 rubber stones and afceramic 
α。duc1s products ciays, "얼n W여ucts 

ofbui녕inga. 

cons1r. "톨t 

11 12 13 14 

o o o o 
o 236 448 o 
o o 0 0 

311 259 1272 323 
17311 6672 171916 2765 

42 44 3670 8 
o 1 1279 8 
o o o 16 

6358 1168 4여 202 
261 135 1 없’8 149 
770 4 o 10 

1 56 8 o 
2 52 182 혀8 1167 
o o 1 2 

152 o o o 
4 o 45 o 
o o o o 
o 9 5 o 
o 255 89 o 

o o o 
48 37 76 48 
o o o o 
o o o o 
o o o o 
o o o o 
s 10 1 
o o o o 

98 13 15 z 
o o o o 

134 o o o 
16 16 72 27 
28 30 56 21 

120 42 141 43 
7 3 5 4 
o 1 o o 

54 55 2 
o o o o 

49 o o 4 
1 o o 

o o o 0 
o 0 o o 
o o o o 

215 86 15630 o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o 0 
0 o o 0 
o o o o 
o 0 o o 
o 8 o o 
o o o o 
o o o o 
o 0 o o 
o o o 0 
o o o o 
o o o o 

25986 9184 379 388 4801 

o o o o 
o o o o 
0 o o 0 
o o o o 
o o o o 
o o o o 
o o o o 

59782 30352 931010 4701 

65770 39537 1310378 9502 

1465 694 30581 1346 

o o o o 

87235 40 킹1 1340960 10848 

3 Material integration (input-output) table 1990 
3.1 Total - domestic production and imp아ts 

1000 t 

Production activilies 01 t:r.Inches 

Man Man. Man.af Man. Man. Man.af Man.af 
afg빼§ 。f i'on and non..ferr. affoundry afdæwing s1rudural machinery 
andg놀ss steel matais, αoduc1s p연nts prod., metal 8. equipmen1 
prod야S semifin. coldm싸ng m여uc1s， (excl 

m∞uc1s miiis etc mlling stock electrical) 
thereaf 

15 16 17 18 19 20 21 

o 2 o o o o 
’ o o o o o o o 

o o o o o o o 
886 2339 582 285 460 103 484 

10361 88400 71606 8775 31651 6767 28142 
18 15948 316 519 4 12 89 

1191 44083 3712 1226 57 o o 
16 253 150 o 26 o 50 

492 4945 2335 271 401 715 1364 
855 945 188 172 199 221 917 

7 1 o 1 1 68 401 
1 4 o 7 o 6 65 

6512 7215 44 2025 894 217 350 
o 1 o o o o o 

1018 22 o o 2 53 53 
o 94041 8 1564 13540 2464 2779 
o 115 3639 901 467 457 682 
1 196 7 215 57 152 1320 
o 422 1 3 3709 540 1879 
o o o o o 16 2 

16 39 8 19 28 88 1182 
1 o o o o 0 1 
o o o o o o o 
o o o o o o o 
o o o o o o o 
0 30 19 10 5 2 314 
o 8 o 8 3 8 11 

16 41 6 11 59 204 189 
1 o o o o o 1 
o o o o o 213 양3 

140 91 27 49 69 18 599 
m 24 s 8 11 19 231 

182 3 1 2 3 3 148 
5 8 1 1 7 7 71 
o 1 o 1 o o 3 

1 o 1 1 1 16 
o o o o o o o 
o o o o o o o 

s 1 o 1 o 5 
o o o 0 o o 
o o o o o o o 
o o o o o o o 

1791 12899 1858 4802 o o o 
o o o o o o o 
o o o o o 0 o 
o o o o o o o 
0 o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o 0 o o o o o 
o o o o o o o 
o o o o o o 1 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 

23332 272081 84516 20874 51654 12351 416π 

o 0 o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 

21831 704383 161393 25320 29813 3884 44957 

45164 976464 245910 46194 81467 16236 86634 

1661 16939 3188 328 1866 632 2049 

o o o o o o o 

46824 993403 249077 46522 83333 16867 886없 

89 

Man Man. Buitding Ser. 
。f offlC8 01 road 。fships， No. 

mach .• auto‘ vehicles boats a 
data floaling 

이。cess structUf9S 

equiαT‘ent 

z 23 24 

o 1 o 1 
o o o 2 
o o o 3 

'sl 802 32 4 
4106 451‘59 1524 5 

o 168 o 6 
o o o 7 
o 101 o 8 

16 1317 479 9 
'sl 898 z 10 
2 309 8 11 
o 455 3 12 
o 122 o 13 
o 1 o 14 
o 357 7 15 

28 4317 454 16 
1 134 6 17 

27 1156 14 18 
39 1752 188 19 
o o 4 20 
7 236 66 21 

16 o o z 
o 3725 o 23 
o o o 24 
o o o 25 

39 515 30 26 
3 25 8 27 
6 294 30 28 
o 1 o 29 
o 607 104 30 

66 205 48 31 
13 150 4 32 
1 8 2 33 

40 15 1 34 
o o o 35 
o 25 7 36 
o 1 o 37 
o o o 38 
o 3 o 39 
o o o 40 
o o o 41 
o o o 42 
o o o 43 
o o o 44 
o o o 45 
o o o 46 
o o o 47 
o o o 48 
o o o 49 
o o o 50 
o o o 51 
o o o 52 

29 64 o 53 
o o o 54 
o o o 55 
o o o 56 
o o 0 57 
o o o 58 
o o o 59 

4513 62733 3044 60 

o o o 61 
0 o o 82 
o o o 63 
0 o 0 64 
o o o 65 
o o o 66 
o o o 67 

1667 89872 5019 68 

6179 152605 8063 69 

138 3732 374 70 

o o o 71 

6318 156336 8437 73 



3 Materlal integration (input-output) table 1990 
3.1 Total- domestic production and imports 

1000 t 

Productlon actiYfties of branch훌 

Use 

Sar. Man. Man Man. of Man. Man Man 
N。 。f aira"aft of .ladrical prac붙 and 。f lDols and ofmusical Man. of 。fwαXI

and n톨chlnery 。ptk영l n빼hed ln&1rum., wood R여ucts 

S홈lC8CIIIft equipment 1n&1rum., metal gamesa. 
and clocfcs a. mαIucts toys， s야xt 

Supply applianæs ws1chas gα잉s etc. 

25 26 27 28 29 30 31 

1 I Agricuftura •••••••••..•.•• … •••. o o 1 o o 3 
2 I Faras1ry and flshlng atc. ...........••. o o o o 34 15264 2 잊18 

3 많@빼， ste밍n， hotwa톨rsupply ••• o o o o o o o 
4 I Gas supply .••••..•••••.•••..• _. 51 369 59 295 21 89 31 
51 W빼arsupply ••••••• … ••• … ••••••.••••.•• _. 3051 42003 8389 16596 3064 3902 6013 
6 I Coal mlnlng ••• 4 55 7 19 o 40 11 
7 I other mlnk‘9 (excl. coa~ crud. 떼. nat. gas) ••.•• … ••••••••••• o 301 o 0 97 o o 
8 I Extract. of crud. 。κ naiunJl 뺑s ....... … ••••••••••••••.•••••••••••••• - o 50 o 26 o o o 
9 I Man. of chernlca’ m。야:ts(lnct. 매cI ..... fu.~ ...................... 146 659 170 398 117 216 284 
10 Man. 여 rafineclp빼。‘aum pnxIucts .............. … a 840 98 375 40 214 389 
11 Man. of plastlc pnxIucts ......... … ... … •••••••••••••••••.. … •••• 11 231 26 62 105 100 
12 Man. of rubbar pr。ωc:Is........... … •••••••••••••• _. 1 41 7 27 17 13 
13 Ouarr. of s1anas a. clays, n영n. ofbu뼈Ing a. constr ............ 1 772 79 771 46 4 a 
14 Man. of caramlc pnxIuc:ls… •••••••• _ •••••• _. 0 18 15 o o 1 2 
15 Man. of glass and 뼈훌m여뼈s._… • 3 205 43 138 19 24 238 
16 Man.of 뼈n and steeL .............. _ ......................... 21 574 5 5411 2 72 73 
17 M,!n. of non-ferr. metals, samifln. produ야s 1henlof ... 29 1035 7 792 z o o 
18 Man. of foundry pr혀U빼… •••••••••.••• o 161 32 63 o 0 0 
19 Man. of drawlng plants pnxI., ∞Id ronlngm뻐 etc ......... … 20 488 68 1043 125 13 187 
m Man. of &1ruclural me1a1 pr여야톨， 1해Ing s1ock. ... o o o o o o o 
21 Man.ofπI8chln홉ya뼈 핵ulprn.nt (.xcl •• 톨CtrICaι .. 7 114 16 84 2 20 29 
a Man. of OIIICe machl빼y autom. dala pro。훌훌. equiprnent. o o o 1 o o 
23 Man.ofro혀 Wlhlc“ ... -‘ •••••••••• … ••• - •••• … o o o o o o o 
24 Buildlng of혀1힘S， boats a. floetlng 야uduras… o o o o o o o 
25 “an‘ ofai"αs‘ andspe∞craft. ............ … ... … •.••••.•••••. , •• 7 0 o o o o o 
26 Man. of .1adriCaI ma빼i뼈Y 핵uipme삐 and appliancas… .. 14 8l얘 3 6 2 0 4 
27 Man. ofprec톨.and 야야811빼lrurn.. cIocks a. watches. .... 8 3 85 3 o o o 
28 Man. of tools 8뼈 flnlshedme뼈 m여야ts ... 13 305 14 608 12 8 싫8 

g Man. of muslcal 뼈lrum.， gam훌 a. toys, sport goods atc. ... o 2 o 0 11 o 
30 Man. of wood ... ‘ ............................ _ ....... _. 237 27 389 22 2612 7220 
31 Man.of_여 이。ducts .................. … ........ 13 54 53 150 17 103 1321 
32 Man. of pulp, peper and peperboard ................................... 1 223 55 89 45 115 125 
33 Man. of peper and peperboard pr여뼈s ............ o 316 71 138 48 9 107 
34 Prlnting and dupllcating ... … ••••.•••••• _. 3 98 48 11 4 3 46 
35 Man. of Ieather and lealhar pnxIucts, fo。뻐ear .••.••••.••••.•..••• o 1 o o 1 11 
36 Man.oftextl뻐s ........... … •.•.• … •••••••••• _ •••••.••••••• … ... … ... … .. 8 15 g g 8 0 120 
37 Man.of_gap뼈 .................. o 0 o 1 o o o 
38 Man. offood α。duc:ls (.xcl 뼈 ..... g85) .......................... _ .. 0 o o o 2 o o 
39 Man. of beWlrages. .......... …._ •••••• _ .......................... o 3 o 3 o o o 
40 Man. of tobac∞ g여u‘$… ..••. -… ••••. o o o o o o o 
41 Consbucl. (excl. _ι a뼈 Þui삐. complellon~ ....... o o o o o o o 
42 InstaßatIcn and buldlng, completlon ... … •••• … •••••••••••••••••• … .. o o 0 o o o o 
43 Wholesal.lrad., etc., 18양ctlng ......... o o o o o 5158 o 
44 Retai lrada ... … •••• …… ....... … ... ………… •.••••••••••• … •••••••• … o o o o o o o 
45 Railway lransport. ... o o o o o 0 o 
46 Watar lransport. ports. ..... o o o o o 0 o 
47 post and telecommunlcatlan. ............. o o o o o o o 
48 Transport acllv빼esn.e.c …… .......... o o o o o o o 
49 Banklng ... o o o o o o o 
50 Insurance (1없CI. SOCI혀 ‘eαrilyfun따 .. … • o o o o o o o 
51 RønUng of realø "톨t .... 0 o o o o o o 
52 Hotelsand πκtaurants， hom훌 and hos~혀5 ... 0 o o o o o o 
53 Educat, πlSearch， cuftur며 servlcas and publlshlng ...... o 38 16 o 16 o 8 
54 Heafth a. vøte꺼naryn엄r뼈t S81V1ce actlv삐es ........ …· o 0 o o o 0 o 
55 。th... mar뼈t service acllvi뼈$， etc … ••••• o 0 o o o o o 
56 E찌g꺼181 envi'Onmen톨 1 protecIlan sarvlcas … •••..•••.. o o o o o o o 
57 C.nI뼈1 and Iocal govemment ... … •••••••• o o o 0 o o 0 
58 Social 훌lCurilyfunds ............. o o o o o o o 
g 배vafe non-pnofit lns1itutiDns, pri빼톨 houseκ ...................... o o o o o 0 0 
60 To염15 ... 3431 50046 9387 27485 3881 27872 19537 

61 Household ∞n빼mptlon actiYftlas. o o 0 o o o o 
62 Consumar durablas ........... … ... … .. … o o o o o o o 
63 Change In Slocks .... o 0 o o o o o 
84 Controlled landfllls “ · … •.•.• o o o o o o o 
85 Buildings. ... o o o o o 0 o 
68 Machin‘11'/, equlprnent ... o o o o o 0 o 
67 p"잉ucednaωral 8Sl훌빼、 ... o o o o o o o 
68 Non-produ∞d natural assets .......... …· 3216 61484 1963 15466 942 15626 6074 

69 Totelmstøria’ inp띠 (" 뼈n없k π빼:erialouφut) ..... 6646 111512 11370 42952 4823 43498 25612 

70 +Im∞rts of si"nllal produc:ls. ... 26 1891 112 1414 210 5097 1792 

71 -Ma빼rial accumulation resp. I1여빼gn 1rade balanc8. ...... o o o o o o o 

73 = ToIaln힐lerial ‘uppl'ι .. 6672 113404 11482 44366 5033 48595 274여 
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Man. Man. PrIn‘ng 
ofpulp, 。fpeper and 

P빼erand and dupllca에ng 

peper peperboal녕 

bOaJ히 α。d따:ts 

32 33 34 

12 o o 
5320 o o 

o o o 
1059 285 177 

18364 9085 8837 
779 21 o 

o o o 
o o o 

431 356 588 
eπ 149 113 

1 38 31 
o o 2 

201앓 47 0 
o o 0 

17 o 0 
o 71 0 
o o 0 

17 o 0 
8 o 0 
o o o 

26 15 35 
o o 2 
o o o 
0 o 0 
0 o 0 

3 5 
o o o 
o 33 15 
o o o 
o 29 o 

54 10 10 
3845 7양3 5172 

99 2473 233 
1 32 695 
o 1 o 
o 43 2 
0 o o 
0 74 s 
1 o 2 
o o o 
o o o 
o o 0 

6697 345 0 
o o 0 
o o o 
o o o 
o 0 o 
o o 0 
o o 0 
o o o 
o o 0 
o o 0 
o o o 
o o o 
0 o 0 
0 o o 
o o 0 
o o o 
o o o 

39489 20433 15925 

o o 0 
o o o 
o o o 
o o 0 
o 0 o 
o o o 
o o 0 

341299 68883 7968 

380788 89316 23912 

10162 975 155 

o o o 

390950 90291 24066 



‘18n. Man Man. 
01_ .... Man. 여 C예W훌u1ng 。f fi:Jod
and_het 1BxIIies 8ppouel p<od야톨 

α。빼C톨. (eXCI. 
footv빼 .... be1IIIrages) 

35 36 37 36 

1 264 0 64759 
24 0 10 506 
o o o o 

17 571 39 1 앓Z 

23혀 26432 3471 188 월0 

135 7 409 
0 o o 2079 
o 17 0 14 

126 1067 55 500 
59 370 127 1925 
13 33 31 717 
19 15 26 10 
29 27 1 87 
0 o o o 
0 o 1 1161 
0 1 o 97 
0 o o 0 
0 o o 1 

21 o 14 3 
o 0 o 

13 88 z 47 
o o o 
0 0 o o 
o o o o 
0 o o o 
1 4 2 s 
o o o 0 

19 25 15 550 
o 0 1 0 
8 0 0 o 

18 44 8 114 
81 118 78 135 
% 325 74 758 
3 a 34 104 

26 3 1 
17 1164 261 s 
o o 25 o 
o 4 1 24996 
o 1 453 
o 0 o o 
o o o o 
0 o o 0 

88 o 39 1168 
0 0 0 o 
0 0 0 o 
o o 0 o 
o o 0 o 
o 0 o o 
o o o o 
o o o o 
o o 0 0 
0 o 0 0 
o 8 0 8 
o 0 o o 
0 o o o 
0 o o o 
0 o o o 
o o 0 o 
0 o 0 o 

3007 30713 4346 290 양8 

o 0 o o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o o 
o 0 o o 

4979 75244 2500 252830 

7986 105957 6846 543359 

299 1697 511 17100 

0 o o o 

8285 107654 7357 잊영0458 

3 Matl하ial integration (input-output) table 1990 
3.1 Total - domestic production and imports 

1000t 

pro뼈펴IInactl에lies 01 bran앙1훌 

Man. conotruct. ’-뼈tton Whole 
Man.of of lDbacco (eXCI. _ι and sale. 빼de. ReII빼 trade R뼈way 

_g85 g여ucts ·빼 buildlng etc .• transport 
뻐뼈ung comp_n racydlng 

compl8llon) 

39 40 41 42 43 44 45 

3751 129 2 o 5 3 o 
o o 1070 o o 12 o 
o o o o 6173 o o 

378 16 35 17 455 986 56 
61686 926 15436 1η7 3840 6333 5757 

48 5 36 26 44 30 27 
o o 11 o 5 o 99 
0 o 0 o 4 0 0 

111 28 364 1489 1195 21 잉 

580 g 4080 627 3148 2413 581 
196 g 671 739 417 336 

3 26 g 148 26 
7 o 훨3647 15459 1315 o o 
o o 32 1559 65 o 1 

1603 o 47 373 244 24 o 
0 0 3541 167 14164 o o 
o 0 33 91 320 0 0 
o o 153 137 2535 0 17 
o o 2 훌16 170 3 여8 o 88 
o o 641 339 5어 o 33 

12 4 36 119 1012 19 a 
1 o o 0 36 3 1 
o o o 0 1412 o o 
o o o 0 112 o o 
o 0 o 0 21 o o 
0 o 8 823 558 8 14 
0 0 o o 49 0 3 

113 2 81 1087 980 82 5 
o 1 o 37 5 0 

o o 5695 2241 4839 o 0 
76 49 210 840 958 35 s 
36 31 57 12 1364 513 32 

171 127 11 50 1164 474 13 
31 18 24 18 1152 376 34 
0 o 1 o 103 1 2 
2 o 1 23 135 30 s 
o 0 o o 59 o 1 

1 0:월 12 1 o η53 0 
2686 4 2 2233 10 0 

o 15 1 o 18 o 0 
o o 27 0 22816 o o 
0 o o 5 82 o o 
0 o 21112 o 29。 o 0 
o 0 o o 379 0 o 
o o o o 26 0 0 
o o o o 8 o 0 
o o o o 51 o 0 
o o o o 45 o 0 
o o o 0 48 o o 
o o o o 27 o o 
o o o o 1 o o 
o o o o 59 o o 

32 24 4 11 505 39 8 
o o o o 41 o o 
o o o o 174 o 0 
o o o o 6005 o o 
o o o 0 436 o o 
0 o o o 30 o o 
o o o o 61 o o 

72혀O 1425 589820 27958 92224 11780 6859 

o o 0 o 4405 0 0 
o o o o 2165 o 0 
o o o o o o o 
o o o o o o o 
o o o o 6547 o o 
o o o o 7981 o o 
o o o o o o o 

63936 1 혀4 178326 
2 7'‘” 13070 13517 37없 

156478 2969 768148 30722 126393 25297 10642 

1425 40 70 o 5217 o o 

o o o o o o o 

157903 3α)9 768 217 30722 131610 25297 10642 
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PosI Ser. 
Wa빼r and Transport No. 

transport. ta뼈comm‘← actlv뼈훌 

κ'"" nica뼈n n.e.c. 

46 47 48 

7 o 1 1 
o o o 2 
o o o 3 
o 47 19 4 

96 1391 2111 5 
0 8 o 8 
0 o 99 7 
o o o 8 
4 18 s g 

3μ2 327 10037 10 
o 1 o 11 
o 3 26 12 
o o o 13 
o o o 14 
o o o 15 
1 o 2 16 
0 o o 17 
0 o 0 18 
g 11 8 19 
o o o 20 

12 3 15 21 
o 1 z 
o o 136 23 
o o o 24 
0 o 2 25 
1 15 8 26 
o 3 3 27 
1 4 20 28 
0 0 2 29 
0 1 3 30 
o 1 3 31 

13 @ 17 a 
2 18 5 33 

13 78 88 34 
o 4 1 35 
4 7 9 36 
0 0 1 37 

18 0 26 36 
118 o 13 39 

o o 0 40 
o o o 41 
o o o 42 
o o o 43 
o o 0 44 
0 o 0 45 
o o o 48 
o o o 47 
o o o 48 
o o o 49 
o o 0 50 
o o o 51 
0 o 0 52 
0 4 8 53 
0 o o 54 
0 o o 55 
o o o 56 
o o o 57 
o o o 58 
o o o 59 

3339 2005 12665 60 

0 o o 61 
0 0 0 62 
o o o 63 
o o 0 64 
0 o 0 65 
o o o 88 
o o o 67 

9567 1881 37496 68 

12906 3685 50 161 69 

o o o 70 

0 o 0 71 

12 없16 3665 50 181 73 



3 Material integration (input-이Jtput) table 1990 
3.1 Total- domestic procluction and imports 

10001 

Productlon activKIes 01 branch훌 

Use 
Ser. Insurance 꺼야앙S EduCBt Haafthand 
No. Banklng (axcL IOC톨l Renllng 01 and -, V삐-OUY 

securlly .... 1 훌톨@ rasta‘nnls cubural mark.‘ 
runds) homesand .8IV1ces a .-hostels publlshlng activ빼 .. 

Supply 
49 50 51 52 53 54 

1 I A믿1cuftura ............••.••••••••••• … ....... … .......... … .. o o o 1 않5 1 17 
2 I Fcnstrya뼈 뼈.Ingetc. 0 o o 17 o 0 
3 많CIrICiIY， s빼m， h여 watersupp’ ........... o o o o o o 
4 I Gas 빼pply .........•.•.•••••••••.•••••••••..•• … ..... … .. 120 50 o 242 33 32 
5 I Watersupply .•.• 1775 576 o 20150 1391 31069 
6 I Coal minlng ...•••••••••• … … ........................ ‘ .... 0 o o 24 0 0 
7 αher빼.ing (axcL coa’, c:n찌 .. 011, na1. ga.) .....• o o 98 12 o 302 
8 I EXIr훌1. ofcr얘e 아~ netural 맨8..… ....... ‘ ....... … ...........•..•... o o o 0 o 0 
9 I M뻐.ofchamic혀 α뼈.cIs (κl nudaarfueι .. ‘ ................ g 9 o 92 50 77 
10 Man. 01 rafined 야_m producls .................................. 244 140 73 691 315 4μ 

11 Man.ofp어lIIic products.‘· 1 o 13 3 12 
12 Man.ofru야훌rprodu훌 •••••••• _ ••••••••••••••• … ..... … ............ …“ o 4 1 o g 
13 OuIIIr.ofs힐n .. a clays, man. 01 bu뼈Inga. αm하r ••• o o o 0 o 3 
14 Man. 01 ceramic π。ducls••••••••••••••••• …· o o o 2 o 4 
15 Men. 01 glass and glass products.… •...... o o 7 46 o 46 
16 Man. 01 iron and slael ••.•.•••••• … ...... 0 o o o o o 
17 Man. 01 non-f8lf. metals, ser얘fln; PI여ι:Is tharaof .. o o o o o 0 
18 Man. 01 foundry producls ..•...... … o o o o o o 
19 Man. 01 drawing 이ants prod., ∞삐 roØing mills eIc .•• o o 1 o 0 o 
20 Man. 01 structural metal producls, roIling s1ack. •••• …· o o 1 o o o 
21 Man.ofmac빼eryand eq뼈nant(axcL a농ctrIcal) ...... 2 2 8 o z 
a Man. 01 otrlCe n톨chlnery autam. 야Ia pIOC8SS. equlpl빼nt. o 1 o 1 1 0 
a Men.of"훌d ... hic톨 •••••• _ •••••••• … ........... _ ......... _ ....... 0 o o o o 0 
24 B씨삐ingofsh뻐， ∞a1S a 뼈삐gslruclu ............. ‘ o o o o o o 
25 Man.ofa‘'CrIJft and .pacac:noκ........ …- … ._ .. … .... o o o o 0 0 
26 Man. 01 eleclricsl machll빼yequlpl빼nt and appllances. ••• o o 17 2 
27 Man. 01 pracls. and 매k영11 .. 야rum.， cIocks a. _ch .......... o o o o o 39 
28 Man. 01 1DOIS and finlsh혀 mataI producls ..• 2 2 1 15 0 
29 Men. 01 musicsl instr‘JIII., games a. toys, ‘portgoc찌.etc. ••. o o o 1 0 o 
30 Man.ofw。여… •••••••••••••••••••••••••••••••••••••••••• … ....... o o o o o o 
31 Man.ofw∞d producls ••••••••••• … … ........... … ................. 3 o o 10 o o 
32 Man. 01 pulp, 야lp8f a뼈 빼빼rboaJd •••••••• …· … _ ... … 42 49 1 113 233 79 
33 Man. 01 papar and paperboB벼 w。빼cIs •••• “.. … ... 10 11 o 122 269 4 
34 Prlnting and dupllcall.멍 ..... … ..• … .. …… ..• ‘ ... …… ... … ......... 87 g s 41 1821 21 
35 Men. 01 _ and l88Iher producls, faoIwear ••• 0 o o o o o 
36 Men. 01 laxtlles. •• …… ........................................... … -....... 4 8 o 16 3 8 
37 Man. 01 wearing apperal ......•..• … .......... _ ... o o o 4 0 0 
36 Man.offo여 produ∞ (axcl 뼈빼빼es)… ...... … ... 04 .............. o o o 3640 o a 
39 Man. 01 bewrag .. ‘ ...... _ ...................................... 2 3 o 6269 3 o 
40 M뻐. 01 tobacco producls .•• … ............... … .... ‘ .. … ........ 0 o o 17 o o 
41 @빼uct. (a생.Inslal. a뼈 b비빠 @뼈1III1on~ ••.• o o o o o o 
42 Inslaftatlon a뼈 α.Ilding， ∞mpletloπ ......... … ........... … ..... o o o o o o 
43 Wholesale 뼈da， atc., ra양cIIng ................ … ..... 0 o o o o o 
44 RetaD trade. o o o o o o 
45 Rai‘I8'/ trans뼈t. ............................................. ……· o o o o o 0 
46 Walar뼈nsport， POItS.… o o 0 o o o 
47 PosI and telecommunicatlon ........................................... o o o 0 o 0 
48 Tranaporta여M뼈s n.e.c. .......... …… o o o o o o 
49 Banklng ... … .... ……………… .......... … .................. … -… ...... 0 o o o o o 
50 Insurance (excL SOCI혀 SeCUriIY fund.) ................................ o o o o o o 
51 Re!얘ngd .... le s1ate .•.•••••••••• … o o o 0 o o 
52 ~Is andras톨urants， lIOmeS and has얘1. ........... 0 o o o o o 
53 Educat, raseaJCh, CU뻐raI SllfVIces and publlshlng ... 29 4 o 10 76 1 
54 Heafth a valarinary markat S8IVÌCB activftles .•.....••.•••• …… .... o o o o 0 
55 。ther market "빼VICa actlv뼈 .. ,etc. ................... … ........... … o o 0 o o o 
56 Extemalenv뼈nmantal protectlon SllfVIces ••••••••••• o o 0 0 o o 
57 Cen빼1 and local governmant .••••••••.•. o o o o o o 
56 Soclal security funds •. o o o o 0 o 
59 Priva‘. non-α"OIIt Institutlons, privata hOl따I8h .•..•.•• … ........... o o o 0 o 0 
60 ToIal ..... … ....... … .... … •.. ‘… .... ……… .. … .......... 2332 878 194 33161 4202 32223 

61 Househ뼈 ∞n빼mpllon a야V뼈 ... …… ............ o o o o o o 
62 Consumar durab뻐5 ... … …- … ........ … o o o o 0 0 
@ Change In s1acks ................. … .......... … · o o o o o o 
64 Controlk영 톨ndfllls ........ “ ·…… o o o o o o 
85 Bulldlng ......... ……… ............. …… ..... … .. …… ... o o 0 o o o 
66 Ma하.inery， equiαnent •••.•••••• o o o o o o 
67 Produced natural assets. .••••••••• o o o o o o 
g Non헤。duc혀 natul8lassa1S.… .......... 1755 814 254 8931 1571 10411 

69 Totalmat삐allnput (= domallllc ms얘빼louφut) ... 4067 1691 446 42092 5773 42634 

70 +ImκlIIsof 양n뼈r products. o o o o 143 o 

71 - Malarial sccumulatlon .... p. I1α힐gn lrade balance .•. o o o o o o 

73 • ToIal maler’alsup이y ......•.••. … ......... … 4067 1691 448 42092 5916 42834 
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Other Ex톨mal CøntraI 

n톨rket en찌IOn- and Iocal 
SllfVIce mental gowrnn뼈1뼈삐18nt 

activ삐e‘· proIactlon 
eIc. SllfVIces 

55 56 57 

o 25140 100 
14 2120 o 
o 53154 o 

257 164 28얼 

26061 16683 333029 
7 39630 250 
o 785 160 
o 474 z 

397 2μ7앓 347 
2005 6400 2684 

4 22366 119 
R 10966 49 
o 12427 10382 
o 3063 1 
o 12834 3 
o 53619 152 
o 49545 

28 9926 1 
o 37674 7 
1 7711 2 
5 42452 27 

4123 8 
2 54100 118 
o 1879 1 
o 3066 9 

13 55053 51 
8 9343 19 

10 21449 19 
4 36여 5 
o 50'껴 15 
g 7113 60 

224 59314 417 
167 16076 90 
164 10666 681 

0 4영4 10 
15 87741 42 
2 4824 5 

112 232609 424 
3 63642 8 
o 1143 o 
o 16041 5737 
0 2α12 324 
0 5229 63 
0 7254 o 
o 6347 o 
o 121 o 
o 1562 0 
o 2376 o 
o 1973 o 
0 649 o 
0 5 o 
o 22440 o 

39 1731 4 
o 34018 0 
o 28666 0 
o 2530 o 
0 319639 s 
o 812 o 
o 26611 o 

29598 1797705 356322 

o 2 없0637 o 
o 380 o 
0 o o 
o o o 
o 5380 o 
o o o 
o o o 

15394 3509806 94061 

44 990 7 953 889 452382 

o o 

o o o 

44 990 7 953 889 452382 



Production activfties af bfanches 

Social PrMrte House-
security no~혜t T。엄Is hold ∞n-
funds ins빼utIons， SUITψtion 

prMrte actlv얘es 

househ。생S 

58 59 60 61 

5 35 195493 18271 
o 1 28475 2949 
o o 59328 o 
9 63 34811 13727 

720 24262 3 726 328 2 925 973 
o o 249673 2453 
o o 70355 1303 
o o 126 081 o 

194 52 343450 2415 
141 701 92613 42973 

o 4 28359 581 
4 z 12192 302 
o o 763671 8 
o o 4850 263 
o o 19887 192 
o o 200244 o 
o o 58496 o 
o o 16281 o 
o o 54없4 7 
o o 9326 o 
o o 46497 27 
o o 4202 50 
3 o 59497 314 
o o 1992 o 
o o 31‘l6 o 
o 1 58559 147 
o 3 9622 58 
1 o 273'π 287 
o o 3881 445 
o o 29981 400 
o 1 12686 989 

51 4 81463 149 
7 o 25019 1052 

11 38 16821 37 
o o 4478 324 
1 2 89915 423 
o 2 4927 683 

18 241 288538 33213 
2 95533 16686 
o o 1195 191 
o o 44621 o 
o o 2503 o 
o o 82298 157 
o 0 7633 178 
o o 6375 o 
o o 127 o 
o o 1614 o 
o o 2422 o 
o o 2019 o 
0 o 675 o 
o o 8 o 
o o 22500 7047 
o 1 2753 571 
o o 34059 13 
o o 29040 o 
o o 8950 o 
o o 용0282 17 
o o 642 147 
o 3 26675 15 

1188 25435 75η 041 3075037 

o o 2645042 o 
o o 2545 o 
0 o o o 
o o o 0 
o o 11907 o 
o o 7981 o 
o o o o 

727 94밍 49229957 280401 

1895 34 665 59474473 3355438 

0 o 392588 

0 o o o 

1895 34 885 59 867 041 3 355 438 

3 Material integration (input-output) table 1990 
3.1 Total - domestic production and impα홉 
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3 Material integration (input-output) table 1990 
3.2 Uses of commodities and raw materials - domestic produdion 
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3.2 벼es of commodities and raw materials - domestic production 
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3 Material integration (input-output) table 1990 
3.3 Uses of residuals - domestic production 

3.3.1 Total 

10001 

pro<마JctIon activnies 01 branches 

Use 

Ser. Man. Man Man. Whol&- Extemal 
N。 。Ichemical Man. ofwαxl ofwocxf 。1 pulp. pa뼈r saletr경de. en'‘nron. αher 

α。ducls (Incl praducls and elc .• recycling n、ental branches 
nudeetfueQ paperboard protedion 

servlces 

Supply 

9 30 31 32 43 56 |냉， 1싸~， ξ 

1 I Agricu~ure o o o 0 0 25140 o 
2 1 F，α-estry and flshing etc. ........•.... o o o o o 2120 o 
3 1 E농ctricity， sfeam, hot _ supply. o o o 0 6173 53154 1 
4 I Gas supply ..• 0 o o o g 20 o 
5 1 Water supply •.. o o 0 o 98 77 o 
6 I Coal mining. o o o o 17 39818 o 
7 I Other mining (excl. c<영i， crude 뼈뼈1.， nat. gas) .... ‘ o o o o 5 778 o 
8 I Extract. of crude 1>빼。e‘.an， natural gas o o o o 4 474 o 
9 I Man. of chemical PI여ucls (Incl. nudear luel) 652 o o o 1176 244 753 o 
10 I Man. of refined petr。‘oum prad야15.… .. …· o o o o 58 5815 18 
11 I Man. of plastic praducls ..••.•.• … o o o o 233 22363 50 
121 Man.ofrub∞r praducts. ........... o o o o 121 109혀 10 
131 Quaπ 。1 stones a. days, man. of building a. ∞%σ o o o o 1315 12427 42 
14 I Man. of ooramic praducts .••.•.•..•••.•• o o o o 65 3063 o 
15 I Man. of glass and gl훌sprad야15.. … .... ‘ ........ o o o o 1‘’4 12834 o 
16 1 Man. of iron and s1&e1. o o o o 14164 53 619 9 
17 I Man. of non-ferr. metais, semifin. producls th하"，，1 ... o o o 0 320 49545 8 
18 I Man. of foundry producls… ............ o o o o 2535 9926 o 
19 I Man. of drawing piants α。d. ， ∞Id roiling miiis eIc .. ‘ o o o o 3 여S 37674 o 
20 Man. of structlni metal α。ducls， rol’ing stock. •• o o o o S여 7710 3 
21 Man. of machinery and equipm뼈 (excl. 뼈ctricai) ... o o o o 1002 42450 6 
22 Man. of 뼈ice machinary autom 여ta process. equipment 0 o o o 36 4122 o 
23 Man. of road \/9hicles ••.••••..... … o o o o 1412 540앓 61 
24 Building 01 ships, boats a. fIoating strudUf9S o o o o 112 1879 o 
25 Man. of alra-aft and spa∞crall. .. … ........ 0 o o o 21 3066 o 
26 Man. of eledrical machinery equipme며 and appliances o o o o 553 55052 11 
27 Man.of α'ØCÍ5. a찌 야tlcal instrum., docks a. watches o o o o 49 9343 2 
28 Man. of toois and finish∞ me녕1 praducls ..• o o o o 920 21449 3 
29 Man. of musical instrum., garnes a. toys, spof1 gocxfs etι •... o o o o 35 36여 6 
30 Man. of wocxf ••• o 양3 0 o 4838 5078 o 
31 Man. of wocxf praducls… o o 633 o 954 7111 o 
32 Man. of puip, 뼈per and papor∞ard ••....•...• o o o 1179 735 59299 o 
33 Man. of papar and 뼈뼈rboard PI。ωCIS o o o o 762 160n 1 
34 Printing and dupiicatlng ..•..••.....•. o o o o 10양 10655 o 
35 Man. of leather and leather producls, footwear ...•• o o o o 103 4294 o 
36 Man. of taxtlles o o o o 117 877.쩌 o 
37 Man. of wearing apparel ....... o o o o 59 4824 1 
38 Man. of food praducts (excL 뼈\/9rages) .......... o o 0 o 7250 232609 26 
39 Man. of be\/9rages ... o o o o 2212 83642 o 
40 Man. of tobaa회 π。d야15 ... o o o o 17 1143 1 
41 ConstrucL (excl InstaU. and b비id. completion) ... o o o o 22816 16041 27 
42 Ins메lation and building, ∞mp녕tion ‘ o o o o 82 2092 5 
43 Wholesale trade. etc., recydir핑， o o o o 290 5229 o 
44 Retail trade ... o o o o 379 7254 o 
45 Railway transport. o o o o 28 6347 o 
46 Waκtrtranspα1. ports ...... o o o o 8 121 o 
47 P∞t and taiecommunication ........ … ........................... o o o o 51 1562 o 
48 Transport adlvities n.e.c. o o 0 0 45 2376 o 
49 Banklng .. … ...• o o o o 46 1973 o 
50 Insurance (excl. sα:ia l secUrtty ωnds) o o o o 27 649 o 
51 Renting of ..... 18 state ... 0 o o o 1 5 o 
52 Hoteis and restaurants, homes and hosteis o o o o 59 22440 o 
53 Educal, reseaπh， cu~urai services and pubiishing o o o o 492 1731 o 
54 Haa뼈1 a veterinary market service activities.. ’ o o o o 41 34018 1 
55 。ther market service adMties, etc o o o o 174 28866 o 
56 드XI에1al environn‘entai protedion services 0 o o o 6005 2530 0 
57 Central and local govemment ... o o o o 438 319839 s 
58 I Sociai securtty lunds .... … ..... o o o o 30 812 o 
59 I Private non-pr빼tln혀tutions， private househ… o o o o 61 26611 3 
601 Totals 652 623 633 1179 83314 1780296 300 

61 1 Househ。엄 con잉mption acti얘ias o o o o 4405 2 혀0637 0 
621 Con뻐mer durables. .. 0 o o o 2165 380 o 
63 I Change in stocks ... o o o o o o 0 
641 Con1ro1뻐d landfills ......... … ....... o o o o o o o 
65 Bui삐Ing5. o 0 o o 6 혀7 5360 o 
66 Machinery, equi이nent o o o o 7981 o o 
671 Produc，영 natural assets .. o o o o o o o 
66 Non-produoed 빼tural assets •..• … ........ o o o o o o o 

69 Totai materiaJ input (,‘lomestic origin) ..... 652 623 633 1179 104 413 4426672 300 

100 

TotaJ 
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25140 
2120 

59328 
29 
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39835 

7양 

478 
246581 

5890 
22646 
11096 
13783 
3128 

12999 
67792 
49873 
12461 
40719 
8218 

43458 
4158 

55565 
1990 
3087 

55615 
9394 

22373 
3645 

10539 
8698 

61213 
16835 
11708 
4398 

87857 
4864 

239865 
85854 

1162 
38864 
2179 
5518 
7633 
6375 

127 
1614 
2422 
2019 
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8 
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34059 
29 여O 
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320282 
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2545 

o 
o 
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o 

4534473 
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Accumulallon 

3 Material integration (input-output) table 1990 
3.3 Uses of residuals - domestic prl여uction 

3.3.1 Total 

1000t 

Man• nadeassats 

Non Ser. 
Controlled Otherassels m여UDO삐 TotaIs R톨st of 1he ToI삐 mat_1 No. 

landfil‘ - WOItd US88 - (expo<1s) 

64 62， 63， 65용7 68 69 70 71 

g o 497143 497197 o 522337 1 
2 o 297깅4 29726 o 

30 8 3$11 % % 1488S 
2 

3611 o 30 796 726 30 600 337 o 3 
19 o 1099 1117 o 4 

342 o 511270 511613 o 5117빼 5 
342 0 1817371 1817713 o 

1 g14Z57gS잉 5 잉6488 e 
166 o 146618 148764 o 7 
54 o 25012 25066 o 8 

3 잊16 o 3295494 3299000 o 3잊5581 9 
39 o 2711S6 271194 o 277얘S 10 

362 o 55649 S6 011 o 78656 11 
54 o 27062 27117 o 38213 12 

3408 0 506827 510235 o 524018 13 
138 o 5애3 5221 o 8349 14 
146 o 24950 25096 o 38뼈4 15 

2007 0 m233 774240 o 642 0:얼 16 
408 0 168278 168686 o 238559 17 

1122 o 28353 29475 o 41937 18 
581 o 25639 28220 o 66앓8 19 
139 o 4234 4373 o 12591 a 
658 o 33923 34561 o 78039 21 
28 o 1850 1876 o 6034 a 

719 o 839π 64696 o 140281 23 
44 o 5467 5511 o 7501 24 
31 o 3513 3544 o 6831 25 

466 o 50288 50734 o 106349 28 
73 o 1472 1545 o 10영9 27 
2μ 0 11 훌§ 11838 o 34211 28 

38 o 686 705 o 4350 29 
172 o 15853 16 0:영 o 28583 30 
423 o 9195 9618 o 18316 31 
619 0 3여얼5 305143 o 368357 32 
201 o 62619 62820 o 79655 33 
152 0 8655 6807 o 18515 34 
48 o 3328 3376 o 7774 35 

257 o 15351 15 6(뻐 o 103465 38 
76 o 1539 1615 o 8496 37 

2449 o 220111 222560 o 462μ5 38 
113 o 43970 44063 o 129앓7 39 

19 o 1509 1 양7 o 2889 40 
548π o 157906 2127없 o 251686 41 

218 o 4545 4764 o 8942 42 
760 o 29172 29932 o 35450 43 
789 o 18697 17465 o 25119 44 
144 o 4123 4287 o 1064 45 
37 o 12742 12779 o 12906 46 

101 o 1971 20'η o 3885 47 
167 o 47573 47π9 o 50 161 48 
82 o 1985 2068 o 4087 49 
47 o 989 1016 o 1891 50 
10 o 431 442 o μa 51 

1025 o 11520 12545 o 35045 52 
492 o 1801 2293 0 4518 53 
161 o 6401 8561 o 42821 54 
링l2 0 15447 15949 o 44990 55 

1659 o 7 940 937 7 942797 2143 7 용3474 s6 
1818 o 113691 115509 o 435791 57 

55 o 851 906 o 1748 56 
184 o 8011 8195 o 

SO 2 3443 8 87ηO 59 
88655 o 48 288 082 48 374 737 2143 60 

10910 o 뼈9466 710396 o 3355436 81 
1565 o 0 1565 o 4110 82 

o o o o o 0163 
o o o o o 0164 

17979 o 2651 20630 o 32537 65 
239 o o 239 o 8221 66 

o o 55595 55595 o 55595 67 
o o o o o 0168 

117 349 o 49045815 49 163 163 2143 53 없977 69 

101 



3 Material integration (input-output) table 1990 
3.3 Uses of residuals - domestic production 

3.3.2 Energy 

1000 t 

Production actiVnies of branches 

Use 

ser Man. M밍1. Man. Exfemal 
No. ofchemical Man. of ofw。‘회 。fpulp， envtron. 

products (incl. wαJd m여ucts paperand mental 
nuclearfueQ pa‘>erboard protection 

serYlCes 

Supply 

9 30 31 32 56 

1 I Agricutture ............... o o o o 15 
2 I Fαe야ya，얘 fishingetc. .... ‘ •••.... … •.•.•• o o o o 1 
3 I Electriclty, steam, hot water supply .. o o o o 200 
4 I Gas supply ......... o o o o 13 
51 W，없ar supply o o o o 10 
6 I Coal mining ....... o o o o 8 
7 I Other mining (excl. c<훌1， crude 뼈troL ， nat. ga히 ...... o o o o 6 
8 I Extract. of crude p야'Dleurn ， 쩌ωral gas.. o o o o 2 
9 I Man. of chemical pr여ucts (incl. nu∞arfuel) ... 652 o o o 185 
10 Man. of refined petroleum prc빼cts o o o o 8 
11 Man. of plastic products .... o o o o 84 
121 Man. 이 rubber α。ducts … •••••• o o o o 21 
13 I Quarr. of stonas a. clays, man. of buildlng a. constr ... o o o o 66 
14 1 Man. of car하nic α。ducts... … o o o o 11 
15 I Man. of glass and glass pr∞ucts. o o o o 23 
16 Man. of iron and staal... ........................................ o 0 o o 22 
17 1 Man. of non.feπ. metals, semifin. pr여야ts thereof.... o o o o 43 
18 I Man. of foundry pr여야ts ... o o o o 63 
19 Man. of drawing plants prod., ∞Id rolllng mills etc. o 0 o o 124 
20 Man. of structural metal products, rolllng stock. o o o o 23 
21 Man. of machinery and 핵uîpm뼈 (excL ele야k외) o o o o 137 
a Man. of얘ica machlnery autcm. data process. equiprnent o o o o 7 
23 Man. ofn용dv히'icles ..................................... … • o o o o 1‘30 
24 Buildlng of shlps, ∞a1s a. fIoatlng s1ruduAlS ... o o o o 12 
25 Man. of aà'craft and spacacraκ o o o o 9 
26 Man. of 뼈ctJical lT톨chi뻐yequlprna미 and appliances ..•.•.• o o o o 116 
27 Man. of precis. ar잉 매*경I Ins1rum.， cIocks a. watchas … .. o o o o 19 
28 Man. of 10015 and flnish∞ metal products o o o o 61 
29 Man. of musical ins1rum.. 9하nas a. toys. 왜ort goods etc. o o o o 10 
30 Man. ofw。여… ••••• o 623 o o 33 
31 Man. of wood products ... o o 633 0 100 
32 Man.ofp비P. pa∞rand 빼P하boa떠 ... o o o 1179 28 
33 Man. of paper and pa뼈rboard 뼈ducts o o o o 35 
34 Prlntlng and duplicating. o o o o 40 
35 Man. of leather and leether pr여야ts. fooIwaar ......... o o o o 11 
36 Man. of textiles ........... o o o o 40 
37 Man. of wearing ap뼈rel... ..... o o o o 17 
38 Man. offood α。ducts (excL ∞verages) o o o o = 
39 Man. 여 bewragas.. o o o o 25 
40 Man. of tobac∞ products ... o o o o 4 
41 Cons1ruct (excl. Ins회1. and b비Id. ∞mpletion) ... o o o o 83 
42 Installation and buildlng, completion ... o 0 o o 52 
43 Wholesale trade, etc.. recycll때… ••••. o 0 o o 33 
44 Retailtrade o o o o 223 
45 Railway transport .......... o o o o 41 
46 Water transport. pαts ... o o o 0 11 
47 Post and telecommunication ................. … ••••••••••• o o 0 o 28 
46 Transport adivftias n.e.ζ… ... o o o o 47 
49 Banking ......... … o o o o 23 
50 Insurance (excl. social security funds) o o o o 13 
51 Rentlng of reale state o o o o 3 
52 Hotels and AlStaurants. hαnas and hostels o o o o 290 
53 Educat, I9seaπh. cuttural services and publ홉hing o o o o 139 
54 Health a. veterinary market service adiv얘뼈5 ...••...... o o o o 44 
55 。ther marlc;:et service ad“ities. etc o o o o 142 
56 Extemal environmental protedlon services ... 0 o o o 416 
57 Central and local government o o 0 o 487 
58 Social security funds ... o 0 o o 15 
59 Private non-protn Institu1ions, priYate househ .... o 0 o o 49 
60 Totals .................................................................... 852 623 633 1179 4154 

61 Household consumption acti씨ies ..... o o o o 4437 
62 Consumer durables ...................................... … .•••• ……… ..... o 0 o o 360 
63 Change in stocks o o o o o 
64 Controlled 닙ndfills o o o o o 
85 Buildln잉S ... o o o o o 
66 Machinery, equipment ............ o o o o o 
67 Pmduced natural assets ........... o o o o o 
68 Non-produ∞d natural assets o o 0 o o 

69 Total 뼈terial input (domestic arigin) .... 852 623 633 1179 8970 

102 

Accumulation 

Material 

Non 。utp띠S 

。tt1ar prodωed of residuals 
bnmches natural 

assets 

1-8, 10-29, 
33-42, 44-55, 68 71 

57-59 

o 11255 11271 
o 3426 3427 
1 395110 395311 
o 1065 1099 
0 166 177 
0 975774 975 782 
o 1447 1453 
o 2145 2147 
o 36042 36879 

18 21190 21215 
50 2607 2741 
10 1660 1712 
42 24282 24390 

o 2141 2152 
o 6971 6994 
9 56954 56985 
8 5098 5149 
o 3676 3739 
o 2977 3101 
3 1349 1375 
8 6327 6470 
0 311 317 

61 6719 6940 
o 245 257 
o 328 337 

11 5123 5250 
2 854 674 
3 3082 3147 
8 267 263 
o 2506 3162 
o 2999 3733 
o 11390 12597 
1 1987 2023 
o 1276 1316 
o 324 335 
o 4525 4585 

725 743 
26 16387 16634 
o 4360 4385 
1 2여 210 

27 9984 10094 
5 2942 2999 
o 15572 15605 
o 15141 15364 
o 2821 2862 
o 12582 12593 
o 1666 1694 
o 46956 47 ∞3 
0 1617 1641 
0 841 854 
o 327 330 
o 4189 4479 
o 1527 1666 
1 2117 2162 
o 10251 10393 
o 16442 16858 
5 16721 17213 
o 668 683 
3 3358 3410 

300 1790838 1798378 

o 266 216 270653 
o 0 380 
o o o 
o o o 
o 0 o 
o 0 o 
o o o 
o o o 

300 2057054 2069411 



3 Material integration (input애utp따) table 1990 
3.3 벼es of residuals - domestic production 

3.3.3 Water 
10001 

Production actiVH/es 01 
A∞umu연.tion 

야anches 

Use Material 

Ser. Extemal Non 띠1puts 

No. em꺼ron- 。ther produced 。t뼈rassets 여 Resid‘Jals 
men1al 이히>ches 때wralassels 

pro1action 
S81V1C8S 

Supply 
56 1-55.57-59 68 62-67 71 

1 I Agricutt ........ 25117 0 174668 o 199 782 
2 I Fα'8SUy and fishing atι . 2119 o 751 o 2870 
31E빠CIriCitY， steam, hot water supply‘ - 50234 o 30401592 0 30451826 
4 I Gassup이y o o o o o 
5 I Water supply ........ o o 511057 0 511057 
6 I C∞Imining… ...... … .. 39584 o 841533 o 881117 
7 I Other mining (excl coal‘ σude ∞뼈1.， nat gas) .. 737 o 121 162 o 121900 
8 I Extract of aude ∞troIeLlT1， natural gas. ............ 428 o 22863 o 23292 
9 I Man. 여 앙1eftlic밍 α。ducts (incl. nuclear lu에) 243884 o 3245867 o 3489731 
10 μan. of r하ined 야b'oleum α여야1$ .. 5771 o 249904 o 255675 
11 Man. of plastic pr여야1$............................... … • 22097 o 53001 o 75098 
12 Man. of rubber prod야15. ............................... 10796 o 24944 o 357.쩌 

13 Quarr. Cκ stones a. days, man. of bullding a cons1r. 10951 o 451614 o 482 564 
14 Man. of ceramic products 2970 o 2809 o 5778 
15 Man. of glass and 9’ass products ... 12739 o 14036 o 26775 
16 Man. of Ì'On and s1e허 • 53527 o 698453 o 751960 
17 Man. of no"..I8fT. metals, sarnifln. products thereof‘ ..... 49310 0 179753 o 양9063 

18 Man. of foundry 이여야S 9147 o 22199 o 31346 
19 Man. of drawing 이ants prod., ∞Id IOHlng mills etc 37109 o 22046 o 59155 
a Man. of s1rudural matal products, roIllng s1ock. 7628 o 1926 o 9554 
21 Man. of machinery and equiprnent (excl. elec1rlcaQ .. 41922 o 26296 o 88218 
g Man. of ofI'lC8 IT홉chinery autαn. data pr∞ess. equiprnent 4107 o 1423 o 5530 
23 Man. 이 roed ... hlc/es ......... ‘ .................................... 53531 o 76315 o 129846 
24 Building of 잉，1∞， boats a. floating strudu ........ 1845 o 4508 o 6354 
25 Man. of 하。 .. ft and spa∞craft. 3 여1 o 2974 o 6015 
26 Man. of elec1rlcal machinery equiprnent and appllances 547μ o 44759 o 99503 
27 Man. 01 precIs. and opticallnstrum., 여ocks a watches 9305 o 570 o 9875 
28 Man. of tools and finished metal products 21258 o 8422 o 29680 
29 Man. 어 musical instrum., games a. Ioys, sport 9∞ds etc. 3582 o 220 o 3802 
30 Man. of wood .............. 4961 o 12853 o 17813 
31 Man. ofwood prod야S 6819 o 3203 0 10022 
32 Man. of pulp, paper and 뼈per∞art! 58662 o 292809 o 351491 
33 Man. of paper ar녕 pa빼f∞ard prod야S 15855 o 60581 o 76437 
34 Printing and dupllcatlng .............. 10551 o 5290 o 15841 
35 Man. of leather and ’aatherprod따1$， _ear ..... 4243 o 2842 o 7085 
36 Man. 01 textiles ... 87542 o 10584 o 98125 
37 Man. of wearing apparel.. .. 4773 o 841 o 5414 
36 Man. of food products (excl. 뼈'".，..g85) ....... 232047 o 181 376 o 413423 
39 Man. of 뼈verages.“ ... 83536 o 36724 o 120259 
40 Man. of Iobac∞ produds 1132 o 1185 o 2316 
41 Construct (excl. ins톨U. and bu‘Id. completion). 14089 o 4994 o 19083 
42 ’nstalla'φn and buildlng, com뼈，tion… ........ 1886 o 331 o 2216 
43 Wholesale trade, etc., recydlng … ....... …· 4085 o 733 o 4818 
44 Re1ail trade ... 6914 o 1216 o 8129 
45 Railway transport 6285 o 1096 o 7361 
46 WatertransαJrt， ∞ris ...... 105 o 18 o 123 
47 Pos1 and ‘elecommunication ..............•... …·….... … .. … 1519 o 265 o 1784 
48 Transport adMties n.e.c. .... 2305 o 415 o 2720 
49 Banking ........ 1936 o 340 o 2278 
50 Insurance (exd. social secumy lunds) .......... 양9 o 113 o 741 
51 Renting of reale s1ate ........ …· o 0 o o o 
52 Hotels and ras1aurants, homas and hostels. 21998 o 4567 o 26565 
53 Educat, f'eSe8πh， 다빼ural .flfVlces and publlshing ... 1519 0 270 o 1789 
54 1 Heatth a. vete꺼nary market servtce acttv뼈85 ... 33940 o 6227 o 40167 
55 1 Other mari<et S8fVice adlvities, etc ............... … ................ 28650 o 4971 o 33621 
56 1 External envÌ'Onmen1a1 αm뼈ion services 300 o 7912510 o 7912810 
571 Cenù밍 and loc깅 1 9ovemment 318910 o 96832 o 415542 
58 I Social secumy funds .............. 786 o 170 o 956 
59 1 Priv히e no"..prof~ Instituφns， PrIVate h。뻐eh.… .. 26509 o 4631 o 31139 
80 1 TotaIs. 1759 966 o 45853251 o 47613218 

61 1 Household ∞nsumption activities. 2636 200 o 365074 o 3001274 
62 1 Consumer durab‘85 ...................•.........................••.• o o o o o 
63 I Change in s1ocks ........ o o o o o 
64 1 Con1rolled landfills.‘ .... o o o o o 
651 Bui얘ings ...••. … .... o o o o o 
68 I Machinery, equiprnent o o o o o 
671 Produe영 natural assets o o o o o 
68 1 Non-prodωed natural assets .. ‘ o o o o o 

691 Tot밍 "명teriai inpu1 (domestlc OOgin) .... 4396166 o 46218326 o 50614492 
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3 Matl하ial integration (Input-output) table 1990 
3.3 Uses of residuals - domestlc production 

3.3.4 Other materials 
1000t 

Praductian actiYilles of 야'8nches Accumulation 

Usa Man-modea‘ sets 
Ser. Man. E찌8mal 

No of pulp, paper anviron .. 。lher Contr허빼 。‘herassats
and mental branches /andfllls 

paperllOanl pooIadlon 
S81V1ces 

Supply 

43 56 
1-42, 44-55, 

64 ~-63， 6응67 57.59 

1 I AgricuRII'8 ....... o a 0 54 o 
2 I FOraS1IY and fiahlng etc. .......... … ... … ............ ‘ • … •••••••• o 0 o 2 o 
3 I EIecIriciIy, S톨am， hot _ supply.… •••••••• 6173 2721 o 3611 o 
4 I Gassup찌y‘ ... ……‘ ••••• ………… •.•• …… ••••••.••••••••••••••• … 9 7 o 19 o 
5 I wator supply ..... … •••••••••••••• ‘ •••••• … 96 67 o 342 0 
8 I Coalml뼈째 ••••• … .... 17 226 o 342 o 
7 I OIher mlning (eXCI. coa~ crude paboL, nal gas) ... s 34 o 166 o 
81E빼acl of crude PaI뼈 .• um, natur빼 gas. ................. … ••••••• 4 44 o 54 o 
9 I Man. of chanlcaJ 1"혀κIs (inCL nu빼arfuel) 1176 7여 o 3506 o 
10 Man. 어며ined 야뼈leurn 1"여뼈s •••••••••••••••••••••••• _ •••.••••• 58 36 0 39 o 
11 Man. of 찌astfc PrOdUC톨“ ....... … ••••••••••• 233 181 o 362 o 
12 Man.ofru뻐"1"혀ucts. .... … .. … ...... … ••••••••••• _ •• … ••••••• 121 147 o 54 o 
13 Qu8JT. of SIan‘ .. a. c/ays. man. of bulldlng a. ∞n슐… 1315 1410 o 3408 o 
14 Man. of CaramIC products. ............... … 65 62 o 136 o 
15 Man. of g/ass and gless prod뼈$..… •.•••••• 164 73 o 148 o 
16 Man. of Iron and stael ............. ‘ •••• … •••••••• …… .••••• _. 14164 70 o 2007 o 
17 Man. of non-feπ'. matals. sanlfin. α。ducts thateof ... 320 192 o 408 o 
18 Man. of foundry products … ... … •••• … •••••••••.•••• … - 2535 717 o 1122 o 
19 Man. 버 d.톨W뼈 아ants prod., ∞Id IOllng mllls e1c ... 3 어5 440 o 561 o 
m Man. of structura’ ma톨1 1"。빼cts， rOI삐9 s1Dck. .. 504 60 o 139 o 
21 Man. of machlnery and eq비prnent (excL 81ec1r1ca1) ... 1αg 391 o 856 0 
a Man. of OffICe machlnery au1Dm. data process. eq에pment 36 g o a o 
23 Man. ofπIBd whö뼈s. ••• 1412 402 o 719 o 
24 Bui빼'lI of ahlps, _ a. ft‘lIIting 야uctu.훌 ••••••••••••••••••••• 112 21 o 44 o 
25 Man. of aira'aft and sp없lCI'8κ ••••••• … ••••••.•...•••••••• _ •••••••••• 21 18 o 31 o 
26 Man. of 8_1 machlnery 핵ulpment and appl톨@훌 553 192 0 466 o 
27 Man. of precis. 81얘 뼈llcallnstrum.， CIOCkS a. watches‘· 49 19 o π o 
26 Man. of _ and flnlshed mataI products…· … •••••• … ••••••••• 920 130 0 244 o 
g Man.ofmu‘ lcal lnstrum., gaπl8S a. toys, sκxtgoodsetι. 35 12 o 38 o 
30 Man. ofwoc얘…… •••• …… .•••• …… ... …… ... ……… ........ _. 4836 B'I o 172 o 
31 Man. of wood produc:톨·… •••••••••••••••••••••••••••••..•. … •••• 앓4 191 o 423 o 
32 Man. of pulp, pa빼rand 뻐PerDC훌뼈 ............... … .............. 7월 횡!o 0 819 o 
33 Man. of papat and paparboar히 prod야Is ............ … ••••••. … ... 762 162 o 201 o 
34 Prfntlng and du이b얘ng ............ 10양 64 o 152 0 
35 Man. of _ and l88ther products, footwear ... 103 41 o 48 o 
36 Man. of톨t빼88.•40 •••••••••••• … •••• … ………….. … ......... 117 156 o 257 o 
37 Man. of waerlng apparaL… ••••••••••••••••••••.•••••.•.• … ••••• $ 34 o R o 
36 Man. of fOOCI 1"여uct‘ (axcl. 야뻐'II!les) ......... …… ••••• … ••••• 7양O 341 o 2449 o 
39 Man. of IMMIragea. .. _ .... …… ... …… ... …… ............. _. 2212 81 o 113 o 
40 Man. of tobacco pr여ucts ........................... … 17 7 o 19 o 
41 Cor흩bucL (excL Ins톨II.andb비Id. compIetlon~_. 22816 18없 o 54877 o 
42 ’ns1aUa뼈n and bulldlng, complallon ................ … ... 82 155 o 218 o 
43 Wholesale trad8, 훌c.， recy뼈ng. ...................................... _ 291。 1110 o 760 o 
44 Retall trad8 ....... … .. … ••••••••••••••••••••••••••• …… ......... 379 117 o 789 o 
45 Rallway transporl ... ……“ ••••• a 21 0 1‘14 o 
48 Waterlrans따t， 뼈1s. ....... “ ... … ...................... 8 8 0 37 o 
47 P∞t and I .. ecommunlcatlon ...... … .................. … 51 15 o 101 o 
48 Transport adMtlas n.a.c.“ •••••• … … ••••••• …… ..•. ‘ .•••••••• … .. 45 25 o 187 o 
49 Benklng ... 48 12 o 82 o 
50 Insur홉lC8 (excf. soc/al S8CUrily funds) ............................... 27 7 o 47 o 
51 Rendng of 18818 s/at8 ...... …… ... ……… 2 o 10 o 
52 Hotels and res1aurants, homes and hostals ‘ 59 153 o 1025 o 
53 Educal , 18$88πh， αKural servlces and pubßahing 492 73 o 492 o 
54 HeaIth a. vel8rinary IT톨r뼈I servi:e adlv뼈es .••• 41 34 o 161 o 
55 Other mertcel servlce adlvllles, øtc. ... … .......... 174 75 o 502 o 
56 Externa’ environmemal proIecllon s훌vices ••••• 6005 1813 o 1859 o 
57 Cen빼land local 맹vammenl ............ 436 442 o 1818 o 
56 Socialsec뼈tyfunds. .. … ........... … ••••••••••••••••••••••••••• … 30 11 o 55 o 
59 Privatanon-α빼I In빼lutions， privata h。‘1S8h... … ... … ••••• … 61 54 o 164 o 
60 T。영11s. ............................... … ••••. , ..••••• _ •••••.•••••••••••••••••••••• 83314 16176 o 86855 o 

61 에뻐seh。얘 ∞nsumptlon ac뼈tIes..… •••••••••••••• 4405 o o 10910 o 
62 Consumer durables.‘· 2165 0 o 1585 o 
83 Cha때8 1n stocks ......... …… •••••••••••••• …... … ..... … ••••• o o o o o 
64 Con빼뼈d /andfll‘ ... 0 o o o o 
65 Bulldlngs. .... 6547 5 잃O o 17979 o 
66 Machi뼈y， equiprnenl … .. 7961 o o 239 o 
87 PlOduced natural assets. ....... o o o o o 
66 Non-produc빼 natural assets ............ 0 o o 0 o 

69 Total mat빼매 inp띠 (dom8값 이igin~ ............... 1(씨 413 21535 o 117349 o 
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Non 
produced Resloflhe Tot빼 Iπ’erial 

naturala‘ sets wood ”‘es 
(expor1s) 

66 m 71 

311222 o 311284 
25548 o 25550 

23 o 12528 
14 o 48 
47 o 554 
83 o 649 

26009 0 26214 
4 0 106 

13586 o 189π 

62 0 195 
40 o 817 

436 0 761 
30931 o 37064 

134 o 418 
3943 o 4양S 

16 8:혀 o 33067 
3427 o 4348 
24π o 6851 

616 0 4661 
훨9 o 1661 

1300 o 3351 
116 o 187 
943 o 3475 
713 o 891 
211 o 279 
386 o 1596 
248 o 390 

91 0 1364 
181 o 265 
494 o 5586 

2992 o 4561 
326 0 2289 

50 o 1198 
89 o 1356 

162 o 354 
243 0 774 
173 o 341 

22348 o 32386 
2886 o 5영4 

120 0 183 
142926 o 222489 

1272 o 1727 
12866 o 15027 

340 o 1825 
206 0 399 
142 o 191 
40 o 207 

201 o 436 
28 0 166 
15 o 96 

105 o 118 
2764 0 4000 

5 o 1062 
57 o 292 
~← --D-______ 91li 

11986 2143 23806 
338 o 3036 

13 o 109 
22 o 321 

643993 2143 832262 

66196 o 83511 
o o 3730 
0 0 o 
o o o 

2651 o 32537 
o o 8221 

55595 o 55595 
o o 0 

770436 2143 1015875 



3 Material integration (input-output) table 1990 
3.4 U똥S of imported ∞mmodi엔es 

1000t 

Productlon ac앙vfties of branch훌 

u&a 

Ser. 。‘her
No. AgriculbJre ~ ~， Gas Watar C∞l minl.‘g 

and fishing ‘-"， h여 suppiy suppiy minlng (8)Id. CDII~ 
aIC. _s배이y cruda oi~ 

빼t ‘l8S’ 
Suppiy 

1 2 3 4 s 8 7 

1 I Agricu.u ................ …… ............ 1473 39 o o 0 o 
2 I For훌try and fis뻐'9 aIc._ ••••....••••• … 5 31 o o o o o 
3 I Eiadr납y， s빼m， hot_suppν… ....... o o o o o o o 
4 I Gass배piy ....•. __ . o 0 o o o o 0 
5 I Water suppiy .•... __ ......•..•. …· o o o o 73 o o 
6 I Coal mining ..•...• _… ....... …… ........ -… · 41 20 6656 o o 411 o 
7 I Othermin야g(axcl. c<톨 I， a빼aoii， 빼1. 뻗s) .•. … ................... 90 59 7 0 0 o 161 
8 I E빼aCI. of auda ci~ nat띠잉 gas. ............. o o 63 37396 o o o 
9 I Man. of chamicai pr。이Icts (incl nuciasr fu쩌 ............. … ....... 5626 113 62 2 50 64 s 
10 Man.ofráln뼈 pm.iaum prad‘1Cts.‘ ............ … .......•.•..... … 664 239 1018 17 15 571 8 
11 Man. of plastlc prodUds •••• …… ....... -… .•....... … ...... …· …… .. 28 2 o o o o 0 
12 Man.of.빼ber praduds. •• _ •••••••••••••••• _ •••••••••••••••• …_. 29 1 1 o o o 
13 Ouarr. of s1Ionas a. ctsys, man. 여 b비Iding a. ∞nstr. 1 o 3 o o 20 
14 Man. of CMamic pradι:IS. •••••••••••••••••••••••.•• _… ..................... 12 3 2 0 o o o 
15 Man.ofg‘ssar녕 얻asspr여uds.… ••••••...• 122 2 0 o o o o 
16 Man. of iron and s‘ al.‘ .•. …… ... … .........• … ....... … 0 o 1 o o 4 o 
17 Man. of non-farr. n흩어50-에ln. 뼈duds thereof .... … 0 o o o o o o 
18 Man. of foundry pr혀ucts ... …· o o o o 1 o 
19 Man. of drawing plants pr여.， ∞Id roiling 뼈iIS aIC ••• 2 o o o o 6 o 
20 Man. of slrudlftl mata’ ‘>raducts, .며11n9 S1DCk. ••••••• _ •••• _ ••••• o o 1 o o o o 
21 Man. 여빼C빼ety a.얘 aquipment (8lCCl 빼야icaQ .• 32 2 5 1 2 32 z 
a Man. of otflC8 machinery aulllm. _ process. 핵띠pmant o 。 o o o o o 
g Man. of road Y8IIicIas ••• ‘ .......................... “· 0 o o o o o o 
z‘ Buildlng 여shil:‘. ∞ats a. ftoIItlng slructu.훌 •.•••••• _ •• 0 o 0 o o o o 
25 Man. of alrcraft a빼 spacacraft................ ’ o o 0 o 0 o o 
x Man.of_뼈1 machlnety aquipmant and appiiancas. ••• 5 o 8 o 2 o 
27 Man. of pracls. ar삐 매&영11ns1rutπ ， cioclcs a watchas… •.••• - o o o o 0 o o 
28 Man. 여 toolsa뼈 finιh여 ma뻐 praducts ...•.••••••.•••••.•........•. 10 1 o o 0 z o 
g Man. 며 musical inslrum., gamas a. toys, 혹XIII 야찌s aIe.. o o o o o o o 
30 Man. ofwo여… ••••••••••••••• _ •••• 2 o o o o 19 0 
31 Man. 여wcod pr혀u‘:15 ...................... _ ..... …… .......•... 28 2 o o o o 0 
32 Man. ofpuψ. 야야 .. and paparboard •••• … ..... _ .... 16 1 23 o 1 5 o 
33 Man. of paper a뼈 paperÞoard αllducts •......••...... _ 17 0 2 0 o 1 o 
34 Prinllnganddu찌icating ••• o 1 0 o o o o 
35 Man. of laather and laather praducts, fOOIW훌r ......... 4 o 0 o 0 o o 
36 Man. of laXUlas ......••••• … 5 o 1 o o 1 o 
37 Man.of_r1ng 빼W빼l._ •.. _ ......... o o o o 0 o 
36 Man. offo여 α。빼cts (axcl _gas) .•.••••••••••• … ..... … .... 1656 14 o o o 0 o 
39 Man. 여_gas. .....•....•••.• … ......... _. o o o o o o o 
40 Man. of lD뻐ca> pr。ωcts .••..••...••..•••.••••• ……· o 0 o o o o o 
41 Co.빼uct.(.엉.lnstal 뼈 뻐11d 엉nplation~ o 0 o o o o o 
42 Inslaiiatlon and bul얘Ing， cornplation ... … ..... o o o o o o o 
43 W뼈‘훌ia trad., øtc., re양cilng ... _ ......... _ •..•.. … • 28 o o o o o o 
μ Ra톨B trada ..... _ …........ ‘ o o o o 0 o o 
45 RaBway 1ransport o o o o o o o 
46 Watar뼈nsα:xt， αlIIS. o o o o o o o 
47 P∞tandt링ecommunication .... … …… ... o o o o o o o 
46 Transport actiYitias n .•. c. .•.•••• … ...... o o o o o o o 
49 I Banking ..•• … ........ …· o o o o o o o 
50 I lnsuranca (axcl. social sac마ilyfunds) ..................•......•.....•.. 0 o o o o o o 
51 I Rentlng of .... ia slata ... o o o o o o o 
52 1 Hotals and π1S1aurants. hon를lS andhostals .•.•..... …· o o o o o o o 
53 I Educal, res용πh， cuKurel servicas and p‘Jbilshlng .••... o o o o o o o 
541 Haa뻐 avetaπnarymar뼈t servicø actiY뼈85 •••••••••••••••••••••••••• o o o o o o 0 
55I Otharm에ket servica actiY빼s， etc .. o o o o o o o 
56 I External anvironmanlal protadion servicas ............. o 0 o o o o o 
57 I Cantral and Iccal govarnmant ..•.•.•••••••• o o o o o o o 
561 socia’ sacur1ty fu빼8 ... o o o o o o o 
59 I Prtvala non-prafit lnstItutions, PriYa1a housah ..• o o o o o o o 

69 1 TotaI matar1에 inp띠 (inpor빼d) ............•••.•• … .. … .. 9697 529 10051 37417 143 1141 179 

106 

Eldracl Man.of Man. 
of .... 삐e chemical dπ.oned 

。B， n빼 .... 1 PrOdUdS patroleUm 
gas (md. nuc빼I prodUcts 

fuaQ 

8 9 10 

o 29 o 
o 59 o 
o 0 o 
o o o 
o o o 
o 1 없7 o 
o 9ð9 o 

306 305 72972 
12452 210 

3 6966 7갱7 

0 51 3 
0 3 1 
o 670 o 
0 9 o 
o 16 o 
o o o 
o 114 o 
o 2 2 
o 3 o 
o 0 o 
3 23 3 
o o o 
0 o o 
0 0 o 
o o o 
o 3 
o o 
o 72 17 
o o o 
o 27 o 
o 36 o 
o 350 o 
0 59 o 
o 3 o 
o o o 
o 3 o 
o o o 
o 969 8 
o 10 o 
o o o 
o o o 
0 o o 
o 8 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o 0 o 
o 0 o 
o 1 o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 

314 24860 80421 



Man. Man 。uaπ'. of Man. 
。Ip야lIIfC 。1 I1IÞbet s1Dnes and of C8f톨mlc 
prodκ\s PrOdUC\S clays, man. products 

ofbuildlnga. 
_.mal. 

11 12 13 14 

o 0 o o 
o 227 o o 
o o o o 
o 0 o o 
o 0 o o 

21 18 1538 3 
o o 842 4 
0 o 0 13 

2888 영O 159 111 
108 64 585 45 
38 o o 4 
o 3 s 0 
o 27 5940 439 
o 0 1 2 

g o o o 
o 0 1 o 
o o o o 
o 2 o 
0 42 9 o 
o o o o 

12 10 13 7 
o o o o 
o -。 o o 
o o 0 o 
0 o 0 o 
1 o 2 0 
o 0 0 o 

a 2 3 o 
.0 o 0 o 
38 o o o 
s 3 16 8 

12 11 26 10 
13 4 18 2 
o o o o 
o o o o 

28 27 1 
0 o 0 o 

25 o o 2 
o 0 o o 
o 0 o o 
0 o o o 
0 o o o 

37 47 157 o 
0 o o o 
0 o 0 o 
0 o o o 
o o o o 
o o o o 
o o 0 o 
o o o o 
o o o o 
o o o o 
o o 0 o 
0 o 0 o 
o o o 0 
o 0 o o 
o 0 o o 
o o o o 
o o o o 

3070 805 9299 648 

3 Material integration (input-output) table 1990 
3.4 냉es of imported commodities 

1000t 

Produc뼈， actlvftles of branches 

Man Man. Man. of Man. Man. Man.of Man. of 
。fglass 。f Iron and non.fetr. offoundry ofdrawing slrudural machinary 
andgla양 StaeI 11111야톨. PrOdUC\S plantspr여， metal a. 액ulprnant 

products aen빼n. ∞삐m뼈19 products, (axcl. 
α。ducts ”’HIs etc. ，。에íng s1Dck _1) 
1heraof 

15 16 17 18 19 m 21 

o o o o o 1 
o o o o o o o 
o o o o o o o 
o o o o o o o 
o o o o o o o 

18 용8 89 98 4 7 17 
705 42955 3053 1075 38 o 0 

13 195 115 o m o 39 
110 227 460 58 29 % 458 
192 305 88 89 82 80 332 

4 0 o o 0 3 42 
1 o 1 0 1 21 

505 564 e 211 55 12 33 
o o o o 0 o 

278 10 o o 1 21 18 
o 3458 s 7‘48 3양3 1404 1331 
o 83 1612 334 169 112 147 
o 21 o 13 5 14 90 
0 80 o o 404 89 274 
o o o o o o 
4 a 3 10 a 25 278 
o o 0 o o o o 
o o 0 o o o o 
o o 0 o o o o 
o o o o o o o 
o 30 19 8 1 2 91 
o o 0 0 o 1 2 

4 1 7 36 30 
0 o o o o o o 
o o o o o 57 93 

31 19 8 10 13 3 124 
a 7 2 3 8 93 

10 0 1 2 13 
o o o o o o 3 
o 0 1 0 o 1 
1 o 10 
0 o o o o o o 
o o o o o 0 o 
o o o o o o o 
o o o o o o o 
o o 0 0 o o o 
o o o o o o o 

113 570 7없 187 o o o 
o o o 0 o o o 
o o o o o o o 
o o o o o 0 o 
o o o o o 0 o 
o o o o o o o 
o o o 0 o o o 
o o o o 0 0 o 
o o o o o o o 
o o o o o o o 
o o 0 0 o o o 
o o o o 0 0 o 
o o o o 0 o o 
o o o o o o o 
o o o o o o o 
o o o o 0 o o 
o o o o o o o 

1995 48924 6183 2825 41‘!5 1982 3541 
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Man Man. Building Ser. 
d빼Ica 。frc톨d d ‘hips, No. 

n염ch.， auID. vahlcles boatsa. 
da1a 뻐atlng 

proco융i slrudul8S 

aqulpmant 

z 23 24 

o 1 o 1 
o o o 2 
o o o 3 
o o o 4 
o o o 5 
o 45 o 8 
o o o 7 
o 77 0 8 

10 478 1∞ 9 
15 243 g 10 
o 11 0 11 
o 181 12 
o 8 o 13 
o 1 o 14 
o 107 3 15 
8 1812 킹8 16 
o 41 2 17 
3 58 2 18 
8 192 38 19 
o o o 20 
1 64 24 21 
8 o o z 
o 10η o a 
o o 0 24 
o o o 25 

18 140 9 g 
o 3 1 27 
1 31 2 28 
o 0 o 29 
0 171 29 30 

18 28 31 
4 81 1 32 
。 3 0 33 
3 o o 34 
o o o 35 
o 11 4 36 
o 1 0 37 
0 o o 38 
o o o 39 
o o o 40 
o o 0 41 
o o o 42 
o o o 43 
o o o 44 
o 0 0 45 
o 0 o 46 
0 o o 47 
o o o 48 
o o o 49 
o o o 50 
o o o 51 
o o o 52 
1 o 53 
0 o o 54 
0 o o 55 
o o o 58 
o o o 57 
0 o o 58 
o o o 59 

1∞ 4642 465 89 



3 Material integratlon (input-output) table 1990 
3.4 Uses of imported ∞mmodi헤es 

.1000t 

Produdlon activ.ies of아anches 

use 
se’- ιIan. Man. Man. of Man. Man Man. 
N。 。faln:ndl 。f eledrical pI1ICÍS. a.얘 oftoo‘ and ofmuslcal Man. of 。f WDOd

g빼 _11181)' 아lllcal ftnishad 1nSIrUm.. ，。여 produc1s 
speceaaft equlpmen\ k톨trurπ. metal gamas8. 

anβ "-a g여U빼 1Dys， sα:wt 

Supply 빼plancas ‘I81chas goodsetc. 

25 x XT 28 29 30 31 

1 I Agricu........ ‘… ...... 0 1 o 1 o o 3 
2 I Fon뼈y and ftshing etc._ .............. 0 o 0 o 31 887 203 
3 I EIecbk:ity, staam, 뼈t_sup때y. … •••• 0 o 0 o o o o 
4 I Gas supply •..••••••...........• … • 0 o 0 o o o o 
5 I Watar supply .•.•••...........•.......••..•.•........ _ .. …… o o 0 o o o o 
8 I C∞Imlnlng.… ••••••••••••••••••••• …… 2 35 s 15 o 28 11 
7 αher mlnlng (exd. ∞B~ aude 0 11, nat. gas).. … •.•• o 175 o 0 24 0 o 
8 I E_ofaude 빼， natural gas…… ••••••• o 39 o 20 0 o o 
9 I Man. of chemlcal prod따:Is (IncL nucl .... "，빼~ ••• 2 385 112 190 93 72 109 
10 Man. ofr얘ned palnlleum prod야15 •. _ .• _ “ ••••••••••• - ‘ •• - 9 307 39 142 15 74 113 
11 Man. of어astic pr。아Jcts_… …._ .... …” ‘ •••••• 0 4 1 e 35 o 14 
12 Man.ofru야*pr。뻐ds.‘- … ••••••••••••••••••••• _ ••• o 10 2 9 7 o 7 
13 。U8". of s1Dnas 8. ‘:Ia엠， man. of building a. ∞nstr .•..•. o 228 0 88 45 1 6 
14 Man. of caramic products. •• … ••••••••••.•••••••••. _ ..• 0 s 18 o o 1 2 
15 Man. of glass and glass produds. 1 51 23 16 z 11 88 
18 Man. of mn and ‘taeL •••••••.••••••••••••••••••••••• …_ .• e 영3 1 1825 o 35 35 
17 Man. of non.farr. matals, sam뻐1. pr여ucts 1haraof ••• 8 XT4 5 160 0 o o 
18 Man. of foundry products .•. … ••••••••• o 10 3 8 o o o 
19 Man. of drawing 이ants pr혀"∞Id rollingm“톨 etc ..•.. _ ••• 8 71 12 163 20 3 19 
20 Man. of structural ma톨l ‘XtXIucts, rolIing stock. ••• 0 o 0 o o o o 
21 Man. 여빼C뻐ery and equlpm8nt (excL 빼CtrICaI~ 2 25 4 13 o 4 8 
a Man. of OftICe "톨야llnery autom. data pmc훌ss. equlpm8nL. o 1 0 o o o o 
23 Man. 여 road .. hicles ...••..•. … o o 0 o o o o 
24 Bulldlng of shlpa, _ a. ftoatlng strudUIBS_............... ‘ o o 0 0 o o 0 
25 Man. of aln:ndl and spaa엉1Ift. ••..•...•••••.•.••••••••••••• …… 4 o 0 o o o o 
28 Man.ofe‘drlcal"톨C빼eryeq뼈nentand ap이lancas. .•.•. 1 349 2 2 1 0 
XT Man. of precls. 8찌 야tlcallnstr뼈~， CIOCICS a. _cI1as o o 8 o o o o 
a Man. of tools and flnlshed ma뼈 m여U잉S. … ••• …· 0 3 2 121 3 1 44 
29 Man.ofm야lcallnstrum.， garn’s a. toys, sport 90<찌s etc. ••• 0 0 0 o 3 o o 
30 Man. 여w。여… •• … •••.••••••••••••••••••.•••••••••• … 1 75 9 123 16 s42 1 s38 
31 Man.ofwo여 prodκ15 ..••• ‘ 0 5 9 28 3 2 116 
32 Man. of pulp, papar and pa∞rboa삐 •••••••••• o 81 21 38 14 49 56 
33 Man. of papar .. 얘 며parboa삐 R여ucts … •••••••••• ‘ •• 0 20 4 10 2 1 8 
34 PrinlIng and duplicaψIg ... o 5 3 0 o o 3 
35 Man. of ‘a1her and leather pr여야ts， footv‘rar ... o o 1 o o o 3 
38 MBn.ofla빼1 •. “ •••••••• 4 9 5 4 4 o x 
37 Man. of waaring appareL ...••••....... o o o o o o o 
38 Man. offo여 W혀빼s (excL 뼈'*1Ig.)................. … •• … 0 0 o o o o 
39 Man. of -.ges. ............ … .••••• …- ……… ........ o 0 o o o o o 
40 Man. of tDbaCCO products_ ....••••• 0 o 0 o o o 0 
41 c。빼UCI. (excL Ins톨II.and 뼈d ∞nplatlon) .....• o o 0 o o o o 
42 Ins톨UøIIOn and buildlng, completlon .........• o o 0 o o o o 
43 Wholesale ’-ad8, øtc., recydh멍… ••.••••••• o o 0 o o 822 o 
44 RetaM trad8. ••• 0 0 o o o o o 
45 Rallway transport ..........•••••. 0 0 o o o o o 
48 Watar transpa1, pO<ts •••••••••• 0 o o o o o o 
47 p。‘t and talecommunicatlon .....•..•. … 0 o 0 o o o o 
48 Transport adMtles n.8.c.. o o 0 o o o o 
49 Banklng ••• …… •• …………·………·… ..•.... ‘ .•• …… ••• _. o o 0 o o o o 
50 1 Insuran∞ (excl. sα:Ia’ sacurlty funds) .....•.•.....•.. o o 0 o o 0 o 
511 R8f얘ng of reale _8 ... o o o o 0 0 o 
52 1 Hotals and res톨urents， hom훌 and-.._ .......•• ‘. 0 o o o o o o 
53 I Educal, _, cufturals8/Yic훌 and publlshlng … 0 2 o o o o o 
54 꺼 .... fth a. vatarinary mar빼t service adlv빼g… ...................... 0 o o o o o o 
55 I 0tI1ar m&I1<et sarvÌC8 actlvltles, etc ............ ‘ •.•........• …“ o o o o o o o 
56 1 External envmnmantal α。tectlon services .. o o 0 o o o 0 
51 1 C.ntral and loc훌IgovemmenL o o 0 o o o o 
58 I $oclal securlty funds o o 0 o o o o 
59 I Privata non-praflt In뼈tutlons， privatø hous허， ••••• o 0 o 0 o 0 o 

69 I Total material inp벼 (inportad) ...•• … …· 44 2503 288 2757 321 2334 2391 
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Man. Man Prlnting 
ofpu‘p, ofpa빼f and 

P야erand and duplica1ll엔 

papar P뼈NbaanI 
k훌삐 m。‘:IUCIS

32 33 34 

12 o o 
156 o o 

o 0 o 
o o o 
o o o 

XT3 8 o 
o o o 
0 0 o 

171 108 n 
정8 50 39 

o 14 11 
o o 0 

764 28 0 
o o o 
8 o o 
0 35 0 
o o o 
2 o o 
o o o 
0 o o 

18 s 7 
o 0 1 
o o o 
o o o 
o o o 
o 1 
o o o 
0 9 s 
0 0 o 
o g o 

12 2 2 
2XT7 28π 2297 

11 117 19 
o 2 XT 
o o o 
o 2 
o o o 
0 1 z 
0 0 o 
o 0 o 
o o o 
o o o 

723 38 o 
o 0 o 
o 0 o 
0 o o 
o o o 
o o o 
o o o 
o 0 o 
o 0 o 
0 o 0 
0 0 o 
0 o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 

4724 3297 2490 



Man. Man Man. 

af‘-. Man. af af w.ring afbxl 
and_her 톨xti‘es appar빼 PrOdUCIS 
produC톨， (excl - 야"""'~융) 

35 36 37 36 

o 263 o 10429 
23 o 10 행8 

0 o o o 
o o o o 
o o o o 
o % 4 104 
0 0 0 350 
o 13 o 11 

77 414 24 121 
21 128 45 638 
11 13 13 205 
z 10 24 5 

13 o o 18 
o o o o 
o o o 150 
0 o o 26 
o o o o 
o o 0 o 
0 o o 
o o o o 
4 12 o 14 
o o 0 o 
o 0 0 0 
0 0 0 0 
o 0 0 o 
o 1 
o o 0 o 
3 4 5 g 
o o o 0 
3 o o o 
4 8 2 24 

19 46 33 46 
s 30 s 76 
o 1 2 3 

26 2 o 
g 545 44 s 
0 0 2 o 
o 2 o 6807 
o o o 41 
o o o o 
o o 0 0 
o o o o 

43 o 18 40 
0 o o 0 
0 0 o o 
o o o o 
o o o o 
o o o o 
o o 0 o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o o 
o o o 0 
o o o o 
o o o o 
o o o o 
o o o o 

265 1542 237 19554 

3 Material integration (input-outp따) table 1990 
3.4 U똥s of imported commodities 

1000t 

Productlon activllies af Þranches 

Man. Con&lnlct. Ins어IIation Whole 
Man. af af1Db야∞ (exct In빼ι and 1818._. Re1ail 1rade Railway 
bκH8ges producls and bulldlng atc .• 1ranspolt 

bulldung COI빼톨tlan ’"&Cydlng 
α""pletlan) 

30 40 41 42 43 44 45 

651 129 1 o 4 2 o 
0 o 246 o 0 z o 
o o 0 o o o o 
o o 0 o o o o 
0 o o o 0 o o 

17 2 29 21 21 25 14 
o o o 0 0 o 12 
o o o 0 o 0 o 

68 14 102 236 5 9 25 
167 10 789 103 7없 755 137 
27 8 77 135 40 81 o 
2 o 11 10 17 11 o 
o o 18746 810 o o o 
o o 18 1 얘O o o o 

249 o 18 195 12 4 o 
0 o 18혀 82 0 o o 
o o 16 18 o o o 
0 o 15 12 o o 2 
o o 292 34 o o 10 
o o 24 102 o o 5 
3 11 26 3 5 6 
0 o o o 1 2 1 
o o o 0 o o 0 
o o o 0 o o o 
o o o 0 o o o 
0 0 158 2 2 8 
o o o 0 o o o 

z 1 g 155 11 15 1 
o o 0 0 o z 0 
o o 1693 460 o o o 

17 10 45 127 0 5 o 
16 13 19 4 274 152 g 

12 14 4 10 34 47 8 
1 0 o 4 23 1 

0 o 1 o 0 o 2 
2 o 1 e 17 30 4 
o o o 0 o o o 

367 o 0 o o o o 
433 o o o 2 1 o 

o 7 o o 0 o o 
o o o o 0 o 0 
o o o o o o o 
0 o 411 o o o o 
o o o 0 o o o 
o o o 0 o o o 
o o 0 o o 0 o 
o o 0 o o o o 
o o o o o o o 
o o o 0 o o o 
o o o o o o o 
o o o o o o o 
o o o o 0 o o 

o 1 2 2 8 0 
o 0 0 o o o 0 
o 0 0 o o o o 
o o 0 o o o o 
o o 0 。 o o o 
o o 0 o o o o 
o o o o o o o 

2055 208 24442 3678 1239 1178 242 
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PosI Ser. 
Water and Trans여t No. 

1ransport, talecommu- activltles 

POItS nlcatlan n.a.c, 

46 47 46 

3 o 1 
o o o 2 
0 o o 3 
0 o o 4 
o o o 5 
o 5 o 8 
o o 12 7 
o 0 o a 
0 8 2 9 

783 go 5449 10 
o o o 11 
0 2 14 12 
o o o 13 
0 o o 14 
0 o 0 15 
1 o 1 16 
o o 0 17 
o o 0 18 
1 o 2 19 
o o o 20 
5 3 21 
o o z 
o o 52 23 
o o o 24 
o o z 25 
0 3 2 26 
o o o 27 
o o 4 28 
o o o 29 
0 0 0 30 
o o 0 31 
4 14 1 32 
1 7 2 33 
o 2 8 34 
o 2 o 35 
3 5 g 36 
o o 1 37 

12 o 11 36 
5 o 1 30 
o o o 40 
o o o 41 
o o 0 42 
o o 0 43 
o o o 44 
o o o 45 
o o o 46 
o o o 47 
0 o o 46 
o o o 49 
o o o 50 
o o 0 51 
o o o 52 
o 1 o 53 
o o o 54 
o 0 o 55 
o o 0 56 
o o o 57 
o o o 58 
o o o 59 

819 141 55'π 69 



3 Materlal integration (input-output) table 1990 
3.4 Uses of imported ∞mmodi히es 

1oo0t 

Prnduction a생vftløs 01 branch훌 

Usa 

Ser. In，’SUI'8J1(훌 에ot혀‘ Educat HeafthaOO 
No. Banklng (excL IOC톨| Renting 01 a뼈 rasearch’ -뼈y 

securtty rea’‘g톨@ _LI'8nts cu’tural maκe‘ 
fIIOOs) hon빼 .. aOO servicas a S8fY1ce 

hostels publishing activities 

Supply 
49 % 51 52 53 54 

1 I Agricu삐톨 ................. … ••••••..•.•• _ ............................. 0 o o 769 1 8 
2 I Fores1ry and flshlng etc. ............................................... … 0 o o 17 o o 
3 많CIrICitY， s빼.m， h여 _supply. 0 o 0 o o o 
4 I Gas supply.......................................... …… ••••••••••••••.• o o 0 o o o 
5 I W빼r supply… o o o o o o 
8 I C∞Imln빼 o o o 19 o o 
7 。‘her mlnlng (excL coa~ crude 。κ 빼1. 힘s) .. o 0 12 o o o 
8 I Eldract 어。ude oil, netural 9빼…· o 0 o o 0 0 
9 I Man.ofc’18I11ical pr여ucts {1ncL nu빼8rfu에 .... 3 3 o 21 23 21 
10 Man. 01 nofined p빼。l8um producls ...................... … ... … .•••• g 53 29 257 115 159 
11 Man. 01 plasllc α。ducls....... ……… ••••• … ... … ........................ o o o 3 o 2 
12 Man.ofN야)8f products. ...... ……… •••••••••• … •••••••••.• … • o o 2 1 o 3 
13 Ouarr. 01 stones a. CIa핸， man.ofbu뼈Ing8. ∞n&lr .. …· o 0 o o o o 

1‘ Man. 01 caramic α。ducts. ........ ‘ .... o 0 0 2 o 4 
15 Man.ofg톨훌 aOOgla훌 prodUds. ............ …· o o 2 43 o 5 
16 Man. 01 i'on aOO s1eeL ....... … -… ••••• … ............. o o o o o o 
17 Man. 01 non-ferr. metals, semllln. products Iheraof. o 0 o 0 o o 
18 Man. 01 10undry producls ...................................... “ o 0 o o o o 
19 Man. 01 d18wlng plants prod., ∞Id IO씨ng mIIls eIC ‘ o o o o o o 
20 Man. 01 structLl'8I metal α。du야.， 1πIIlng s1Dck. ... 0 o o o o o 
21 뼈n.of뼈，chlnary and 핵ulprnent (excL 뼈::tJIcaI) ... 0 o 1 2 o o 
22 Man. 이에ica machlnary autom. data process. eq띠prnent. o o o 1 o o 
23 Man. 01 ræd vehlcløs .... … ......... ‘ ... … ............ …… ................ o o 0 o o o 
24 Bull야19 01 shlpa, _ a. fIoatlng structu .............. o o o o o o 
25 Man. 01 aira'aft aOO spacecraft. ..................................... o o o o o o 
28 Man. 01 electricsl machl빼yeq비prnent aOO appllances. ..... o 0 o 9 o 2 
27 Man.ofprac‘.8뼈 매tlcallnetrum.， cIocks a. watches … o o o 0 o 12 
28 Man. 01 taols and flnlshed metaI prα- o o o 3 o o 
29 Man. 01 musical 빼빼m.， games a. toys, SPOrI go<피.81ι.‘ 0 0 o 1 o o 
30 Man.ofw。∞..... … .............................................................. 0 o o o o o 
31 Man.ofw。∞ producls ...................................... … .•••••.••• …· o o 0 o o 
32 Man. 01 pulp, 뼈아If and 빼parboa삐 .. … ... … ... ……… •.•••••.• 11 12 o 47 181 33 
33 Man. 01 papar and pap홉board producls‘ ............................. 5 s o 32 a 2 
34 PrtntIng ar녕 duplica에ng .......... … ••••. … •••••••.• … ... … • 1 1 o 1 14 o 
35 Man. 01 lealhar and IeøIhar producls, fooIwear .. o 0 o o o o 
38 Man.oflax예훌… ............................ …............ ‘ 4 5 o 10 2 7 
37 Man. 01 _g apparal .............. … ‘ · o 0 o 3 o 0 
38 Man.of1o여 products (excL be빼18ges) .............................. 0 o o 813 o 7 
39 Man.of 야verag.................. …._ ......... …… ....... … ... o o o 238 o o 
40 Man. 01 1Dbecco produc톨 • … ...... o o 0 8 o o 
41 Construct (excL Ins빼 and bul1d. ∞뼈Iet빼1~… o o o o o o 
42 Ins톨1I8Ilon and bu뼈Ing， completlon ... o o o o o o 
43 WhoIasaI8 1rade, eIι ， racycllr‘g................................... … o 0 o o o o 
44 RetaH 1rade ... o 0 o 0 o o 
45 Rallway 1ransport ......................... 0 o o 0 o o 
48 Weter 1ransport, ports. ............... 0 o o o o o 
47 PoslaOO 뻐ecorπnun‘@삐。n. ....... o o 0 o o 0 
48 T18nsport adlvl뼈sn.e.ι .•••••••• o o 0 o o 0 
49 Banklng ... o o 0 o o o 
50 1 Insuranca (exd .• α:ialsecuri\y ω빼s) ... o o o o o o 
51 1 Rentlng 01 18818 stal8 ................ o o o o o o 
52 1 Hotels and raa톨U18nts， homes and hos1al‘ .. o o o o o o 
531 Educat, 188811JCh, αftu18loervic훌 and publishlng .... 1 o 1 9 1 
54 1 Heafth a. velarlnary mark허 ‘ ervlce actlv삐es ••• o o o o o o 
55 1 OIher market S8fYk:e actlvl뼈s， atc......... ‘ ......... o o o o o o 
561 Extø꺼al envmnmental protectlon S8fYÌC8S ........ o o o o o o 
57 I Cantral and local govemment ......... …· o o o o o o 
56 I Soclal sacurily funds .... o o o o o o 
591 P，뻐ata non-profit Instilullons, prtvata hOI톨eh ... o 0 o 0 o 0 

691 T，빼l 빼t빼혀 Inp띠 (inportad) 117 82 45 2영9 387 286 
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OIhar Extarnal c_혀 

n톨rk홉 en야IOn- and Iocal 
HlYIce n톨n톨l govamment 

activ뼈"". protac:tlon 
eIc. S8fY1cas 

55 56 57 

o o 48 
7 o o 
o 0 o 
o o o 
o o o 
5 1 25 
o 16 
o o 1 

164 109 
@μ 202 11‘16 

o 1 28 
5 19 
o 0 305 
o 0 1 
o 0 2 
o o 73 
o o 1 
2 o o 
o o 2 
o o o 
1 8 
1 o 3 

s 60 
o o 1 
o 8 
8 o 20 
o o 3 
3 o 5 

o 3 
o o 2 

o 8 
88 4 125 
m 33 
11 0 23 
o o 7 

12 31 
1 o 3 

15 o 62 
o o o 
o o o 
o o o 
o 0 o 
o o o 
o o o 
o o o 
o o 0 
o 0 o 
o o o 
o o o 
o o o 
o o o 
o o o 

10 o 4 
o o o 
o o o 
o o o 
o o o 
o 0 o 
o o o 

996 221 2256 



Production activκIes 01 뼈nches 

Social PrMrte House-
securily non-profit Totals h。‘d ∞n-
funds institutions, sumptlon 

prMrte actlv뼈es 

househok:Js 

58 59 60 61 

1 20 13889 6798 
o o 2293 108 
o o o o 
o o o o 
o o 73 o 
o o 13876 쟁2 

o o 50579 61 
o o 111599 o 

25 21 26886 518 
42 268 33019 14972 

o 918 203 
1 430 

1‘’8 o o 29324 z 
o o 1162 131 
o o 1466 91 
o o 16236 o 
o o 3095 o 
o o 266 o 
o o 1785 3 
o o 133 o 
o o n9 8 
o o 24 o 
1 o 1212 206 
o o o 
o o 15 o 
o 1 916 43 
o 1 34 2 
o o 724 89 
o o 10 135 
o o 4907 104 
o o n6 255 

16 1 9521 34 
3 o 714 224 
o 151 1 
o o 58 193 
1 2 906 279 
o 2 16 408 
5 32 10607 4970 
o o 732 674 
o o 15 21 
0 o o o 
0 o 0 0 
o o 38어 o 
o o o o 
o o o o 
o o o o 
o 0 o o 
o o o o 
o o o o 
o o o o 
0 o o o 
o o o o 
o 1 46 87 
o 0 o o 
0 o o o 
o o o o 
o o o o 
o 0 o o 
o o o o 

96 353 342996 31276 

3 Material integration (input-output) table 1990 
3.4 Uses of imported commodities 

10001 

Accumulation 

Man.afTlade assets 
Fixed assets Non-

Consumer Char핑ein Con1rolled Produc∞ produ∞d 

durables stocks landfills natural natural 

Buildlngs 
Machinery, assels assets 
equipmenl 

62 63 64 65 66 67 68 

o 490 o o o o 
o 93 o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
0 14∞ o o o o 
o 642 o o o o 
o - 591 o o o o 
o 188 o o o o 
o - 401 o o o o 

25 233 o 10 o o 
2 13 o o o o 
o 856 o o o o 
o 19 o o o o 
7 5 o o o o 
o 83 o o o o 
o 11 o 2 o o 
o o o o 32 0 
o 1 0 o o o 
o 11 o 잃8 78 o 

11 193 o 14 647 o 
8 4 0 o n o 

1472 20 o o 626 o 
8 - 231 0 o 126 o 
o 6 o o 4 o 

461 64 o 25 186 o 
15 17 o o 21 o 
46 189 o 42 237 o 
12 4 o o 19 o 
o o o o o o 

529 o o 13 141 o 
0 553 o o o o 
o o o o 0 o 
0 o 0 o o o 
o 20 0 o o o 

127 100 o o 47 o 
o 1 0 o o o 
o 382 o o o o 
o 0 o o o o 
o o o o o o 
o o o 89 o o 
o o 0 o o o 
o -25 o o o o 
o o o o o o 
o o o o o o 
o o o 0 o o 
o o 0 o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o 0 
o o o o o o 
o - 1 o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o o o o o 
o o 0 o o o 
o o 0 o o o 

2719 4349 o 562 2441 o 

111 

Ser. 
TotaIs Rest oflhe Total"연lerial N。

wαld inputs 

69 70 71 

o 490 647 218241 1 
o 93 136 2630 2 
o 0 o 01 3 
o 0 o 01 4 
o o o 731 5 
o 1400 o 15738 6 
o 642 327 51810 7 
o - 591 o 111008 8 
o 188 1193 28585 9 
o - 401 o 47590 10 
o 싫8 76 1465 11 
o 15 53 694 12 
o 856 599 30581 13 
o 19 33 1346 14 
o 12 92 1661 15 
o 63 620 16939 16 
o 12 60 3168 17 
o 32 29 328 18 
o 1 78 1866 19 
o 4n 21 s:양 20 
o 1065 199 2049 21 
o 87 28 138 a 
o 2118 196 3732 23 
o -99 472 374 24 
o 10 1 26125 
o 738 196 1891 26 
o 52 23 112 27 
o 514 88 1414 28 
o 34 30 210 29 
o o 87 5097 30 
o 884 n 1792 31 
o 553 54 10162 32 
o o 37 975 33 
o o 4 155 34 
o 20 29 299 35 
o 273 239 1697 38 
o 1 86 511 37 
o 382 941 17100 38 
o o 20 1425 39 
o o 4 40140 
o 69 1 70141 
o o o 0142 
o -25 1438 5217 43 
o o o 0144 
o o o 0145 
o o o 0146 
o o o 0147 
o 0 o 0148 
o o o 0149 
o o o 0150 
o o o 0151 
o o o 0152 
o - 1 11 143 53 
o o o 0154 
o o o 0155 
o o o 1156 
o o o 0157 
o o o 0158 
o o o 0159 

o 10070 8223 392568 69 



2 
3 
4 
6 
8 
9 
10 
16 
23 
26 

4 Physi∞I input- (u않s) und output- (supply) table 1990 for energy 
- Energy content in 혀loritic value -

Terajoule 

l얘ricu뻐ml F爛 l El觸 IGassu뼈| 뼈g lc∞l뼈nmgl 짧 I~魔i팩융11;뽑혀 
and f홉hmg I stsarn, hot I I supply I I (excl. c:oal, I natural gas I P'여야15 I petroleum 

kmds af ma\erials e1c, water I I crude oil, I (ind. I p<Oduc1s 

10 

Inpu1. (u ... ) 

R_m허 rtallnp띠S | 
Raw materials for enetgy caniers o o o o o 3006884 o 644 922 o o 
Energy from hydmα>Wef. “ ...... o o 149440 0 o o o o o o 
Tot외 rawma’ertallnputs ... o o 149440 o o 3006884 o 644 922 o o 

Product Inpu1s 
Forestry a，잉 fishery π∞uc1s， etc. o o 2638 o o o o o o o 
EledJic power, steam, hot water • 15361 3530 121 691 299 15494 46454 4312 1703 166 122 23462 
Gas ..... ‘ ••........ …… ... - 32 6538 376705 28040 o 395 11774 o 216006 26976 
Coal, p<od야15 of coal lT‘nmg ...•...•. … ... 1451 730 2202057 45003 o 863627 1106 o 165260 o 
Cn찌eoil‘ natural gas ........ o o 3332 1981693 o o o 18784 18847 3218258 
Chernical p<Oduds Oncl. nuclear fu히) .. o o 1382998 o o 3600 o o o 42400 
Rellned p뼈뼈um p<oduc1s ..... … ........ 109212 25706 134165 2475 1699 31376 830 2여 6120경 897047 
Imn and steel o 0 57567 o o 20 187 o o 0 o 
Road whlcles o o o o 0 o o o o o 
Electrical machinery, equip<nant and app’연nces o o o o o o o o o o 

56 I External envirorrnental p<otection servlces .. o o o 27502 o o o o o o 
Tol혀 produ야 Inpu1s .............. 126056 36504 4281173 2085012 17193 965639 18022 20 691 1 178058 4206 143 

Waste fcr Inelneratlon … .•.......... o o 8 o o o o o 4181 115 

useful energy (10 nature) ... o 0 o o o o o 0 o o 

En.rgy 10 .... (10 natu .. ~ ..... … .•... o o o o o o o o o o 

T어허 Inpu1s .. 126056 36504 4430619 2085012 17 193 3972 523 18022 665613 1182239 4208258 

。‘rtp야s (supply) 

R_ malertal ou1puls 
Raw mat_1s for energy camers ’ o o o o o o o o o o 
Energy from h얘mpower. … ‘ o o o o o o 0 o o o 

Total raw ma’.rtal outpu1s o o o o o o o o o o 

Produ야 。utpu1s

2 Forestry and fishery P<Od야l5， etc. … .. …· 0 o o o 0 o o o o o 
3 EledJic powεκ， steam, hot water o o 1839078 o o o o o o o 
4 Gas .. o o o 2061166 o o o o o o 
8 Coal. p<Oduc1s af c∞Imining o o o o o 3880218 o o o o 
8 cn찌e 011. nBtural gas _. o o o o o o o 644922 o o 
9 Chernical p<Odu∞ OncL nuclear fuel) ‘ o o o o o o o o 700000 o 
10 R하lned petroleum pr∞uc1s … ... … ....... ’ o o o o o o o o o 3962909 
16 Imn and steel o o o o o 0 o 0 o o 
23 Road whlcles ’ o o o o o o o o o o 
26 Electrical machlnery, eq비α118m and appllances o o o o o o o o o 0 
56 I External environmental p<Otection servlces … .... o o o o o 0 o o o o 

TOlal product oulp여s .•...• o o 1839078 2061 186 o 3880218 o 644922 700 000 3 962 909 

Waste for Incln.ratlor’ .......... … .......................... o o o o 0 o 0 o 0 o 

useful energy .... 44496 16459 54289 5001 8349 67636 10311 12026 268365 127530 

Energy 1080 ..... 81558 20 045 2 537 252 18825 8844 24669 7711 8665 213874 117819 

T이aloutputs .. 126056 36504 4430619 2085012 17193 3 9n 523 18022 665 613 1 182239 4208258 

Inputs mlnus Oulputs ... o o o o o o o o o o 
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4 Physical input- (uses) und outpuι (supply) table 1990 for energy 
- Energy content in calorific value -

Te떠Ijoule 

Man | Man l Quan d | Mgn | Man | Man | Man 。f | Man | Man | Mgn 。f | Ma얘 | Mgn l Man | Bu，ld때 l 앓 
of plastic I of rubber I slones and I of ∞<tImic I ofglass I ofironand I non..farr. I offoundry I ofdrawing I strudural I mact1 inarya.1 ofoffi∞ 。froad I of ships, I N。

m여uds α。duds I clays, man. I pr여uds I and glass I stael I matals, I produds I plants prod., I matal I equiprnent I machi뼈y I vehicles ∞a1s a. 
floatlng 

struduπg 

n홉t‘ |엎ui빨:1 
11 12 13 14 15 16 18 19 20 21 23 24 

Inputs (u ... 히 

o o o o o o o o o o o o o o 
o o o o o o o o o o o o o o 
o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o 2 
27954 6584 27969 2526 11891 63553 70692 16901 17937 3117 28594 5753 54885 1224 3 
12821 10695 52428 13329 36528 96414 23992 11742 18946 4253 19962 1523 33069 1333 4 
1247 1195 93689 107 508 460 741 9017 14844 117 300 1805 o 3593 o g 

o o o 668 666 10346 6125 o 1047 o 2063 o 4126 o 8 
o o o o o o o o o o o o o o 9 

11235 5967 68896 6512 27 592 39026 8037 7301 8448 9436 39128 1570 29253 1053 10 
o o o o o 78994 o o o o o o o o 16 
o o o o o o o o o o o o o o 23 
o o o o o o o o o o o o o o 26 
n n n o o o o o 。 o o o o o 56 

53257 24461 242962 23140 77185 769074 117863 50788 46495 17106 91552 8846 124926 3610 

321 64 269 o o 58 51 o o 19 36 o 391 o 

o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o 

53578 24525 243251 23140 77185 769132 117914 50788 46495 17125 9159。 8646 125 317 3610 

。utputs (supply) 

o o o o o o o o o o o o o o 
o o o o o o o o o 0 o o o o 
o o o o o o o 0 o o o o o o 

o o o o o o o o o o o o o o 2 
o o o o o o o o o o o o o o 3 
o o o o o o o o o o o o o o 4 
o o o o 0 o o o o o o o o o 6 
o o o o o o o o o o o o o o 8 
o o o o o o o o o o o o o o 9 
o o o o o o o o o o o o o o 10 
o o o o o 185 505 o o o o o o o o 16 
0 o o o o o o o o o o o 8000 o 23 
o o o o o o o o o o o o o o 26 
o o o o o o o o o o o o o o 56 
o o o o o 165505 o o o o o o 8000 o 

o o o o o o o o o o o o o o 

27794 12259 129 716 12161 42407 340780 67071 29287 26242 9164 47259 4505 65384 1913 

25784 12266 113535 10979 34778 262847 50843 21501 20253 7961 44331 4341 51933 1697 

53578 24525 243251 23140 77185 769132 117914 50788 46495 17125 91590 8846 125317 3610 

o o o o o o o o o o o o o o 
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4 Physical inp따:- (uses) und ωtpu← (supply) table 1990 for energy 
- Energy content in calorific value -

Terajou뻐 

I Man. I 빼n. I Man. d I Man. Man. I Man. I Man. I Man. I P끼nling 

Iclnds여 mataria‘ 

34 

Inpute(u_) 

R_mat 빼빼 | 
R_ mat_1s for 8I18IgY can1ers … … .......... o o o o 0 o o o o o 
Enetgy ftom 11뼈。power…… .. “ ..... … ...... o o o o o o o 0 o o 
T여해 πIWma‘·에히 Inpute ••.. o o o o o o o o o o 

Pracluct Input. 
2 FOI8èy ar삐 fish‘tf'J products. atι •..•• - 0 0 0 0 o 1172 1758 1172 o o 
3 E_ power. 11_ 1IOt_ … ....... 2146 Xl l76 3600 12623 1721 7606 8558 45215 5710 g 앓O 

4 Ga •.... ……… ..•.. … ........... _. 201옳 15202 2444 12155 857 3881 1289 43837 11742 7299 
8 CoaJ. products of CaaI mlnlng “ •••••..•..•.•.•..•...••••.•...•. … .. 119 1549 208 535 0 1118 303 21 이!5 825 o 
a Cn찌e 빼~ nstural gas . ___ .. _.… .... o 2083 o 1 여7 0 0 o o 0 o 
9 Chemicalpr여u∞ ~ncL nuclear fu애 … .......... o o o o o 0 o o o o 
10 R에neclp빼O톨um products …… ....•..• 928 35891 4132 18025 1702 9046 18앓S 28210 8298 4815 
18 lrDn and s1ae1 ‘ ‘ o 0 0 0 o 0 o o o o 
킹 R。뼈 ... hlcles_. o 0 0 o o o o o o o 
28 EladrIcaI machlnery. 뼈뼈manl and applancas .. o o 0 o o o o o 0 o 
58 1 E찌Mnalenv뼈_1 야어aCtIOn servlcas . …· 0 o 0 0 o o o o 0 o 

TotaJ pr혀uct Inp삐’ “ ....................... u ... … 5288 81881 10382 42385 4280 22821 28475 139319 24375 220혀 

Waste fo. Inclnerallon “ .................................... …… .... o 71 13 19 38 3998 4059 7581 @ o 

ueeful energy (10 natu메 • … · o o o o o o o o o o 

Ene매yl。“ .. (tonatu .. ~ ............. o o o o o o o o o o 

TotaJ Inp빼 ..... 5288 81752 10395 42404 4318 28817 30534 146880 24381 22084 

。여pute (supply) 

~mat.rI퍼 。utputs
~ mat_1s for 8n"'llY canlers . … ................. …… . o o o o o o 0 o o o 
Eftetgy ftom h쩌mκ‘영~.“ ••••••.•.. o o o o o o o 0 o o 
TotaJ nIW m빼삐삐 @찌puts ............. o o o o o o o o o o 

Praclu야。utp벼. 

z FOraSIrY ar얘 fIS~ π。ducts. etc. ............................... o 0 o o o o o o o o 
3 E_cpower. “훌m.hat_ ........... 0 o 0 o o 0 o o 0 o 
4 Gas ....... … ......... ………… ... …· o o 0 o o o 0 o 0 o 
6 Coe~prodκts of coel mlnlng ....... …‘ 0 o 0 0 o o o o 0 o 
a Cruda 빼. nelunol gas … ......• ‘·… · … ..... … ........ o o o o o o 0 o o o 
9 Chemicalpr여ucts ~ncL 뻐clearfueQ ............... …- o o o o o o 0 0 o o 
10 RafIned P빼。l8um pr혀야톨 ‘ ...•....... o o o o 0 o o o o o 
18 lrDn and s1aeI ............ o o o o o o o o o o 
g Roed ... hlcles o 0 o o o o o o 0 o 
28 EIe야ical machlnery. 액비prnent and appllancas •• 0 4αm 0 0 o o o o 0 o 
58 I Ex1amalanvlronmenlal pratactlon sorvlcas …· o o o 0 o o o o 0 o 

TotaJ pracluct oulputs ............... o 4000 o 0 o o o o 0 o 

Wnte fo. Inclneratlon ........................... o o o o o o o o o o 

ueeful energy .................. 2849 40908 51‘19 24051 2219 12422 10381 72428 13493 11257 

En.rgyl088e8 ....... … ••..•• … •...••..••...••..••..••...••..•••.• 2437 38844 5198 18353 zα19 14195 20153 74452 10888 10807 

TotaJ 0빼puts. 5288 817양 10395 424여 4318 28817 30534 146880 24381 220어 

Inputs mlnus Outputs ‘ .............................. o o o o o o o o o o 
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Man Man 
。f leather. Man. of 。fwearing

and Iea1t‘’r tex1i1es apparel 
products. 
Iootwear 

35 36 37 

o o o 
o o o 
o o o 

o o 0 
954 20154 3071 
698 23548 1619 
29 3692 153 
o 698 o 
o o o 

2481 15551 5401 
o o o 
o o o 
o o o 
o o o 

4168 63643 10244 

o o 6 

o 0 o 

o o o 

4168 63643 10250 

o o o 
o o o 
o o o 

o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o 0 
o o o 
o o o 
o o o 

o o o 

2156 35147 5337 

2012 27896 4913 

4168 63643 10250 

o 0 0 

4 Physical input- (uses) und outpuι (supply) table 1990 for energy 
- Energy content in calorific value -

Terajoule 

Man Man Construd. Installation Whole 
。ffood Man. of 。ftobac∞ (excl and sale.πada. Retail trade Railway Water 

products beWirages products install. and buildlng etc .. transport transport. 
(exc’‘ bu뼈ung comple↑야>n recydlng κlJ1S 

beverages) ∞mpletion) 

36 39 40 41 42 43 44 45 46 

Inp야s (u •• s) 

o o o 0 o o o o o 
o o o o o o o o o 
0 o o o o o o o o 

o o o o o o o o o 
43658 7154 868 3102 241 21917 80877 29959 515 
65166 15582 668 1428 698 18407 40622 2317 o 

9851 1308 149 1042 779 780 849 735 o 
571 o o o o o o o o 

o o o o o o o o 0 
81542 24682 1218 114421 21011 132090 103549 24183 126 984 

o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

201006 48126 2901 179999 28129 173174 205691 57194 121419 

161 o 6 113 32 o o o o 

o o 0 o o o o o o 

o o o o o o o o o 

201173 48726 2907 180 17강 28761 173114 205691 57194 121479 

。utputs (suppiy) 

o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o 0 o o o o o o 
o o o o o 0 0 o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 
o o o o o o o o o 

o o 0 o o o o o o 

101469 22788 1378 25443 12110 62008 96385 9352 23179 

937여 25938 1529 154 729 16651 111 166 109312 48442 104300 

201 173 48 726 2907 180172 28761 173174 205697 57794 127479 

o o o o o o o o o 

115 

Post 매nsport I Ser. 
and No. 

telecommu. activ빼es 

nication n.8.ι 

47 48 

o o 
o o 
o o 

o o 2 
10344 10249 3 
1936 793 4 

175 o 8 
o o 8 
o 0 9 

13966 428446 10 
0 o 16 
o o 킹 

o 0 26 
o o 56 

26441 439468 

o o 

o o 
o o 

26441 439468 

0 o 
o o 
o o 

o o 2 
o o 3 
0 o 4 
0 o 8 
o o 8 
o o 9 
o o 10 
o o 16 
o o 23 
o o 26 
o o 56 
o o 

o o 

10905 82737 

15536 356 751 

26441 439 

o 0 



4 Physical input- (uses) und output- (supply) table 1990 for energy 
- Energy content in calorific value -

Teraj，때le 

Insurance 바nels Educal Health 。ther

Banklng (excl. social Renting of and rese앙d1’ and n‘arke‘ 
gαriIY raal esta1ø restaLl"8nts cuitural veterinary servlce 

kindsofma1øria1s runds) homesand services ar삐 markel activities’ 
hostels publlshlng SefVlC8 etc. 

activities 
49 50 51 52 53 54 55 

’npu18 (U8OS) 

Rawm찌r1alln뼈 l 
Raw materials for energy c하riers o o o o o o o 
Energy from hydro∞wer ...• o o o o o o o 
To1al raw ma1er1al Input •• ‘ o o o o o o o 

Proc!u야 Inp띠S 

2 Fores1ry a뼈 fishery 이。ducts， etc. ‘ 0 o o o o o o 
3 Eledric power, steem, hot wa1er 7512 3215 8881 25422 3780 4902 20530 
4 Gas ...•....•.• _ •..•.•...•••......•..•....................••.•.•..........•••.•. 4951 2063 o 9965 1385 1333 10570 
8 Coa~ α。duc1s ofc∞I mining … ............... -... o o o 682 o o 184 
8 Crudeα1， natural gas .... o o o o o o o 
9 Chernical p<여uds Øncl nuclear ruel) .. o o o o o o o 
10 Røfined petroleum α。duc1s 10463 5995 3103 29710 13495 19063 87351 
16 Imn and steel o o o o o o o 
23 Ræd vehicles o o o o o o o 
26 E농ctrical mad1inery, equipmenl and appliances o 0 o o o o o 
56 타temal environmental protection ServicE용 o o o o o o o 

To1al product Inputs …- 22926 11273 11984 65779 18640 25298 118636 

Waste for Incln.ratlon … ..•................•.•. o o o o o 8 o 

usefu’ energy (10 na1ure) • o o o o o o o 

En4rgylocc“ “。 na1ur.~......... o o o o o o o 

T o1al Input •..•••..••••. 22926 11273 11984 65n9 18640 25304 118636 

。‘rtp벼o (oupply) 

Rawma‘er1a1 。띠puts 
Rawn훌lerials f，여 energy carriers .. o o o o o o o 
Energy from hydro∞wer o o o o o o o 
To1al raw m허.r181 。에pU1s o o o o o o o 

Proc!uc‘ 。utp벼S 
2 Fαe혀'Y a，얘 fishery produc1s, elc. ‘ ................. … ....... o 0 o o o o o 
3 Eledric power, steam, hot wa1er o o o o o o o 
4 Gas.‘ 0 o o o 0 o o 
6 Coal. 이。duc1s of cæl minlng .............. o o o o 0 o o 
8 Crude 011, natural gas o o o o o o o 
9 Chernical prod“:ls Qnc’. nuclear ruel) .. o o o o o o o 
10 Refln혀 petroleum p<여uc1s • o o o o o o o 
16 1m" and s옵el … ........... ‘ ...................•.... o o o o o o o 
23 Rædveh‘뼈S o o o o o o o 
26 EIec1ricaI machlnery, equlpment and appllances o o o o o o o 
56 I External environmen1a1 p<otection sEIfVices o o o o o o o 

T olal product oulputs • 0 o o o o o o 

￥Vast. for Incln.ratlon …… ..... o o o o o o o 

useful energy. 13309 6645 5099 37n5 9445 10495 44 984 

Energy losses ............................. …· … ........... … ......... 9617 4628 6885 28 ∞4 9195 14809 73672 

To1al 。띠puts 22926 11273 11984 65n9 18640 25304 118636 

Inputa mlnus Outputs … ........ … o 0 o o o o o 

116 

Extemal Cen1ra1 
environ. and Iocal 
merrtal govemment 

pro1ødion 
SefVIceS 

56 57 

o o 
o o 
o o 

o o 
5443 107941 
6 영8 127257 

384 7358 
3 80 
o o 

20 여8 118909 
o o 
0 o 
0 o 
0 o 

32196 361525 

57 518 32 

o o 

o o 

89714 361557 

o o 
o o 
0 o 

o o 
o o 
0 o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 

o o 

10243 203709 

79471 157846 

89714 361557 

o o 



4 Physical input- (uses) und 이φut- (supply) table 1990 for energy 
- Energy content in calorific value -

TerajαJle 

Ser. 
N。T。톨l 

mateR홉01 

inpU1S 

Rest oftha 
WOrId 

T。어Is 

Housa­
hOId can­
sum뼈n 

aCIIVilIaS 

ToIaIs 
Social 

sacurity 
funda 

71 70 69 62 61 60 58 

36518061 
1494401 

3801246 

nu 

nu 

nu 

nv 

nu 

n” 

Inpuls (u‘ .. ) 
”u ”u 
”” 

nv 

nu 

nv 

nu 

Ru 

nv 

nu 

”” 
nu 

n” 
nu 

”u 

”u 
nu 

au 

au 

nu 

”u 

Inp에S(U .. s) 

”“ 
iu 

nu 

3651806 
149440 

38012쩌 

nv 

nu 

”u 

n” 
nu 

””‘ 

450301 2 
2077 3291 3 
20611881 4 
43136481 8 
53117451 8 
14289981 9 
801뻐 8871 10 

1655051 16 
이경 

이 28 
'ZT 5021 58 

214398101 

79 경5 

39244871 

69059791 

361507!iT 

3 'ZT4 
2478'껴 

39289 
'ZT3870 

46884 
o 

517839 
o 
o 
o 
o 

1129035 

o 
o 
o 

1129035 

1 
110453 
11932 
40433 
-5334 

o 
-71270 

8757 
o 
o 
o 

94972 

o 
3924487 

6905979 

10앓5438 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

3924487 

6905979 

10830486 

ng 

nu 

”u 
nu 

nu 

nu 

nv 

ng 

”u 
ng 

nu 

”u 

nv 

”u 

nu 

RU 

ng 

”v 
n‘ 
ng 

nv 

n‘ 
ng 

nv 

”u 
ng 

Au 

”v 

”v 

nv 

”” 
nu 

”” 
”v 
iu 

iu 

nu 

lu 

”u 
”u 
nu 

”u 
’u 
‘u 

Au 

av 

nu 

nu 

”” 
”u 
nu 

”u 
nu 

nu 

AV 

”u 
au 

nv 

nu 

nu 

nu 

nv 

”u 

AU 

1

갱
앓
챙
잃o
m
m
o
o
0
%
 

O 

O 

O 

없
 

m
”
쩌
걱
 

끼
8
 

% 

영
 

”u 
nu 

”u 
nu 

nu 

nu 

ag 

nu 

nu 

”u 
nu 

nu 

nu 

nu 

nu 

nu 

35015 
446810 
565758 
59300 

o 
o 

1 밀;0\ 324 
o 
o 
o 
o 

2984207 

o 
o 
o 

2984 207 

87.때 

1269187 
1444207 
3940045 
5270 195 
1428998 
3707974 

158748 
o 
O 

'ZT 502 
17251598 

79235 

o 
o 

21132077 

。
짧
。
。
。
쨌
。
。
。
。
뼈
 

얘
 O 

O 

뼈
 

o

짧
。
。
。
뼈
。
。
。
。
빼
 

。

。

。

짧
 

2 
3 
4 
8 
8 
g 
m 
“m 

경
 엉
 
% 

3651 
149 

38012. 

nv 

”u 
RU 

3651806 
149440 

3601248 

。u‘P에. (supply) 

3651808 
149440 

3601246 

”‘ 
”u 
nv 

”” 
”u 
nu 

”” 
”u 
n“ 

”” 
iu 

nu 

Au 

nu 

”u 

”” 
”u 
”u 
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5 Air emissions 1990 

Aif emissions 

Ser. VolaWe 
Nr. Carbon Carbon- Nitr。￥n Sulphur 

Particulate 
Nitrogen 

。or띠ganoc Methene 
dioxide monoxide 。xides dioxide dioxide 

∞mpour녕S (대J 
。lher Total 

(CO,.) (CO) (NO,) (50,.) 
matter (N,o) 

Or텅씨 (VOC) 

1000 t 

1 Agriculture •••••• … ...•. _._ .•... _ .......•........... _ .. _ ..... _ .. _ ........ … ... 31503 106 104 8 88 56 28 1510 o 33403 
2 Forestry and fishing etc ................... “ ..... …._.. …-_ •. 2324 6 3 2 o o 1 o 。 2336 
3 EIeClricity, steam, hot water supply ....................................... 266 041 43 328 324 21 3 6 6 o 266769 
4 Gas supply .......... … .. _._ ..... _ .• _ ..... _ ..... …… · … •. _ ............ - 452 1 1 o 。 o o 1‘l2 o 637 
5 Water supply ................. …… .. _ .. -… •........ _.. “ ‘ ._ ........ _ ....• 117 1 1 o o o o o o 119 
6 Coal m ining ... … .....•. … _ .. _._ •. _ ..... _ ..... -.. _._ ..... _. __ ._ ......... _. 5963 36 19 21 106 o 6 1122 3 7276 
7 。ther mining (excl. coal, σude petml., 뼈t. gas) .............. ‘ 822 o 1 1 1 o o o o 826 
8 Extract. 01 crude pe뼈농um， naturalgas .............. ….". 1 063 o 1 20 o o o 47 o 1132 
9 Man. 이 chemical pr며l잉s (incl. nιlearfueQ ..... … .. _ .... 22429 23 47 88 9 n 56 2 2005 24738 
10 Man. 01 refined 야tmleum pmduClS ........... …·……-_.-- …-… 13263 6 24 87 o 198 3 5 13588 
11 Man. 01 plastic pmdι:ts ........ … .... … .... _ ............ - … - 1590 2 3 2 o o o o o 1598 
12 Man. 01 rubber pr여ucts .......................................................... 974 1 2 2 o o o o o 979 
13 Quarr. 01 stones a. clays, man. 01 building a. constr..... … .•.. 17149 1‘;e 90 18 m 1 11 2 4 17459 
14 Man. 01 ceramic pmducts ........ …._ .. _._ .. _._ .• _._ .. -•• _._ ..... _ ... 1226 3 4 o o o 1 o 16 1251 
15 Man. 01 glass and 9lass pmch잉S._ •• ___ …--.• …-.. -…- … ... _. 4191 7 31 25 4 o 2 o 22 4282 
16 Man. of iron ar얘 잉eel. .................................................. … 46998 921 35 56 64 2 6 3 3584 51669 
17 Man. 01 non-Ierr. metals. semifin. pmducts thereof.. ...... … .. _. 3141 111 5 12 5 o o o o 3274 
18 Man.olfou뼈ry pr∞uCIS .... …._ ..... _ .•... _._ .. _ .. _ .............. … .... 2721 70 2 3 8 o 2 o 2 2808 
19 Man. 01 drawing plants pmd .• cold mRing mills etc. .......... 1682 2 3 1 o o o o 315 2003 
m Man. 이 structural metal pmduCls. mlling stock. ................ 923 6 3 1 o o 1 o 578 1512 
21 Man.olma‘:hinery and equipment (excl. eleCl꺼cal) ....... … ... - 4046 28 15 4 1 o 5 o 226 4326 
a Man. 01 offoce machinery autom. data pmcess. eq씨pment... 169 o o o o o o 2 192 
23 Man. 01 mad vehic농s. … ...... - ……-................... … … ....... -... 4038 19 10 3 o o 3 o 322 4397 
24 Bui닝l때 。1 ships. boats a. floating struClures ......... … … .... 144 1 o o o o o o 430 575 
25 Man. 01 aircrafl and spacecrafl .......................... … ....... … ...... 188 o o o o o o 139 328 
26 Man.ole농Clrical machir훌ry equipment and appliances ........ 3311 a 11 4 1 o 4 o 50 3404 
27 Man. 01 precis. and optical instrum .• clocks a. watches ...... … 407 4 2 o o o 1 o 2 416 
28 Man.olt∞Is and finished metal pmducts .. … .............. … ....... 1917 8 4 2 o o 1 o 56 1990 
29 Man.ofmusκal instrum .. games a. toys. sport goods etc ..... 171 2 1 o o o o o 3 1n 
30 Man.olw。여 ............ _ .... … ... _. “ .... - ‘ … ........... …-------. 1785 5 3 3 o o 1 o 1 1799 
31 Man. 01 wood pmduCIS..... ‘ -... … ..•. … ..... … ............. -... 2144 19 13 2 1 o 4 o 30 2214 
32 Man. 01 pulp. paper and paperα'"여 •••••••• _.... … … ....... _ •.. 7463 7 10 24 5 o 5 1 o 7515 
33 Man. 01 paper and paperboa며 pmd뼈s ........ … ...... -..... _._. 1165 4 3 2 o o 1 o 24 1198 
34 Prinling and duplicating ....... … .• _ ......... _._ ..... _ .. _.…… - … .... 743 5 3 o o o 1 o 70 822 
35 Man. 01 lealher and leather pmduCIs, Iootwear ...... ‘ 216 2 1 1 o o o o o 219 
36 Man. ollextiles ............................................... …… ..... --.... … ... 2818 5 5 7 o o 1 o o 28잃 

37 Man. 01 wearing app하el ........ ‘ _.... … ... … ..... -_ .. --.... _ .. 483 5 2 1 o o 1 o o 492 
38 Man. 이lood pmdu∞ (excl. ∞vera양s) ........................ … ..... 10564 29 36 a 10 o 23 1 o 10686 
39 Man. 01 beverages … .. _ •....... _ ..... _ ..... - …… .....•. …"-"'-'- 2793 9 19 4 1 o 6 o o 2833 
40 Man.oftobac∞ pmduCIS ............ …‘._ .. -.. … .......... … ....... 131 o o o o o o o 132 
41 Construct. (excl. install. and build. completion) … ._--- … ..... 5334 75 61 5 4 o 18 1 5 5502 
42 Ins‘al힘lion and building. completion .............. … ..................... 2076 42 16 2 1 o 417 o 287 2841 
43 Wholesale lrade. elc .. recycling ..... ‘ ...... … ............... …._ .. 10679 104 129 10 9 o 30 1 o 10962 
44 Retail trade .............................................................................. 9869 141 65 7 3 o 26 2 o 10113 
45 Ra“ay lransport ... …… ......... ………_ ... …·… .......................... - 1966 9 24 2 2 o 5 o 3 2010 
46 Watertransport, pαts .................. … ......... - 8985 15 34 3 3 o 8 o 115 9164 
47 Post and lelecommunication .............................................. … 1155 9 7 1 1 o 3 o o 1 175 
48 T ransport aClivi“i!$ n.e.c ..• _ •• _ ....................... ___ ..• … .... … .... ‘ 33099 153 307 20 21 1 59 2 o 33 661 
49 Banking ... … ..... … .... - … … ................................... 1044 10 3 o o 2 o o 1060 
50 Insurance (ex디.s。∞I security funds) ... 554 5 1 o o o 1 o o 561 
51 Renting of reale slate ................ 218 o o o o o o o o 219 
52 Hotels and restaurants. homes and hostels 2776 24 6 2 o o 3 o 1794 4607 
53 Educat.. research. cultural services ar얘 publishing ... 1058 13 3 1 o o 2 o o 1078 
54 Heafth a. veterinary markel service aClivaies ................ … ..•. - 1453 28 6 o o 4 o o 1493 
55 。ther market service activities. etc ..................................... _ •. 6869 194 47 4 o 31 2 o 7147 
56 Extemal environmental pmtedion services ._ .... 12257 15 9 7 3 o o 1407 1 13700 
57 Canlral and local 명vemment ......... _ ........ _ .. … .......... … .. _.‘ 11436 44 38 12 1 1 8 1 o 11538 
58 Social security funds........................ … 463 8 4 o o o 2 o o 4n 
59 Private non-prof~ institutions. private househ .... 2356 13 5 2 o o 2 o o 2379 

60 Totals .............. … .... …… .......... … .. _ .................... _ ..... _ ............ - 562939 2588 1614 832 399 143 997 43∞ 10096 603 903 

61 H。‘JSehold consumplion aClivities ................................. …._ .. 194 910 4461 603 98 33 5 605 97 6741 207752 

62 Tota’5 .. n7849 7049 2417 930 432 148 1602 4397 16837 811655 

1) Weighling faCIors: CO 2 = 1, N20 = 320 띠ldCH‘ =24.5 

2) Weighting faClors: 50 2 = 1 und N。‘ =0.7 

118 



Air emissions 1990 5 

”ι
 
”“ 

…“ 
m 
m 

뎌
 띠
 때
 
”” 

”” 
”“ 

떠
 인
 떠
 대
 윈
 때
 띠
 띠
 띠
 뼈
 
m 
M 
m 
m 

떠
 띠
 띠
 
m 
M 
M 
”“ 

이
 띠
 
m 
% 

띠
 대
 
m 
m 

대
 떠
 뻐
 
m 
m 
M 

잉
 뼈
 띠
 
m 
m 

떠
 띠
 
M 
M 
% 
M 

띠
 띠
 재
 

?t 

%
5

짧
1
1
%
2

낀
잉
뻐4
3
%
4
M
m
∞
댄
4
3
3

념
O
m
o
1
π
2
5
1
6

”

E
4
2
1
”
2

”
”
”1
%
m
m없
앤
낀
6

짧
3
1
0
7
3
5
$
M

잃
3
6
 

짧
 

잃
떠
없M
M
때
띠
띠
되
M
띠
m
앤
띠
띠
쉰
떠
떠M
떠
띠
m
M
m
M
M
M띠
M
잉
따
때
띠
띠
띠
떠
띠η
떠
m
때
띠
”ι
”
M
m
m
뼈
띠
띠
M
떠
띠
M
m
M
뎌
떠
떠
 *m 

10∞ t 

86351 
2345 

267104 
4921 

119 
33513 

831 
2230 

47132 
13478 

1606 
985 

17400 
1239 
4236 

47646 
3178 
2759 
1698 

933 
4090 

191 
4081 

146 
190 

3347 
412 

1936 
173 

1799 
2165 
7547 
1178 

751 
219 

2850 
488 

10681 
2821 

133 
5400 
2105 

10800 
9990 
1987 
9012 
1167 

33417 
1055 

560 
220 

2806 
1069 
1472 
6978 

46730 
11670 

469 
2378 

734187 

% 

’I 

시
 떠
 없
 
m 
m 

때
 띠
 
m 
”” 

η
 
M 
m 

강
 띠
 따
 없
 떠
 떠
 띠
 
M 

따
 띠
 따
 
m 
M 
M 
띠
 따
 
m 

띠
 떠
 때
 
m 
m 
m 

떠
 
m 

떠
 떠
 
M 
U 

떠
 
““ 
”“ 
”“ ” 
띠
 시
 
m 
m 
m 

야
 띠
 띠
 
@ 
n 
M 
m 

떠
 μ
 

119 

252 

100.0 

660 

2622 

21.3 

100.0 

198868 

933055 

25.6 

100.0 



Beirat Umweltökonomische Gesamtrechnungen 

Anhang: Statuten 

1. Satzung des Beirats 

S 1 Aufgaben des Beirates 
Der Beirat soll den Bundesminister fiir Umwelt, Naturschutz und Reaktorsicherheit ehrenamtlich in allen Fragen, 
die im Zusammenhang mit der Umweltökonomischen Gesamσechnung stehen, wissenschaftlich beraten. Der 
Beirat wird diese Aufgabe zun갚chst fiir drei ].때re übemehmen. Der Bundesminister fiir Umwelt, Naturschutz 
und Reaktorsicherheit wird unter Berücksichtigung der Vorschläge des Beirats rechtzeitig über eine 
Verlängerung des Mandats entscheiden. 

~ 2 Zusammensetzung des Beirats 
Der Beirat besteht aus Wissenschaftlern, die grundsätz1ich Hochschullehrer mit besonderen Fachkenntnissen auf 
den für die Ausarbeitung der UGR relevanten Gebieten sein sol1en, 50wie aus jeweils einem vom 
Bundesminister fiir Wirtschaft und vom Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit 
entsandten Mitarbeiter. Die zahl der Mitglieder sol1 15 nicht übersteigen. Mitarbeiter des Statistischen 
Bundesamtes und des Umweltbundesamtes nehmen ohne Stimmrecht an den Beratungen teil. 

~ 3 'Berufung und Abberufi끄19 der Mit밍ieder des Beirates 
Die Mit링ieder werden vom Bundesminister fiir Umwe1t, Naturschutz und Reaktorsicherheit berufen bzw. 
abberufen. Er wird dabei Vorschläge des Beirats berücksichtigen. 

~ 4 Begleitkreis 
Dem Beirat wird ein Begleitkreis mit beratender Funk:디on zugeordnet, der aus sachkundigen Vertretl얹n 
gese11schaftlicher und wirtschaftlicher Gruppen mit besonderem Bezug zur Umwe1tökonomischen 
Gesamσechnung besteht Die Zahl der Mitglieder 5011 15 nicht übersteigen. 
Die Mitglieder des Begleitkreises werden vom Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit 
berufen bzw. abberufen. Erwird dabei Vorschläge des Beirats berücksichtigen. 

~ 5 Vorsitz im Beirat 
Der Beirat bestellt aus seiner Mitte einen Vorsitzenden und einen ste11vertretenden Vorsitzenden. Der 
Vorsitzende des Beirates ist auch fiir die Zuladung des Begleitkreises zuständig und leitet die gemeinsamen 
Sitzungen von Beirat und Begleitkreis. 

~ 6 Beratungen des Beirats 
Der Beirat kann 갱 seinen Sitzungen G짧e und Sachverst없ldige einladen. 
Der Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit versieht den Beirat mit den 긴표 
sachdienlichen Behandlung seiner Beratungsgegenstände erforderlichen Informationen. 
Der Beirat tagt mindestens einmal im ].하π mit dem Begleitkreis. 

~ 7 Gutachterliche Auß하ungen des Beirats 
Die Ergebnisse seiner Beratungen teilt der Beirat dem Bundesminister fiir Umwe1t, Naturschutz und 
Reaktorsicherheit in Form gutachterlicher Außerungen mit 
Wird eine Mehrauffassung im Beirat nicht oder nicht in allen Punkten er깅리1， so sol1en in der gutachterlichen 
Außerung die unterschiedlichen Meinungen 없rgelegt werden. Eine Minderheit kann ihre abweichende 
Auffassung in einem Minderheitsgutachten 긴Jlll Ausdruck bringen. 
Die gutachtlichen Außerungen des Beirats sind grundsätz1ich zu veröffentlichen. Den Zeitpunkt bestimmt der 
Bundesminister fiir Umwelt, Naturschutz und Reaktorsicherheit; die Veröffentlichung sol1 in der Regel nicht 
später alS 찌er Monate nach der 디bergabe an den Bundesminister für Umwelt, Naturschutz und Reaktorsicherheit 
vorgenommen werden. Vor Abgabe eines jeden Gutachtens wird der Beirat den Begleitkreis anhören. Es liegt im 
Ermessen des Bεirates， inwieweit er die Ste11ungnal1men und Anregungen in sεine gutachterlichen Außerungen 
einfließen läßt. 

~ 8 Verpf1ichtung 긴lT Verschwiegenheit 



Die Mit양.eider des Beirats und des Be밍eitkrei않shaben 파:>er die 뼈없 zur Verfiigung gestellten Informationen 
Verschwiegenheit zu bewahren. D따패er 피naus 의nd sie verpflichtet, den Gege따tand der Beratungen sowie die 
gutachtlichen A뻐하ungen des Beirats vertraulich zu be뼈nde1n， es sei d없n， 없ß der Bundesminister für Umwelt, 
Naturschutz und Reaktorsicherheit die Verschwiegenheitspflicht au:fhebt. 
Die Mit앙ieder werden bei ihrer Ben퍼mg auf die gewisse따afteE폐llung der in Absatz 1 bezeichneten 뻐icht 
d따chl싫ndsch1ag verpflichtet. 

~ 9 Sekretariat des BeÌI없S 

Das Sekretariat des Beirats wird beiIn Statistischen Bundesamt eingerichtet. 

~ 10 In1a짧σeten 
Diese Satzung 밍lt mit Wirkung vom 1. Jan뻐r 1993. 

gez. Professor Dr. K1aus Tõp뚫r 

Bundesminister fùr Umwelt, Naturschutz und Reaktorsicherheit 



2. Mitglieder des Begleitkreises 

Dr. Thomas Becker *) 
BemdHeins 
Prof. Dr. Rudi Kurz 
Helmut Röscheisen 

Dr. Peter Pascher**) 
Reiner Meister 
Dr. Annin Roc뼈olz 

Prof. Dr.Dr. Gerd Wegener 
UdoWe퍼 

Bundesverband der Deutschen Ind따tsrie e. V. 

IG Chemie-Papier-Keramik 
Bund :fiir Umwelt und Naturschutz Deutschland 
Deutscher Naturschutzring 
Deutscher Bauemverband e. V. 

Deutscher Gewerkscha且sbund
Deutscher Industrie- und Handelstag 
Arbeitsgemeinschaft Deutscher Waldbesitzer 
World Wildlife Found Deutschland 

*) Nachfolger von Dr. Markus Racke **) Mitglied seit 1995 

Prof. Dr. Dietrich Dickertmann 
Vorsitzender 
Prof. Dr. Paul Klemmer 
Stellvertretender Vorsitzender 
Prof. Dr. Dieter Cansier 
Prof. Dr. Ulrich Hampicke 
Prof. Dr. Siegfried Heiler 
Prof. Dr. Joachim Klaus 
Pr，마 Dr. Jürgen Kromp뼈rdt 

Dr. Eberhard K Seüert*) 

Prof. Dr. Hans-Ulrich Zabel 
Prof. Dr. Horst Zimmennann 

Reg.Dr. Thomas Stratenwerth **) 

MinR Alfred Walter**) 
RR’n z. A. Christa Ratte 

MinRL.Wilhelm Weber 
Dr. Werner Schulz 

3. 

S떠ndiger Vertreter: Dr. Andreas Burger 
Abt. P떠s.Osw외d Angennann 
Reg.Dir. Walter Radermacher 
Reg.Dir.Dr. Carsten Staluner 

*) ~ Mitglied seit 9. Mai 1994 **) 

Mitglieder des Beirats 

Universität Trier 

Rheinisch-Westfålisches Institut :fiir 
Wirtscha효sforschung， Essen 
Universität Tübingen 
Universität Gesamthochschule Kassel 
Universität Konstanz 
Universität Nürnberg 
Technische Universität Berlin 
Wuppert외 Institut :fiir Klima, Umwelt und Ener밍e GmbH, 
Wupperta1 
Universität H외le 
Universität Marburg 
Bundesministerium :fiir Umwelt, Naturschutz und 
Reaktorsicherheit 

Bundesministerium :fiir Umwelt, Naturschutz und Reaktorsi­
cherheit 
Bundesministerium 파 Wirtschaft 
Umweltbundesamt, Berlin 

Statistisches Bundesamt 
Statistisches Bundesamt 
Statistisches Bundesamt 

Mitglied bis Ende Mai 1995 ***) Mitglied seit Anfang Juni 1995 
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1. Summary 

The project’sobjeαive is to construct the series oftables for the 하1꺼ronrnental protection 앓penditure 

account of the Europ않n Syst없1 for the Collection of E∞iflOrnÏC Infonnation on the Environrnent 

(SERIEE) for Gennany for the 1995 reporting year. The :findings and concepts used in the Federal 

Statistical 0田ce’5 1996 SERIEE Report for Gennanyl 셈찌썩쩡 }’ear 1991) pro찌ded the general 

framework for drawing up the various SERIEE tables, ha꺼ng been updated or expanded where 

necess따y. 

The starting point are the existing data on 없1vironrnental prote다ion expenl며ture in Gennany, many of 

which ∞me from the stock (?ffix，εd ι’αpital account for 없1vironrnental proteαion. These must gradually 

be transposed into the SERIEE core tables B "Production of Ch따acteri양ic Services", in order that, 

building on those tables, Tables A ’'National Expen바ture" and C "Financing ofEnvironrnental 

Protection" can be compiled. In order to ob없in SERIEE results for Germany as a whole, the first step 

was to extend the exi뾰ng stock (?f~차εd capital account for 없1vironrnenta1 protection to the new L따1der. 

This was done in three 앙ages; first, fOr Ihe General Government iη the new Länder an adequate 

inventory of gross assets for environrnental protection at the 없1d of 1990 was estimated by analogy with 

the existing structure ofthejìx강d assel accounts jòr former Germα씬’- π1e second 앙age \vα3’ 10 liηkthat 

inventory to new base data from the primary surveys of environrnental 양atistics and 없σapolate 납1em 

forthenew 돼nder. Finally, the blocks of res띠ts of the fixed assets account for the old and new L따1der 

were combined into figures for Gennany as a whole. 

This provided us with the most important benchmark figures for the SERIEE tables ofthe production of 

characteristic services, such as capital formation, consumption of fixed ιC젠)Íf，α1， current material 

expenditure and 5없표co앙s. 

The tables themselves were ∞mpiled in particu1ar from a di짧r하1tiated evaluation of the :financial 

앙atistics of public-sector budgets, the environrne따al protection fixed assets ac∞unt and a third new 

data source not included in the old SERIEE Report, the 앙ati앙ics of the annual :financial statem히1ts of 

public enterprises. This enabled data on privatised state operations (public utili따5) and other private­

sector forms of business organisation in which the State has a majori양 holding, to be inc1uded for the 

first time in the tables for water m없뻐gement and protection and waste management, which are the 

domin없1t environrn얹1tal domains in terms of quantity. 

In addition to this m며or innovation, the following expansions or ch없1ges were made to the previous 

report: 

1 M. Kuhn and U. La뻐하， Ansätze zur Implementierung von SERIEE in Deutsch1and [Approaches to the 
Implementation of SER正E in Germany], E따O앙atR앓앓rchPr이ect， Wiesbaden 1996. 
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In the general government sector, monetary information on the protection ofbiodiversity and 

landscape, environm없lta1 research and the omnibus item "Other en찌ronmenta1 protection a'띠vities" 

JS no낀 감7 αdditfηn sho>J-'l1 to the domains water management and prote다lon 때d wastem따Iagement. 

Both the production tables B and table types A ''National Expenditure" and C "Financing of 

Environmental Protection" are now shown for all five en꺼ronmenta1 domains. 

However, we must also mention certain limitations ofthe present SERIEE tables for 1995 as compared 

to the scope of environmenta1 protection required to be shown by the SERIEE Handbook: 

In Manufacturing Industry, no information is available for the CEP A categories "Protection of soil 

and groundwater" and ’'Protection of biodiversity and 1없ldscape". 

Information on expenditure for connected and adapted ("c1ean") products proved unobtainable. 

• 1t was not possible to show the value of subsidies in the form of cheap loans for environmenta1 

protectlOn purposes. 

The tables do not show purely private disposal firms in the waste and waste water sector or 

enterprises in Manufacturing Industry 0많ring environmental protection services as a secondary 

activity. They contain only data from those private disposal enterprises in which the state holds more 

than 50% ofthe capita1. An initial comparison with various 앙atistics and association data on sales 

suggests that, in water management and protection at 1않양， these account for a large p따t ofthe 

characteristic seπices provided in Germ없ly. In the waste domain, on the other hand, there still seems 

to be an appreciable under-recording. 

In all, National Expenditure on Characteristic Services in Germany in 1995 amounted to approx. DM 

100 billion, with water management and protection taking 50%, followed by waste management (30%) 

and other environmenta1 pr아ection activities (1 8%); on the basis ofthe p피naη7 양atistical definitions, 

the latter inc1ude noise abatement and ambient air protection measures taken by manu훨cturing industry. 

πle present SERIEE tables therefore cover the m며orpaπ of characteristic services in Germany. There 

are, however, still significant gaps, especially in the coverage of private dispos려 ent뼈다sesin the waste 

sector. 

Our experience in compiling the various ηpes of SERIEE tables and the problems encountered show 

that a thorou방1 knowledge of the SERIEE approach and its accounting rules, if possible combined with 

a knowledge ofthe ESA, is necessary in order to arrive at national tables conforming to SERIEE. 

Compiling the tables is also f'(쉰?강. time-consuming. In the light of this, it is doubtful whether there is 

any point in future in presenting SERIEE-based EurostaνOECD questionn밍res on environmenta1 

protection expen며ture to primary statisticians direct without providing them with further explanatory 
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notes 없ld "national accounts know-how". Consideration should be given to further str，않mliningthe 

existing SER正E tahfes and at the same 파ne simpli당ingthem. 

2. Introduction 

πle project’s objective is to construct the series of tables for the environmental protection expenditure 

account ofthe European System forthe Collection ofEconomic Information on the Environment 

(SER正E) for Germany for the reporting year 1995. The starting point is Germany’se잉sting benchmark 

figures on environmental protection expenditure, which must gradually be integrated into the 

corresponding SERIEE tables. At the same time, any gaps and shortcomings must be identified and, 

where possible, made good by plausible estimates or else possible solutions out1ined. This work draws 

on the methodological and empiric혀 approach of an 않rlier pr이ect 2 for Eurostat, in which the first ever 

SERIEE tables were compiled for the year 1991, albeit only for the former West Germany. The 

procedure developed at the time for transposing the SERIEE approach now seπes as a general 

framework for the present task. 

By way of introduction, Section 3 out1ines the data currently available in Germany on environmental 

protection exp앉lditure and the surveys that will be newly added or amended starting from the reporting 

year 1996. As with the earlier project, the results ofthe fixed assets account for environmental 

protection are the starting point. However, since the objective is now SERIEE tables for Germany as a 

whole for the reporting year 1995, we must first have an expanded capital account taking in the new 

Länder. Most of the necessary work for this has in the meantime been compl하ed. Section 4 describes in 

d앉ail the steps taken to obtain a capital account for Germany. It deals in particular with the problems of 

"calcula디ng the environmεntal protectíon assets ofthe former GDRγ Section 5 describes the stages in 

the work leading to the SERIEE tables for Germany. It begins by referring to the most important 

limitations of the data and the changes as compared to the earlier Eurostat project. π꾀s is followed by a 

description of how we arrive at 단le SERIEE core tables A-C. 

To conc1ude, there is a brief descriptíon ofthe fin며ngs， followed by a summary and a review of the 

steps necessary to implement the SERIEE scheme oftables in full. 

2 M. Kuhn 때d U. Lauber, Ansätze zur Implementierung von SERIEE in Deutschland [Approaches to the 
Implementation of SERIEE in Germany], Eurostat Research Project, Wiesbaden 1996. 
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3. Present and future data provision on environmental protection expen이:ture， ∞앙sand :fixed 

assets in Germ없ly -∞mparison with the SERIEE ∞ncept 

Most monetary indicators rela디ng to environmenta1 protection in Germany that are suitable for further 

processing accorl버ng to the SERIEE ∞ncept either ∞me dire따ly from the environmenta1 protection 

:fixed ass앙sacωunt or are derived from it. Starting from 1975, the macroeconomic expen벼ture， co양S 

and gross :fixed ass않s forthe 얹lvironm없lta1 protection domains waste m따lagement， water management 

and protection, ambient air protection 없ld noise abatement are obtained for the former West Germany. 

Corresponding time series are avai1able for the sectors of Manufacturing Industry and for Genera1 

Govermnent. The data on consumption of :fixed capitaf necessary for the exp없lditure concept are 

calculated directly in the :fixed assets account. This is at the same time a1so the basis for determining 

curr，얹lt εxpen며ture (as the sum of intermediate consumption and 안aff∞앙s). While, in the case of 

g하lera1 govermnent, :figures are avai1able from the :financia1 양ati앙ics of public authorities, there are no 

such primary statistica1 data for Manufacturing Industry. wh얹1 constructing the :fixed ass않s account 

for environmenta1 protection, the approach of obta피피g current exp없lditure from the running ∞앙S 

according to various cost types as percentages of gross :fixed economic and environmenta1 assets was 

developed. The two most important sources of statistica1 information for the :fixed assets account are the 

뻐nu외 survey of capi없1 expenditure for 하lvironm많lta1 protec다onin Manu옮.cturing Industry and the 

financia1 앙a다stics ofpublic authorities. Since 1991, both series of양a디stics have a1so pro꺼ded data 

from the new 1쩌nder. In order to arrive at :figures for the wh이e of Germany by the SERIEE approach, 

theen찌ronmenta1 capita1 account must :first be extended to the new L획nder. On1y when this has been 

done do we have the basic data required for completing the SERIEE tables for Germany as a whole. 

The steps required for extending the capita1 account are described in detail in Chapter 4. 

While the capita1 ac∞unt raw data of relevance for the period 1975 to 1995. inc1uding the subsection 

for the New Länder 1991-1995, were based on the two sets ofstatistics ref농rred to above, which in the 

period in que양ion were largely unc뼈ng려， 앙따ting with reportiηg)강Clr 1996 a large number of changes 

wi!l hε made to the data structure and new sources introduced, which have to be in∞rporated iη the 

n강ar‘생lIure into the environm없lta1 protection fLxed assets account for Germany as a whole. The main 

r않son for this is the revision of the En띠ronmenta1 Statistics Act 써 i9까， as a result of which new 

fin버ngs conceming environmenta1 protection measures and expen며ture 떠11 be available for the first 

time for the reporting year 1996. In this context, new or amended data can be expected in four areas: 

• The survey of capita1 expenditure for environmenta1 protection purposes in M뻐U꿇.cturing Indmπry 

now a1so asks for expenditures for nature conservation 뻐d soil decontamination. This means that the 
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correspon버ngh앓.dings of the SERIEE CEP A classi:fication can be filled in for the first time. Un1ike 

the old survey, expen며ture for integrated measures is no longer asked for. 

Cuπ없texpen빼ue (양affco앙s， material costs, consumption of :fixed ass앉s， etc.) is now for 삼le first 

파ne sought from the 없lterprises and units of manu훨.cturing industry direct. The reporting circle is 

the same as for the capital expenditure survey. 

While the previous surveys were 떠l ∞ncemed with the d없nand side of environmen없1 protec디on 

activities, new 양atistics of "g∞ds and services for environmental protection" are geared to the 

supply side. Basica11y, they ask about sales of goods and services for environmental protection 

purposes by units in Manufacturing Industry 없ld in the service 따ldg'않leral government sectors. This 

does no1, however, include sales by units such as disposal enterprises connected with govemment 

functions or 앙atutory responsibilities. This restriction imposed by the legislator makes it much more 

difficult to obtain the fullest possible 양atistic혀 picture of private-sector disposal. 

Another new suπ'ey is the statistics of the "br않kd。、;vn of capital expenditure for ∞，vironmental 

protection", in which investorsin 앙i찌ronmental protection are asked about the goods, structural 

works and services going. into the investments actually made. 

The 없tended scopeof the investment survey and the data on the stru따ure of goods involved in 

environm없1없1 protection 앓pital formation are particularly important for updating the en찌ronmental 

prote따ion fixed assets account. Compared with the conceptual and empirica1 requirements of the 

SERIEE 하lvironmental protection expenditure account it becomes clear, however, that even when the 

new data successively available since 1996 are included, it will not be possible simply to trans옮rthe 

figures into SERIEE core tables. Since SERIEE is closely related conceptually to ESA 95, national 

accounts principles, concepts and ac∞unting rules are, so far as possible, applied; for example, output 

째lues are required instead of environmental protection expenditure. The 없lvironmental protection 

expenditure data currently available are ofuse primarily only for the SERIEE presentation of 

"Production of characteristic services (core table B)". Neither Table A "National Expenditure by 

components and by users/beneficiaries" nor, especially, core Table C "Financing ofnational expenditure 

for environmental protection" can be completed using the existing data direct. A large number of 

additional evaluations and estimates are necess없y. These are discussed in detail in Sectiori 5. 
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4. Ext해sion of the environme뼈1 protection fixed assets account to the New Länder 

4.1. Principles and basic structure ofthe 없밟ng capital account - specifications for the New 

Länder 

The environmental protection fixed ass앙s account developed in the mid 1980s shows the repr여ucible 

fixed assets, i.e. the inventory of durable, reproducible m않ns of production used entirely or 

predominantly for environm없:ta1 pr아.ection purposes. Dep앉1ding on the basic 양atistics， it distinguishes 

between the environmental domains waste disposa1, water management and protection, noise abatement 

and protection of ambient air. The Gennan environmental assets account uses the perpetua1 inventory 

method. According to this method, the inv'∞tory of fixed ass앉s is calculated by cumulation of the 

additions, that is the 없:vironmental protection investments of previous y않rs， ha찌ng regard to the 

specific working lif농 of the fixed assets goods. π1e 양art띠g point is therefore time series of 

environmental protection investm없rts in curr얹1t prices reac비ng 옮r back into the past, and these are 

price-a며usted by divi벼ng them into categories of goods and applying specific price indices. The 

inventory of reproducible fixed assets at ∞nstant prices is then calculated from the capital formation 

series in constant prices. The figure below represents the ca1culation sequence. πle s없ne sequence is 

followed for every economic and environmental domain inc1uded. 
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Figure 1: Calculation ofExpenditure and Fixed Assets for Environmental Protection for 
Manufacturing Industry and General Government 

빼
 
빼
 

찌
 
m 빠

빠
 
때
 

e 

잉
 P 

때
 앉
 

w 
n 

E 
i 

Fixed assets for 
environmental protection 

Current environmental 
protection expenditure in 
Manufacturing Industry in 

constant p꺼ces 

Consumption of fixed 
capital for environmental 

protection in constant 
pnces 

Current environmental 
protection expenditureby 
General Government in 

constant prices 

Current environmental 
protection expenditure in 
Manufacturing Industry in 

current prices 

Consumption of fixed 
capi업 I for environmental 

prices 

Expenditure on environmental protection by Manufacturing Industry and General Government at current prices 

E꽉갚] Initial data 

Source: Federal Statistical 0田ce， Fachserie 19 Reihe 6, Umweltökononùsche Gesamtrechnungen­
Ausgaben und An1월evermögen rur Umweltschutz [Environrnenta1 Econonùc Accounts - Expenditure 
and Fixed Assets for Environrnenta1 Protection] p. 7, Wiesbaden 1997. 

Wesh려1 not at this point describe the various stages in the calculation of the existing assets aιιημηtin 

detail, but simply list the associated essential conditions and data characteristics which arε relevant for 

constructing and choosing the method for the capital account for the new L삶lder3 : 

3 A detailed description of the :fixed assets account for environmental protection is given in the publica디onby 
Ryll, A. and Sch짧r， D.: Bausteine fiir eine monetäre Umweltberichterstattung [B띠lding blocks for monet때 
environmental reporting], in: Zeitschrift fiir Umweltpolitik und Umweltrecht No. 2/1 986. A SUll1ffiary may be 
found in the general and methodological notes to the corresponding Fachserie 19, Reihe 6 "Ausgaben und 
Anlagevermögen fiir Umweltschutz" published by the Federal Statistical Office, 1997 edition. 
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Identica1 data sources for capital formation in environmental protection from 1991 for 

Manuj떠따uring Industry and Genera1 Government, i.e. any environmental prote따ion domains of 

particular sign퍼cance for the new Länder, such as c1않피ng up contaminated sites, can no longer be 

∞nsidered separately. 

No independent information on the comm여ity stru다ure of capital expεnditure on environmental 

protection for the New Länder, i.e. both the structure ofthe goods by acti꺼양 and environmental 

domain and the respective assumptions about working life are the same. It is therefore possible to 

adopt the s따ne procedure as for the former West Germ없1y unch하19ed. 

The running costs as a proportion of gross fixed ass많s from the existing ac‘;ount are used t。

determine current expenditure. 

Since there are no si맹ificantdi많rences between the capital account p없밍neters independent of the 

pure level of capital expenditure for the former West Germ없1y and the New Länder, or there is 

insuf五cient information in the matter, the basic structure ofthe existing account for the former West 

Germany can be carried over. 

Despite this transferability, however, we cannot simply ca1culate for the whole of Germany 이rect as 

from 1991. F or reasons of cont앙1t， in P따디cular the need to incorporate the ex낀생젠 s찌ck 끼껴xed 

Cf.깎iwi ofthe GDR in 1990, we first need to construct a separate account for the New Länder for the 

period 1991 to 1995. The two sub-accounts are then linked. From repυrπng year 1996 there will then 

be only one uniform capital account for Germany as a whole. 

4 .2 Calculation ofthe 1990 existing inventory, the 91-95 inventory for the New Länder and results 

for the whole of Germany 

The staπing point for the capital account for Germany is the 뼈sting srock 까쉰et.l ιt센faí in 1990 in 

the former GDR. The former GDR'’s existing environmental protection assets must be recordεdand 

given a monetary value (in DM) before the figures can be projected, in a second step, together with the 

capital goods for environmental protection purposes newly acquired since 1991. π1e merger of the 

accounts for the old and new Länder planned for 1996, however, presupposes approximately similar 

c1assificational structures, i.e. the existing inventory must be determinεd separately for Manufacturing 

Industry and General Government for thε four environmental protεction dom따ns. Buildings and capital 

equipment must also be considered separately if at all possible. 

The General Government portion of 갱ublic environmental protection assεts in the New Länder in 

1990" was e앙imated by an e었ernal research institute as paπ of a research pr이ect on environm∞tal 
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economic accounting 4. At this point we shall mention only the main 앞ages in the work for determining 

the existing inv않ltOry， since the details can be found in Section 5 ofthe publication in question 5. 

Because there were two projects on simi1ar subjects and in particular because of the close institutiona1 

link with loca1 authorities and associations of 10cal authorities, the German Institute for Urbanistics 

(DIFU) was charged with this 따sk. 

By 없lalogy with the existing capital account, the starting point was to try to determine series for local 

authority capital expenditure relating to environmental protection for the territory ofthe New Länder 

exten며ng far back into the past. Obviously, the investigation concentrated on the domains ofwater 

management and protection (sewerage and purification plan성) and waste disposal. Expenditure on noise 

abatement and ambient air protection is of minor importance for General Government. In a step-by-step 

analytica1 process, the DIFU tried to bring together adequate data on capital formation in the waste 

water and waste domain for the periods before 1913, 1913-1945 and the time after 1945. Ap없tfrom 

series on capital expen며ture， there was also a need for plausible information about the working life of 

the capital goods in question, local authority capital expenditures had to be clearly divided between the 

domains water management and protection and waste disposal, and the problem of converting GDR 

marks into DM had to be resolved. Ifthere were appreciable problems in determining the key indicators 

ofthefìxcd 찌'SCIS aCCOl쩌 t in the former West Germany for the period prior to 1957, the gaps in the 

data for the N ew L없lder were many times greater. 

’뻐 the interim, it must be said that the approach of determining earlier capital formation in 

environmental protection in the territory ofthe New Länder as long time series from the various sources 

of information available does not yie1d any satisfactory results. ,,6 

As an alternative, the D IFU tried to estimate the 1990 fixed assets in the general govemment waste and 

waste water domain directly by means of a physical quantity structure (ir'1)’enroi}) and prices for each 

type of goods; basically, this method is only a kind ofpre1iminary to the accumulation method. Ifthe 

existing inVIεntory is to be incorporated in the present calculation mode1 and then updated, it is in fact 

absolutely essential to conveπ the assets he1d in 1990 into capital formation series again, together with 

assumptio 

4 Reidenbach, M.: Unweltschutzausgaben und Umweltschutzvennögen des ö많nt1ichen Bereichs in den neuen 
Bundesländem [Public seαor environmental protection expenditure and environmental protection assets in the 
new Länder], Volume 3 ofthe series Beiträge zu den Umwe1tökonomischen Gesamtrechnungen [Contributions 
to Environmenta1 Economic Accounts], Wiesbaden 1998. 
5 ibid, p. 58 ff. 
6 From: ibid, p. 72. 
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the unification process. This source had the crucial disadvantage that the op해ing balances were not 

req띠red to show the assets broken do빼 into water supply and disposal, which meant that the 

environmenta11y relevant p따t ∞uld not be iden뼈ed. 

Since the value ofthe fixed ass하S ∞uld not be deten피ned directly, the DIFU began by recording the 

waste and waste water disposal facilities physically (e.g. in metres ofpipes), then arriving at a monetary 

value based on es디matedpricεs for in며.vidualg∞ds or categories of goods (DM per metre ofpipe). The 

result was then the gross :fixed assets held at the 없ld of 1990 in 1991 prices. For the dominant domain 

ofwater management and protection, this gave gross fixed assets ofDM 29.4 bi11ion, with on1y DM 1.2 

b i11ion for waste disposal. The DIFU was unable to id얹ltify any significant ambient air protection or 

noise abatement measures, and a symbolic figure (DM 1 million and 5 million respectively) was 빼ken 

for the record. In 려1， the gross fixed assets for General Govemment environmenta1 protection in the 

New Länder were thus put at DM 30.6 bi1lion in 1990 (for comparison, the corresponding figure for the 

fonner West Genn없ly was around DM 242 b피ion). 

If these values are to be updated 없ld subsequent1y integrated into the existing capi없1 ac∞unt， the gross 

1990 position so obtain려 must be linked with corresponding capi없1 exp없diture series for 않rlier yl않rs. 

”πús time di양ribution may be produced by ∞mbining the infonnation about the age structure or the 

t。없1 capi없1 fonnation made in the past … πús method gives the a따뻐1 age structure more or less 

acc따ately， iffew ifany replacement inVI엉tments have been made in the past. This is likely to be true of 

theGDR. .. ’까 As the above figures show, if investments are distributed according to the age structure 

for water management and protection alone, that is basica11y sufficient. The F ederal Statistical 0田ce

thengradu려1y constructed a capita1 account -- in line with the structure for the fonner West Gennany 

asset-r account- from the DIFU infonnation on the gross inventory and age structure and the capita1 

expenditure series derived from them. After a number of "trial runs" in which the computational 

P없강neters of the capi없1 account were varied, we were able to calculate approximately the same results 

as the 1990 gross inventories given by the DIFU in constant prices. 

Now that we have a 1990 initial inventory for waste disposal and water management and protection in 

the General Government sector, obtained as it were from a "reverse-modelled" fixed ass하s account, the 

next step is to continue the account to the year 1995 for 싫1 four environmenta1 protection domains. 

While the current values can more or less be appended to the 1950-1990 or 1970-1990 capita1 

fonnation series obtained in the trial runs for the blocks 해ater management and protection" and 혜aste 

disposal", for the en찌.ronmenta1 domains "noise abat않lent" and "ambient air protection" the capita1 

account does not begin until 1991. πle assumptions regarding asset structure and working life in the 

fonner West Gennany are taken for 허1dom없ns. 

7 From: ibid, p. 74. 
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The :fin외 step is then to include specia1 retir없nents from the e았rapolated 1990 GDR inventories for the 

years 1991 and 1992 in order to take account of early retirements and closures. The method chosen for 

this follows the normal national accounts procedure for the macroeconomic capital account. 

The following special retirements were calculated on the basis ofDIFU Institute estimates: 

• Water management and protection: For purification plants, specia1 r，앉irement from gross fixed assets 

of 15% forpl없1t and buildings equally, i.e. 7.5% speci떠 retirement for each of 1991 and 1992. For 

sewerage systems 5% speci머 retirement only for buildings evenly distributed over 1991 and 1992. 

• Waste: For plant specia1 retirement from gross fixed assets of21 % distributed over 1991 and 1992. 

For the second subsector: "En띠ronmental protection assets of Manufacturing Industry", it proved 

impossible to obtain a plausible va1ue for the GDlt’s existing inventory in 1990. In this case, there were 

neither usable statistica1 information for estimating an inventory, as used in the two DIFU m않hods 

described, nor expert fin이ngs from research institutes, and the initial inventory had therefore to be set at 

o. There were no doubt still some minor environment-specific assets in selected branches of 

Manu훨.cturing Industry in 1990, but in view ofthe collapse ofthe existing industries and associated 

structuraI change, most ofthese "residua1s" would have had to be recorded as specia1 retirements in 

subsequent years. 8 

Since an existing inventory could not be estimated for 1990, unlike the Genera1 Government seαorthe 

capital account consists of only one ca1culation module, which takes equa1 account of 려1 four 

environmental protection domains for the Y'않rs 1991 to 1995. As with the Genera1 Government section, 

here, too, there are no specific assumptions or information on the asset structure or working life for the 

New Länder. Both the general sequence ofthe programme stages (see Figure 1) and the programme 

structure within the individual steps in the calculation were largely tak:en over from the existing account. 

In order then to arrive at results for Germany as a whole for the period 1991 to 1995, the two sub­

accounts for the Former West Germany and the New Länder must be linked together. Since, as 

described above, the method and par없neters ofthe two capital accounts are largely identical, the 

simplest method of linking 삼1없1 can be chosen, namely simply ad이ng the fina1 results or indicators of 

the capital account. These comprise the following data or accounting procedures: 

Gross inventory at 양aπ ofyear + capita1 expenditure - retirements = gross inventory at end ofyear, and 

Net inventory at start of year + capital expenditure - consumption of fixed capital = net inventory at end 

ofyear. 

8 Forex뻐1ple， the DIW assumed that about two thirds of떠1 the :fixed assets present in 1991 would have to be 
scrapped by 1995. See Görzig, B., Auslastung des Produktionspotentials weiterhin aufhohem Niveau 
[Utilization of production capacity 앙파 high], in: DIW-Wochenberichte, vol. 61, p. 61 , 1994. 
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The :figure below again summarises the path described above to obtain the environmental fixed ass앙S 

for Gennany for 1995. 

Module 

11. 

III. 

IV. 

V. 

Figure 2: Calculation modules for the environmental fi:xed assets account 

GENERAL GOVERNMENT 
Waste Water Noise Air 

Existing stock GDR 1990 DM 
billion from DIFU (in P=91) 

Capital formation series 50 - 90 

1.2 29.6 0 0 

+ 
Additions 91 - 95 

Waste Water Noise Air 

Extension of New calculation 
existing inventories 
- special retirements 

Inventory offixed assets 
New Lãnder 91 - 95 

Inventory offixed assets 
Former West Germany 91 - 95 

--
Inventory offixed assets 

Germany 91 - 95 

Manufacturing Industry 
Waste Water Noise Air 

Existing 섰ockGDR 1990 DM billion 
(in P = 91) 

0 0 0 0 

+ 
Additions 91 - 95 

Waste Water Noise Air 

New calculations for all domains 

--
Inventory offixed assets 

New Länder 91 - 95 

Inventory offixed assets 
Former West Germany 91 - 95 

Inventory offixed assets 
Germany 91 - 95 

Overall, we get the following picture of gross :fixed assets for the fonner West Gennany 없ld the New 

L칭nder in 1995. 
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Table 1: Gross fu:ed assets for environmental protection, Germany, 1995 

in million DM 

Total Manufacturing Industry General Governrnent 

Environmental New 
FonnerWG New Länder FonnerWG NewL합nder FonnerWG 

prote따ion domains L힐nder 

Wastem없tag얹lent 31910 2870 10400 530 21510 2350 

Water managem얹1t 
321170 44510 31680 4460 289500 40060 

and protection 

Noise abatement 10750 360 5780 250 4970 

Protection of ambient 
59690 5820 59290 5760 400 

arr 

5. SERIEE environmental prote띠on expenditure account for Gennany, reporting year 1995 

5.1 Basic structure and scope, and changes as compared to the estimates in the 1996 SERIEE 

Repoπ (reporting y'않r 1991) 

As 싫ready noted in the introduction, the work on compiling the SERIEE tables follows c10sely the 

sequence used in the old SERIEE pr，이ect.Accor버ngly， the B Tables on production were compiled first. 

These fonn the basis for ca1culating the table 양pes A and C. Two ofthe present three main sources of 

data for table ηpe B were a1ready used before, namely the environmental protection fixed ass많S 

account described above and the financia1 statistics of public authorities. The latter were again 

eva1uated in a detailed c1assification in order to present the corresponding environment-related monetary 

flows b앙ween'뼈 various levels of Genera1 Government (옮deral government, L삶1der， municip외ities 

하ld specia1-purpose agencies) and a1so with other branches ofthe economy (where recorded). πlÎs 

information was required in particular for SERIEE level C "Financing". The third import없1t andnew 

source of data is the "statistics ofthe 때nùal financia1 statements ofpublic enterprises". These provide 

important key quantities concerning production, capital formation and exp없1diture for environmentaI 

protection for the increasingly important branch ofpublic disposal enterprises9, which are no longer 

9 The public utility form of enterprises in e.g. water management and protection now covers 44% ofthe 
supplied popu1ation in Germany. There are now hardly any government enterprises, which still operate within 
the genera1 governrnent budget, in the new Länder. For details, see: Bäumer, A., Lohaus, J.: Stand und 
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posted in the 양ate budgets and are therefore missing from the statistics of the 때nua1 accounting results 

ofpublic authorities. We therefore now have available for the first time information about so-ca1led 

public utilities [Eigenbetriebe] and other types of private-law disposa1 cαnpanies， provided the state 

holds more than 50% oftheir capital. These enterprises are shown in the tables in the "Public-sector 

enterprises" column. 

The present SERIEE tables for 1995 fa11 short of the scope of environmental protec디on required by the 

SER正E handbook in the follo'WÌDg respeαs: 

There is no information on the CEP A categories 갱rotection of soil and groundwater" and 

"protection of biodiversity 없ld landscape" in Manufacturing Industry. 

1t was not possible to obtain any information about expenditure on ∞nnected 따ld adapted products. 

1t was not possible to show the amounts of subsidies in the form of cheap loans for environmental 

protectlon purposes. 

Completely private waste and waste water disposa1 enterprises and enterprises in M때ufacturing 

Industry that 0많r environmental protection services as a secondary activity are not shown in the 

tables. They contain only data on disposa1 enterprises in which the state has a stake of over 50% in 

the capital. An initia1 cαnparison with various statistics and association data on sa1es indicators 

suggests that, in water management and protection at least, these cover a m며orp없t ofthe 

characteristic services offered in Germany. In waste, however, there sti1l seems to be appreciable 

under-recording. 

πle first two reservations a1ready applied for the 1991 SERIEE assessment. However, apaπ from the 

inclusion of public-sector disposal enterprises, the following expansions or changes were made as 

compared to the scope of the old report: 

In addi!fo꺼 10 the domains of water management and protection 뻐d waste management, monetaη 

information on protection ofbi어lversrη and landscape, environmental research and the blanket 

heaφng "other en피ronmental protection a따i찌ties" is now a1so shown for the General Government 

se따or. All the data are taken from the public :finance 앙ati앙ics. In the environmental field, its 

classification according to :functions of General Government tallies, with some reservations, with the 

corresponding categories of the SERIEE CEP A classification. 

The tables for "Other environmental protection activities" are an exception. In the column "non-

specl머ised producers in Manufacturing Industry" they contain only the data on noise abatement and 

protection of ambient air, which are not shown as a separate environmental domain. The reason for 

this is that there is no separately identifiable information for these domains in the genera1 government 

Finan깅erung der Abwasserentsorgung [State and financing ofwaste water disposal] in: Schriftenreihe der 
Abwassertechnischen VereÍIúgung (A:π')， No. 08, Hennef 1997. 
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sector; instead, most ofthe values are inc1uded in the results for "other environmenta1 protection 

activities". Overall, measures for the protection of ambient 밍r by enterprises of Manu펴다unng 

Industry predominate here in volume terms. Their results can be c1early identified in the 

corresponding tables. 

• Both the production tables B and the table types A ’'National e째많lditure" and C "Financing of 

environmental protection" are now shown for all five environmental domains referred to. 

5.2 Estimate ofthe production of characteristic services 

The general conceptual assumptions and the empirical 안eps derived from them for compiling the B 

tables were, after scrutiny, taken over from the old SERIEE report, and so they are not described in any 

more detail here (see section 4 ofthe 1996 Report). The data for the newenvironmental domaÏns, which 

are found on1y for General Government, were obtained and recorded using the same procedure as for the 

water management and protection and the waste management tables. However, since no sales worth 

mentioning are made in the protection of biodiversity and landscape, environmental rεsearch or other 

environmenta1 activities, the respe따ive outputs were calculated by adding production costs. 

In the case of specialised producers in water management and protection and waste management, a 

distinction is made, as described above, between purely 앙ate-owned operations and public-sector 

enterprises. Because of the 파피ted amount of data, the only parameters available for the latter are 

intermediate consumption, compensation of employees, consumption of fi'(ed capital, tota1 output and 

capital formation (investment). There are no data on taxes on production or subsidies for cuπent use, 

and no information on investment grants and capital transf농rs in the capital transactions section. It was 

therefore impossible to complete the entries for net operating surplus and financing by producers. The 

lack ofthis information made it particularly difficult to compile the C tables on financing. In the case of 

output, there could be some double counting here, but it could not be further quantified owing to lack of 

information concerning financial interpenetration especially in the statistics of the 때nu머 financial 

statements of public enterprises, but also in the financial statistics. 

πle consumption of fixed capital shown for enterprises is taken from the statistics of annual financial 

statements, which are compiled from the balance sheets ofpublic-sector enterprises. They were 

therefore obtained by managerial or tax calculation. The consumption of fi'(ed capital of general 

government, on the other hand, was obtained by the perpetual inventory method according to national 

accounts criteria in connection with the fixed assets account, which means that it is based on the actual 

wor빼191if농 of the assets. It was not possible to correct the managerial depreciations in this direction, as 

a result of which the two parameters are not 않sily compared. 
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InM짜1ufacturing Industry, the characteristic services provided are by de:finition always an activity 

anci1lary to a different main production; the output according to the SERIEE ∞ncept is therefore 

obtained by ad며ng the corresponding production costs. As in the old repoπ， it was here, too, assumed 

that only a small proportion of such characteristic services is pro띠ded for other enterprises or sectors of 

activity. 까le federal German statistics contain no monetary data capable of quantifying these flows. 

5.3 Estimate ofNational Expenditure for Characteristic Services 

The main conceptual steps in moving from the produ띠on table B to Table A ''National Expenditure for 

Environmental Protection" was again taken from the old Report (see Section 5, 1996 Report). In 

simplified terms, the outputs have to be revalued, added to the gross :fixed capital formations, and the 

outputs distributed between the various buyers or user units. 

Most ofthe outputs obtained for special낀ed producers of General Government in water management 

and protection 때d waste services come from fees and charges. These are distributed among the 

respe따ive purchasers using data on the use of extemal environmental protection services from the 

monetary environmental input-output table for 1990 10, reconciled with the physical results ofthe 1995 

waste and waste water 앙ati안ics. It was possible at the same time to make a breakdown according to the 

categories Other Producers, subdi찌ded into non-specialised and non-characteristic producers, and 

Private households. No such information was obtainable for General Government as a collective 

consumer. 

The key obtained in this way was then 떠so used to distribute the output of public-sector enterprises. 

This was on the assumption that the structure of purchasers of services from a state-controlled 

enterprise is no di짧rent - or di많rs only insi，맹ificantly - from that of a privatised utiliη. 

The characteristic services produced by enterprises ofManufacturing Industry itself (for water 

management and protection, waste management, ambient air prote다ion and noise abatement) are all 

declared as acti피ties anci1lary to their market production 때d therefore recorded in Tables A as 

intermediate consumption. In the domain "Other environmental protection activities" they appear as a 

sigI피ficant value in the "Other producers/not spεcialised" column. The expenditure also sho、;vn here for 

other environmental protection activities produced exclusively by General Government units is 

10 See Kuhn, M.: Umwelt-Input-Ouφut Tabelle für Deutsch1and 1990, Ergebnisse eines Forschungspr ‘jektes 
für Eurostat [En찌Ionmenta1 Input-Output Table for GeIDlany 1990, Results of a Research Pr，매ect for Eurostat], 
DOK. ECO-IND/97/3 , Luxembourg 1997. 
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consumed by those units direct 없1d is therefore posted in the itern "General Governrnent as collective 

∞nsumer". The 않1vironment-related outputs for protection ofbiodiversi양 and 떠ndscapeand 

environmental res않rc뇨 ob없ined byad벼ng production ∞앙s， are treated in the same way and posted 

under General Governrnent as 벼rect consumer. 

5.4 Financing ofNational Exp응nditure for characteristic seπices 

The national expenditure by user obtained in Table A is not necessarily the s킹neu파ts as finance 

en'찌ronmenta1 protection to that amount. The data from Tables A and B are used to allocate the national 

expenditure for characteristic services to the financing units. Here, too, the reposting rules and 

approaches from the old Report were taken as a guide and updated where necessary. Basically, we find 

that those units that use characteristic services also finance them in most cases. 

π1ere were difficulties with public-sector enterprises since - as 외readym얹1tioned in 5.2 - a 10t of 

impoπ따 infonnation for de않rmining financial flows was lacking. In order to arrive at a comp1많e 

picture of the financing of national expenditure at 허1， a pragmatic solution was adopted. Since the 

construction ofTable A depends on the assumption that there are no m멍or 며짧rences in the structure 

of purchasers of services from 양ate-run 없1d privatised utilities, this assumption may also - with some 

reservations - be transferred to the financing 짧U따ures ofboth types of enterprise. By analogy with the 

procedure for table 양pe A, where the output of public-sector enterprises was broken down among users 

by means of the key for state utilities, the infonnation first obtained about the units financing pure1y 

state-sector disposal enterprises was converted into propoπions and those propoπions applied to public­

sector enterprises. The financing provided by the g'없1eral governrnent levels increases appreciab1y as a 

res띠1， but at the same time the va1ue shown for speci떠ised enterprises/producers is too small. 

However, the above assumption oftransf농:rability still needs to be underpinned, and ch없19ed if 

necess따y， by more extensive investigations and empirical data, and the tables for the financing ofthe 

domains water manag없n없1t and protection and waste manag없1ent are only provisional. 

In the other environmental domains (protection of biodiversity and landscape, environmenta1 research, 

other 없1vironmenta1 protection activities), the financing tables are much 않sier to compi1e, either 

because the General Governrnent levels also finance much environmenta1 protection expenditure direct 

or, as in the case of noise abatement and protection of ambi앉1t 따r， the enterprises pay for these services 

themse1ves. As mentioned at the be뺑피ng， information on 앙ate investment grants or soft loans to 

enterprises proved impossible to ob없in and was not therefore included in Table C. 
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6. Fúndings 

The output of characteristic seπices of General Government, public-sector enterprises and 

Manufa'따U마19 Industry ún Germany ún 1995 is shown ún summary form ún the following table. 

Table 2: Output of characteristic services in Germany in 1995 

Million DM 

Environmental domains 
Other 

enVlron-
Transactions mental 

pro아t않ectlOn Protection 
Water Waste acuVltles, ofbio-

manage- m없lage- úncl. diversity 
m하ltand ment protecuon and 
prote따lon ofambient landscape 

air and 
n01se 

abat앉lent 

1 Output of environmental 28460 27714 13647 624 
protection 

。fwhich:

General Government 13169 13604 1822 624 
Public-sector enterprises 7130 10253 0 0 
Manu옮cturing Indu안η 8162 3857 11825 0 

2 Gross fLXed capital formation 19441 5416 4264 357 
ofwhich: 

General Government 9826 1447 575 357 
Public-sector enterprises 6846 3229 0 0 
Manu:굶따uring Industry 2769 740 3689 0 

3 Revaluation and speci떠 transfers 23 -182 71 195 

4 National expenditure for 47925 32948 17982 1176 
environmental protection 

~관깅十 3) 

Environ-
mental 

research 
and 

develop-
ment 

68 

68 
0 
0 

6 

6 
0 
0 

0 

74 

Before goúng únto the figures ún detail, attention must be drawn to the limits to the depiction of 

environmental protection describ려 ún section 5.2. Most importantly, we lack en찌ronmental protection 

Total 

705131 

29287 
173831 
23844 

29484 

10075 
7198 

108 

100106 

activities ún the service sector and ún particular the purely private disposal enterprises 외ready mentioned. 

22/27 



Overall, however, it can be assumed that the above grand tota1 of approx. DM 100 billion ∞vers most 

natioI펴lexp앉lditure for 얹lvironmenta1 protection with the exception of waste m뻐ag없lent. 

As in 1991, expenditure for water management and protection predominates with nearly 50%, followed 

by waste management with around 30% and other environmenta1 prote따ion activities (18%). The latter 

are clearly dominated by expenditure by Manufai따따ing Industry on measures to protect 따nbient 없r， 

which is no longer shown separately. Protection ofbiodiversity and landscape and εnvironmenta1 

res앓rch inp따ticular are of only subordinate importance overall. 

The outputs of the General Government levels and public-sector enterprises are divided almost equally 

betwe얹1 water manag없1∞rt and protection and waste manag하nent， while the protection of ambi얹lt 없r， 

noise abat，없1없ltand wa않r management and prote따ion predominate in Manufacturing Indusσy. Water 

management and protection measures naturally have the greatest weight in capita1 exp얹lditure in the 

general government sector. They are about seven times hi힐lerth없1 in the waste sector. The position 

with public enterprises is di짧rent， with waste managem없lt accounting for a much greater propoπion of 

capita1 formation. πle shift in responsibility from 양ate-owned utilities to public utilities and private-

sector enterprises is s않n clearly here. In the remaining 없lvironmenta1 dom떠ns - protection of 

bi여iversity and 없ndscape， environmental research and other activities, not including protection of 

ambient air and noise abatement - capital formation is made by General Government 떠one， at 1，않st 

according to our appraisal of the 0:田cial 앙atistics included in the 뻐alysis. 

We shall now briefly describe the most important results ofTables A, B and C, which are given in the 

Annex for each ofthe five environmental protection domains. 

Table B for water manag없n없lt and protection shows a total ouφut ofDM 28 .4 billion, with the G없leral 

Governm없lt sector showing a negative net operating surplus ofDM 212 million. The old report, too, 

showed a negative net operating surplus here (albeit a hi방ler one), go띠g briefly into the possible causes 

(see section 6, 1996 Repoπ). πle significant decline in the negative surplus may be related to the shift 

in responsibilities to public-sector 얹lterprises. Since their operating surplus 띠nn야 óeshm• 'l1, however, 

the explanation remains open. 

In waste management, on the other 뼈nd， the local authorities (Gemeinden) have a positive operating 

surplus, and, in accordance with SERIEE rules, no net operating surplus was shown here for the L허nder， 

since the output was arrived at by ad버ng the production costs. When analysing capita1 transactions, it is 

striking that in water manag없lent and prote따ion exactly one half of the capital formation of General 

Government units is subsidised, while the corresponding proportion in waste management is only 21 %. 

It must at this point a뿔in be 없nphasised that such information is not available for public-sector 

enterprises. 
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Table A on National Expenditure shows, in the case ofwater man쩡따lent and protection, that Private 

Households ac∞unt for the greatest proportion of purchases of characteristic services provided by 

specialised producers (DM 12.1 billion), followed by the business sector with around DM 6 b피lon. 

Producers with their own puri:fication plants but 외so making use of 양ate services paid DM 9.5 b퍼ion. 

General Government as a colle따lve ∞nsumer pays only around DM 500 million. Adding the gross 

capI없1 formation for water management and protection (DM 19.4 billion) and the sum of specmc 

transfers (DM 250 million), we arrive at the grand total ofnearly DM 50 b퍼lon. 

In the case ofwaste management, Other Producers pay around DM 15 billion, a끄d private housεholds 

pay DM 7.8 billion for waste management services. Non-specialised enterprises spend DM 4 .1 billion 

as intermediate consumption for their m머naαivity. Together with the DM 5 .4 billion :fixed capital 

formation 없ld the negligible specmc transfers and collective General Government consumption 

(together DM 0.4 billion), this gives a total expenditure for waste management services ofjust under 

DM 33 billion. 

In the other environmental protection domains, the producer of the service is normally 머so the one who 

makes the expenditure, and it must be remembered that expenditure on noise abatement and ambient air 

prote따ion bym따lUfact따ing enterprises accounts for a large proportion (80%) oftotal national 

expenditure for the three remaining environmental domains. 

The C Tables on financing in the Annex show the dominance ofthe business sector as funder in the 

important domains ofwater management and protection and waste management, financing 43% and 

61 % ofNationa1 Expenditure respe따ively. General Government follows with 28% ofwater 

management and protection and only 15 % of waste management. Private Households have a greater 

wel화1t here (23%). This must be qualified by pointing out the provisional nature ofthese :figures, since 

the assumptions about the :financial 앙ru다ure of the import없1t public-sector enterprises, described in 

section 5.4, are not empirically substantiated. In the remaining environmental domains, :financing is 

assumed by General Government, in line with i잉 determining role in the Production and National 

Expenditure accounts. Noise abatement and protec디on of ambient air, among other en찌ronmental 

protection activities, are exceptions to this, since they are financed by enterprises alone. 

7. Conc1usion and outlook 

π1e present SERIEE tables cover most of Germany’s characteristic seπlces. π1ere are still sigr뼈cant 

gaps, especially in the depiction of private disposal enterprises in the waste sector, presumably fewer in 

the water management and prote따iondom없n. In this respect, the possibilities for evaluating the 
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앙atistics of the 때nu려 financial 양at없lents of public 없terprises w퍼 baveto be fu펴1er improved in the 

future, or else ancillary characteristics iηclu짜d. in order to estirnate key turnover 없:ta for private 

disposal companies from more di짧rentiated information about the tumover indicators for the various 

legal forms, linked with the cootents of the tumover tax 얀atistics.Furtherimpor없nt data 00 private 

며sposalcomp때es， such as e.g. consumption of fixed capital, cμrrent exp강ndUure， etc. can probably 

be obtained only from the fixed capital account for environmental protectioo. However, for this it is 

absolutely esseotial tbat the capi따1 account be expanded or suppI없le뼈d to take in "private disposal 

comp때ies". πllS is pl때ned for the oear future. 

Thed앙머led evaluation of the 때nu려 accounting results of public authorities proved very frui빼1， 

despite the inadequacies in the scope of depictioo outlined above, but at the s없ne time it was the most 

labour-intensive p따t of compiling the SERIEE tables. The SERIEE requiremeot for cαnpatible results 

in the di많r없rt Geoeral Govemment levels in particular 앉ltailed a lot of extra work. Appropriately 

structured EXCEL worksheets were used in 없 따t앉lpt to read in the basic financial 앙ati앙ics 없때， 

which are available only at m려nframe level in the F ederal Sta디stical Office 11’ at EXCEL level and then 

evaluate it largely automatically for the B tables. πllS so 옮r promising route will certainly bave to be 

further developed and op디mised for future yl않rs if the work is to be organised efficie따ly. 

our experience in compiling the various 양pes of SERIEE tables and the problems encountered show 

tbat a thorou맹 knowledge of the SERIEE approach and its accounting rules, if possible combined with 

a knowledge of the ESA, is oecess따y in order to arrive at national tables confonning to SERIEE. 

Compiling the tables is also rather time-consunring. In the li양1t of this, it is doubtful whether there is 

any point in future in pres없1ting SERIEE-based EurostatlOECD questionnaires 00 environmeotal 

protection exp없1diture to primary statisticians direct without providing them with further explanatory 

ootes and "national accounts know-how". Consideration should be giv얹1 to further strearnlining the 

existing SERIEE tables and at 하1e same 파oesimpli행ngthem. 

11 A11 data sets are :filed 00 the BS2000 m떠nframe computer with the so-cal1ed STATIS-BUND programmiog 
language. 
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Annex 1: SERIEE tables for Germany by environmental domains, reporting year 1995 

26/27 



‘4nne..\: 

Tablesfor tltejòrmer West (ì'erma껴’ 

??? 

27/27 



Valuation of degradation 

D Cost.ba훌ed methods to derive macro.‘aggregates 

8.“)9 }\~tioIlS '?νhidl m.ay be tukll 1.1) prev상:nl errvin.mmcntal l.k.'teri‘>nlti‘}I\ ‘’r 10 ~l씬1장 
envir<Jnrnema.l q따lity ioc써，ck: 

(a) R엉illctìon ‘,)1: 01" 싫>steltt써fl fi'(un、 eeo’lomìc3C‘ivi잉t..~‘ 

(b) Subi--titu!Ì‘’n 값‘ th~ Cll,ltt:‘,n:l.les (t!‘ ~i}!t‘)mic actividξ$， 11m“ s t<.) Sìly‘ pf(l(.lUCti,“n ‘’>Í o성lCf 
협영않ζtsor. m때ifiιution oïh‘)Useh-센d C{).!lSumptiml p~상월π‘s; 

(c) Suh!itítutìon (11‘ 앙1C in pUlS (~f ec(ln。‘n:ìc :lctí yj히양; without modìfying thcìr ‘ruμ~()m\'-"S (1‘’utputs) 
byapplyi훤 envir영lmellta1 Pelli월1 techl10logkS; 

(d) A:;“vitìc~ to pr캉，，'1':111' t.'llviroument<ll ‘le!eno갱lÎl)11 얘‘h‘’ut tW,)dilying !he aCllvitks 
th앙I'l씻lvcs (fi.lr exampl'ξ ， end‘-of.pipe lochoolog.i앙:s}; 

Vo~")rbUf>6 dl'a.ft 8‘ 20 



(e)R셉orati‘’n of"합‘e 원에ro야mentandmc업un:s 셉없n to dimini$h thc cnvironmental im'행‘t!l of 
ec‘>n<\ßlI.C a띠$얘lies‘ 

8. μ {J Thc ‘*영한; o f" mcasuring t l:e 0‘:1St.<; 3.$liocìated with 않원e actj‘써0.$ wcrc <k:scribc:d ‘t! $cctHm B. 
였뼈 hen‘,Iì.ng Qf IIvQÎdu!lce 행영s Ct.lvm 1;없짜lU，회11 a;Jj짧n앓nt cQ$t1' (c잉!τe!:o"p\>:ndin용 t(l (~I). (b) aI녕 해 
aoove)an‘dabal갱않nt oosts (d).andt꿇 없dingofrest없non co합S CO\le1'S 씻‘ 11115 꿇ctionc。협.íders 
oow 해~ (:(IS!S, if in피m싫.Wσuld bξ 생flect~d in tfl(! macnJoo얹:‘lnolllic aggreg-dt었‘ ·뻐양 n‘엉뼈4 

*αl~C와:cd in the 1했3 싸mA. 앙wim샌앙‘en야d in 11 n'Umbc:r (lf ‘§싸1ttri~ $Î“‘:e ~bcn‘ r앙:lies on 홉n 
acc‘’lW1tin흘 P였썰:dnre c펴뼈 the “ma쩌ærutπC엉 야하‘’ 책lpt‘lllch. Otl1er c‘mntries 11m!양 없loptc야 an 
ah행la앙VC， modelling, appro훌ch to th양 웹estion， usual양 싫싫d “월옆쩌펴 야잉’@‘ny'’ mo웰값inξ.E깅ch. 
Qr‘kξ$c 1s ‘Jisι밀S없 .in 1um l!Cluw. 

1 The phllø:훨Ip하yofmalm훨umce costJng 

8.1 11 lncr없.sin앓.y morε a:l1d 11월re 책mia핑 íncurring n잉없1 cos잉 to mi섭웰tl，1 ‘heirím짧cts 011 th양 
enviro1\t찌e없， ξi‘ber 찌ii a reSl‘Jtof휠i、·하l1.menml1egìs'’a칭onor símplγ pr엉S않앙 잔om 션11} 짧neral public 
fav아.tringpro혜lιC앙 엎en !l) bc ‘힐얹n". 1'"Qr Cl앵mpie‘ 8111뻐 recent COP 6 n행생iatiolU iI1μ짧~ted，. 
corpornf뼈!l$， 、썩‘h or 11‘rith없i 설0\1'영11n훌JlI: intξn-entjon， 1Ire: 짜Id씨i incremlingi)' 요찌ny ini양써Yε:$ ín 
엉êucil1훌 C(확 emissiOtl$ cit.her .in antici썽ti‘ltl of future nu‘왜~ infCniξnti013. t.Q ‘mprov양 rhei1" ‘:maßξ or 
m 없I’i엎 r엉없l생정“lingp생훌lltìal훌. Tb얹@ 씌çtua! costs 잃:c ca핸lred in f앓 type ofa，생앙:lliidåcu'1앓‘i 
in ciU!pter V. 윈1c 'prC$cnt sc때Qn 15 concc:τ'1lcð with tlylng to evalμ앙앙 the e.Q:,"ts assocíafcd w‘th 
enviro염3rum!31 ‘.leg뼈IItion wh싫hisnot‘ nrn‘>t.yeι 생ing co상f뼈앙:d. 

s,l 12 The phi!QS9야1y of tbe m.Vule양lU;ξ c~ a:책'ro<JCh is lO try to 앓i빠ne what tbe"때강생1빠Ig 
enfnes would ha:v~ 뼈엠1 for !he !óat!le ievel 0‘. actÏ\.i!y if all the co었!'ó 1I!>"St윌ia:양‘I \\0;‘henvimnmξnf31 
형찢:da섭onhad 샌앙1 incurred <lnd intema‘1500 wìthin market 행C(:웅 πat is, jt ìs an att잉껴~ t() ptlt a 
、ra.lue (!잊 imviromnen짧 ,!lmk fu없101U whieh arc curl'l.'ntly 1m. As SlI짜‘ jtïsah~엠)thetic31 excτ'CÌse 
없ld l'hl)llld he int안pæfed as such rmher 없an. 3.:~ Í$ s얘netinw; pot1r.lyed, .1 ‘C(\'π:ectil)n" 10 the staudm:d 
뼈lional accounts. 'h\짧4. 、없ouslev엉15 ofa행뻐tme-nt 양nbc 싫culat생 dep앙ndillg on how rnuch or 
OOW Ji:야le dcgmdat뼈ds tobe 흙fnlitted u‘:tdcr ihe bYi잉:th없i쟁}sc없nri\l 3S ít is 없뾰앙.tneS ‘mre성istic 
to 1ISSUI1l(: 00 ‘iegrailill'iOIl at ul1 t31:($ placc and thí$ is 없않야양arγ 111 :any ca~ whcn there :\re n었ural 
3.'i써nillltíon procesl!e • .:; (‘:tw，‘u-k!。 싫윗K냈i 짜염ne ofthe emi~떠n없， 

없 13 Maint.양:na."1앙t ιo$t is $(1m.엉:titllC$ int엉Ipl'l.'tcd as a proxy iÏ>t thc 앙파i‘l(l of 쩌t 잉wÎrollment3l 
fUUClio얀!i whicb a::엉 IlW up‘ u앙derthls 썼l값 상§월ttnp‘io.n， nll‘lCIlfiug 상:1CCO였S “’ t!lI>l!e W“‘)ca“se ihe 
ooteriorilf떠n in the funcûol1 is j요 &앉O찌nnc~ wi!h ‘he potl없앤 빼'ß 함in상.ipl~ allð may S'J양ige있 iM. tevel 
atwhic:h m.aritet in:웹ume얀~ fi,r C(!&"t intel찌ali:;atio!l OOl‘Idbesel. 

8.114 Another p<융~ibílity is to regard maintenancc eOi‘ as a 'P1"Oxy for the 없vironrnental d앓11a없 
않u!lCd by εt.:U1lOmÎc 쇄하i vities durin앙 the accounting ~riad. This Ì$ b엉성힌셉 없c as‘rumpti(l야 ti떠1lhe 
v‘11\엉 01' the maiu:없없nt::e c없t 않PI'f)$ent$ 빠i앙 ‘짜·양ar 양nd lear'’ Qn !1m 앤w.iro.nment j u...<;t as ‘h~ 
CQn앙Ill'웰ltion of tixed capi압1 r뺑F쌓없 tbc 、뽕ar and tear 00 produc앙경 a였CtS. ar찌 like COßSUln뼈.;m I)f 
윈X앙dc짜i엄앙， sbould be deduc‘eιllrolll ODP ω l't!aCh 3. mea. .. ure of Itet don:였tic product i.)t incClnl.e. 

& ‘ 1 SUl1ðc.r cither !$ct.:narlo, m&.Ìntcnam:tl c~ts l"an be hdd μ，) proví& " ~napshl)t ()f.th~ imm얹Ji섭.t~ 
잉lIviroru‘~al impac앙 ‘’,f eco“‘’mic activity witrlout 영Itering ttκ· 앨싫m (lf llInd.e한 ìng. nll~ c1‘’ser lhe 
ξconomy 1(1; to t짧 dt$it쐐 ellvìro~'U없뼈 sm'l1없rd!i， th.e Sllt써빠‘ ah.e a책없nn얀nt and thε be없r tb.i~ 
않씌F았lQ!WiU 행. 
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2 빠easuring maln짧anceco앙S 

S.116 Tlte t993 SEE.A til"$t de합iεsm훌in양nalll.:e CQ$ts u tlU)$c that 찌!Oukl have be~-n in샤un'앉lifthc 
en:야ronme얀~hadbee.n ‘lsei’ i찌 펴Ieh a wnyas no1' to havc a:섭ëc.'IJ었1 i1-s:tilt갔f강 use-- ‘parl> 50). In f앓t， lhis 
pasit뻐n is $Olllcwhat modifiedj낌st a fe‘~pa~짧;、hs 141않r when the cakt!’하íon ()f maínte.뼈l1.CC cost i-s 
*‘c화bed 'În a m:mner para잉상 IA) tlle eOll!lum빼OU ()f fixe‘i 않pi셉. 꺼13t t$ O1aill않핍nce oost is set ro 
tb~ 생’ne ‘’f ‘않 C‘’SlS whieh '<\'ØUid hël~ I!.‘dto bc ittc빠빼 써 1앉1빼r ‘않 e11V‘rα였tne찌았얘 앙t홉었‘섰;icm 
1fuu ‘합r양m pnxlUctioll 합uJ CO앙했i뺑jQ에 P짜:‘üces ‘11 tht! y양rcau‘ξ강. Iftb앙 t!nvirontoont bad been in 
a per흉et SI:ate at tbe sutrt ()f 앉Vξ 안잉~r. 예옆ξ tWi> form섭iatlou'S WτlUJd co옆sp‘)tl.d. r( huwever. lhe 
oovìronment is alre.ady in뺏airedatthe 없rt of tlw year, thc t퍼‘i상 dcfit얘앙양n is ovcr장ated. 

8.111 '):‘'hí-s 짧crip성011 Maint-ennnc엉 C앙s;tìng is tbe (!염1y metbod 짧cribed ~'l l훨 .199.~ SEEA au떼 ín 
빼eSEBA 영lCf&tio잉01 fI않nual 파f derìving altcrnativc '(야lCfO-않onomic 88횡*훌atcs. In those IDéUluals 
‘neteml 짚DP is useå fur the c‘’%챙i ‘싫scrihcd hen: ll$ 강lt..1)f、 (envi!엉nmen:싫1ya야ju영:cd NDP)‘ 
Al‘hough 않 ‘lefinm없 뼈월1 ímpti짧 淑‘. 11() e:쩌V필):nn1e’빼lde웰adati‘1>11 is al1f)W'생 행영1 ‘l파g질 
mamtenune.e oost met싫없 m fact. it 얹ß Il않0 ‘)C applíoo to a gìven en、，irontnental 5t없ldal녕 whìchmay 
be leS5fhan 뼈rfecdyc.생.n. 

8.118 Tile díffcrent ways \)f COtnbatm8 de.앓raåat10tl ìn짱ly dif함앙，1t Cl>앓 and diffel\.'t!t accountin횡 
iatpacts fÌ3r t:aeb. 

&‘ 19 A“9없'tI.n~ ((>$13 ~ SUI없'IIr.1 ø횡앓없e1Ú op얘'ðt.ι Qnc e.싫mtl1e nligb‘ '00 to stop usi'n.월 
필상liscr. .. 훌ldpc싫d<k:$， wh‘.c.b 싸·‘ruWl짧i “) a :rt:‘lucti‘’n in inlern없liaU: COtlsumption but a gre없:cr 
rect:‘ø;:tìon in 빼ltr\rt， GDf' \\，OU씹 fher행)1e be lower thnn pn:yìow:‘'/. r~~r. ìfthc 않tilí~s 없uJ 
pcitic없cs 8l'C donæsti앙ally produced, there aro likely to '00 s짧O뼈 ro써i‘dcff，농cts further %혀.ucing GDP. 
An‘’‘hi.-r ‘?‘lssiblc r앙cat‘S of 없싫ci/lg er‘viromncnu\l àamage Í$ 10 CI엽nge 뻐tn environmcn1징’ly 
da.-nagin흉 produc‘s and teef힐lol앨ics “i 없강n: cnvi:n뾰nenta앙iybι~gn ones. Here me imp빠앙ton GDP 
will depend..in 합te κ\aÎn on 행e lεlcllÌ"\'e ,,-ost ‘’ftbe more beni윌‘ 빼빼ICt!i .1S α>.mpru:었} ","ith the rormer 
ones. 

8.1"20 .4.bøteme1Ú llffd I"e!빼øl'f1iion eøl>1녕. 검lese ‘10 t’‘>t Ìl\\I‘).J:ve ce혔lliO!1 or chllJlge in ac-ti얀ty bu.t 
enlbarki~ Otl 11ξw actÌ1:í.ty 10 eìtber klbì찮.tt짧 productíor. of pol1U!Îoo Qr to c1ean .it up oocξ 삽 Im.s 
따k~p싫e~. 

8.낌1 tn 웰1훌I성. the Ì1m않diate 짧e앙 ot' sn잉cn‘ral a4jlts힌nent costs leað t。 값cre써Sξsìn 섯DP whïle 
‘nuse t1αra뼈.æment and n:su>n야.ionc혀ÛI ‘앙adto 힐iιr양협C$. Restorati앙nco:>l$m“.'J arise from a v3l'iety 
야짧Ul0S， includìJlg natllral e‘t야샤‘ d‘’mes:혀.c coo.flomíc 3.Cti"iti~ ìll 1꿇 p;!‘허 oreα)lIomíc 찌ctÎ\litíes in 
otber COl,llluies. 꺼ley m.ay also be spr당doy앙t 양\'eral time periods íf actuaUy εarr.í생 센ut. AvoídaJlC(: 

C띤윈 rel\.'r to t합 웰selucmi엎i앙I홉 an녕 ω åum양tic ccon에lic a상i년.ty. {Eith앙r if llC앓ally C".1I많4 앙'ut 
may brin훌 bt.'1\C장t$ ìu lhe future‘) 

S‘ 122 1n preparing eslimnl'Cs of c‘)$ts. thc cboÌl..-e 01" ucti년ties lbT cakulatil1g thc ma뻐앙tancξ C<:영ts 
der.end~ on 1잉없íve CO!Its ìI생 efliciencies, timt is on best i1v.ait싫1e Icchn‘’logies. A:\'O빼:ru:e costs ‘’f 
i찌없ries shou1d tbus be ba했 01\ the most ef줬cìcat t쨌tbods tbrn‘;)t degrading thc en'im‘mment Ot' 힘r 
meetú휠 e.t'lvìronn-양ntat~얘lda엉s. Snch 하audru엉 settlng is tn línc ~엄thth엉 mαr장 prac:상때Ibl앙 awπ)llCheS 
‘"0 appff.)XIßllltìÜl:! 야>tímal m~，; rntC$ for c얹t in않rna‘i썩11ψtl (양C floh\bly n ll.umol alld Oa없 1971). 

4. Tbel생J Sl짧A 파edlheex~on ‘l'쩍:Þm:1l'iSiQn costs’ tØcøVCTCOS첼 월etO ßJlv:없m뼈”힘II druruigs: 
wbi잉hoo(ilOOf beξ-lI n:stored. 1n tms ma짜빠. s벼짜 힐osts *re ~t~d ‘mckr 뼈i“~한양Rd es!illlr.l.lesa~ 

described belo‘x‘ 
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R훨tom，섭on c(1앙S 없얹lù’ ‘3eC:쩌-efU:lly attn뻐없110 뻐1: cWTent emi3. .. ioo섯 tmdth앙 an빼따mted 엉li-ets (1f 
앙tI양&011$ 따~싫i휠ai ‘iurì‘19 t.be cuπ없ltatX‘’uniÍ1lg ‘’앙kld.Thi$ 눴 toc‘ISure dmt envíl양uucntal ~(얹S 
re:í￥rlo!뾰 CUtl얻언t W1?ar <it1d tt앙‘rof:없u월11 capit:‘I at벼 엔‘>t to pas.t et쐐TUl'.tt1상R않 셔강뭘faGltic.m‘ 

8.12.1 ln practi양t even the best.a:‘었iIable tec뼈101짧썼 a뺑ied to c떠엉.nt pr해uc앙행1 a.nd 
cons‘nnpti‘>np~앓esmuy 쩌αH11없ys bξ· 양lpt.\ble øi' $0짧ng all lhe emi생잉nsge얀er.tl!생 durin훌 tlw 
3CCOU찌i않뀔 썼:riod. The rerr-..ainin앙 없nissió얀swould h써앵 to 행 ‘'tolξrat없T’ m;th정:íf t장ml]‘I.Jl \\"(1‘’ld t형 
suh-<lptima! (owill융 to margin.al cost~ ~~εeeding 합cía1 엎alldal영s) Í1l sitnul311ξd mati{et~. It is oft얹i 
assUt쌓d 엉mtthεs-e 앙maining ~mi:앓ìons arc satèly absor합성 by the ~n"iromnent， or are withìl1 thc sεt 
S않g훌I펴s. lf tl1is is n(Jt a.cc.epìable, thc cost of llVαidín잃 빠c polluting actìvity 3tfo흙겹wι in ()헐erto 
1'I1eet “ 칠ven 생씩nda퍼‘ bai:ò mbξ t상ì\Tla않d. 

8.124 car앙 t압째‘ b상 lak염1 뼈‘ m 없앙 00111 avoi않mee and reslI.)f힐히Oll C핑ls ~앙hicb. re싫rt(l th영 앓me 
f:，llviro없11양runl ‘lêlm~‘:ge. !i‘I\lh a‘ re‘hlCi“양 acidi향in잃 야)l1ut핑I!S.야 .the $OOIζea잉d e<핵.ln!er얀cting the 
3Cidifyin훌 형굉C씬 ‘)f따isyear's 훌mi싫얘성 화11ilnin훌· 

3 Accounting ft어'maint.‘월1훌:ncø CO$t.'$ 

8.125 λ mainb앙야{않ce c앙핑 based n1casut，강 o:f enNDP 펴n he dC$Crihe‘1 as the i1lt엉npt III atlswer tlw 
quesμ〈’‘i

Wntl1 ~'<iu!d the ‘'o1l1e oj'J썼 짜tJe.ilic product bE' iJ’ hj핸QtJ샀!ticaJ c'mllirmmumtai .Wal뼈없τf.du:냥 
he‘~n 1IU?t μs성"!I Cl.lrrentc.킹i찌 짧åCU1γ견nt If!chnolo;썰~? 

8. 126 Tablc 8.1 $hOW5 in sεhen뼈C 徵ma 빠mb양r of vari훌:tions 없 thc pr혀.U잉ìOll aeco잉nt. P 
sti흩nds tor 횡rod밍tion (output). lC f(Jc ín합rmediate consumpl뼈， 했 for mainten없we c짧5， CFC for 
rons빠1뼈Q야 of tt<ced 앓pi없1， D 청r net 뼈letion; dpNDP is 짧:le혀.on :1혀없생 NDP (as in chapter 
V영; 織DP 었nd 행NÐPa없:nviromnentally u횡잉앉앙d ‘쨌siom; ofODP 써뼈lNÐP. 

Table 8..1 sc웰mashow훨1힘짧 deriwt.tion ‘)f domC$tic prmlucf‘ :tneasur‘:s 

w (Jf)P ‘ CF{' 
§01’ “ (iDP-ξFζ.D 

상:NDP= e2<.iDP . .(:‘FC .•. D-‘ t ‘'jt)p •• 안:-c‘ ••• D.M 
e”’‘íDP'~c~iDP. 얹'l>DM’ oop ... (까C .• D ‘ M. 
e:iNUP - f l1GllP ... CF(‘ .. D ... M-GDP .. CFC ‘ n 

8. 127 "I’he row for OptÍQη 1 in Tah싸 8.1 s빼ws th앙 stnnmlt녕 SNA de’ri、ration ()f g짧S 없ld net 
do1mstiç pl'Od섭cts wìthno al‘Qwances for ci앉~cr deplctíon or 녕cgrad핍ìon 0 f elwil'Ollm업i싫 혔없S‘ 
(lDPis ‘옳ii없dsin힘yas 쩌샘put (P) 1앙5S intenne없없.e consump없n (TC)‘ NDP iseq週 toODP kss 
C\."ltlsumption of fixed capi싫 (CI셋:). 

1$,"12$ The I'(!W fl.>r (월Ì(1Il. 2 혀없spu짜$ μ) tJle el<lOO없io“ ‘txf ,ICC(jtlnts in clμ행않r VI whe핏 lI~t 
dep1etjOtl 18 faKtm Îl'.t1‘ )OC‘:ount in ‘hξ 필짧r엉Ilce b장t‘앙상:en û f}p ru:“1 NDP hut Il~"l 찌llow~혜ce isnu(생 야)1" 
òegra<l장ti없. 꺼le expressi앙’i “엄ct dep!e쳐o.n" here ~ho영업 쌀 int앙prelOO $ encom했S영R훌 a생 1짧 
adj않tm앙!(s .fÌ)rt‘1엉 el않tlts of정xt뼈CliQtl， nutlira‘ grQwtb, .~plenishm영빠 찌n‘lr잉‘l‘nl to n흉“l1'!ll c생셈i합 11$ 
싫tai싫d in 야i젠t엉r VI. Nα ;빼llSll11enl to themea..<atre of QDP is in'Volv싫 jf de때etion only í~ 

cαn입짧e‘t 
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Responses to Peter Bartelmus’ article: 

Karl Scboer: Tbere won’t be a green GDP 

Peter Bartelmus presents in his article a green GDP, or more specifically an “Eco­

Domestic Product" (EDP). In his view, this compilation of a German EDP is a boon that the 

Federal Statistical Office has so far withheld from the public. The Federal Statistical Office 

originally also hoped to realise such a calculation in the foreseeable future. However, when 

constructing the environmental accounts, it soon became apparent that various problems stand 

in the way of a reliable measurement of such a depreciated magnitude. The resu1t is that there 

will not be a "green GDP" in the form of one figure in the official statistics. The object of 

앙udy (the value of environmental consumption) is too complex to be assessed using one 

single methodical approach. The modular construction ofthe environmental accounts and the 

methodological pluralism used by the Federal Statistical Office s밍u띠lÏtab비ly reflec따t these 

d바ifI퍼ic띠u띠lt떠t센le않s. 

PeterBaπelmus failed to speci한 in his article precisely how he calc띠ated the EDP. 1 

am familiar with the main features ofhis approach from a previous conference, in Weimar. 

My criticism of his approach is based on two points. First1y, the product label "EDP" is 

misleading. Secondly, the "direct avoidance costs" are merely an intermediate product, which 

should not be marketed in its present form. 

The basic idea behind the calculation ofthe EDP is the adjustment ofthe traditional 

domestic product by accounting for the consumption of natural assets, which is ignored. The 

intention is to integrate two components of natural assets: the quantitative aspect of natural 

resource depletion, and the qualitative degradation of natural assets that are caused by 

economic activity. This aspect of qualitative change is especially important in Germany. Peter 

Bartelmus uses avoidance costs to measure capital consumption. As far as 1 know, he takes 

two components into consideration for the assessment of degradation: the emissions of carbon 

dioxide and nitrogen oxides. For these impacts, he calculated ex post hypothetical direct 

avoidance costs on the basis of certain reduction standards. 

In principle, there is nothing to criticise about calculating avoidance costs, although a 

lot depends on the details of how the calculations are performed. However, as soon as the 

term "EDP" is used, the claim is made that natural asset depletion has been comprehensively 

taken into account. But if such a claim is m 



example, other material impacts, the way and intensity ofusing land and space, and other 

structura1 interference that affects the qua1ity of1andscapes, ecosystems or biodiversity. 

Especially these last impacts can hardly be valued in monetary terms. The figure that Peter 

Bartelmus proposes as the coπective for ca1culating EDP (he suggests 2 to 3 percent of the 

NDP for environmental consumption in Germany), is misleading. At best this figure takes into 

only part of our environmental problems. 

The choice ofthe environmental standard <l.ffects greatly the resu1t of such calculation: 

to what extent are current emissions to be reduced? Furthermore, it is important to remember 

that the avoidance costs at first only indicate how much those responsible for environmental 

impacts have saved by exploiting the environment as a free-of-charge absorption si따c. This 

exploitation is defined by the environmental standards applied in the calculations. Thus, the 

avoidance costs provide information that is by all means relevant, but they do not necessarily 

measure the decrease of natural assets. 

Let me come to my second point of criticism: Peter Bartelmus’ approach is limited to 

the assessment of direct avoidance costs, and so neglects the indirect costs. 

The direct avoidance costs are the hypothetical additional costs that would be incurred 

for meeting a given target of emission reduction. Possible measures to be tak:en are above all 

technical adjustments or changes in production or input structures. Gráphs that illustrate the 

course ofhypothetical avoidance costsform an important basis for such cost calculations. For 

particular impacts, technical avoidance costs, which represent the relationship between costs 

incurred and environmental impact, can be compiled and plotted on graphs, also at the level of 

the national economy. As paπ of a research project, the Federal Statistical Office calculated 

such graphs of hypothetical technical avoidance costs for different types of air pollutants. 

These graphs provide information about the additional costs that would be necessary to reduce 

emissions of a substance by a certain amount with current1y available technology. 

However, the problem is that measures to reduce emissions affect the tota1 system 

generally non- marginally. That means that apaπ from the direct effects there are a1so 

important indirect effects on input and output structures, and prices. Pet 



by econometric models that would suitably include a time element for a dynamic process of 

adjustment. Some research institutes have 없ready carried out such analyses for Germany. 

This ηpe of scenario modelling illustrates paths of economic development that comply with 

politically determined environmental standards. Such scenarios seem to us the most sensible 

way to estimate the costs of avoiding certain environmental damages for the national 

economy. According to the division of1abor that is common practice in Germany, official 

statistics provides the necessary data, while scienti:fic research institutes caπy out model 

calculations. 
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Abstract 

This article describes the concepts, data sources and methods of the water flow accounts of the 

Federal Statistical Office as a paπ ofthe German material and energy flow accounts [2]. 

The water flow accounting system represents in physical units the water flows - caused by 

economic activities - from nature to the economic system (raw materials), within the economic 

system, and from the economic system to nature (residuals). In the second paπ of this article data 

are presented on the development of important national-economy aggregates of the water flow 

accounts for 1960 to 1995. In addition, detailed results in a breakdown by homogeneous branches 

are shown for the year 1995. 

1. Introductory note 

The purpose of material and energy tlow accounts is to produce a comprehensive pi따ure of, 

first, the utilisation of natural assets in connection with economic activities through the 

abstraction of materials from nature and the discharge of residuals into nature and, second, the 

material tlows between economic units. Material tlows are measured in physic떠 units and 

general1y presented in tonnes. Where suitable, the tlows are additional1y shown in other units; 

forex없nple， water and waste water are also presented in cubic metres. The material and 

energy f10w accounts are closely related to the system of national accounts. This means that 
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the concepts and calculation methods of the two systems are coordinated, which ensures full 

compatibility of their results. 

It is planned to present the material flows in the form of a physic허 input-output table (PIOT) 

at regular intervals. Due to the physicallaw ofthe conservation ofmatter (1st fundamentallaw 

ofthermodynamics), completely and consistently combining al1 material flows in the PIOT will 

lead to identical material inputs and outputs for every single homogeneous branch and for the 

consumption activities of private households. The first complete physical input-output table 

worldwide was compiled by the Federal Statistical O:ffice in 1997 under a research project, 

ref농rring to the former territory ofthe Federal Republic and reference year 1990 [3]. In this 

context, first results in a detailed breakdown have been published for the material types water 

and waste water. 

The calculations and the data management for the material and energy flow accounts of the 

Federal Statistical 0田ce are suppoπed by the Material and Energy Flow Information System 

(MEFIS), which is currently being set up. The pattern ofthat reporting system is represented in 

the form ofthe "MEFIS cube" in Figure 1 (Annex). The acti찌ties of the domestic economy 

are subdivided according to the homogeneous branches as used in monetary input-output table, 

an additional homogeneous branch for external environmental protection activities, and the 

consumption activities of households. Other items presented are changes in tangible assets -

among other things, additions and abstractions of produced tangible assets (construction, 

machinery and equipment) and ofnatural assets - and the transactions with the rest ofthe 

world. 

When represented in monetary units within the framework ofthe monetary input-output table, 

those different materials can be aggregated on the basis of market prices. Although 

representation in physical units general1y al10ws aggregation too - for example through the 

weight unit - and provides useful information to some extent, it must be supplemented by 

presenting individual types or categories of material. Therefore, the MEFIS cube contams not 

only the two axes used in the monetary input-output table - forming the top side ofthe cube­

but also a t비rd axis showing the types of material, that is, every type of material forms a 

horizontallayer within the cube. This allows showing in physical units and for the total 

economy the abstraction of material from nature, the discharge into nature, and the material-
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related interaction within the economic system in a detailed breakdown by types of material. 

What will be described in the following is the concepts as well as the data sources and methods 

of calculation to obtain the material flows for the two material types of water and waste water 

[4]. The material flow including water flow is shown in an aggregated form in Figure 2 (Annex). 

From the aspect ofthe MEFIS cube, water is a “ raw material" used as input for the production 

activities ofthe economic branches and the consumption activities ofhouseholds. Waste water 

belongs to the material ηpe of"residuals" and is created as output ofthose activities. 

2. The concept of water flow accounts 

Water is one of the most important economic and ecological resources. Water seπes not on1y 

as drinking water for man; it is also an essenti밍 basis of alllife and of economic development 

[5]. On a multi-annual average, the quantiη of water available per year in Germany is 

estimated at about 182 bn m3 [6]. For comparison, 49 bn m3 ofwater were withdrawn from 

nature for economic purposes in 1995. This means, at present, water generally is not a scarce 

resource in Germany, but the figures demonstrate water use for economic purposes is a 

substantial intervention in natural processes. 

Considering especial1y the goal of 녕lstainable development", such intervention needs 

continuous statistical monitoring. 

The goal of water flow accounts as paπ ofEnvironmental-Economic Accounting (EEA) is to 

show in particular the water flows between the natural and the economic system and within the 

economic system in close relation to the concepts of national accounts. Consequent1y, there are 

conceptual di많rences between this and other kinds ofpresentation ofwater flows, such as 

water and waste water statistics or systems with a hydrologic orientation. 

The main difference between the EEA representation and the water and waste water statistics 

ofthe Federal Statistical Office (statistics ofpublic water supply and waste water discharge, 

and statistics of water supply and waste water discharge in mining and manufacturing as well 

as at thermal power stations for public supply) results from the accounting approach of EEA: 

4 



Fo::deralS때isti않10m야 of Qermany 2000 

EEA is based on a complete coverage of all water and waste water flows which are relevant for 

the economic process. The specialised water and waste water statistics, however, includes on1y 

larger enterprises (20 or more employees) and does not cover a11 economic branches. Another 

important difference ref농rs to the breakdown of production activities by branches. Para11el to 

the approach applied in setting up the monet없y input-output table, the unit of ana1ysis in EEA 

water flow accounts is the homogeneous branch, which is delimited on the basis of 

homogeneous produ따 groups. For the specialised water and waste water statistics, however, 

allocation to economic branches is done according to the enterprise concept, that is, on an 

institutiona1 basis (smallest unit drawing up a ba1ance sheet). 

M멍。r differences between the water accounts presented here and the hydrolo횡c concepts, 

which aim at complete ba1ancing, too, refer to the system boundaries. In material and energy 

f10w accounts, domestic nature is considered as a complementary quantity for the domestic 

economy. Material flows are monitored from the point oftransition from the natura1 to the 

economic system up to the point of discharge into the natura1 system. With regard to water 뻐S 

means that the water withdrawn from nature in various forms for economic activities - both in 

the context of the production process and in the context of consumption by households - is 

monitored during the entire period ofpassing through the economic process (abstraction and 

distribution, utilisation for production and consumption, exportation, waste water discharge, 

transition into other materia1s) up to its discharge into nature, e.g. as waste water or as vapour 

through vaporisation. The hydrologic concept, however, is aimed at the representation of 

water flows within nature (hydrologic water cycle), the formation of hydrolo횡c water out1ets, 

and the creation of water resources. 

The water flow pattem shown in Figure 3 (Annex) gives a more detai1ed picture for water 

than Figure 2. It seπes to explain the basic technical terms of the water flow accounts of the 

Federa1 Statistical Office. In a simplified form, the pattem presents for the nationa1 economy 

the abstraction of water from nature, its circulation within the economic system and, fina11y, its 

discharge back into nature. The pattem shows in an aggregated form the various connections 
‘ 

generally defined in the MEFIS cube. The presentation is limited to the flows which, in 

methodologica1 terms, are most important for showing the water flow. 

The transformation of the used materia1s into other 낀pes of materia1s is a major characteristic 
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of production and in p하t also of consumption. The MEFIS cube presentation shows this 

phenomenon as the transition of a specific material to another layer of material. The basic 

p피lciple of material conservation across all 양ages of the economic process can be represented 

on1y at the aggregation level of all ηpes of material. In this context, water is a speci떠 case. 표 

water is monitored at the level of the aggregated material ηpe of water/waste water, the water 

flow may be presented continuously all the way from abstraction to discharge into nature. Both 

at the level of the overall economy and at the level of individual homogeneous branches, the 

quantity of water withdrawn equals the quantity of water discharged - except for some 

transition of water from or into other materials and water exports and imports, which however 

is not very relevant in terms of quantity. 

St없ting from the natural condition, water typically goes throu양1 the following stages of 

production: abstraction from nature, treatment/distribution, use in production or consumption, 

waste water discharge, and discharge into nature; indi껴dual stages may be left out. In terms of 

material and energy flow accounts, there is a different 양pe of material at every stage. Within 

any stage ofproduction, further subdivision ofthe material type is possible and appropriate-

as is shown in Figure 3. Following the pattem ofproduction stages, the produ따ion activities of 

water treatment and distribution as well as waste water discharge are presented separately in 

the chart. The other production activities are shown in Figure 3 under the summary heading 

"other production". Another activity shown is final consumption ofhouseholds. 

Water withdrawn from nature in the context of economic activities is, first, ground, spring, and 

surface water as well as bank filtrate and, second, foreign and rain water. Ground, sp피19， and 

surface water as well as bank filtrate are withdra때1 by the homogeneous br없lch ofwater 

supply, by the other homogeneous branches, and also by private households. Water withdrawn 

includes irrigation water used in agriculture, but excludes water taken up by pl때ts without 

artificial irrigation. 

Most of the water withdrawn from nature by the homogeneous branch of water supply 

(collection, purification and distribution ofwater) is treated to become drinking water and is 

distributed to the homogeneous branches and private households. A small p하t is used by the 

W짧r supply branch for their own consumption before being tr때sported dire따 to waste 

water discharge. Water from water supply may also be exported, thus leaving the domestic 

6 



F려a혀 S때효tical Office of Germany 2000 

economy. The Figure shows the ba1ance ofwater exports and importS .. Losses occurring in 

water distribution through percolation and evapor따ion are recorded as discharge of water into 

nature. 

Water recorded as foreign and rain water is rain water which does not naturally percolate into 

the soil but is discharged through the sewage system. That heading is allocated to the 

homogeneous br없lch of waste water discharge as abstraction from nature and simultaneous 

discharge into nature. Although foreign and rain water is not used in the economic process, it 

is withdrawn from nature to the 않ent that it is taken from its natura1 place through the 

technolo횡ca1 sy앞em (soil sealing, discharge through sewage system). 

Genera1ly, priv따e households trans찮r the water used in consumption to the branch ofwaste 

water discharge (indirect discharge); a:fter treatment in a sewage plant, it is discharged into 

nature. Only a small p없t ofwaste water is discharged directly into nature by households. 

Evaporation, too, is of some importance here (e.g. in garden iπigation). 

Most ofthe water used in other production (homogeneous branches other than water supply 

and waste water disc밟ge) is disch쩍ed into nature in the form of waste water; this is done 

either directly from the relevant homogeneous branch or by transferring it to the homogeneous 

branch ofwaste water discharge (indirect discharge). Another p없t is discharged into nature in 

the form ofvapour (evaporation) or through percolation. The heading "waste water directly 

discharged" includes water which has been withdrawn by the homogeneous branches as mine 

water and has not been used further but hasbeen discharged directly into nature, and the 

cooling water coming from processes of electricity production. 

P따t of the water used in produ따ion is incorporated into other types ofmateria1. Water 

incorporation means that water is transformed from the materia1 type "water" into another type 

ofmateria1. Water incorporation is ofimportance especially in agriculture (incorporation of 

irrigation water into plants, water incorporation into meat, milk, farm manure) and in the 

production ofbeverages and food (incorporation into beverages). Water remova1 occurs above 

a11 in the food industry, and especia11y in househ이ds through the consumption ofbeverages 

and food. For simplification, water incorporation and water remova1 are shown as a ba1ance in 

the water flow pattern because the individua1 flows regarding water incorporation and remova1 

7 



Fe<납a1 Stati앙ical Office of G하n빼ny2000 

account for just a sma11 part of the overall sy않em when compared with other water flows. 

Under resu1ts (table 2), those flows are shown in greater det밍1. 

3. Bases and methods of calculation 

Para11el to the approach applied in national accounting, the results of water flow accounts are 

not obtained directly throu힘1 primary stati앙ics but by ut퍼경ng a11 avai1able statistic외 sources. 

The results of the basic statistics are adjusted to the definitions and concepts of material and 

energy flow accounts. Data gaps that may occur are fil1ed throu양1 estimates. 

For the years 1960 to 1991, only important aggregates at the level ofthe overa1l economy 

ref농rring to the former territory of the F ederal Republic of Germany were calculated, and only 

for those years for which results ofwater statistics were available. The most important data 

source for the computations were the water surveys ofthe Federal Statistical Office, which 

have been compi1ed since the late 1950s. 

For the territory ofGermany from 1991 to 1994, too, only data for the overa11 economy were 

calculated; for the years for which no data from water statistics were avai1able (1992 to 1994), 

an estimation procedure was developed on the basis of data on production trends and data 

compiled by economic associations as well as other information. The calculation procedure for 

the years for which data ofthe water statistics ofthe Federal Statistical Office were available is 

basically identical with the approach for 1995, which is described in detail in the following. 

For the year 1995, the water flow was calculated in a detailed breakdown by homogeneous 

branches. The most important basis for calculating the water data according to the system of 

material and energy flow accounts are the resu1ts of the statistics of public water supply and 、

waste water discharge and the statistics of water supply and waste water discharge in mining, 

manu:굶cturing and thermal power plants for public supply. Those sources cover more than 

90% of the entire area to be represented. 

To achieve the transition from the economic branches as de:fined in the specialised water and 

waste water statistics to the homogeneous branches as used in the input-output table and in 
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Environmental-Economic Accounting (branch ofhomogeneous production producing goods of 

a specific product group only), some reallocation has to be performed. Contrary to the 

production activity of enterprises, the production activity of a homogeneous branch does not 

inc1ude secondary activities, such as power generation by an enterprise whose main acti찌.ty is 

something else. Secondary activities are allocated to the homogeneous branches which produce 

the relevant goods as a main activity. However, ancillary activities such as administrative 

services, own-account transport or repair services which are typically performed in every 

similar homogeneous unit and are performed for that very unit on1y are not separated from the 

main or secondary activity to which they belong. 

As p따t ofwater accounts, those secondary activities ofthe economic branches were identified 

which have some quantitative importance for the water flow. Such secondary activities inc1ude 

"power generation" and "supply ofwater". The water flows connected with those secondary 

activities were allocated to the relevant homogeneous branches of energy supply and water 

supply. Waste water treatment by enterprises in their own sewage plants is considered as an 

auxiliary activity and is thus not reallocated. 

Figure 4 (Annex) gives an overview ofthe data source available for calculating the quantity of 

water withdrawn from nature. The situation of sources available for calculating the quantity of 

water discharged is similar. The statistics of public water supply provides data on water 

supplied in general by that area. However, those data are just roughly broken down by private 

and commercial customers. Data in a detailed breakdown by economic branches and data on 

water direct1y withdrawn by homogeneous branches and households can be obtained on the 

basis of the water statistics for mining and manufacturing and from other sources. 

In the following, the sources and calculation methods will be explained in detail which were 

applied for the individual aggregates shown in Figure 3. As mentioned before, the abstraction 

ofwater from nature consists oftwo components: first, foreign and rain water and, second, the 

heading of ground, spring, and surface water as well as bank fi1trate. The data on foreign and 

rain water can be taken direct1y from the statistics of public waste water discharge. The 

calculation of the abstraction of ground, spring, and surface water as well as ba파c fi1trate is 

based on several sources. The statistics of public water supply provides the amount of water 

withdrawn from nature by public water distribution . 
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Figures on direct water abstraction by private households are estimated on the basis of 

infonnation on the number ofhouseholds not connected to the public water supply network. It 

is assumed in this context that water consumption per household not connected corresponds to 

the average consumption of connected househ이ds. Direct water abstraction by households 

amounts to just about 1.5% ofthe total quantiη ofwater received by households. The amount 

of water received by connected househ이ds can be obtained from the statistics of public water 

supply. 

Thewater qu때tity extracted by homogeneous branches consists of several components. The 

water statistics for mining and manufacturing provides data on the water quantity which 

enterprises of mining, energy supply, and manufacturing with 20 or more employees either 

withdrew directly from nature or received from other branches. Water abstraction by 

enterprises with less than 20 employees of those economic branches and of the branches not 

covered (agriculture, forestry, fisheries, construction industry, seπices) is estimated step by 

step. Basically, the amount ofwater received by these remaining branches is calculated as the 

difference between the total quantity of water supplied by public water supply and the amount 

of water received by the branches covered by water statistics. F or those remaining branches, it 

is assumed that they did not withdraw water directly from nature, except for agriculture (water 

abstraction for irrigation purposes) and some specific economic branches ofmining and 

manufacturing (small enterprises). 

As regards the distribution ofthe received water to the individual branches, the following 

approaches are applied, which are coordinatεd with the above calculation. The entire amount 

ofwater used by the small enterprises ofmining and manufacturing is obtained by means of 

tumover data for small enterprises; here, the assumption is made that water consumption per 

DM of tumover of small enterprises corresponds to the relevant water consumption of 

enterprises with 20 or more employees of the economic branch concemed. The share of small 

enterprises in the water consumption in mining and manufacturing amounts to about 2.5%. 

In agricu1ture, water consumption is ca1culated separately for irrigation and livestock farming. 

The amount of water withdrawn by agricu1ture for irrigation is determined on the basis of data 

provided by the Federal Association for Agricultural 1πigation (about 1.5% ofthe total 
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quantity ofwater withdrawn from nature). Water consumption in livestock 찮rnung 1S 

estimated by means of ratios provided by the Committee for T echnology and Construction in 

Agriculture and regarding cultivated animals’ average demand for drinking water. Those ratios 

are combined with data on the stock of such animals, taken :from agricultural statistics (just 

under 2% ofthe total quantity ofwater withdrawn from nature). 

Data on water used in the construction industry and in thε service branches are derived :from 

information on the purchases ofwater :from the monetary input-output table. Those branches 

together account for slightly less than 1.5% ofthe total amount ofwater. 

Discharge of water into nature is composed of several elements. Discharge of foreign and rain 

water corresponds to the amount withdrawn. Information on losses occurring in water 

distribution are taken from the statistics ofpublic water supply. Data on the total amount of 

water indirectly discharged are provided by the statistics of public waste water discharge. That 

statistics also offers information on how much waste water was received by public waste water 

discharge from households or from commercial dischargers in general. 

Ascertaining the amount of water directly discharged was similar to the approach applied for 

the quantity of water directly withdrawn. The amount of waste water directly discharged by 

private households was estimated by means ofthe number ofhouseholds not connected and 

the average quantity ofwaste water of connected households. The water directly discharged by 

the homogeneous branches is obtained as the difference between the total amount of waste 

water ofthose branches and the share ofwaste water discharged through the public waste 

water discharge system. 

Data availability for determining the waste water amount discharged by the other 

homogeneous branches is similar to that for water received. Direct information for enterprises 

of mining, energy supply, and manufacturing with 20 or more employees is provided by the 

water statistics for mining and manufacturing. The entire volume of waste water in public 

water supply, in a breakdown by households and commercial dischargers, is obtained :from the 

statistics of public water supply. The diff농rence between waste water discharge by the covered 

branches and the waste water volume received by public waste water discharge :from the 

commercial sector forms the reference frame for determining the waste water volume of the 
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remaining branches. Waste water discharge by small enterprises in energy supply and in mining 

and manu敏uring (less than 20 employees) and by the branches not covered (agriculture, 

forestry and fisheries, construction industry, services) is ascertained through various methods, 

para11el to the approach followed for water received. For the small enterprises in mining and 

manufacturing, tumover data are used, while for the other branches data on the use structure 

ofthe monetary input-output table are taken as a basis (waste water charges). 

As far as evaporation and other losses are concemed, direct information or estimation 

approaches are available only for some homogeneous branches and some items. An ex없nple is 

the estimation approach for the share of evaporation in the use of irrigation water in agriculture. 

Therefore, that va1ue is obtained - both for the level of the overall economy and the level of 

homogeneous branches - as a residual va1ue between water abstraction from nature on the one 

hand and, on the other hand, the sum tota1 of the remaining components of water discharge 

into nature, the ba1ance of water exports less water imports, and the ba1ance of water 

incorporation into other materia1s less water remova1 from other materia1s. Data on water 

exports and imports are obtained from the statistics of public water supply. 

Water incorporation into other materia1s and water removal from other materia1s occurs 

especia11y in the homogeneous branches of agriculture, the food industry and beverages 

production, and in private households. Water incorporation in agriculture is c떠culated 

separately for the following components: For the incorporation ofirrigation water, it is 

assumed that 1 % of the water used is incorporated into the plants and that the remaining share 

evaporates. The incorporation ofwater into anima1 products (meat, milk, eggs) is determined 

on the basis of the quantities produced and the average water contents of such products. 

Incorporation ofwater into farm manure (liquid manure, slurry) is ascertained through the 

number of anima1s and ratios regarding the average manure production of the anima1s. In the 

food industry, both water incorporation and remova1 occur. What was explicit1y estimated was 

only water incorporation during the production of beverages, taking as a basis the quantities of 

beverages produced. Water removal in households was determined through the water content 

of the beverages and food consumed. 

4. Results 
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4.1. Total economy 

For the former territory ofthe Federal Republic, resu1ts are available for the period from 1960 

to 1991. In addition, a1l-German data are shown from reference year 1991. In the former 

teπitory ofthe Federal Republic, the annual abstraction ofwater from nature for economic 

purposes (production and consumption) increased from 20,260 m3 in 1960 to 45,881 m3 in 

1991. This is a rise by 127% (table 1, Annex). The increase in the use ofwater was especially 

strong between 1960 없d 1979. Afterwards, consumption varied between the reference years 

and, 떠together， rose just slight1y until 1991 

When examined over the entire period from 1960 to 1991 , the efficiency of the economic use 

of water as a natural resource improved to a rather small extent. Water productivity -

measured as the gross domestic product in real terms per unit of water withdrawn from nature 

- increased 17% between 1960 and 1991, although, in the :first phase until 1979, producti찌ty 

declined-lO% (Figure 5). This means that in that period water consumption rose more rapidly 

than economic output. Unti11987, productivity remained largely unchanged. In the late 1980s, 

however, the connection between economic growth and water consumption was clearly broken 

up. Water productivity rose sharply in that period. 

Between 1960 and 1991, the trend of the abstraction of ground, spring, and surface watεr 1S 

similar to that of the total water abstraction from nature. Ground, spring, and surface water 

withdrawn from nature amounted to 18,990 mn m3 in 1960. In 1991 , 42,698 mn m3 of ground, 

spring, and surface water were withdrawn (+ 125%). The volume offoreign and rain water was 

1,270 mn m3 in 1960. For 1991, the quantity was 3,183 mn m3 . This was an increase by 151%. 

The volume of foreign and rain water is influenced by a number of di표농rent factors, such as in 

particular the precipitation and the length of the sewerage network. 

The development ofthe total quantity ofwater discharged into nature is nearly identical with 

that of the quantity of water withdrawn because the two :figures differ only by the balances of 

water exports less imports (8 mn m3 in 1991) and ofwater incorporation less removal (1 62 mn 

m3 in 1991). Waste water discharged directly or indirectly is the largest category in terms of 

quantity within water discharge into nature. In 1960, the :figure was 17,524 mn m3 and until 
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1991 it rose 131%, reaching 40,484 mn m3 . Water losses in the public supply network 

a1together decreased sli앙lt1y between 1960 뻐d 1991 (-8 %). The quantity ofevaporated and 

percolated water which, as mentioned before, has to be determined largely as a residua1 va1ue, 

doubled between 1960 없d 1991. 

From 1991, results are available for Germany as a whole. In 1991, 51 ,344 mn m3 ofwater 

were withdrawn from nature for economic purposes in Germany. In 1995, that quantity was 

down by nearly 5% to 48,909 mn m3 . 

Gross domestic product rose a good 5% in rea1 terms between 1991 and 1995. In that period, 

water productivity increased 10.5%. That rise in productivity is due to severa1 factors. First, 

the use of the raw materia1 of water became more economical as a result of technological 

measures such as using low-consumption equipment in househ이ds， replacing water by other 

materia1s in production, and improving the in-plant water cycle. Second, a m메or influence on 

the overall consumption was exerted by the clear decrease in the quantity of irrigation water 

used in agriculture in the new Länder. 

Among the components of water abstraction, the consumption of ground, spring, and surface 

water decreased 9% in the period examined, reaching 43,636 mn m3, while the volume of 

foreign and rain water rose 57% to 5,273 mn m3 . The increase in the amount offoreign and 

rain water was mainly caused by the expansion of the sewerage network and the construction 

of rain retention ponds. 

The amount of water discharged into nature decreased between 1991 and 1995 to nearly the 

same extent as did the quantity withdrawn, that is by just under 5%, reaching 48,724 mn m3 • 

The amount ofwaste water declined a good 7%. The quantity of evaporated water was down 

35% to 2,000 mn m3 in 1995. A m멍or factor influencing that development was the decreasing 

use of water for irrigation, as mentioned before. About 99% of the irrigation water evaporates 

or percolates, while just about 1 % is incorporated into the plants. 

4.2. Homogeneous branches 
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Table 2 (Annex) shows the water flow through the economic system in Germany for the year 

1995 in a breakdown by homogeneous branches and private households, from the abstraction 

from nature all the way up to the discharge into nature. Regarding water abstraction from 

nature, the branch of energy supply has the largest share (61 %), coπesponding to a volume of 

29,715 mn m3 . This refers almost entirely to cooling water required for power generation, 

which is discharged back into n없ure practically unchanged, though a little warmer. The 

homogeneous branch ofwater supply withdraws 6,448 mn m3 (13%) ofwater from nature to 

produce drinking water, while water abstraction by the chemical industry amounts to 2,723 mn 

m3 (6%). The branch ofmininglextraction of energy sources withdraws 1,369 mn m3 (3%) of 

water, most ofwhich is mine water discharged without having been used. Water abstraction by 

the homogeneous branch of agriculture - mainly for irrigation - amounts to 764 mn m3 . F or 

the waste water ùischarge brarlch, a quantity of 5,273 mn m3 ofwithdrawn water was 

calculated, which is foreign and rain water. 

The column water received from other branches shows the water received by the homogeneous 

branches and householdsfrom the branch ofwater supply. The major part ofthe water 

delivered by water supply (5,613 mn m3) is received by households (58%). The entire volume 

of water used by the individual homogeneous branches is calculated as the sum total of water 

abstraction from nature and water received from other branches. What is shown here for the 

branch of water supply is just the water losses occurring in the distribution network (711 mn 

m3) and intemal supply (124 mn m3). Water removal from other materials is shown only for 

households (1 52 mn m3). Water incorporation into other materials occurs mainly in the 

homogeneous branch of agric띠ture (290 mn m3) and in the food industry (39 mn m3). 

Water discharge by the homogeneous branches is calculated on the basis ofthe total volume of 

water, taking account ofwater incorporation and remova1. P따t of the discharged water is 

discharged into nature via the homogeneous branch of waste water discharge (indirect 

discharge), while another paπ is discharged into nature directly by the homogeneous branches 

or gets back into nature through evaporation and percolation. Indirect discharge amounts to a 

total of 4,689 mn m3, the largest share ofwhich (2,930 mn m3 or 62%) comes from private 

households. Other important indirect dischargers are the homogeneous branches ofthe food 

industry (240 mn m3) , the paper, publishing and printing industry (104 mn m3) , and the 

chemical industry (223 mn m3). As regards direct discharge ofwater into nature, the 

15 
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homogeneous branches that are most important are again those which had the largest shares in 

water abstraction, such as energy supply (29,987 mn m.3), the ch없lÎcal industry (2,935 mn n션)， 

andm비ng (1,461 mn m3). An additional branch here is wa양e water disch없.ge， which 

discharges into nature the waste water received from the other branches and from households 

after having purified it, and the foreign and rain water (9,962 mn m3). 

Table 3 (Annex) 링ves a detailed presentation of water discharge of the homogeneous branches 

and of private househ이ds. The discharged water is subdivided into the categories of waste 

water discharged directly and indirectly, water losses in distribution, evaporation and 

perc이ation， and foreign and rain water. The table shows the total volume ofwaste water 

(direct and indirect) by branches. As mentioned before, water losses occurring in distribution 

are allocated to the homogeneous branch ofwater supply, while the quantity offoreign and 

rain water is a1located to the homogeneous branch of waste water discharge. Evaporation 때d 

percolation ofwater, amounting to a total of2,000 mn m3, is mainly concentrated in the 

homogeneous branches ofenergy supply (701 mn m3) and agriculture (596 mn m3); the two 

branches together account for about two thirds of total evaporation 때dperc이ation. 

Table 4 (Annex) shows the waste water directly discharged by 낀pes of treatment and 

homogeneous branches. Out ofthe total of36,051 mn m3 ofdischarged waste water, 1,273 mn 

m3 are treated in sewage plants owned by the enterprise concerned. Waste water treatment in 

such company-owned sewage plants is of importance especially in the chenncal industry (513 

mn m3) , the paper, publishing and printing industry (226 mn m3) , and in metal production (232 

mn m3). Ofthe total volume ofwaste water, 34,778 mn m3 are not treated before discharge 

into nature; 92 % ofthat quantity are cooling water, most ofwhich (91%) comes from energy 

supply. 7 % ofthe cooling water comes from the chenncal industry. The remaining waste 

water amounts to 2,619 mn m3 • About half ofthat quantity is nnne water, which occurs in 

nllning and is discharged without being used. 

5.0utlook 
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Am멍or data basis for the water flow accounts as part ofEnvironmenta1-Economic 

Accounting is the water statistics ofthe Federa1 Statistica1 Office. Results ofthat statistics are 

produced every three years. When the results for ref농rence year 1998 will have become 

available, it will be possible to update the presented series. 

It is intended for the future to sophisticate the current estimation method used in water flow 

accounts to determine data for the overall economy on water consumption for those years for 

which water statistics are not avai1able. In particular, technical coefficients will be calculated 

which establish a connection between water consumption and suitable indicators in a detailed 

breakdown by homogeneous branches. 

Efforts will also be increased to include more quality aspects into the quantitative reference 

frame now presented for water flows caused by economic action. Parallel to the intentions of 

the European Statistic혀 O옮ce， the focus mi힘1t first be put on water emissions. 

17 
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Figure 1 
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Figure 2: Materia1 Flow 
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Figure 3: Water flow between nature and 1he econcmy as well 양 V빼in 1he econcmy , 1995 

Abstraction from 
nature 

48,909 

Distribution 

Productionl 
consumpl1on 

Disposal 

Disc뻐rge 

ínto nature 

48，π4 

|F@뺑뼈rain 
water 5,273 

711 

I 5,273 

1) Collection, pt피fi때tion anddi짜ibution of_ter 

Differences in the sum totals are due to ro뻐ding offig따g 

mn하 

1,715 

Evaporation 
g찌 

。tber

Iosses 

21 

8 

2,000 

43,636 

285 

329 

Wastewater 
벼rectly 

disc뼈rged 

36,051 

Water 
incorporation 
into 1ess water 
remo'얘Ifrom 
。ther

materials 
177 



Federal stati앙i양1 Office ofGermany 2000 

Figure 4: Data sourcesfor calculating the amount ofwater used 
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Flgure 6: Water pr'여야히이ty 
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Table 1: Withdrawa1 of빼.ter from, and disc뼈rge ofwater into nature for Germany 

Withdra빼I from nature Discharge into nature 
Waterincor-

Ground, Exports 
poration into 

W잃tewater Los앓sin other 
Year 

spnng Foreign 
(directlyand 

Foreign 
water Evapora-

less 
materials less 

TotaI and and rain Total 
indirectly 

andrain 
di짧ibu- tion 

importsof 
water removal 

S따face water water water 
water 

discharged) tion 1) fromother 
ma와.te하rials 

Former territory ofthe Federal Republic 

inmm3 

1960 20.260 18.990 1.270 20.121 17.524 1.270 505 822 ? 137 
1975 36.270 34.086 2.185 36.112 32.419 2.185 598 911 6 152 
1979 44.996 42.568 2.428 44.831 40.574 2.428 482 1.347 5 160 
1983 44.886 41.553 3.333 44.703 39.582 3.333 482 1.306 6 178 
1987 49.530 44.885 4.645 49.361 42.822 4.645 482 1.411 7 163 
1991 45.881 42.698 3.183 45.712 40.484 3.183 463 1.582 8 162 

1960=100 
1960 100 100 100 100 100 100 100 100 100 100 
1975 179 179 172 179 185 172 118 111 299 111 
1979 222 224 191 223 232 191 95 164 273 117 
1983 222 219 262 222 226 262 95 159 294 129 
1987 244 236 366 245 244 366 95 172 339 119 
1991 226 225 251 227 231 251 92 193 395 118 

Germany 
inmm3 

1991 51.344 47.990 3.354 51.148 43.971 3.354 758 3.064 8 189 
1992 49.852 46.088 3.764 49.665 42.375 3.764 746 2.780 8 179 
1993 48.1 50 43.976 4.174 47.966 40.758 4.174 735 2.300 8 176 
1994 48.972 44.389 4.583 48.787 41.270 4.583 723 2.210 8 177 
1995 48.909 43.636 5.273 48.724 40.740 5273 711 2.000 8 177 

1991=100 
1991 100 100 100 100 100 100 100 100 100 100 
1992 97 96 112 97 96 112 98 91 103 95 
1993 94 92 124 94 93 124 97 75 103 93 
1994 95 92 137 95 94 137 95 72 103 94 
1995 95 91 157 95 93 157 94 65 103 94 

1) 1960 and 1975 incIuding own consumption ofwater supply branch. 
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Tablc 2: \\idDaw퍼 afwalcr fiIln\ .피&야agc of watc:r iøo r빼II'C by뼈명-밟낱흩S피#써ICID훌h페æ， 1995 

찌빼빼R빼여 Waktrc여wdl __ _ 1 1" “r*:~1 Wakt E훌벼i:rto 다앙agcaf 
R빼~-b-I .. ~~-I Waktæ여 WaktπllD빼 pr.펴cn iøol liSCImltC waslCW톨er walcrùiO 

(1)+쩌 얘lCf 
cispos킹 빼1I'C(6}{끼 codc IfbJr:횡빼abr훌납x:sl) l뼈PiVaIC 빼III'C I Irar납ICS 2) I ,-,,-, I I ~~ β:)+(4HS> 

iDJsebJlck (M: = MIr빼뼈II'C) 
nnm' 

1 2 3 4 
A, B Ag:icuI1Urc, furesIry，뼈lCries 764 152 916 0 
CA Mrir홈 afClll%&Y잉rces 1369 115 1얘4 0 0 1얘4 

æ Mrq af ores and퍼m퍼S 648 4 6s2 0 0 6s2 

DA M: affoodp뼈JC1S， bever행cs， 

toba:∞ 316 218 s34 0 39 495 강O 

æ M: aflC찌ilcs ar피leXIilc PCWCtS 52 m ’B 0 0 73 56 
DC M: oflcalb:r.퍼 leath:r PCWCtS 4 1 4 0 o 4 3 

ID M: afooodar피\'\oc펴 poφJ:IS 11 4 15 0 0 15 3 11 

Eε M: afp빼p， papc:c, papcrpr뼈J:Is; 

p폐뼈Jg ar피뼈뼈rJg 379 m 449 0 0 찌9 l여 3451 

IF lM: afcx뼈 rCJin:d pcttcIlD1l 
π뼈J:ls andIII펴.carñ닙 경1 43 274 0 0 274 36 2381 

00 lM: af야흩IÍc킹특야I:IIÍcaI PCWCtS 
and marHJDdC filRs zπ3 435 3158 0 0 3158 223 

않f |M&뼈뼈없Iic빼S 77 21 98 0 0 98 경 

g ~t: af oth:r IDHI률때ic nina:퍼 

F뼈J:ls 147 53 200 0 0 200 33 

DJ 1M: afbasic m:taIS and fàbricated 
m:taI. p뼈J:IS 혀3 149 693 0 0 693 g 

tK lM: afrπ빼lCI)'and쩌파m:Ø 
nc.ι 31 27 59 0 o 59 g 

IL lM: afdcà뼈lar퍼빼때 

명따IID 59 40 99 0 0 99 41 

I:M: 

lMiE&g&Ii&d觸dgF뼈 훌훌*tRg빼&ga빼nar펴lKlt walcr 
67 31 g 0 0 98 32 

DN 4 6 11 0 0 11 6 

40 
g깎iy 29715 332 30046 0 0 30046 59 

6448 -5613 835 0 0 835 124 
90 (part) I WasIc water di혹lOI!3l 효B 0 양n 0 0 효73 -4689 
F-O" I ConsIIucIion and oth:r scr찌cc 

Irar납ICS (excl. iDJsebJlck) 0 618 618 0 0 618 594 
AD bom:앵eneous Iranches 4용62 J낀4’ 45588 0 329 4효59 -양영삐 

P |펌엔야삐빼10IdS 47 3266 3313 152 0 회65 2930 
IbmgeneouIIr삐얘\eSar애 

hoæehoIds fmlI!tbg 4훌lO9 -8 48901 152 329 쩌η4 0 
1) Based m the nalia뻐 ål훌뼈.calÌcn of ccaoric ac1iWics, 1잊)3 edi1icn (WL 93) .펴the St빼sûcal Oas뼈.calÌcn afECmOr피쩌며\<ÏlÏesintl톨Etrope;πl 

camui암뼈CERI:v.l~ 

2)w.m:t di엉@흉예ordc퍼.veredby.Mfa \\aks or뼈ICf CS빼퍼피m:nIS. 
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Table3: Dis짜lIII'gC of '"빼er， l잊g 

Wastewater 

G펴g 
HJm야!CIIeOUS br훌dø:sl)ar녕찌획g Tota1 

total |鍵d I 뺏 W양er10sses E째pomtion 

houseb어ds (Mf= Manufi뼈lI'C) 
mn m' 

A, B Agriculture, t'oresuy, fisbcries 626 31 0 31 0 596 
CA Mir벼‘.g of energy sources 1484 1437 1415 깅 0 46 
æ Mir뼈gof이es and minera1s 652 621 614 7 0 31 
DA Mt: offood prαIucts， be뻐3흉S， 

tobacc。 495 465 225 2때 0 30 
DB Mt: of‘exti1es and te엉i1e products 73 63 7 56 0 10 
oc Mt: of1eatber and 1eatber products 4 4 2 3 0 0 
DO Mt: ofwood ar닙wood products 15 11 8 3 0 3 
DE Mt: ofpu힘홈per， paper pr뼈JCts; 

publilhØ핑훌퍼 printir핑 449 431 328 10<’ 0 18 
DF Mt: ofcok특 I빼ted야tro1eumpr뼈JCtS 

andn‘JC1earfuc1 274 211 175 36 0 63 
α3 ‘f[ of chemica1s, 야lCDliCal produc잉 and 

man-m웰fibres 3158 3109 2887 z23 0 48 
아{ Mt: of rubber ar퍼p뼈tic products 98 % 67 E 0 g 

며 Mt: of뼈\Crnon-met퍼licmineral 

F뼈JCtS 200 146 112 33 0 54 
α Mt: ofbasic meta1s and 1iIbriCated meta1 

pαIucts 693 635 543 92 0 58 
다〈 Mt: ofm앙파teryand예따xne파 ILe.C. 59 54 24 g 0 5 
Dl Mt: ofe밟ica1 ar퍼빼ca1따뼈nent 99 94 52 41 0 5 
DM Mt: oflr힐톨따t며lψmcnt 98 87 55 32 0 11 
αq Manufi뼈Jrir핑 ILe.O. 11 g 2 6 0 2 
40 양여rioit:ι gas. øtear뼈피botwater 

s빼 30046 29345 Z강86 59 0 ’701 
41 Walers픽lp1y &35 124 0 124 711 0 
OO(빼야) Waste water dBpos에 5273 0 0 0 0 0 
Fσ cor‘tructionat녕 othcr sclVÏcc brar앙§ 

(excl hot톨eho1d!) 618 594 0 594 0 24 
All homo한neous branches 45259 37560 35801 1759 711 1715 

P Priwte hous에뻐& 회65 3180 250 Z영O 0 285 
HOII뿜eneoos branches and I뻐l에101d: 

toee에- 48π:4 407때 36051 4689 꺼1 2000 
I) Bas벼 onthe 빼iona1 classifioation of ecor뻐퍼cactÌ'얘ies， l잊1.3 뼈tion (WZ 93) at녕 dκ Statistica1 c1훌sification ofEconomic Acti'에ties in 야lC 
&쩌lC8DCommunity(NAÇERcv.l). 
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Table 4: Waste water directly discharged, 1995 

Homogeneous branchesl) and private not for treatment 
Total for treatment I cooling waler I 。빼 wat Wtr잉，te Code households 

total 
(Mf.= Manufactuπ) 

mnm' 
A, B Agricultuπ， foreslry, ftsheries 0 0 0 0 0 
CA Mining of energy sources 1415 54 1361 6 1355 
CB Mining of ores and minerals 614 21 593 63 530 
DA Mf. of food producι， beverages, tobacc。 225 57 168 138 30 
DB Mf. of textiles and textile products 7 3 3 2 1 
DC Mf. of leather and leather products 2 2 0 0 0 
DD Mf. of wood and wood products 8 0 g 5 3 
DE Mf. of pu!p, paper, paper products; publishing 

andprinting 328 226 101 95 6 
DF Mε 。f coke, refmed petroleum products and 

nuclear fue! 175 81 94 82 12 
DG Mf. of chemicals, chcmica! products and man-

madcfibres 2887 513 2374 2134 240 
DH Mf. of rubber and plastic products 67 7 60 59 1 
DI Mf. of other non-meta1Iic minera! products 112 11 102 23 79 
DJ Mε 。f basic metals and fabricated meta! 

products 543 232 311 262 50 
DK Mf. of machinery and equipment n.c.c. 24 1 23 16 7 
DL Mf. of e!ectrica! and optica! e댄lipment 52 1 51 50 1 
DM Mf. of transport cquipment 55 10 45 38 7 
DN Manufacturing n.e.o. 2 0 2 2 0 
40 Electricity, gas, steam and hot water supply 29286 54 29232 29184 48 
41 Water supp!y 0 0 0 0 o 
90 (part) Waste water disposal o 0 0 0 0 
F-O* Construction 빼d other seπice branches (exc1. 

househo!ds) 0 0 0 o 0 
AlI hom앵eneous branehes 35801 1273 34528 32159 2369 

P Private households 250 0 250 0 250 
Homogeneous branehes and households 
to!!ether 36051 1273 34778 32159 2619 

1) Based on the national classification of e∞nomic activities, 1993 cdition (WZ 93) and the Statistical Classification ofEconomic 
Activities in the European Community (NACE Rev.l). 
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1. General objectives 

The purpose of this pr이ect has been to develop recommendations for useful ways in which 
National Accounting Systems can be adapted and exploited to construct indicators of macro­
economic performance vis-à-vis the environment. The main task was to appraise options for the 
definition and estimation of environmentally a대usted national income figures (henceforth ‘gree'n GDP’, 

for short). This has to be viewed against the backdrop of a wider concem that national accounting 
systems be developed as sources of information for evaluating p이icy and investment alternatives in 
the pursuit of economic, social and environmental sustainability goals. 

The pr이ect set out initially to resolve a set of methodological and practical problems with 
identifying and quantifying ‘environmental costs,’ consisting of environmentally defensive 
expenditures and avoidance costs. The expectation was that, once having established how to 
calculate these expenditures and costs, they could be estimated for any real economy on a sector-by­
sector basis. Then, when these costs were subtracted from traditionally measured national income 
(GDP), the resulting environmentally a이usted national income figure would provide policy makers 
with a betler ∞mpass for macroeconomic pe야ormance evaluation. 

In the course of the project, these identification and quantification problems were recognized 
to form just one part of a much more complex issue. Investigating the range of exi해ng proposals for 
adjusting gross domestic product (GDP) brought to light the remarkable range of propositions about 
what makes GDP a usef비 p이icy indicator and what the role could be of an environmentally adjusted 
GDP figure in p이icy decision-making processes. The project at this 앙age became a process of 
reflection and clarification around existing work, as well as the development of some original ideas 
and appl때tions. 

Within the pr이ect， rigorous statistical procedures were developed and tested empi끼cally for 
the construction of abatement cost functions for emissions of various nitrogen compounds in a 
national economy. The expe디en∞s gained in the calculation of avoidance costs for these specific 
p이lutants made it clear that cafculations based on sector-by-sector statisticaf information are not, on 
their own, an adequate basis to come to a meaningfuf adjustment of a macro-economic aggregate 
like GDP to obtain a sustainabifity indicator. This led 

EC DG-XII Contract: EV5ιCT94-0363 Final Summary Report 
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estimates based on welfare-theoretic ‘ optimizing" criteria, to estimation pro않dures based on co양­
effectiveness relative to ‘ satisfycing’ C디te디a. 

A satisfycing approach seeks a <<good)) result while acknowledging that uncertainties, 
complexities and the variety of p끼nciples for judgment make it impossible to decide what is 'the best'. 
Cost-effectiveness analysis in environmental p이icy seeks to estimate a <<Ieast co하 )) way of 
achieving specified environmental goals. For our pr이ect， the 0피ective became to develop 
pro∞dures for the definition and empi끼cal estimation of a highest-possible national income consistent 
with respect of a specified set of goals representing long-term maintenance of key environmental 
services. We consider this satisfycing approach to constitute << best practice )) for providing macro­
economic p이icy-relevant information conceming efficient and equitable use of the environment. 

The prl이ect’s objective thus became more complex than initially envisaged. It is, of course, 
still proposed that the environmentally a대U하ed national accounting system should support traditional 
accounting uses such as defining the money value of national output, sectoral statistics, employment, 
and so on. But in relation to environmental and economic su하ainability concems, we do not propose 
the simple calculation of a green GDP. Ratherthan using environmentally a대usted national accounts 
as merely a descriptive instrument permitting calculation of a 'corrected’ macroeconomic indicator, 
we suggest that it should be developed as a p이icy support data bank for a variety of analyses and 
modelling purposes aimed at clarifying prospects of ecological-economic sustainability. 

11. Methodology 

There are many perspectives on the questions of green GDP and indicators for sustainability. 
We have sought in our pr이ect reporting to state very explicitly the approaches that we have adopted 
and the reasons why we consider them best practice. This section provides a short recapit비ation. 

ECONOMIC THEORY, ENVIRONMENTAL SCIENCE & STATISTICAL PRACTICE 

The c외1 for sustainable development at all scales (North-South, European Union, national 
and sul:rnational levels) signals the emergence of a set of p이icy preoccupations quite distinct from 
the post-World War Two fiscal management and macroeconomic pe야Ormance preoccupations that 
were the backdrop for the original sy앉ems of national accounts. The new requirement is for use of 
national accounts stati해cs to explore long-term environmental prospects as well as economic 
peπorman않 prospects. This new appli않tion of national stati양ics is emerging within p이itical 

contexts where conflicts emerge and must be resolved between competing economic and 
environmental interests, between people holding different value systems and different p꺼nciples of 
judgment, and also between different representations of future states and visions of the wo꺼d. 

The approach to calculation of environmentally adju하ed national income figures that we 
adopt responds to four broad sets of considerations in an integrated manner: 

• scientific adequacy: do the description and evaluation methods deal well with the important 
features of the natural world and of the ecological , technological and social change processes 
in question? 
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social adequacy: do the methods fumish infonnation in ways that respond to stake-holders’ 
needs and that support social pro잉sses of decisionmaking? 

economic rationality: do the suggested choices or courses of action that emerge from the 
valuation, stati하ical analysis and modelling pro않dures respect economic efficiency, in the 
sense of appearing to be reasonably cost-effective ways for moving in the desired directions 
or for arriving at the envisaged outcomes? 

statistical adequation: can the methods and measurements proposed be implemented in 
confonnity with established quality standa띠s in stati앙i떼 work, within the budgets available 
for this work? 

No one of these four criteria, on its own, is enough to judge the adequacy of an approach to 
development of macro-economic indicators for sustainability. Our work has consisted of a pro∞ss of 
(( tuning )} theory, stati하ical concepts, actual measurement and the corresponding interpretation and 
use of res비ts. When it has tumed out that a theoretical concept is not applicable to the situation 
being analyzed, or that it cannot be measured in a reliable way, then we have abandoned it as 
inadequate for offering policy guidelines. 

We summarize in this section the perspective on sustainability that underpins our work, and 
the way it assigns complementary roles to monetary and non-monetary infonnation in sustainability 
analyses, and then we restate our favoured approach to defining an environmentally adju하ed national 
income. In the next section .we will provide a synthetic set of recommendations deriving directly from 
the prl이ect work, and mention some fields of further research that we judge as very important though 
they were not specific히Iy addressed within our own project. 

ECONOMIC AND ECOLOGICAL DIMENSIONS OF SUSTAINABILlTY 

We have adopted an ecological economics perspective, suggested in the figure below, from 
which point of view economic resource management must fulfill two complementary functions: 

• the delivery of an ecological welfare base through assuring maintenance 
environmental functions and amenity (Iower portion of the diagram), and 

of c끼ti떼 

• the delivery of an economic welfare base through production of economic goods and 
services (upper portion of the diagram) . 
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(Soi1, water, air, 빼야-gy， etc.) Direct envlronmental services 

In this perspective, a basic design criterion for (( greening >> national accounts should be to 
fumish an information base allowing cost-effectiveness in the allocation of economic resources for the 
pursuit of economic and environmental output goals. This means information sets covering 
production and exchanges of economic goods and services (including final ∞nsumption) ， changes in 
the state of the environment, and the economy-environment interfaces which bear on these two 
domains. The question is, how should monetary and non-monetary information be applied? 

Many manuals on the construction of environmentally adju양ed accounts suggest pro않dures 

for making monetary estimates of the value of environmental benefits and damages, in order to 
quantify natural capital depreciation in monetary terms. Our study does not endorse this perspective 
for the calculation of a green GDP. 

The committing of scarce resources in 0띠er to maintain or recover the desirable level of 
environmental quality corresponds to a kind of (( social demand >> for maintenance of environmental 
functions (i.e. su앙ainability). In economics it is habitual to ask, is the value of the benefit obtained, 
or of the loss avoided, worth the investment of economic goods and labour needed to obtain it? Yet 
this ‘demand’ for environmental quality, which will include provision for future generations and a 
demand for protection from environmental harms, cannot easily be expressed as a value in monetary 
terms. Even if such estimates can be made, the numbers obtained 0한en have very large eπor bars 
and can be highly sensitive to underlying parameter assumptions (e.g., conceming possibil해es and 
elasticities of su밟titution ， endowment and income distribution, technological progress prospects). 80 
the application of traditional ∞st-benefit analysis aimed at identifying a Pareto-efficient allocation of 
resources is difficult and 0πen controversial. Many environmental decisions involve pro비ems of 끼sk 
distribution, management of uncertainties, and conflict of interests that cannot be dealt with very well 
as cost-benefit (( optimizing >>problem. Attempts to put monetary values on environmental benefits 
and damages that are spread over time, and whose significance is sometimes as much ethical as 
biophysical, are 0한en quite artificial. 

For pr이ect appraisals and localized cost-benefit p이icy problems, the magnetization of 
environmental benefits 
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Multi-criteria decision-support approaches that b끼ng together cost-effectiveness frameworks 
with non-monetary information on environmental changes contained in satellite accounts, 에1 be an 
effective way to organize the information needed to calωlate macrl아economic pe야ormance 

indicators adequate for the purposes wanted - a single-period green GDP, or a time-series of green 
GDPs, or several scenario time-series of green GDPs. Also, the matrix structures of environmental 
satellite accounts linked to the monetary national accounts in aggregate or sector-by-sector can be an 
effective and highly communicative way for presenting the costs and benefits associated with 
environmental p이icy and other development options. The multi-criteria perspective provides for the 
presentation of information for discussion and support of decisionmaking pro∞dures in ways that do 
not yield a unique ranking of options, but that help make ex미icit the sorts of social choices and 
ecological and economic trade-offs that underpin the macro-economic aggregates and time-series 
that are constructed. 

DEFINING AN ENVIRONMENTALL Y ADJUSTED NATIONAL INCOME 

The intuitive idea of an environmentally adjusted national income figure (a ‘green GDP? is 
quite simple. It is an estimate of the level of output (or of consumption, or of national income, etc. , 
depending on the exact measure proposed) that a national economy would be able to achieve while 
simultaneously respecting the environmental quality and resource husbandry requirements for 
su앙ai미ngweπare levels in the long-term. 

Although the idea is simple, good empi끼cal estimations of ‘green GDP’ and, by extension, of 
a 'sustainable national income' (SNI) are not simple matters, for several reasons. First, the 
estimations do not involve only the measurement of a level of real aggregated economic activity, 
rather they are inferences about what is or might be feasi비e for the future. Se∞nd ， there are a lot of 
differences of opinions, including sociallethical value judgments as well as scientific uncertainty, 
about the ecological and economic determinants of feasibility -- technological change possib때ties and 
꺼sks， new natural resource discoveries, the resiliency and stability of ecosystems, the importance of 
biodiversity conservation, and so on. 

In the course of the prl이ect ， we distinguished and discussed three main approaches to the 
calculation of an environmentally-adjusted national income figure considered as a macroeconomic 
indicator for su하ainability. These are: 

• Estimation of an environmental net national product (ENNP) as defined in neoclassical growth­
with-natural-capital, and interpretation as an estimate for a (( sustainable national income )) (SNI). 
The ENNP can, in theory, be estimated through making deductions from the economy’5 GDP, 
these deductions representing the depreciation of capital stocks, including economic (produced or 
machine) capital, human capital, and, most importantly in this ∞ntext， natural capital. 

• Estimation of an environment허Iy-adju앙ed GDP figure as initially proposed by Hueting and 
colleagues in 1992, through making deductions from conventional GDP representing the economic 
costs of achieving independently specified environmental quality and conservation standards (e.g., 
costs associated with p이lution emission reductions) sufficient for achieving long-run sustainability 
of all important environmental functions. 

• Estimation of a ‘green GDP’ and, by extension, of a sustainable national income (SNI) based 
directly on empi끼cally calibrated m 
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The first approach depends strongly on imputation of monetary values to all flows of benefits 
and damages from natural resources and environmental functions during present and future pe꺼ods 
of economic activity. The se∞nd and third approaches, by contrast, do not monetize the social 
demand for environmental goods and services. Rather they designate environmental sustainability 
standa며s in non-moneta깨 terms (e.g. , c떼때1 thresh이ds for p이lutants). 

It may also be noted that both the first and second approaches are consi양ent ， each in their 
own way, with a neoclassical welfare theoretic interpretation of the environmentally a이U하ed national 
product figure as an aggregate indicator for overall welfare optimization. By contrast the third 
approach, based on modelling, estimates a “shadow GDpn - an aggregate nieasure of a feasi비e 
economic output - without any partic비ar welfare-theoretic significance. In the modelling approach, 
economic output and environmental quality are dealt with as complementary but incommensurate 
O미ectives ， so no welfare aggregation across ecological and economic domains is needed. 

After caref비 review of theoretical and empi디cal estimation issues, we have concluded that 
that the first approach, the production of a figure for ‘ green GDpß obtained through deductions of 
<< natural capital depreciation >> from conventional GDP, and , more paπiωlarly ， interpretation of this 
figure as an estimate for SNI, is largely iIIusory for providing a meaningful indicator for sustainability. 

Tuming to the second approach, we are in sympathy with Hueting’s arguments for defining 
economic a이U하ment costs associated with respect of environmental sustainability standards defined 
in non-monetary terms. This was indeed the starting point for our project in 1994. However, 
Hueting’s 1992 approach, while it avoided some of the difficulties associated with quantifying in 
welfare-theoretic terms the significance of ∞mplex and far-reaching environmental changes, did not 
in our view resolve adequately the methodological problems involved in (a) defining environmental 
quality standards and p디orities ， and (b) estimating economic opportunity costs associated with 
meeting sustainability standards. In partic비ar， we do not think that the subtraction of avoidance costs 
(including defensive expenditures actually made and also the ‘costs’ that would hypothetically be 
incurred to respecting 

1111 1. Main Results of the Project 

。ur preferred approach to defining ‘green GDP’ figures is based on the idea of defining cost­
effective resource allocation strategies in the achievement of environmental goals alongside the 
delivery of economic goods and services. Working in this way, opportunity costs or {< trade-offs >>, in 
both static and dynamic perspectives, between production output and environmental quality 
maintenance goals can be identified without the requirement to impute monetary values for 
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ecosystem characteristics and their change over time in the traditional neo-classical economic way. 
In our main report we show how the modified national accounts system can in this way become a 
support tool for empi디cally meaningful appraisal of environmental p이icy options. Here we 
summarize the main findings. 

DEFINITION OF ENVIRONMENTALLY ADJUSTED NATIONAL INCOME 

We have worked with the following definition of an environmentally adju하ed national product 
(green GDP) : 

the value (in mOI뀐'Y units) of the hψ'hest (or << best 께 feasible economic production for the 
accounting period in question, subject to the condition that the economy is respecting a 
specified set of environmental standards. 

It is important to note that: (i) this definition may apply to a real or model situation, (ii) it 
provides for the construction of time-series of green GDP figures (on a period by pe끼od basis) , and 
(iii) it allows that more than one green GDP (environmentally adjusted national product figure) might 
be calculated, or more than one time-series might be calculated, as a function of the environmental 
standards specified. We emphasize that a green GDP, as we define it, usually does not measure 
actual economic performance or welfare delivery. Rather it offers an estimate based on multi-sector 
economic mOdelling (or somesuch) , of the level and composition of environmentally respectf비 

economic output that, for each accounting pe디od being considered, may be feasible with currently 
known technology or under hypotheses about future technological innovation. 

CALCULATION OF ENVIRONMENTALL Y ADJUSTED NATIONAL INCOME 

Useful calculations of << green GDP )) figures can be based on ∞mparative static modelling 
or on dynamic modelling. 

In the case of dynamic modelling, the model output is a time-series for the aggregate national 
product that is attainable while respecting , for each period, the specified sustainability guidelines. 
Such figures are potentially valuable inputs into policy debates, but certainly they are not the basis in 
themselves for policy choices. The figures obtained will depend on, among other things the 
environmental standards imposed. Given that uncertainties are quite large, and that the range of 
different effects of a decision extends to many different ecological , social and economic domains, the 
processes of standard setting, statistical estimation and aggregation to produce such figures involve a 
whole range of caveats and contingencies. 

The investigation of policy options and the search for “good" options necessarily involves an 
element of scenario construction. This implies the construction not one but many “green GDP" 
figures, usually in the form of time-series. 

The decision support information of most value is not found in the aggregate figure 
themselves, but in the richness of information through comparison of the different model outputs and 
scenanos. 

THE ROLES OF STATISTICAL OFFICES AND RESEARCH INSTITUTIONS 

In this pr，이ect ， based on the cost-effectiveness approach, a procedure for the construction of 
abatement cost curves (ACCs), showing the direct effects of technical abatement measures, was 

EC DG-XI/ Contract: EV5ιCT94-03ô3 Fínal Summary Reporl 



EnvironmentaHy A혜'usted Nationallncor빼 티Igures Page 10 

deveJoped and empi꺼caJJy tested for various nitrogen ∞mpounds. The empi꺼caJ work demonstrated 
that an adequate official comprehensive database for construction of ACCs is not yet available in 
Germany, the ∞un따 of appl때tion. The required information originates in different (e∞nomic and 
technical) spheres and institutional sources, each with their own data classification and categorization 
systems, which have to be brought together. The final aim in the ACC estimation pro않dure is to 
have results for the ‘homogeneous production pro않sses’ as the stati하ical accounting unit. 

FoJJowing the lines set out in the Manua/on The Construction 0' Abatemenf Cost Curves 
produ∞d in the course of the project, the necessa깨 time to construct one ACC for one p이l따ant is 
approximately three-quarters of a person-year. In the empi끼cal study, only the direct micrc• economic 

effects of abatement measures have been estimated. To get to macro-economic resuIts, as are 
required for the linking of the data with the national accounts, a more comprehensive modelling 
approach is needed. In the future, stati하ics offices can offer basic data about abatement costs for 
selected environmental p이lutants， which then have to be linked with modelling-calculations by 
research institutes. In view of the limited financial resources and the generally poor data situation 
(relative to the immense complexity of the p이lution and environment domain), a f비1 coverage of all 
processes, products and environmental themes seems unreachable. With the help of a stati해cal 

selection pro∞dure (the details of which have still to be developed), a sample of environmental 
pressures and of polluting economic sectors should be chosen, including the most important 

environmental pressures and harmful economic processes with a high techni떼 abatement potential. 
The proposed methodology for calculating ACCs with integrated techniques/changes of production 
processes may then be implemented empi끼cally. 

Having made this assessment of statistical feasibility, the roles that we have identified for 
statistical offices in greened national accounts preparation are: 

1. Estimations of the direct costs of cost-effective responses to environmental deterioration on a 
sector-by-sector and p이lutant-by-p이lutant basis involving the use of available technologies under 
exi앙ing economic ∞nditions; 

2. The information base for estimations of the indirect effects of 
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First, there is often a lack of inforrnation about possible interactions (synergy or 
incompatibilities) between technical measures included in the direct cost calculations. 

Second, estimates of direct costs usually focus on a particular type of p이lutant emission or 
environmental quality goal, whereas in reality there are 0야en interactions between environmental 
pollutants that make estimation of environmental damage strongly site specific. Although several 
caref비 studies are proceeding, we still seem to be far away from being able to calculate cost-effective 
responses in a rigorous way for a set of complicated environmental problems. These estimation 
difficulties also 떠rry over to the calculations of indirect (cross-sectoral) effects associated with 
environmental policy implementations. 

Third, the statistical data for the costs and the technical measures to reduce environmental 
pressures stem from different data sources, and often these sources do not correspond with the 
economic sectors distinguished within the usual SNA. As we will recommend below, integrating this 
inforrnation in a meaningful and useful way is perhaps the most important task that can be organized 
by Statistical Offices. 

Implications and Recommendations for Policy 

Within the project, four m혀or methodological research areas were distinguished, as reflected 
in the structure of the f비 1 final Project Report. These were: (a) Review of the theoretical and 
statistical basis for deriving sustainability indicators; (이 Defensive expenditures; (c) The 
construction of avoidance cost curves; (d) Micro-macro aspects of environmental-economic 
accounting. 

Keeping in mind this four-way division, we provide a synthetic set of recommendations 
deriving directly from the project work. 

METHODOLOGICAL PERSPECTIVES 

There are a range of different concepts of, and ways of estimating, an environmentally 
adjusted national product (green GDP). For the construction of useful macro-economic performance 
indicators, we recommend adoption of the following definition : 

R.1 An environmentally a이Usted national product (green GDP) is the value (in 
money units) of the highest (<< best 까 feasible economic produc하On for the accounting 
period in question, su떼'ect to the condition that the economy is respecting a specified 
set of environmental standards. 

This definition may apply to a real or model situation, and it provides for the construction of 
time-series of green GDP figures on a period by period basis. Moreover it allows that more than one 
green GDP might be calculated, or more than one time-series as the case may be, as a function of 
the environmental standards specified. 

R.2 Useful calculations of (( green GDP >> figures can be based on comparative 
static modelling or on dynamic model삐19. 
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In partic비ar， scenario modelling work. permits the quantification of the feasibility space for 
possible future national economic trajecto디es ， including the calculation of time-series for 
environmentally adju하ed national income, based on explicit hypotheses about acceptable p이lution 

emissions levels, the available natural and manufactured resources, consumption pattems to be 
maintained or changed, and technological options. This sort of approach provides, in our view, a 
much richer and empi꺼cally more robust information base for appraisal of macro-economic and 
sectoral p이icy options than can be provided by an indicator based on subtracting imputed money 
values of natural capital stocks from GDP. 

EUROPEAN CONTEXTS FOR STATISTICS COLLECTION & IMPLEMENTATION 

The EU through the Commission and the Parliament has committed member countries to the 
production of modified national accounts that allow measures of economic performance to be put in 
relation with information on environmental change. In December 1994, the European Commission in 
its Report COM(94) 670 Final set out a plan for analysis and implementation over several stages for 
the development of systems of environmental indicators and << green accounting )) in Europe. The 
European Parliament, in its resolution A4-0209/95, affirmed the general elements of the action plan, 
while requesting some fine tuning, such as provision for the specificity of each country’S 

environmental preoccupations within a common framework and an environmental accounting 
framework. that allows actual and potential causes of environmental deterioration to be identified. 
Three stages of green accounting were envisaged: 

• The systematization of environmental pressure information through agreeing on accounting 
framework. conventions (ESEA) and through implementing a common system of environmental 
pressure indices (ESEPI); 

• The creation of a set of integrated economic and environmental indices (ESI); 

• Implementation of methods for placing monetary values on natural resources and 
environmental deterioration categories, permitting f비 1 << integration )) of economic and 
environmental accounts in monetary terms. 

Recent work, including our pr이ect， has made clear that the greening of national accounts is 
not only a question of economic theory and of accounting concepts, but also a question of data 
availability and information technology. The good organization of data processing, the improvement 
of statistical services by means of standardization and the documentation of data quality by meta­
information (pedigree of data, reliability etc.) is essential. A precondition for further progress is the 
organization of a << cost-effectiveness information system )) close to the sectoral structure of input­
。utput tables of national accounting. The European activities ESI , ESEPI and ESIS under the 
leadership of Eurostat, are good starting points for this purpose. We recommend: 

R.3 π1e available economic and technical data-sets should be organized and linked 
in such a way that they can readily be used for both the calculation of direct economic 
costs (e.g. , changes of weights within the distribution of avaiJabJe techniqu 

R.5 Jt would be useful to p。이 current experience{ at present fragmented across 
Europe, conceming the estimation of sector-by-sector and pollutant-by-pollutant 
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avoidance cost curves. πIκ could be promoted through an EC DG-XII Conce，π:ed 

Action or research programme accompanying measure. 

R.6 Couniη applications of model-based calculations of environmentally-adjusted 

national incαne ñgures (that is, compara하\le static or scenario time-series of green 

GDP πgures) must be carried out for several 이'fferent EU countries in order to gain real 

expe까'ence with the diversity of environmental.경conomic conditions and with the 

adequacy (or not) of country data bases and information formats for the calculation of 
green GDPs. 

ENVIRONMENTAL DEFENSIVE EXPENDlTURES 

The pr이ect has dealt intensively with the question which role the environmental protection 
expenditures should play in an environmentally adju앙ed GDP. This role depends generally on the 
O비ective of the adjustment procedure and correspondingly on the interpretation of the environment­
related expenditures in the adju하.ed domestic product. 

In this area, the first question that we have addressed is: for the purposes of green GDP 
estimation, what is the right way to take account of the welfare significance of the flows of 
environmental goods/services during the accounting pe디od? The issue to be surmounted is that real 
GDP as traditionally measured rises as a result of increased produ다ion that disregards the 
environment, and rises still further when environmental damages are then mitigated through further 
economic activities. This is a perverse characteristic of GDP as a macro-economic peπormance 
indicator. 

The interpretation of certain expenditures categories as (environment히Iy) defensive 
expenditures, or EDEs, is rooted in the debate about analytical deficiencies of the conventional GDP 
as an economic welfare measure. It has sometimes been proposed that, in order to ‘correct’ the GDP 
as a performance indi혀tor， deductions from the conventionally measured GDP should be made for 
the ‘environmental defensive expenditures’ (EDEs) aimed at maintaining or improving the level of 
environmental services (or reducing harm). In effect, this procedure would involve a reclassification 
of the EDEs as intermediate goods/services in national accounts sy힐ems， whereas they have 
conventionally (for essentially pragmatic reasons) been included in final consumption. 

。n the one hand, if environmental or natural ‘capital’ is considered as a factor of production, 
this reclassification procedure makes sense. However such a correction is difficult to implement in 
statistical practice, because it is very difficult to draw the line between expenditures conducted for 
defensive reasons as opposed to productive reasons, or in tandem with productivity gain objectives. 

。n the other hand, if the environmental goods/services in question are rega띠ed as 
themselves contributing directly to welfare, the deductions should not be made in a pe끼odic 
accounting procedure. One question that then arises from a welfare-theoretic point of view, is how to 
construct a welfare measure that aggregates the value of environmental goods/services together with 
the conventional consumption of economics goods and services. 

In this project, we have adopted the convention that economic and ecological sources of 
welfare sho비d be treated as complementary but not commensurate. We note that the positive 
environmental effects of environmental protection expenditures are not monetarized in the existing 
SNA and are, consequently, not represented as a separate output category in the GDP volume figure. 
This is actually consistent with our cost-effectiveness framework, where a green GDP figure or time­
series is considered simply as an indicator of feasible economic activity and there is no compelling 
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welfare-theoretic reason to quantify EDEs separately for the adju하ment to national income figures. 
80 we conclude: 

R.7 πle environmenfal 0따'puts of environmental protection activities should not be 
monetarized for macro-economic accounting purposes. (There are also statistics 
quality reasons for this, to considering the well-known uncertainties and degree of 
arb꺼"Briness of monetary estimates of many environmental damages and beneñts.) 

。n the other hand, environmental functions and services sho비d be identified in qualitative or 
multi-criteria terms for their welfare significance, but they do not need to be evaluated in monetary 
terms. It is necessary and urgent to supplement the data on monetary environmental protection 
expenditures (and costs) by physi떠 data. Usefl비 information about the environmental effects of 
actual environmental protection expenditures is only obtained when this information can be linked to 
physical environmental indicators. 80 we further recommend: 

R.8 The current European initiatives for EDE data ∞'1lection should be pursue이 
and high prior짜Y should be given to deπning ways that this information can real’ be 
used in environmental policy priority-setting and policy evaluation. 

R.9 In particula.κ Eurostat should pave the way for including environment-orientated 
in-process modiñcations (integrated environmental protection measures) in the SERIEE 
data system on environmental protection expenditures. It is well-known that these 
measures are bect)ming increasingly important in the environmental management 
strategy of enterprises, substit，따'ing more and more the dominating role of end-of-the­
plpe-measures. 

R.10 Euro앙at should work out with high p，끼'ority the 'natural resources use and 
management account' foreseen as a part of SERIEE. 

We add the following remarks. Measures of enterp디ses to increase the efficiency of energy 
and materials use in the production processes are becoming more and more important. These 
measures are often included in the environmental co하 accounting of enterp끼ses. In many cases they 
are the most important integrated option for reducing environmental pollution induced by the 
production process. They are not included in the Environmental Protection Expenditures Account 
(EPEA) of 8ERIEE, because they do not fulfill the causa finalis criterion. 80 it seems necessary and 
urgent to develop an operational concept and classification of this type of measures and to record 
reliable data as well. αherwise 8ERIEE will publish data on environmental protection expenditures 
in the near and fur 
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Calculations of the costs of improving environmental quality or avoiding environmental 
degradation depend crucially on the environmental quality to be reached serving as a standard for 
these cost calculations. The reference level proposed in the existing SEEA is that the nation’s 
domestic economic activities during the actual pe디od should not impair the environmental quality as it 
exists at the beginning of the pe끼od. Of course other reference standards are thinkable. For 
example in the Sustainable Nationallncome pr이ect at Statistics Netherlands, ecological sustainability 
standards are established for a number of environmental problems in a scientific way within certain 
uncertainty ranges. Contrary to the standard advocated in the SEEA, this sustainability standard does 
not refer to the state of the environment at the beginning of some accounting pe끼od ， but to an 
ecologically sustainable state - that is, the sustainable rate and type of use of environmental 
systems and their products and services. 

The two categories of costs - prevention costs actually incurred and potential prevention 
costs not undertaken by the actors while ju하ifiable from a social welfare or sustainability point of view 
- directly ∞mplement each other. In any one pe디od ， without the activities financed by the actual 
prevention expenditures the degradation of the environment would have been higher than is actually 
the case. However, if a zero-degradation or stronger sustainability standard is the reference point, 
then additional avoidance and restoration costs would be needed to fill the gap between the 
environmental quality actually reached and the more ambitious pe꺼od standard. Estimates of these 
additional costs of avoidance and restoration must be made through inferences based on data about 
available techn이ogies or life양yle changes and so on - the various e하imates of direct and indirect 
costs as discussed elsewhere in this report. 

ENVIRONMENTAL PERFORMANCE AND REPORTING AT FIRM LEVEL 

。ne of the key tasks of our project was to investigate the extent to which information at the 
firm or << micro )) level on environmental pressures and abatement prospects can become a useful 
data source for green national accounting purposes. Our investigations of empi디cal estimation of 
cost curves and of the data requirements for modelling confirm the importance of such information. 
At the same time, our research shows that enterp꺼se-Ievel monitoring, quality control and reporting 
practices produce information that is extremely heterogeneous. There is not a simple ‘translation’ 

from this heterogeneous information to the technological data base and cost-accounting categories 
relevant to calc비ations of green GDP. In addition, much information is commercially sensitive, which 
can limit its accessibility to researchers. 

R. 11 It is useful to distinguish two different senses in which environmental 
consequences of economic activity are ‘taken into account' or intemalized. The first is a 
qualitative sense of intemalization that is reflected in the information categories and 
reporting purposes of economic actors. The second is the attempt to produce 
quantκative indicators at sectoral and nationalleve/s. 

In qualitative terms, a direct parallel can be drawn between the normative interest in << green 
GDP )) as an indicator of prospects for national economy activity to respect defined environmental 
norms (including sustainability-related standa띠5) ， and the increased attention within the p끼vate 

sector for documenting coml갱ny environmental performance and product environmental quality (for 
example eco-reporting, best available technology, ISO-14000 protocols). The macro-economic 
accounting adjustments and the new firm reporting practices are two different ways in which the 
burden of proof is being shifted from relative neglect of environmental consequences of economic 
activity towards the obligation to take the << best reasonable measures )) in favour of environmental 
quality. 
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However, the ‘bridge’ between firrn-Ievel (micro) data and the stati하i떠 categories for 
greened national accounting (macro) is not a simple passage of collection and aggregation. In fact 
this key finding is common to the three different domains of our pr이ect empi디cal work - the 
estimation of abatement co앉 curves, the classification and estimation of environmental defensive 
expenditures, and environmental inforrnation at firrn level. 

Let us summarize the micro-macro link from the point of view of constructing national 
accounts and of calωlating figures for environmentally adjusted national income (green GDP). The 
required inforrnation comes from many diπerent economic and techni떠 domains, each having their 
own classification systems. Data about emissions and about major raw materials and energy inputs is 
usually available at an aggregated level for firrns, sectors and the e∞nomy as a wh이e. This sort of 
data then has to be supplemented by very detailed and disaggregated techni떠 information (where 
available) about abatement measures and their costs. Such data often derive from various research 
pr이ects， some within the p끼vate sector, much of it within publicly funded institutions. Thus there is a 
big gap between this detailed but fragmented information on the one hand, and statistically useful 
figures for abatement potential and costs for representative firrns or sectors on the other hand. 
Bridging this gap depends on the cooperation of researchers, technicians and process managers, and 
statisticians to share their specialized knowledge and arrive at mutual understanding of their 
contrasting needs. 

There is not a simple accounting or reporting procedure to ensure this ‘bridge’ between 
technical-economic researc~ ， firm information and statistical figures. What is most important is to 
encourage a permanent interaction based on the assertion of a public interest in the production and 
dissemination of high quality inforrnation on techni떠 potentials for abatement at firrn level, and the 
costs involved. 

R.12 We recommend that work should be encouraged involving paπ'nershψs 

between p.끼vate sector actors, researchers and policymakers, to furlher define how this 

reorientation of priorities and reporling conventions at 'micro’ level can be promoted and 
exploited for more effe때ve policymaking for sustainability in the public domain. A 
permanent interaction between researchers, sta하:sticians， public policymakers and 

private sector stakeholders is essential for good progress in this field. 

The production and sharing of information can be promoted by publi미y funded 미earing 

houses such as the European Environment Agency and by giving a high profile to specialized data 
sets with partic비ar policy importance (such as BATNEEC information as provided for under recent 
EC Directives). In addition, the development of intemationally recognized standards and quality 
certification, through public p이icy and corporate protocols (such as the ISO 14000 series) can 
promote the process of ‘intemalization through information'. 

Empi꺼cal data at the ‘micro’ levels (that is, technical research data and firm-Ievel information) 
is an essential input for construction of abatement cost curves. It is also needed as underlying data 
for the more comprehensive modelling work required to calculate the economy-wide effects of 
changing production pattems brought about by introducing emission abatement techniques on a large 
scale. As already discussed elsewhere in the report, the economy-wide modelling must be developed 
on a basis of hypotheses about rates and types of technical change and final consumption change, on 
a sector-by-sector and p이lutant-by-p이lutant basis. These hypotheses reflect knowledge about new 
technologies available or in prospect (process efficiency improvements, new products) and judgments 
about the responses of economic acto잉 (fi rrns , financial intermediaries and households) to the new 
technological opportunities, p이icy signals, and so on. In these behavioural respects also, a 
permanent interaction between researchers, statistical offices, p이icymakers and a variety of producer 
and consumer stakeholders is a pre-requisite for quality and pertinence of work. 
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住 Collaboration 

This pr이ect has been notable for the extensive formal and informal collaboration involving 
researchers from academic institutions, p꺼vate sector firms and industry representatives concemed 

with environmental reporting and information sy하ems， national and European statistical offices, and 
p이icy advisors. 

We mention some of these collaborations. The project team worked closely together with the 

National Ac∞unts departments of the statistical offices of the Netherlands and Germany. The 
pr>이ect’5 outcomes correspond in many respects with work and ideas developed independently at 
these offices. Members of the C3ED team (formerly C3E at Université de Pa디5 1) developed some of 
the same ideas in a Working Group on environmental accounting in France coordinated by the IFEN. 
At each meeting of the project participants, members of the European Stati양ical 。해ce (EUROSTA끼 

were present. The Wuppertal Institute research team developed and maintained important contact 
with industry standa며5 groups at German and intemational levels. Also, although officially not a 

pr>이ect member, Peter Rørmose-Jensen from Stati하ics Denmark (Environment and Energy 
Department) joined our group in January 1995 until the end. 

Thanks are due to all those colleagues within the partner institutions and in the European and 
intemational communities who fumished their support through comment, collaborative work, and 
discussions. 

VI. Publications from the Project 

V/.1 Already Published 

Title: 
Author(s): 
Status: 

Title: 
Author(s): 
Status: 

Title: 

Author(s): 
Status: 

Title: 

Author(s): 
Status: 

Le Revenu National Soutenable, est-il un indicateur de soutenabilité? 
S. Faucheux and G. Froger 
Article in Revue Française d’'Economie (1994, 9(2): p.3-37) 

Decision-making under environmental uncertainty 
S. Faucheux and G. Froger 
Article in Eco/ogical Economics (1995, 15, pp.29-42) 

Quelle révision, de la comptabilité nationale pour la prise en compte de la soutenabilité 
강cologique? 
S. Faucheux and G. Froger 
Chapter in E. Archambault & O. Arkhipoff (eds.), Mesure et Va/eur en Comptab때강 Nationa/e, 
Paris, Economica, 1996. 

The Costs of Achieving Sustainability: The Differences between 'Environmentally Corrected 
National Accounts’ and ‘Sustainable National Income’ as information for sustainability p이icy 
S. Faucheux, G. Froger, M. 。’Connor
Cahier du C3ED no. 94-18 
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A따hor(s): 
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La Contribution de la Théorie du Capital Naturel en Matière d’Indicateurs de Développement 
Durable: une appréciation critique 
S. Faucheux, E. Muir, M. 。’Connor
Cahiers du C3ED NO.96-05 (novembre 1996); submitted for journal publication. 

Valuation concepts for calculating << green GDP >>: complementary not exclusive 
C. Stahmer and E.K. Seifert 
Paper in Proc. of International Symposium Models of Sustainable Development, 
Paris, March 1994, Vol.I l 

General aspects of the maintenance cost approach in the EU-pr이ect on methodological 
problems in the construction of an a이usted income figure 
W. Radermacher 
Paper presented at the meeting of the London Group on National Accounts and the 
Environment, held in Washington (March 15-17 1995) 

Bewertung externen Kosten in den Umwelt-konomischen Gesamtrechnungen (UGR) 
des Statistischen 
Bundesamtes - Konzept und erste Ergebnisse 
W. Rieg용Wcisl。 

Paper presented at the meeting of the VDI (Verein Deutscher Ingenieure) - Gesellschaft 
Energietechnik about Externe Kosten von Energieversorgung und Verkehr (March 5-6 1996) 
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Defining cost-effective responses to environmental deterioration in a periodic accounting 
system 
R. 8rouwer, M. 。’Connor， W. Radermacher 
Paper in the Proceedings volume of the Third Meeting of the London Group on Natural 
Resource and Environmental Accounting (held at Stockh이m ， May 28-31 1996), pp.397-422, 
published by Statistics Sweden, Stockholm. 

The Environment and National Product in Economic Growth Theory [in Dutch] 
8. de 80er, R. 8rouwer, K. Zeelenberg 
Document Statistics Netherlands (March 1995) 

Sustainability in growth models [in 0따ch] 
8. de 80er, R. 8rouwer, K. Zeelenberg 
Document Statistics Netherlands (August 1996) 

Defensive expenditures 
C. Leipert 
Chapter 11 (p.175-186) in: Taking Nature into Account, A report to the Club of Rome, 
W. van Dieren (editor), 1995 

Auf dem Wege zum kosozialprodukt? 
C. Leipert 
Article in Informationsdienst Institut fr kologische Wirtschafts-forschung, Nr.2, Jg.1 0, 
March/April1995, p.17-20 

Auf dem Wege zum kosozialprodukt? 
C. Leipert 
pp.328-339 in W. Fricke (ed. , 1996), Jahrbuch Arbeit und Technik 1996, 80nn. 
March/Ap꺼11995， p.17-20 

Environmental protection expenditure and its representation in National Accounts 
G. Gi, C. Leipert, C. Pasurka, D. Schäfer, A Steurer 
Paper presented at the Special International Association for Research in Income and Wealth 
(IARIW) Conference in Toky이March 5-8 1996) 

Indicators for measuring welfare 
E. K. Seifert 
Chapter 9 (p.142-156) in: Taking Nature into Account, A report to the C/ub of Ron띤， 
W. van Dieren (edκ。r) ， 1995

Proposals and materials to the ad hoc-group on macro-micro linkage for the consideration of 
ISO TC207/SC4 (Subcommittee 4, Technical Committee 207, International Standardization 
。rganization)

E. K. Seifert and A Nδh 
ISO document no. 177 (May 1996) 

VI.2 In pl1앓5 (forthcoming) : 

Title: 
Author(s): 
Status: 

Title: 
Author(s): 
Status: 

Title: 

Author(s): 
Status: 

Title: 
Authors: 

Neoclassical theory of natural capital and << weak >> indicators for sustainability 
S. Faucheux, E. Muir, M. 。’Connor
Article (forthcoming in Land Economics Vol.73(4), November 1997) 

Towards a Green Nationallncome? 
S. Faucheux, M. 。’Connor， and Sybille van den Hove 
Chapter 11 in book Valuation for Sustainable Deve/opment: Methods and Policy Indicators, 
edited by S. Faucheux and M. O'Connor (forthcoming Edward Elgar, Cheltenham, 1997) 

From EMAS to SMAS, Charting the course from Environmental Management and Auditing 
to Sustainability Management 
E. K. Seifert 
European Partners for the Environment (EPE) Workbook version 2.1 , A. Spencer-Cooke 
(editor), (forthcoming 1997). 

The Construction of Abatement Cost Curves: Methodological Steps and 타npiricalEXperiences 
Wolfgang Rieg용Wcislo and Angela Heinze 
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Status: Manual produced by the Federal Statistical Office of Germany, Wiesbaden, Germany 
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I V씨에11 麻JS히ion of 

• Preliminary presentations of the main perspectives and results of the pr이ect have already taken 
place at a number of national and intemational meetings, including the London Group on National 
Accounts and the Environment in Washington (March 1995) and Stockholm (May 1996), and at 
the European Environmental Agency (EEA) in Copenhagen (Ap디I 1996). Further presentations 
are envisaged during 1997, including outlines for methodological work on cost curves and multi­
sector macro-economic scenario modelling, with various country applications. 

• A Manual designed for use by statistical offices, on The Construction of Abatement Cost 
Curves: Methodological Steps and Empirical Expe꺼enct톨s has been produced by the Federal 
Stati하ical Office of Germany (contact the authors Wolfgang Riege-Wcislo and Angela Heinze), 
Gustav-Stresemann-Ring 11 , 0-65180 Wiesbaden, Germany, fax +49 611 724000. 

• As indicated by the above Ii힐 (Section VI), there are already several pape패articles/abstracts 

pu비ished or forthcoming that present and discuss work done during the project; others are 
anticipated. 

• The work has already had an important influence on green accounting thinking amongst official 
agencies in several countries, including France, the Netherlands, Germany, the UK and Sweden. 
In addition, researchers and officials from several non-European countries (as far away as New 
Zealand) and from several intemational agencies including the WWF have expressed interest. 

• Since completion of the pr이ect， several funding proposals have been developed by individual 
project partners within several EU countries.. Positive responses at national levels by stati해cal 

and environmental p이icy offices, and by research funders (e.g., in France from the Mini힐ry forthe 
Environment to the C3EO) show that the approach is being viewed as potenti허Iy useful and 
practicable at a public p이icy level. 

• A joint pr이ect proposal for research into << Cost-effecfive responses to environmental deterioration 

in a pe끼'odic accounting system>> was made in January1997 to the EC OG-XII Environment and 
Climate programme, led by the Statistisches Bundesamt with participation by the C3EO and the 
CBS and also by partners from Sweden, the UK and Germany n아 inv이ved in the pr이ect ju앉 

completed. This proposal has been placed on the reserve list (as of July 1997) and may yet be 
reconsidered for funding. Further proposals along these lines will be developed in the f 
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11 VIII. Other Observations 

。ur approach to defining environmentally adjusted macro-economic indicators emphasizes 
the pragmatic and evolving character of p이icy-oriented analyses. 

For example, environmental and technological-prospect data sets will never be 
comprehensive in the sense of responding to all anal때cal or p이icy-evaluation needs. Modelling 
approaches are important and, in partic비ar， ex ante scenario modelling has a major role for the 
exploration of domains of possibility and constraints on the development of a national economy 
through time. Yet in the face of data limitations and the indeterminacies of future studies, some 
results will be less robust than others. The task is not to pursue an iIIusion of precision, but to 
understand the quantified results and the uncertainties in a dialectical way. Scenario modelling 
approaches do not lead to one unique figure for an ’environmentally corrected national income' (green 
GDP) for a nation but, rather, to many sets of time series for possible green GDPs. The information 
of most value is not found in the aggregate figures themselves - which are always open to alteration 
through changing assumptions - but in the richness of information and understanding obtained 
through construction and compa디son of the different model outputs and scenarios. 

We also want to mention some fields of further research that were not specifically addressed 
within our own pr'이ect but that we consider to be partic비해y important for the tuning of national 
accounts systems for sustainability p이icy concems. 

The empi끼cal res비ts presented in our pr이ect (notably in Part 11 of the f비 1 project Final 
Report) relate mainly to one broad category of environmental pressures: atmosphe꺼c p이lutant 

emissions related to fuel combustion (e.g. , CO2, NOx, SOx). We have insisted that, faced with the 
range and complexity of environmental problems, pragmatic answers must be found for the following 
questions: Which types of environmental pressure are most relevant? Which industrial or other 
productive activities are important? How can we ensure representativeness and significance if, within 
a reasonable budget, data collection and analysis is limited to relatively small samples? 

In future work, avoidance cost curve estimation and scenario analyses should be widened in 
sc야)e to cover also the environmental pressures arising in such categories as: heavy metals 
emissions; chemical pollutant emissions from a 
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global political-ecological scale. An important task for policy-scenario studies and green accounting is 
to represent not only the volumes of intemational trade in different categories of goods and services 
but also the corresponding 'trade' - actual or imputed by origins - in environmental burdens. A 
purely national focus could lead to quite erroneous conclusions. 

A highly developed ∞untry with a significant component of service industries, banks, 
insurances and so on, may look perfectly sustainable in a separated national ecobalance because it 
imports its needed (depletable) p끼mary materials and energy and has succeeded in exporting the 
polluting production industries. Statistical trends over the last 30 years are, in fact, widely in 
accordance with such a pattem of unequal development: an increasing amount of total intemational 
trade combined with a decreasing share of imports of raw materials into the industrialized countries 
and a decreasing share in toxic p이lutants. For example in Japan, relatively more aluminium is 
imported today from countries such as Canada where hydroelectricity is very cheap than in the 1970s. 
Similarly, Japan has for some time been developing hydroelectric power in countries such as Brazil 
and Indonesia. A paπ of the p에ution and ecological damage associated with Japan’s economic 
dynamism is, in effect, being shifted offshore. 

In addition to environmental stati해cs for nationally registered environmental pressures (such 
as ene띠y resource exploitation, forest cutting, fish catch, p에utant emissions and land use changes), 
the corresponding effects have to be calculated which are linked with imports and exports of raw 
materials and goods. A number of analysis tools are being actively developed which can respond to 
this need. Ecological ‘ruck~acks’ can - in p끼nciple - be calc비ated by a combination of Iife cy히e 
analysis (for the pressures of the excavation and production of energy and raw materials) and input­
output analysis (for the intemational trade of goods, which are already composed of different raw 
mate끼al히. Since intemational input-output tables which are u갑to-date and of high quality are not 
available, this sort of work is still in a quite early state of development. Yet the outlines are already 
clear. In Germany, for instance, some institutions have established a working group for co-operation 
in material and energy f10w accounting, including intef1 
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which they are constructed. ScenalÌos are not deηnitive representations of what will or should occur. 
Explorations of sustainability (and unsustainability) deal with an histolÌcslly open future. 
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This is the Final Summary Report for the pr이ect 

METHODOLOGICAL PROBLEMS IN THE CALCULATION OF ENVIRONMENTALLY ADJUSTED 
NATIONAL INCOME FIGURES 

carried out during 1994-1996 for the European Commission Directorate General XII 
under Contract No. EV5V-CT94-0363. 

The Report has been prepared p디ncipally by Roy Brouwer (CBS) and Martin 0 ’Connor (C3ED) 
with technical assistance from Sarah Dwyer (C3ED). 

It is produced jointly by the CBS and C3ED. 

For further information, please contact Dr. Bart de Boer (CBS) or Dr. Martin 。’Connor (C3ED) 

ηJe fuJl Final Prl이'ect Report (in two VI이ume잉 is also available, prepared 뻐nc.ψaJly by 

Roy Brouwer (CBS) and Mar히n 。’Connor (C3ED) 
with production assistance from Sarah Dwyer (C3E미 
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