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Abstract: Any economic activity involves using the natural environment. At the same
time the principle of sustainable development requires to deal with nature as carefully
as possible. Therefore it is important to measure how and to which extent nature is
used by economy over time. There are three essential classes of input factors from
nature into economy that may be distinguished: the supply of goods (such as raw
materials), the supply of area for the location of economic activity and nature's
function as a sink for the discharge of residuals and pollutants. For these classes more
detailed input factors can be specified. In addition to the measurement of mere
quantities information on the efficiency of the factor use is of major importance. In
German Environmental Economic Accounting (EEA) productivity indicators are used
to measure eco-efficiency at the national level. The article describes how
productivities are defined and which natural input factors are covered in German EEA.
Two examples (raw materials, carbon dioxide emissions) show in detail how the
productivities are calculated. The methods described are illustrated by various figures
for Germany.

1 Productivity as a measure for eco-efficiency
Any economic activity, be it the production of goods 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withdrawn from nature as raw materials, areas are used as a location for economic activities,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 nature. 2 By this the environment provides various inputs - in the form of (non
produced) goods or services - to economy which are essential for the generation of economic
output.
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In addition to its function as a sink, other services provided by nature should be mentioned such as the buffer,
recreation and production functions.
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Doing business in line with the principle of sustainable development requires dealing with
nature as carefully as possible, that future generations may enjoy an intact environment, too.
This means that the quantitative use of nature should be as small as possible or respect natural
assimilation capacities. Looking at the quantities of natural input factors exclusively,
however, would only give half of the picture: It is also important how much is produced by
using one unit of nature as input. In the current debate those aspects are discussed under the
priciple of eco-efficiency. Both aspects - sufficiency and efficiency - complete each other in
showing how any economic activity deals with nature.
In this context, eco-efficiency indicators play the role to show how efficient the economic
activity under consideration deals with nature's goods and services. This can be measured by
establishing a mathematical relationship between economic output and environmental input.
Most commonly the ratio of output and a special input is used. In general such an expression
is called productivity. This term was originally used in a technical context, showing how
much output can be generated from one unit of input by the production process being
discussed. In economy the denominator of the ratio is often more restricted, especially to the
economic input factors of labour and capital. It must be noted, however, that on the national
level the reciprocal value, i.e. the ratio of input and output, called intensity, is also a common
measure of efficiency which is often used in sectoral analysis or indicator systems.
Environmental Economic Accounting (EEA) is a framework which is designed to complete
the national accounting by taking into consideration the relationships between economy and
environment. Following the proposals of the SEEA (System of Integrated Environmental
Economic Accounting) one major issue is the extension of the concept of produced assets as it
is being applied in national accounts to a wider concept including non-produced natural
assets. Consequently nature has to be considered a production factor. As such eco-efficiency
indicators fit quite well to EEA concepts. It has to be realised, however, that consequently
eco-efficiency indicators in the context of EEA are designed for the national (macro) level
exclusively - the same way as it is done for the productivities of the economic input factors
labour and capital. The parallel treatment of labour, capital and nature as production factors in
EEA means that for indicating eco-efficiency productivities are better suited than intensities
in the context of EEA.
The numerator of the productity expressions to be calculated is quantified according to the
measurement of capital or labour productivity: The gross domestic product (at constant
prices) is taken in order to represent the economic output (see table 1).

Table 1: Definition of productivity
Productivity – An indicator of
the efficiency of factor use
The productivity of an input factor indicates how much economic output is produced by using
one unit of the factor concerned.
Gross domestic product (at constant prices)
Productivity = -------------------------------------------------------Input factor
Productivity indicates how efficiently a national economy deals with the use of labour, capital
and nature.
2

The calculation of the denominator, however, deserves some more attention. One has to
decide
a) which specific environmental inputs have to be taken into account and
b) how the quantity of the specific input under consideration can be measured.
The physical supply of goods by nature comprises raw materials, water and energy. In
addition, nature provides area which is used as location for economic activties. Nature's
function as a sink can be considered as the input of various services. Here the reception of
greenhouse gases, of acidification gases, of waste and of waste water are of major importance.
The supply of raw material, water, energy and area can easily be expressed in physical terms.
On the contrary, the services corresponding to the use of nature as a sink for residuals and
pollutants cannot be measured directly. Therefore the quantities of residuals and pollutants
discharched from economy to nature are taken as best available approximations. This means
that for example nature's input of the service "sink for greenhouse gases" is measured
approximatively by the annual amount of greenhouse gas emissions. Table 1 summarizes
which input factors of nature into the economy are considered in productivity calculations in
German EEA and how they are measured.

Table 2: Input factors for productivity representation in German EEA
Input factors
In German EEA productivities are presented for the use of the following input factors from
nature:
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 primary 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
m³)

Nature as a sink for residuals and pollutants
Greenhouse gases Pressure on the environment through the emission of greenhouse gases
(mn t CO2 -equivalents)
Acidification gases Pressure on the environment through the emission of acidification gases
(mn t acidification equivalents)
For comparison: The use of economic factors
Labour
Volume of labour as the total of hours worked (mn hours)
Capital
Capital use as consumption of fixed capital (DM mn at 1995 prices)
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Already here - before even having seen any figures - several crucial conclusions can be
drawn:
• Eco-efficiency cannot be measured by one single number but consists of a vector of
various productivities according to the different inputs from nature to economy.
• It must also be noted that for the calculation of each of these productivities the entire real
yield of the economic activity is referred only to the production factor concerned,
although the product is created through the combination of all production factors.
Therefore these partial productivities as calculated can serve only for rough orientation.
• Due to their different qualities and functions, those factors (and the corresponding
productivities respectively) cannot directly be compared with each other. However, by
observing their development over long periods one may obtain information on how the
relations between the factors have changed.
In the following, the calculation of two of the above mentioned input factors will be further
explained (see section 2). The methods will be illustrated by showing figures for Germany.
The examples of raw materials (section 2.1) and carbon dioxide emissions (section 2.2) cover
the functions of nature as a provider of (physical) goods and as a sink for pollutants. In
section 3, results for all input factors (and the corresponding productivities) will be given, and
some main conclusions will be drawn.

2 The use of input factors
2.1 Withdrawal of raw materials
For the representation of material flows, the Federal Statistical Office has chosen a pragmatic
approach – in particular because of data availability – which has included direct material
flows but excluded indirect material flows for the time being. Direct use of material covers
the withdrawal of raw materials, whether or not utilised, from domestic nature and the
imported materials (raw materials as well as finished and semi- finished products). Indirect use
of material covers the withdrawal of materials from nature in the rest of the world in the
context of producing the goods later imported to Germany.
Representing indirect withdrawal of material appears necessary because the principle 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: electricity imports instead of
domestic coal extraction), the withdrawal of raw material in the rest of the world increases
despite the decreasing use of material within the country.
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- finished products. The Federal
Statistical Office intends to improve the database for such calculations to the extent that it will
be possible to perform such estimations with sufficient accuracy.
Direct use of material can be broken down into different material categories. This is important
because only one of them is used to calculate the raw material productivity in Germany. For
the withdrawal of raw materials from domestic nature - excluding water which is treated in a
4

separate accounting module and including material imports from abroad - German EEA
distinguishes
• unused materials (such as excavated waste material in mining, excavated earth and the
like),
• biotic (renewable) materials (plants, animals),
• abiotic (non-renewable) materials (used) and
• the extraction of oxygen (mainly due to the burning of energy sources).
For each of these categories the material withdrawal is calculated at an aggregated level in
physical units (tonnes). Only the withdrawal of abiotic material is used as the reference value
to calculate the German raw material productivity.
Figure 1 shows the volume changes of materials withdrawn in Germany between 1991 and
1998.
Figure 1: Changes in direct use of material in Germany between 1991 and 1998
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Comparing the material flows for 1991 and 1998 shows that the total material input of the
German economy fell during the 1990s. The volume of material (withdrawal of raw materials
from domestic nature, excluding water and including 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 1998.
The decrease in withdrawal of materials is due to several causes. The decline in total use of
materials in Germany between 1991 and 1998 is mainly the result of a marked reduction of
excavated waste material in brown coal mining (reduced to about two thirds), which, in turn,
was the consequence of a decrease in brown coal extraction in the new Länder (East
Germany). Extracting one tonne of brown coal produces almost ten tonnes of excavated waste
material. As a result of the strong decline in excavated brown coal waste material, the total
volume of the withdrawal of unused materials fell by nearly one third (- 895 mn t).
5

The withdrawal of materials subsequently used did not change very much over the period
examined. However, the share of renewable (biotic) raw materials (including the products
made of them) increased, while the share of non-renewable (abiotic) raw materials and the
products made of them declined. The use of biotic materials (plants, animals) rose by 33 mn t
between 1991 and 1998. The quantity of abiotic materials used was down altogether by
39 mn t, with the withdrawal from domestic nature (especially energy sources as well as
stones and earths) decreasing by 105 mn t and imports of abiotic materials increasing by
66 mn t. The extraction of oxygen, caused especially by the burning of energy sources, was
down by 70 mn t.

2.2 Emissions of carbon dioxide
Emissions of carbon dioxide (CO2 ) are mainly created by the burning of energy sources. Such
emissions are a major cause of the "greenhouse effect". The calculations are based on the
energy consumption relevant for emissions, which covers only those energy sources whose
consumption directly causes emissions into the air. The corresponding emissions are called
"direct emissions". Total energy consumption, however, covers also those energy sources
whose consumption does not directly cause emissions (especially electricity and remote
heating).
Direct emissions of the various air pollutants are calculated for the economic sectors and
households by means of specific emission coefficients (database of the Federal Environmental
Agency), energy consumption (database of the German Institute for Economic Research /
energy balance) and by taking account of the processes running in the production sectors.
Direct emissions of carbon dioxide in Germany caused by economic activities amounted to
886.1 mn t in 1998 (figure 2). 662.8 mn t of that 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 households, about two thirds (69 %) of the consumption-related emissions were caused
through the use of emission-relevant energy sources for the purpose of "energy" (heating of
buildings, hot water preparation, cooking), while one third (31%) was due to the utilisation of
motor fuels for transport purposes. As regards production-related emissions, production
industries accounted for four fifth, and the sector of "energy supply" for about half of them.
The CO2 emissions in the latter area are caused 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 "cooking, mineral oil processing"
was 4.2%, while all service branches together had a share of 16.9%.
Between 1991 and 1998, direct CO2 emissions decreased by 90.4 mn t (- 9.3%) to 886.1 mn t.
The direct carbon dioxide emissions of households (consumption) rose slightly over the
period examined (+ 0.8 mn t or + 0.4%), while the economic sectors(production) accounted
for a decline 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 final consumption expenditure of households. This shows that the trend of
consumption expenditure of households and that of their direct CO2 emissions has been
decoupled. There are two effects explaining that development. About one third of it is due to
the fact that the emission-relevant energy consumption per DM of final consumption of
6

households decreased (- 2.1%) and about two thirds result from a decline in CO2 emissions
per energy quantity used (- 4.3%), i.e. the utilisation of energy sources containing less carbon
(substitution of solid fuels by mineral oil and especially natural gas).
Figure 2: Emissions of carbon dioxide 1991 and 1998
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1998

The direct emissions of carbon dioxide through production may be decomposed
mathematically into various components, that is a growth effect, a structural effect, an energy
intensity effect and a CO2 intensity effect. 3 Those effects represent in model terms the
mathematical influence of the individual components on the level of CO2 emissions with the
assumption that the other influencing factors remained unchanged. The growth effect
represents the effect caused by the general increase in production. The structural effect covers
the influence exerted by the changing economic structure (based on the breakdown of the
economy by 60 sectors) on the CO2 emissions. For example, 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 emissionintensive sectors of production industries. The energy intensity effect (relation between the
trend of emission-relevant energy consumption and real value added) may - with some
reservations - be interpreted as a measure of the efficiency of energy use. 4 The CO2 intensity
effect (relation between the trend of CO2 emissions and the emission-relevant energy quantity
used) measures to what extent the emission of carbon dioxide was influenced by the change in
the average carbon content of energy sources, e.g. by the use of lower-carbon and thus lowerCO2 emission energy sources.

3

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 information on the effects of
various influences - e.g. on the trend of CO2 emissions - by using relatively simple tools.
4
Which, however, must not be confounded with energy productivity which is the reciprocal expression.
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The mathematical decomposition of the entire decrease of carbon dioxide emissions in
production by 91.2 mn t between 1991 and 1998 into the afore- mentioned components leads
to the following result (figure 3): Due to the real growth of production (growth effect), CO2
emissions would have to have increased by about 69 mn t compared with 1991. However, that
influence was more than offset by the other factors. The largest contribution was made by
structural change, i.e. the expansion of low CO2 -sectors and the shrinking of CO2 -intensive
sectors, which contributed an estimated 74 mn t decline in emissions. More efficient energy
use had an effect 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.
Figure 3: Factors influencing the trend of carbon dioxide emissions
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3 Productivities of using nature
Figure 4 takes up both input factors explained in detail above and adds some other relevant
input factors used for the calculation of productivity indicators in Germany. In order to
compare eco-efficiency with "established" economic productivity measures the input factor of
labour (hours wo rked) is included. The denominator of the productivity expressions - the
GDP - is also shown. The figure pictures for all of these quantities the temporal development
by setting the value of the year 1991 to 100.
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Figure 4: Use of environmental resources for economic purposes
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In Germany the development of the quantitative use of the individual natural factors was
heterogeneous 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. Raw material
consumption was down 3.2%, energy consumption 1.8%. According to provisional estimates
of the Federal Office of Building and Regional Planning for 1998, built-up land and land used
for traffic purposes increased from 40 305 km2 in 1993 to 42 495 km2 in 1998 (+ 5.4%). That
was an increase by 120 ha per day.
The use of nature as a sink for residuals and pollutants regarding air emissions has clearly
decreased since 1991. Compared with 1990 (the reference year for the Federal Government's
goal of reducing the emission of carbon dioxide) the discharge of carbon dioxide (CO2 ) was
down 15%. On the basis of 1991 - which for reasons of data availability is generally used as
the reference 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.
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,
developed rather moderately in the period observed. From 1991 to 1999 the number of hours
worked fell 4.0%. Using the environment through carbon dioxide and acidification gas
emissions was reduced even more strongly than using the factor of labour; however, savings
achieved with regard to the energy and raw materials factors were clearly smaller than for the
number of hours worked.
While these interpretations show how trends may be compared for different input factors it
must also be noted each trend follows a "rather linear" curve; in most cases there are no rapid
changes in development. If you had a look at the corresponding productivities for this period
year by year, this would reveal little more than a fine tuning of eco-efficiency. If - on the
contrary - a long-term examination is carried through the results are much more interesting
(figure 5).
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Figure 5: Long -term examination of productivities
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1991 - 1998

The efficiency in using natural input factors - measured as the productivity, i.e. real gross
domestic product per unit - increased for all factors examined, except for built-up land and
land used for traffic purposes, in the period from 1960 to 1980; however, that increase was
clearly smaller than in the last two decades. Comparing the last two decades with one another
shows that the average development 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%). If we take into account that for most of the indicators the increased
efficiency in the 1990s was to a considerable extent due to unification-related special effects such as large-scale close-downs in particularly environment- intensive branches or the
conversion of plants in eastern Germany -, the data show a clear slowdown in productivity
growth for the natural input factors.
The productivity trends for the individual environmental input factors however show only
whether, and to what extent, the relevant factor is used more carefully than in the past. The
indicator does no t provide information on the extent to which the goal of sustainability has
been reached. In order to fill this gap, targets were defined for some of the indicators
mentioned here, i.e. CO2 emissions, energy productivity, raw material productivity and area
use. The target for the reduction of CO2 emissions was defined by the Federal Government.
The other targets were set up by the Federal Ministry for the Environment as part of
developing the Environmental Barometer. These are the targets referred to also by the annual
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economic report 2000 of the Federal Government . 5 The first three targets will be dealt with
more closely here.
Table 3: Selected indicators of the German Environmental Barometer
1990

Energy productivity
CO2-emissions
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1999
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1 014
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91,5

90,5

87,4

84,9

-

-

100

108,1

110,3

According to the targets, CO2 emissions should be reduced by 25% between 1990 and 2005.
Energy productivity should double between 1990 and 2020 and for raw material productivity
a 2.5-fold increase on the level of 1993 is envisaged for 2020.
If we compare for the examined indicators the actual pace of development in the 1990s (figure
6, 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 and 1999. This is an average annual
increase of 2.0%. To meet the target set by the Federal Government, an average annual
increase of 2.4% would be required until 2020.
Actual CO2 emissions fell by 153 mn t to 861 mn t between 1990 and 1999. 6 This is an
average annual decrease by 17 mn t or 1.8%. More than half (86 mn t) of the total
decrease of CO2 emissions between 1990 and 1999 referred to the period 1990 to 1992. So
for the period starting 1992 the average annual decrease was clearly smaller (9.6 mn t or
1.1%) than for the entire period. To meet the Federal Government's target (reduction to
760 mn t by 2005), CO2 emissions into the environment in Germany would have to fall an
annual 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 than the average of the years since
1992.
Raw material productivity rose 10.3% from 1993 to 1999. This is an average annual
increase of 1.7%. To meet the Federal Government's target for the increase of raw
material productivity by 2020, an average annual growth of raw material productivity of
4.0% would be required for the years after 1999.

5

Bundestags-Drucksache 14/2611 of 28 January 2000. See also: Environmental Barometer (Umweltbarometer) of the Federal Ministry for
the Environment and the German Environment Index (Deutscher Umweltindex - DUX) derived from it.
http://www.umweltbundesamt.de/dux/umweltbarometer.htm
6
Data source: Federal Environmental Agency.
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Figure 6: TARGET-ACTUAL comparison for selected indicators of the German
Environmental Barometer
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