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Abstract

The application of aggregate indicators in environmental-economic research has received
little attention so far. An important reason is the incompleteness of environmental data.
This article presents a systematic approach to construct indicators of environment and
economy on a macro level. It includes a distinction into the following categories. the
volume of economic activities as an indicator of potential environmental pressure; actual
environmental pressure; environmental quality; and environmental policy. In each
category aggregate indicators are calculated for 12 OECD countries. Subsequently, the
correlation between these indicators is examined. Significant correlation is found
between the economic activity indicators (or ‘potentia’ environmental pressure), actua
environmental pressure and environmental quality, whereas a very weak correlation
exists with these indicators and two types of aggregate indicators of environmental
policy. Due to some arbitrary choices, which are inevitable, the results are to be judged
with caution. Several suggestions are offered to improve the calculation and comparison

of aggregate indicators.



1. Introduction

The choice and calculation of aggregate indicators of environmental pressure and
environmental quality has received quite a lot of attention from natural and
environmental scientists. The present article will extend and relate these to aggregate
indicators of economic activity as potential environmental pressure, and to aggregate
indicators of strictness of environmental regulations. Together, these four indicators can
improve our understanding of economy-environment interactions and changes in these.
Moreover, such a system of indicators allows for comparisons among countries. In
particular, these indicators are very useful in ex-post evaluation of environmental policy.
Especially economists can make use of the latter type of indicators, for instance, in
studies of the impacts of differences in environmental regulations among countries on
international trade flows and plant location decisions by multinationals (see van Beers
and van den Bergh, 1997).

Various attempts have been made to aggregate environmental data. Den Butter
(1992) and den Butter and van de Eyden (1998) focus on the environmental quality of
The Netherlands. Hope et al. (1992) develop an environmental quality index for Great
Britain. De Bruyn and Opschoor (1997), following Janicke et al. (1989), offer a
discussion on aggregate environmental pressure indicators. Van der Laan and Nentjes
(1992) aggregate environmental data to compare environmental pressure in The
Netherlands with that in other European countries. The literature on activity and policy
indicators is less rich. Van Beers and van den Bergh (1997) have attempted to quantify
environmental policy through various indicators. Goff (1996) offers some
methodological considerations for formulating aggregate indicators of policy. Other,
more general discussions of indicators are Kuik and Verbruggen (1991), Adriaanse
(1993), and Milon and Shogren (1995).

An important problem in the composition of indicators is the difficulty or
impossibility of trandating environmental problems into single units (van den Bergh and
Verbruggen 1999). Scientists and policy makers have discussed how then to weigh
different problems or partia indicators to arrive at aggregate indicators. In the
calculations presented later components of aggregate indicators will be equally weighed.



The reason for thisis that no agreement exists on how to determine the weights. Huppes
et al. (1997) describe the following methods for determining the weights: political
statements, “revealed preferences’, government objectives, individual preferences and
sustainability criteria Moreover, the discussion about weights has focused on
environmental pressure and quality indicators. Weighing in aggregation of data for
constructing economic activity (potential environmental pressure) and policy indicatorsis
acompletely different matter.

A second problem concerns the quality of environmental data. For some years
now, both for the Netherlands and the OECD, environmental data have been collected on
a regular basis. However, the data is not complete. Although a great number of
indicators are imaginabl€e?, the choice of indicators in this study is influenced by limited
availability of data for the selected OECD-countries. This is the case even after the
countries were selected on the condition that a minimal amount of environmental data
was available.

Another issue that deserves attention in composing aggregate environmental
indicators is choice between units per capita (inhabitant) or per area. We have decided to
relate the indicators to area. An important reason is that economic activities and the resulting
environmenta pressure and quality mainly have relations with local environmental problems.
For globa environmenta problems caused by emissions of CH’s and CO, it would perhaps
be preferable to use an indicator per country normalised for the number of inhabitants.

The organization of this article is as follows. In Section 2 a framework is presented for
the selection of the four types of aggregate indicators. These will be elaborated and quantified
in Sections 3 to 6. Next, Section 7 examines whether an empirica relaion exists between the
aggregate environmental, environmenta policy and a number of macro-economic indicators.

Finaly, Section 8 presents the main conclusions.

?See for an overview: http://www.un.org/dpcsd/dsd/isd.htm
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2. A framework for environmental and economic indicators

The genera framework is presented in Figure 1. It shows a causdlity chain that guides the
classfication of environmental data by the OECD (1995) and the RIVM (1995). This
classfication offers clues for selecting sub-indicators that can serve as input for aggregate
indicators of economic activities (potentid environmental pressure), actua environmental
pressure, environmenta quality and environmenta policy.® A logicd starting point is the
system of consumption and production that leads to emissions of polluted materias to air,
water and soil, and disturbance of nature and the environment (odour, noise, and isolation of
nature aress due to physical infrastructure). Indicators of these factors can provide
information about the potential environmenta pressure (arrow 1 in Figure 1). Environmental
pressure caused by specific sectors can be reduced by investments in cleaner technologies. It
is thus possble that whereas economic activity levels increase, environmental pressure
decreases (dlso arrow 1). This process has been referred to as “delinking'.

A reduction in environmental pressure does not necessarily result in an improvement in
environmental quality. Emissons abroad may lead to a disproportionate relation between
domestic environmenta pressure and environmental quality. Moreover, cumulative, threshold
and delayed impects, as wdl as low remova speeds of some materias, can cause
environmenta quality to respond in a non-linear way to changes in environmental pressure
(arow 2 in Figure 1). The nature and size of economic activities and the environmental
pressure and quaity can be influenced by government policy, which includes environmentd
policy, economic policy, physica planning and technology policy (arrow 3 in Figure 1). This

study will focus on indicators of environmental policy in agtrict sense.

*This framework exhibits many similarities with the framework of the European Environmental Agency
(Stanners and Bourdeau, 1995) in which a distinction is made between ‘human activities', ‘pressures’,
“environmental conditions' and ‘ environmental problems': policy measures can affect al these aress.
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Figure 1. Relationship between economy-environment causality chain and policy.
Based on RIVM (1995) and OECD (1995).

Four types of aggregate indicators will be identified hereafter: for economic activities,
environmenta pressure, environmental quality and environmenta policy. These will be
caculated for a number of OECD-countries, and be compared. In addition, we will
investigate the existence of a relation between the caculated indicators. The analyss will
cover 12 OECD-countries that are comparable in various respects, and for which sufficiently
amilar data are available, namely: Canada, United States, Japan, Audtria, Finland, France,
Germany, the Netherlands, Portuga, Spain, Sweden and Switzerland. The sub-indicators and
indicators are normalised on a continuous scale from 0.00 to 1.00. A higher vaue does not
generdly imply ‘better’ (or 'worse') but follows a certain logic within each of the four
categories of indicators (whenever confusion is possble tables with results will include an
explanation). Since for some sectors or environmental problems more indicators are available
than for others, these would have a disproportiondly large influence on the aggregate
indicator. This biasis avoided by weighed summation, such that each sector or environmental



problem has an equal weight in the aggregate indicator.” However, as discussed in the
introduction, no weighing will be applied that reflects the rdative seriousness of

environmental problems or sub-indicators.

3. Indicator s of economic activities as potential environmental pressure

The sze of economic activities can be regarded to give a firg indication of potentia
environmental pressure (I¢). Table 1 presents possible indicators of the influence of economic
activities on environmenta pressure. A digtinction into polluting sectors in the economy is

made, namely the energy sector, transport, industry and agriculture.

Table 1. Indicators of the influence of economic activities on environmental pressure

(potential environmental pressure).

Sector Subindicators

Energy a Energy use (Mtoe)" per inhabitant (1993)
b. % fossil fuels (ail, coal, gasses: in Mtoe) (1993)
. % alternative energy sources (hydro/geothermal/solar energy) (1993)

Transport d. Number of cars per km? (1993)
e. Number of kilometres per km? (1993)
f. Km road per km? (1993)

Industry 0. % industry of GNP (1993)

Agriculture/ h. Use of fertiliser per km? (1993)
horticulture

i. Use of pesticides per km? (last year available)
j. Number of pigs per km? (1993)
k. Number of cows per km? (1993)

Note: * Mtoe = million tonnes oil equivalent.

A ghort explanation of the chosen indicators follows. The use of energy leads to
exhaustion of non-renewable resources and air pollution. The latter concerns loca air

pollution, caused by traffic, and ‘internationa or global air pollution’, causing globa warming

*The data are based on OECD (1985b, 1993, 1994, 1995).



and acidification. The energy use per inhabitant (in Table 1 presented by (8)) is high in rich
countries like Canada, the United States and Finland. South-European countries like Portugal
and Spain have a low energy use. Furthermore, the use of fossl fuds (b) is an important
indicator of potentia environmental pressure. Switzerland, Sweden and France make
relatively little use of fossl fuds, whereas Portugd, the Netherlands and the United States
have high leves of fossl fud use. Less environmentaly damaging energy sources, such as
wind and solar (photovoltaic cell) energy, hydro and geothermal energy (c), are used
intensively in Canada, the United States and Japan.® Finland and Portugal make relatively little
use of dternative energy sources.

The most important components of environmental pollution by traffic are air pollution
(emissions of CO,, SO,, NOy, VOS and lead) and noise pollution. Other problems are “land
divison” (resulting from infrastructure), congestion and accidents. Possible indicators of
traffic refer to car ownership and car use. However, environmental pressure becomes only
redlly clear when traffic movements are related to the size of the areain which the movements
take place. Consequently, in countries where the population dendty, car-ownership and
mobility are high, the environmental pressure associated with transport is high. This becomes
evident when we look at indices for different indicators of trangport. In Canada and Sweden
the number of cars and the kilometres driven per area-unit are low. Obvioudy, in countries
with a high population density like The Netherlands or Japan these indicators obtain a high
value.

Next, the level of indugtrid activity serioudy influences the amount of produced waste,
emissons to water and ar, etc. The sector Structure of production in a country tells
something about the pressure that indudtrial activities have on the environment. The OECD
distinguishes three main sectors. industry, agriculture and services. The Sze of the industry
sector is presented as a percentage of GNP. Countries with asmall percentage are assumed to
be relatively clean are the United States, Canada and Sweden (environmental impacts of
agriculture are registered separately via the indicators h to k). Reatively dirty are countries
like Japan, Germany and Portugal.

> A low value of thisindicator expresses an intensive use of dternative energy sources and, therefore, alow
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Table 2. Aggregation of indicators of potential environmental pressure in OECD countries.

Energy Transport Industry Agriculture

A B o+ | d E f g h i i k

Cn* 100 079 000 [ 001 001 0.03 0.64 0,02 0,03 0,00 0,02 0.39
us 093 092 000 | 010 0,14 0.20 0.66 0,15 0,20 0,00 0,15 0.48
Jp 043 08 001 ]| 070 0,71 093 1.00 034 093 0,08 0,34 0.82
Au 048 091 003 | 026 027 041 0.85 022 041 0,41 0,22 0.60
Fi 078 078 1,00 | 0.04 0,05 0.07 0.67 0,07 0,07 0,11 0,07 0.51
Fr 045 061 008 | 029 030 046 0.69 060 0,46 0,07 0,60 0.57
Ge 051 09 007 | 071 062 056 0.89 0553 0,56 0,09 0,53 0.75
NI 0,61 100 007 | 1.00 100 1.00 0.68 1,00 1,00 1,00 1,00 1.00
Po 023 099 014 | 016 0,17 034 0.92 0,18 0,34 0,33 0,18 0.57
Sp 027 084 005 | 017 0,08 011 0.84 026 011 0,07 0,26 0.47
Swe 067 053 002 | 005 0,06 0.09 0.67 0,05 0,09 0,09 0,05 0.37

Swi 050 068 003 | 049 049 053 0.82 026 0,53 0,84 0,26 0.68

Notes:

* The analysis has been carried out for Canada (Cn), United States (US), Japan (Jp), Austria (Au), Finland (Fi), France
(Fr), Germany (Ge), Netherlands (NI), Portugal (Po), Spain (Sp), Sweden (Swe) and Switzerland (Swi).

** A high (low) percentage of alternative fuelsresultsin alow (high) potential environmental pressure and therefore alow
(high) index value.

*** A high vaue of | goestogether with ahigh potential environmenta pressure, and alow value of 1. with alow potentia
environmenta pressure.

Most pollutant emissions by agriculture are the result of production and use of
fertiliser in cattle breeding. Emissions from pesticides are mainly caused by tillage of the
land. Agriculture and horticulture contribute to amost all the environmental problems.
The use of fertiliser and pesticides per kn? are important indicators of potential
environmental pressure. The use of fertiliser (h) is high in the Netherlands, France and
Germany. Many pesticides (i) are used in the Netherlands and Japan. In addition, the
numbers of pigs and cows per km2 (j and k) have been included. As expected, the
Netherlands scores worst on al four indicators.

An aggregate potential environmental pressure indicator has been calculated by
summing the values of all indicators relating to the sectors transport, energy, industry

and agriculture, followed by a standardisation between 0.00 and 1.00 (see also Section

level of potentia environmenta pressure associated with energy use.
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1). The value 1.00 is given to the country with the highest value after summation of the
sub-indicators. The aggregate indicator shows a low environmental pressure for Sweden,
Canada, Spain, Finland and the United States. For densely populated countries like the
Netherlands, Germany and Japan a high environmental pressure is found. This is partly

due to alarge number of indicators being related to area.

4. Indicator s of environmental pressure

The environmental pressure covers the use of natural resources, soil, water and air
pollution, and disturbance of the environment. These concern flow quantities like the use
of resources, emissions of noxious materials, waste flows, and changes in land use.
Possible indicators of environmental pressure are presented in Table 3.

Land use refers to available land area for agriculture, industry and nature. The
change in the amount of agricultural area in 1993 with respect to 1970 is used as an
indicator (a). This is based on the assumption that there exists a positive relationship
between the amount of available agricultural area and environmental pressure caused by
agriculture. In the Netherlands, Canada and France the percentage of agricultural area
has increased, while in Japan, Austria and Germany it has decreased. Changes in the
amount of permanent grassland seem relevant as well, but the data on these were

incomplete.
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Table 3. Indicators of environmental pressure.

Environmental Subindicator

problem

Land use a Change in the amount of agricultural areain km? (1993 in respect to
1970)

Deforestation b. Timber use intensity* in 1000 m® (early 90s)

Air pollution c. Emission of SO, per km? (1993)

d. Emission of NO, per km? (1993)
e. Emission of CO, per km? (1993)
Soil pollution f. Amount of produced household waste per km? (1990/1992)
0. % dumped household waste (last year available)
Water pollution h. Ground water abstraction per km?® (1993 of 1990)
i. Surface water withdrawal per km?® (1993 of 1990)

Note: * Timber useintensity is the annual harvest divided by the annual increase.

A change in the amount of forested area can result from exploitation of forests for
timber production. This affects the environmental pressure if the regeneration capacity is
exceeded. A good indicator is the annud harvest divided by the annua increase, the so-called
wood use intengity (b). Japan, Spain and the Netherlands perform well considering the wood
use intendity. This means that in these countries harvesting is well adapted to the annual
increase of wood in forests. In the Netherlands, however, origind or old forests have largely
disappeared, and planting of new trees is mainly done for production purposes. In Portugd,
Switzerland and France the timber use intendity is high. This means that in these countries the
annua harvest isreaively high in regard to the annua increase.

Adegquate indicators of the environmenta pressure caused by air pollution are the
emissons of SO (¢), NOx (d) en CO, () per area-unit. SO, and NOy are to a large extent
responsible for acidification of soil and surface water, CO, causes globa warming. Although
this indicator is often normalised on the number of inhabitants per country, given the
comparison with the other indicators in the present study, normalisation was done on the
basis of land area. The indicators of air pollution for the Netherlands and Germany show high
emissons. In the United States and Sweden the emissions of ar pollutants per area are

relatively low.
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Indicators of the environmenta pressure on soil are the amount of produced household
waste (f) and the percentage of dumped waste (g). In Canada, the United States and Sweden
the amount of produced household waste per areais low, while in the Netherlands, Germany
and Japan it is high. The percentage of dumped wagte is high in Portugal, Spain and Finland,
whileit islow in Switzerland, Sweden and Japan.

The amount of groundwater and surface water withdrawal per inhabitant (/i) is
an indication for the use and pressure on water. The amount of groundwater withdrawal
is high in the United States and Portugal, and low in Canada, Finland and Sweden. The
amount of surface water withdrawn is high in Canada, the United States, and low in
Switzerland, Austria and Sweden.

A good indicator of noise pollution would be the number of people that suffer,
for example, from the noise of traffic. Such an indicator is difficult to quantify since the

available data are incomplete.

Table 4. Aggregation of indicators of environmental pressure in OECD-countries.

Land Forest Air Sail Water

a b c d e f g h i |d**
cn’ 0,97 0,58 0,03 0,01 0,01 0,01 0,87 0,00 0,02 0,52
us 0,90 0,54 0,18 0,15 0,11 0,09 0,72 0,32 0,18 0,58
Jp 0,74 0,29 0,21 0,27 0,63 0,66 0,44 1,00 1,00 0,76
Au 0,81 0,54 0,08 0,15 0,16 0,20 0,78 0,49 0,05 0,58
Fi 0,88 0,57 0,04 0,05 0,03 0,05 0,90 0,02 0,03 0,51
Fr 0,95 0,64 0,20 0,19 0,16 0,24 0,54 0,32 0,28 0,63
Ge 0,83 0,62 1,00 0,56 0,54 0,40 0,76 0,63 0,52 0,85
NI 1,00 0,47 0,40 1,00 1,00 1,00 0,55 0,81 0,88 1,00
Po 0,93 1,00 0,28 0,16 0,11 0,17 1,00 0,96 0,22 0,85
Sp 0,87 0,46 0,40 0,17 0,11 0,14 0,98 0,32 0,24 0,62
Swe 0,89 0,57 0,02 0,06 0,03 0,03 0,51 0,04 0,03 0,46
Swi 0,92 0,68 0,13 0,25 0,25 0,33 0,27 0,68 0,02 0,63

Notes:
* For adescription see Table 2.

** A high vauefor l4indicates high environmenta pressure, alow vaueindicateslow environmenta pressure.
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In Table 4, the aggregate indicator of environmental pressureisly. The Table
shows that environmental pressure is high in the Netherlands, Germany and Portugal,
and low in Sweden, Finland and Canada

5. Indicator s of environmental quality

Environmental quality covers the states of natural resources, soil, water and air at a
certain point in time, i.e. stock quantities. Potential indicators of environmental quality
are presented in Table 5.

The aggregate indicator of environmental quality is caculated on the basis of, among
other things, the amount of agricultura land (a) and forest area (b). Countries with ardatively
large amount of agriculturd land are Spain, Germany and France. A high percentage of
agricultura land can indicate a low environmenta qudity, for instance, because less space is
available for nature. This appears to be true when we look at Sweden and Finland: these
countries have relatively little agricultura land (a) and arelatively large area of forested land
(b). The percentage of mammals that is threstened (c) is high in Audtria, Germany and the
Netherlands, and low in Canada, the United States and Japan. The percentage of threstened
plantsis high in Germany, Switzerland and Jgpan, and low in the United States.

Table 5. Indicators of environmental quality.

Environmental Subindicators

compartment

Land a. % agricultural land (1993)

Forest b. % forested area (1993)

Biodiversity ¢. % threatened mammals (beginning '90)

d. % threatened flora (beginning '90)
Air e. Concentration of SO, in capital in ug/m? (1992 or 1993)
f. Concentration of NO, in capital in ug/m® (1992 or 1993)

The environmenta qudity of air, water and soil can be reflected by the concentration of
polluting substances in these compartments. However, the OECD-data on concentrations of

polluting materials in soil, water and air are very incomplete. Available data for the 12
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countries include the concentrations of SO, and NO, in the capita city of each country. The
capitas of Sweden and Switzerland are characterised by reatively low, and of Spain by
relatively high, concentrations of SO, and NO,. The number and size of dumping Stes could
serve as indicators of waste concentration in soils. Unfortunately, aso these data are
incomplete for the set of countries considered.

lq represents the aggregate indicator of environmental quality. Table 6 shows that
Sweden, Canada and Finland have a high environmental qudity, while Audria, the
Netherlands, Spain, France and Germany are characterised by alow environmental qudlity.

Table 6. Aggregation of indicators of environmental quality in OECD countries.

Land Forest Biodiversity** Aire**

A b c d e f |q****
Cn* 1,00 0,59 0,95 0,20 0,50 0,60 0,99
us 0,23 0,41 0,70 1,00 0,26 0,40 0,66
Jp 0,38 0,88 1,00 0,04 0,26 0,30 0,75
Au 0,25 0,61 0,20 0,07 0,40 0,61 0,32
Fi 0,53 1,00 0,62 0,07 0,74 0,50 0,91
Fr 0,13 0,36 0,35 0,17 0,23 0,37 0,38
Ge 0,13 0,39 0,15 0,02 0,25 0,68 0,39
NI 0,16 0,13 0,17 0,07 0,60 0,37 0,33
Po 0,13 0,51 0,43 0,06 0,15 0,53 0,45
Sp 0,11 0,42 0,44 0,08 0,15 0,29 0,37
Swe 0,62 0,89 0,41 0,05 1,00 1,00 1,00
Swi 0,38 0,41 0,28 0,02 0,67 0,68 0,59

Notes:
* For adescription see Table 2.

** A high lossin biodiversity means alow environmental quality and thus alow index value.
*** A high concentration on polluting materialsin the capital implies alow environmental quality and thus alow index value.
*x%% A high valuefor | implies high environmental quaity, alow vaueimplieslow qudlity.

6. Indicators of environmental policy
Measurement of environmental policy stringency can focus on the inputs (efforts) or outputs
(impacts). Therefore, a digtinction is made between input-oriented indicators and output-
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oriented indicators (cf. van Beers and van den Bergh 1997)°. The first type relate to the
efforts made to reduce environmental pressure. Output-oriented indicators relate to the
concrete results of environmenta policy. Table 7 shows potentia indicators of environmental

policy drictness.

Table 7. Indicators of environmental palicy.

Strictness of environmental policy Sub-indicators

Input-oriented (1;) R&D expenditures aimed at the environment (1991)

Output-oriented (1) a. Recycling % of paper (last year available: 1991,
1992 or 1993)

b. Recycling % of glass (idem)

¢. % change in energy-intensity 1993 in respect to
1980

d. Level of energy-intensity in Mtoe/Mtep (1980)
e. Import tropical wood (1992)

The efforts of environmenta policy are expressed by the input indicator 1;. A high (low) I;
indicates a high (low) effort with regard to environmental policy. The level of environmentdl
investments and R& D expenditures aimed at the environment can be selected as an indicator
of the efforts made to reduce environmental pressure. Unfortunately, data for specific
environmenta investments are not available. Thus, the input indicator of environmental policy
has been limited to the R& D expenditures amed at the environment. High R& D expenditures
occur in the Netherlands, Switzerland and Germany. Relatively low expenditures are found
for Japan, the United States and France.

The output-oriented indicator ‘recycling of paper and glass (a and b) shows that
densdly populated countries like Switzerland and the Netherlands have developed ratively
many recycling activities. In thinly populated countries like the United States and Canada
clearly less recycling occurs. Possible reasons are that recycling is not profitable due to high

® Some authors consider environmental pressure or environmental quality as indicators of environmental
policy (e.g., den Butter and van der Eyden 1997). In the present context this would not be useful because
separate classes of indicators would end up being mixed.
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collecting and transport cogts, and that sufficient space is available for creating Sites for waste
dumping.

With regard to the change in energy-intensity () Germany, Canada and the United
States show areatively strong decrease in energy intensity. Remarkably, the level of energy
intengity (f) was high in the United States during 1980. Apparently, reducing the energy
intensity has been an important issue. The same goes for Canada. In Portugal, Finland and
Switzerland the energy intensity has decreased reldively less.

Finaly, the import of tropica wood has been added as an indication of how a country
handles globaly scarce natural resources. Austria, Switzerland and Canada import relatively
little tropica wood, whereas Portugd and France import relatively much of it.

l, in Table 8 presents the aggregate indicator of environmental policy. The table shows
that in an internationa comparison Austria and Switzerland have gtrict environmenta policy,

and the United States, Finland, Portugal and France a flexible environmenta policy.

Table 8. Aggregation of indicators of environmental policy in OECD-countries.

Output Input

a b c d e |0** | I**
cn’ 0,41 0,89 0,80 0,29 0,83 0,78 0,39
us 0,44 0,26 0,85 0,38 0,21 0,52 0,17
Jp 0,65 0,67 0,78 0,68 0,07 0,69 0,12
Au 1,00 0,90 0,62 0,61 1,00 1,00 0,44
Fi 0,58 0,60 0,36 0,36 0,43 0,56 0,46
Fr 0,54 0,57 0,72 0,64 0,05 0,61 0,17
Ge 0,59 0,89 1,00 0,45 0,14 0,74 0,88
NI 0,68 0,92 0,72 0,43 0,07 0,68 1,00
Po 0,53 0,38 0,00 1,00 0,03 0,47 0,73
Sp 1,00 0,37 0,55 0,80 0,07 0,68 0,88
Swe 0,64 0,67 0,72 0,38 0,73 0,76 0,76
Swi 0,69 1,00 0,46 0,78 0,86 0,92 0,98

Notes:
* For adescription see Table 2
** A highvduefor l,and |; indicatesadrict environmenta policy
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7. Relationships between the aggregate indicator s

Table 9 summarizes the aggregate indicators of economic activities (potential environmental
pressure), (actua) environmental pressure, environmenta quality, and environmenta policy
that have been discussed and calculated in the previous sections. Two macro-economic
indicators have been added to these, namely the GNP per capita and the unemployment
percentage. In addition, the population density (P) is listed. The reason for including these
three macro-leve indicatorsiis that the potential correlation with the environmental-economic
indicators can be studied. For instance, the question can be raised whether a complicated
process of aggregation can be omitted and replaced by sdlecting a straightforward indicator
(population dengity) or aggregate indicators that are aready being caculated on a regular
basis by nationa or internationa statistica offices (GNP and unemployment).

Table 9. An overview of aggregate environmental-economic indicators.

GNP/cap. P U% le lg lq l; lo
Cn 18695,1 2,9 0,112 0,39 0,52 0,99 0,39 0,78
us 234179 26,3 0,069 0,48 0,58 0,66 0,17 0,52
Jp 19006,5 330,0 0,025 0,82 0,76 0,75 0,12 0,69
Au 17287,3 95,2 0,043 0,60 0,58 0,32 0,44 1,00
Fi 14574,1 15,0 0,177 0,51 0,51 0,91 0,46 0,56
Fr 17976,7 104,6 0,116 0,57 0,63 0,38 0,17 0,61
Ge 16922,6 2275 0,104 0,75 0,85 0,39 0,88 0,74
NI 16435,3 410,2 0,062 1,00 1,00 0,33 1,00 0,68
Po 10366,9 107,5 0,055 0,57 0,85 0,45 0,73 0,47
Sp 12635,1 77,4 0,227 0,47 0,62 0,37 0,88 0,68
Swe 15978,0 19,4 0,082 0,37 0,46 1,00 0,76 0,76
Swi 21075,8 168,0 0,037 0,68 0,63 0,59 0,98 0,92

Notes:

GNP/cap. = Gross National Product per inhabitant in US$ in constant prices, 1993.

P = Population density, number of people per km?, 1993.

U% = Unemployment percentage, 1993 (Labour force sample surveys).

le = Aggregate index of the influence of economic activities on environmental pressure (potential environmental pressure).
14 = Aggregate index of (actual) environmental pressure.

|q = Aggregate index of environmental quality.

li = Aggregate index of | environmental policy (input).

1o = Aggregate index of environmental policy (output).
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It is striking that the Netherlands score worst on the indicator of economic activity
(potentia environmenta pressure, 1), environmenta pressure and environmenta qudity, and
scores best on the indicator of strictness of environmenta policy (1;). One explanation is that
the firgt three indicators relate to population density. Thinly populated countries like Canada
and Sweden are therefore characterised by low scores on the indicators of potential and actual
environmenta pressure and a high environmenta quality. Looking at the policy indicators, the
European countries in generd are quite progressive in terms of indicator 1;. Note that on this
indicator France scores bad, and Portugal and Spain score good.

The relation between the aggregate indicators presented in Table 9 can be studied more
carefully by means of a gatigicd andyss. In view of a limited number of countries in the
sample, the analysis is based on caculating corrdation coefficients. Table 10 presents the
results of this.” The most remarkable findings can be summarised as follows.

A gtrong coherence exists between the potential environmental pressure (economic
activities, l¢) and the actua environmental pressure (I4). This result is not unexpected given
the causd chain in Figure 1. A negative correlation exists between the actua environmental
pressure and the environmental quality, which means that a higher environmental pressure
goes dong with a lower environmenta quality. Moreover, a high population density (P)
corrdlates very srongly with a high potential environmenta pressure (Io) and a high
environmental pressure (lg), and negatively with alow environmenta quality (I5). The results
are a consequence of the fact that densaly populated countries often have energy intensive
production, high mobility rates and intensive agriculturd activities. Also the reverse causdlity
can play arole, i.e intensfying the activities, both in spatia as well as in environmenta
respect, makes a high population density possble. The negative relation between potential
environmental pressure (le) and environmental quaity (1) means that a higher potentia
environmental pressure results in a lower environmental quaity. This suggests a certain
persistence or trend with regard to environmental pressure, quality and policy. The input
indicator of environmenta policy (I}) shows little corrdation with environmental qudity,
which can be explained by two opposite effects: (i) a higher (lower) environmenta qudity
dimulates a ratively flexible (drict) environmenta policy, as observed for thinly (densely)

" Statistical regression with several variables offered little extrainformation.
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populated countries like Canada and Finland (the Netherlands, Germany and Spain); and (ii) a
grict (flexible) environmental policy has a podtive (negative) impact on environmenta
qudity, as shown by Sweden (France, Austria and the United States). The output indicator of
environmental policy (1) shows awesk negative correlation with environmenta pressure and
no correlaion with potential environmenta pressure (le). This could indicate policy action
with ‘margind measures (aimed at ‘end-of-pipe or ‘abatement’ technology) without
affecting the volume of activities that cause environmental pressure. This is evident in many
countries where mobility and materia consumption increase steadily in spite of environmenta

regulations.

Table 10. Corrdation coefficients.

GNP/cap. P U% le lq lq I lo
GNP/cap. 1,000
P 0,049 1,000
U% 0426 -0428 1,000
le 0,083 0970  -0438 1,000
lg -0.229 0848  -0315 0.849 1,000
lq 0200  -0456 0045  -0518  -0619 1,000
I -0,404 0,269 0,117 0,256 0376  -0291 1,000
lo 0,292 0093  -0276 0093  -0211  -0069 0,244 1,000

The relation between GNP per inhabitant (GNP/cap.) and unemployment percentage
(U%) on the one hand, and the different aggregate environmentd indicators on the other
hand, is as follows. GNP/cap. shows a weak negative relation with aggregate environmental
pressure. An explanation for this relationship offered in the discussion on the environmental
(green) Kuznets curve (e.g., de Bruyn and Heintz 1999) is that when incomes rise the
environment becomes a luxury good. Next, a (week) negative relation exists between
unemployment and the potentia environmenta pressure (economic activities). An explanation
could be that a trade-off is made between |ess pollution and |less unemployment.

Findly, the relation between the input and output indicators of environmenta policy
stringency is very wesk. This could mean that at least one of the indicators is not chosen or
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aggregated very well. Alternatively, this result could signd that either environmental policy is
not very effective in various countries in the sample (not in al, because then correation would
be more sgnificant), or that policies are changing in certain countries. After dl, adday exists
between the implementation (input) and the results (output) of environmenta policy. In our
view, an output indicator, perhaps expanded with more sub-indicators, can give a better idea
of the relative gtrictness or flexibility of environmental policy in one country relative to other
countries. This is supported by the corrdlation anadyss, which suggests that GNP/cap. is
negatively related to the input indicator of gtrictness of environmenta policy, and weakly
positively related to the output indicator.

8. Conclusions
In this article, four types of aggregate indicators have been composed, for: economic
activities (potential  environmental pressure), (actua) environmental pressure,
environmental quality, and environmental policy. These indicators have been calculated
for, and compared among, 12 OECD countries. These indicators can play a useful rolein
the evaluation of environmental policy and internationally comparable macro-anaysis.
Empirical regularities between the computed aggregate indicators have been
examined. These suggest clear relationships between indicators of economic activity
(potential environmental pressure), environmental pressure and environmental quality.
This finding can be largely explained by the normalization of the indicators on the basis
of population density, which is supported by the strong correlation between population
density and the potential and actual environmental pressure®’. Relationships between
indicators of environmental policy and the other indicators are very weak. Various
explanations can be given. Practical reasons are insufficient data quality, subjective sub-
indicators, and aggregation with equal weights. Substantive explanations relate to the
fact that causality runs in opposite directions (see Figure 1): (lack of) environmental
pressure and quality stimulate environmental regulations; and environmenta policy has

an impact on potential and actual environmental pressure, and a delayed impact on

8 Normalising the indicators on population size produced less clear correlation between the aggregate
indicators. Adding or omitting an indicator did not have a significant impact on the aggregate
indicators.
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environmental quality. Static comparisons of indicators cannot capture al of these
effects.

The analysis may be improved upon in many respects. In order to accomplish this
more complete data among countries should become available. This would alow for
construction of better aggregate indicators. In addition, times series data on indicators
could be useful to test for delays in relationships between indicators. Finally, combining
the resulting panel data with economic theories and models could lead to a better
understanding of the various aggregate relationships among economic, environmental

and policy indicators.
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