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Introduction 

Since the early 1970s an increasing number of books and articles in 
the field of environmental economics have been published. The 
focus of these publications does not show a uniform pattern, but is 
oriented to different issues: (a) descriptive analyses and models for 
environmental impacts of economic activities; (b) theoretical con
tributions to an understanding of environmental-economic ques
tions based on traditional welfare-theoretic notions; (c) predictive 
models for gauging future environmental impacts of economic 
developments and for gauging economic impacts of abatement 
policies; (d) operational policy-oriellted models dealing with either 
methodologies or practical case studies. 

Despite the amazing number of publi'cations, there is still a 
great deal of discontent and criticism regarding the present state of 
environmental economics. Several diverging views seem to combat 
each other and several dilemmas seem to be present in the current 
practice of environmental economics. Examples are the steady 
state/growth dilemma, the ecological conservation/economic effi
ciency dilemma, the market mechanism/central planning dilemma 
(or the neoclassicallneomarxist dilemma), the sociobiologicalltech
nological dilemma (or the soft-hard dilemma), the holistic/action
oriented dilemma, the environmental modelling/environmental 
refiection dilemma, and so forth. 

The search for alternative paradigms has not led to a real 
breakthrough so far, especially because the available 
methodological frameworks, the theoretical preconceptions, the 
translation of theory into operational concepts, and the planning 
and decision structure give rise to diverging opinions. 

Yet it may be worth while to look for a comprehensive structure 
which is capable of incorporating several of the above-mentioned 

.The authors are indebted to P.H.M. Ruys and F. Vandamme for their helpful 
comments. 
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frictions. Such a general system (based on a multilayer structure), 
which aims at providing a synthetic and operational structure for en· 
vironmental modelling, will be the subject of this paper. This system 
should provide the cornerstones for environmental economic 
analyses which are theoretically sound, empirically applicable and 
politically operational. 

This system will first be presented as a formai and conceptual 
quantitative structure that will next be linked to an empirical and 
operational mode!. The operationality of this approach will be 
demonstrated by iIIustrating the above-mentioned ideas via a pollu
tion model developed for sorne areas in the Netherlands. 

Foundations of Envlronmental Economies 

Environmental economics aims at analyzing the intricate relation
ships between economic activities or decisions (e.g., consumption, 
production) and man's surroundings. It is conceivable that opposing 
views prevailing in normal economics also play a role in environmen
tal economics; equilibrium economics, pragmatic economics, nor
mative economics or marxist economics are used in an analogous 
manner to study the environmental problems from an economic 
viewpoint (see, for example, [1, 10, 13]). 

These approaches must, however, tackle a complex set of prob
lems: the translation from theoretical environmental-economic 
concepts into empirical and operational notions; the construction of 
a comprehensive and relevant quantitative framework; the con· 
sideration of different groups involved in or affected by environmen
tal policies; the consequences of consumer's sovereignty for en
vironmenta! distributive impacts; the precise demarcation and im
plications of public goods; and so forth. 

Sorne elements to be taken into account in any environmental 
economic analysis are these: 

Environmental economics covers at least two disciplines, so that 
information from different fields (economics, ecology, etc.) has to 
be made compatible. 
Any technical or economic decision has sooner or later an impact 
on the environment; the intriguing problem is: how to control it, 
who has to control it, and how much is acceptable? 

. An environmental analysis aims at constructing a framework (or 
at solving a problem on the basis of a framework) which repre
sents a systematic structure for a broader spectrum of en
vironmental problems. 

- An empirical application or validation has to run paralle1 to, and 
be a logical consequence of, a prior theoretical environmental 
economic structure. 

J 

_ The environmental impacts are unequally distributed over the 
members and groups of a society, so that allocative effects are im
portant issues. 

_ Environmental management and decision-making is often 
embedded in power conflicts, multilevel (hierarchial) decision 
and policy structures and multiple conflicting objectives. 

The major fundamental problems in using environmental 
economic theory for solving practical problems are of a praetieal, 
politieal and methodologieal nature. 

In praetiee, there is the problem of lack of reliable and/or rele
vant data on economic environmental interactions. Detailed en· 
vironmental impact studies, cost accounts of pollution abatement 
strategies, and socio-economic assessments of impacts of integrated 
environmentallphysical planning decisions are overloaded with 
uncertainty. 

In polities, one often observes the problem that a theoretical 
starting-point for environmental modelling gives rise to emotional 
debates on value judgements inherent in the underlying theory. This 
means that a theoretical foundation does not necessarily lead to a 
reduetion of political divergences in the environmental arena. 

From a methodologiea/ viewpoint, it often occurs that the aim 
of avoiding any ideological or political debate leads to a minimum 
involvement of theoretical conceptions and foundations. This may, 
for example, explain the current popularity of environmental im
pact assessments which run the risk of becoming purely technical 
and mechanical accounts. 

In summary, an empirical model has to be theoretically found
ed and has to be operational and/or politically relevant. The current 
practice, however, shows that (i) most theoretical models are hardly 
operational in an empirical or a political sense, and (H) most em
pirical and applicable models lack a theoretical foundation. In order 
to solve the foregoing dilemmas, it is a prerequisite for satisfactory 
environmental economic modelling to look for models which try to 
reconcile the above-mentioned three options. 

A first direction in this search procedure might be to create a 
new theoretical model which tries to overcome all shortcomings of its 
many predecessors, but this direction is rather time-consuming and 
does not guarantee any success at ail. An alternative direction might 
be to use existing empirical and operational models and to identify 
the implicit and explicit foundation stones of these models in order 
to use them as the bases for a better theoretically justified en
vironmental economic mode!. 

In respect to this, it may be useful to make a distinction be
tween three different kinds of approaches to designing descriptive 
models for reality; namely, a formai model (depicting a formaI 
system including relationships, definitions, theoretical abstractions, 
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etc. on the basis of formallogic, topology, algebraic calculus, graph 
theory and the Iike); a conceptual model (depicting a conceptual 
system of relationships, analogies and structures on the basis of-ex
planatory linkages, quantitative expressions and the Iike); and an 
empirical model (depicting reality on the basis of verified relation
ships, simulations and quantitative functional expressions). 1

The operationalization of such a model design for environmen
tal problems will be based on a three-Iayer structure; each layer 
reflects a certain subsystem of reality designed by the researcher. In ( 
the present paper, the three subsystems distinguished are the 
economic subsystem, the environmental subsystem, and the policy 
and management subsystem. These ideas will be elaborated in the l'{ 
following sections. 

A Conceptual Model of a Society with Production,
 
Consumption, Labour and Pollution;
 

Integration of Interat Groups
 

The model presented in this section focuses on certain relationships 
(both between individuaIs or groups mutually and between people 
and their environment) which are considered to be important. Con
sequently, pollution and conflicting interests in abating pollution 
take a central place. In a spatial system consisting of a set of regions, 
the people (individuals) are subdivided into three more or less 
homogeneous groups: "environmentalists", "employment protec
tors" and "growth idealists". 

ln any of the regions, production and consumption of private 
goods takes place; as a result, the by-products, the pollutants (air 
pollution, noise, etc.), are dumped into the environment. This pollu
tion may cross the regional boundaries ("transfrontier pollution" 
[16]). Therefore, pollution affects the welfare positions of in
dividuals in any region because of diffusion effects and spatial 
spillovers. The environmental concern leads to the existence of a 
first interest group, the "environmentalists". 

Another social aspect of the production of private goods is 
employment. The employment situation in the whole spatial system 
concerns any individual: not only man's own employment counts (to 
most people income without work is frustrating; work means 
satisfaction, social status, etc.) but also the employment of 
somebody else-it is for many people somewhat difficult to share 
their income with someone who does not work at ail. The concern 
about unemployment and distributional aspects of the labour 
market leads to a second group; namely, the "protectors of employ
ment" . 

A last group can be associated with the traditional objective of 
income maximization (at both the micro level and the macro level). 
This objective presupposes a maximization of production and value 

added (in business Iife, for example), and leads to the existence of 
another group denoted as "growth idealists". 

Although anybody needs income and a pleasant environment 
and employment, it is c1ear that in a society groups or forces are pre
sent which focus mainly on one of these three needs while consider
ing the remaining ones as side-conditions. 

The model presented in this section starts with the traditional 
case of free pollution in a situation where only the preferences of the 
"growth idealists" are taken into account. First, sorne definitions 
and concepts are discussed, followed by a brief exposition of 
equilibrium and disagreement. An interactive compromise pro
cedure then shows how variables in the model may shift when the 
preferences of the other two groups are valued and how a com
promise can be reached in an interactive way (namely, by negotia
tions between the three groups). 

Definitions and Concepts 
The following frame of reference is assumed for the environmental 
analysis .Eresented below, The spatial system consists of a set of 
regions: R =:Jrl' , rRf. The society itself is composed of a set of 
individuals: 1 = {l, , I}. Every individual belongs to exactly one 
region. There are three interest-groups: growth idealists, employ
ment protectors, and environmentalists. The set of interest-groups 
is: G = {gl' g 2' gJ Every individual belongs to exactly one interest 
group. . 

ln the economic subsystem, only one type of private good is pro
duced and consumed. The distribution of the goods produced in one 
region du ring a certain period takes place between ail individuals 
belonging to that region. The labour-input which is necessary for 
regional production is divided among ail individuals belonging to 
the region concerned. For each individual, a maximum number of 
working hours per period is given (for instance, 3S hours per week). 
The environmental quality in a region, which is equal for any in
dividual belonging to that region, depends on the emission of 
pollutants in ail regions of the spatial system. 

The production structure can be defined as: 

PT'YI ={(tTP';1T)TER3*RJx =Tl.aAp= T2J.Az= 

YI. [plllax_p]Aâ ~amax} (1) 

where: 

-;ERR: vector with regional production quantities. 

aE RR : vector with regional employment levels. 

pERR: vector with regional emission levels of pollutant. 
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ZE RR : vector with regional environmental quality indicators. 
1

TE R2 : vector of technical coefficients reflecting the state of
 
the technology.
 

n:	 RXR matrix linking regional emission levels to regional
 
concentration levels.
 

Next, -pnax, pmax. l maxreflect the maximum levels of production, ( 
pollution and environmental quality that can be reached with 
technology p....

T,n 
, given a vector of available labour force (iimax). 

The state of the society can be described by the characteristics 
of the individuals who belong to it. The following relevant attributes 
May be distinguished for each individual: 

- the region to which an individual belongs 
- the interest group to which he belongs 
- the share in available consumption per region 
- the share in available employment per region 
- the environmental quality in the region to which he belongs. 

Since the regional distribution of income and employment over 
individuals will not be analyzed in this paper, a simplifying assump
tion regarding this distribution will be made; namely, an equal 
distribution of income and employment among individuals belong
ing to a region. 

Next astate vector can be associated with every individual in a 
given region: 

.... v'1  id, xi, ai. zi ER+[:1] ; 
- 0 

The state of the society can be described by means of set S, the 
set of relevant situations: 

_j.... 3.1 ...._ ....T .....:rT . - I
S-lsER Is-(vl vl)" 'VrJER[iErj xi= xrj".IlErj 

ai=arj"iEr rZi=zr j]j= 1, .. R} (2) 

while total production and total employment are defined as: 

1 R 
x = I xi = I xrj
 

i=1 j=1
 
1 R 

r' a = I ai = I a J ; amax = 1• a!J1ax
 
i=1 j=1 1
 

The set of situations which can be realized according to the pro
duction structure can be defined as: 

T = {sES 1 (XT;aT;tI)TEP"T,n}	 (3) 

For every individual in set J, a preference relationship is defin
ed, which associates with any state of the society a set of states 
preferred by him. 

.... j ...., 3·1 I .... ' .... l . -1Pi(s)=lSER s?-iSr,'VIE	 (4) 

. .....,....., ,
!Egl .... s ?'"is - xi> xi" xi ~ max 

'ViE T 1iEg2 ....s' ?'"iS- a' > a"ïi' ~ amax 

. -+, -+ , ,
lEg3 .... s ?'"is - zi > zi" zi ~ zmax 

The set PO of Pareto-optimal situations can now be defined: 

PO ={tl [stPi(S)....S'4PT:n]vjEI[S'ER3·1 P/S)]} (5) 

PiS) is the closure of set Pis). 

A situation is called Pareto-optimal if an improvement of any 
individual welfare position is only possible given the technology 
P..y ,n, through affecting at least one other individual's welfare 
position. It should be noted that here an efficiency criterion is defin
ed rather than an equilibrium criterion. As will be shown in the next 
subsection, there are several sets of Pareto-optima that do not at ail 
reflect a situation desired by society. 

Equilibrium and Disagreement 
An essential aspect of any society is that it is impossible for an in
dividual to compose his income level, employment conditions, and 
environmental quality exclusively according to his own needs. His 
freedom to do so would conflict with the freedom of others to do so. 
ln the society sketched in the preceding section, it is possible to iden
tify 1 Pareto-optimal situations; every individual's welfare position 
has to be optimized. Of course, these 1 optimal situations do not 
coincide; they cannot be realized simultaneously. 

By defining interest groups and by coupling individual 
preference relations to the interest group to which an individual 
belongs, it becomes possible to group the 1 individually Pareto
optimal situations to three sets: 
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POl	 = {'SI (SI 3(IIS(Pi(Si)-stP~TTVX<Xl]} (6) 

~ :TT- - - - - } (7)P02 = 1S2(SI 3dLs ( Pi (s2) -s t PT1rVa < a2] 

J- "il- - - - -]}P03 = l s3 (SI 3dL s ( Pi (s3) -s t P~TTV z < z3 (8) 

POgj	 is a set of Pareto-optima which are optimal to the individuals 
belonging to group gj. 

ln POl the vectors vli ofsI show the following image: 

Xli 
] rXl?ax] • \fi (T (9)-;li = :~~ = ~rax = -;2i
 

r
 

ln POl and P02. employment and consumption are at a maximum, 
so that here interest groups 1 and 2, respectively, are confronted 
with an optimal position. 

- - 00 ;	 (tOI
v3i - z~axr

] 

ln case of no abatement policies, it is necessary that production and, 
therefore. employment are zero in order to obtain an optimal en
vironmental quality. 

Traditionally, situations of sets POl and P02 dominate in the 
real world. Especially, during a period of stagnation or recession, an 
enormous power is exerted by group g2 (labour unions and politi
cians, for example) to maintain economic activities for the pure sake 
of employment, although they may be judged to be inefficient ac
cording to group gl' 

During a period of ecological crisis, (the sixties and seventies, 
for example), pressure is exerted by environmentalists, g3' This im
plies a pressure on economic activities that are judged to be efficient 
by groups gl and g2. 

Situations in set POl may be called disagreement equilibria. 
The desires of at least one interest group are not satisfied at all, 
while socially a compromise might be more satisfactory. In the next 
section, sorne methods will be presented which describe how society 
may move from the prevailing disagreement equilibrium to a 
"compromise-equilibrium" . 

A Compromise Procedure for Conflicting Interests: 
Abatement Policies 
ln order to enable the society originally sketched to move from a 
disagreement equilibrium to a compromise situation, it is necessary 
to describe the negotiations (or struggle for power) and the means 
that can be used to guide production, employment, and en
vironmental quality to desired levels. 

Emission standards and effluent charges are the two general 
means that can be used to reduce pollution levels. A detailed 
description of these methods will not be given here (see Nijkamp 
[13]). Normally, the introduction of emission standards may lead to 
a direct reduction of production and employment level. When 
(regiona1) maxima for the emission of pollutants are established, the 
levels of (regiona1) production and employment are automatically 
fixed via technical coefficients -;y in P~TT' In an economy with 
multiple production sectors and different emission coefficients, a 
substitution between sectors will take place (see [9;12]). This effect 
will also be shown by means of the model presented in the following 
section (see also [6]J Another possibility is the use of effluent 
charges. Then a redistribution of income may take place: regionally 
collected taxes may be redistributed in sUch a way that regions which 
are severely suffering from pollution from other regions receive more 
than other regions. A procedure to describe this process will not be 
discussed here, but its ingredients can be found in Tulkens and 
Schoumaker [22] and Hafkamp and Nijkamp [7]). Furthermore, a 
technological change can be induced by means of charges, because a 
smart tax rate may stimulate producers to install abatement tech
niques which are less expensive than tax paying. Then the demand 
for abatement techniques may lead to less expensive abatement 
techniques through economies of scale. Recent research [11] has 
demonstrated the relevance of this possibility in the case of nitrogen 
oxides from fuel combustion. The effluent charge can be set in such 
a way that introduction of reduction methods in the production 
sphere is less expensive than paying the charge over all pollutants 
that would be emitted without abatement techniques. By introduc
ing a regionally different effluent charge, the production structure 
becomes: 

PT-;r,1={X"f-;aT;ZT)T (R3*Rli= Til 1R-T2~ai\P = 

~.T2TlaAZ=TTrPmax-PlAa$âmax}	 (11) 

where: c/j is the reduction factor in region rj' cpr ([ 0,1] ,\frj(R 

~= or.IR 
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r' r' 
qJ J = f (B J), 'v'rjf:R; (12) 
where: IR is the RXR unit-matrix; 

r . 
qJ ) is a real function of the tax level Br). 

The set of production possibilities that arises now offers many 
opportunities to attain a solution which differs from the traditional 
one by means of tax rates. Two questions remain: 

1. Which combination (iT, ;r:~T)T is optimal? 

2. How is the optimum attained? 

Figures 1 and 2 describe production possibilities when the ef
fluent charge is variable and when two of the three variables of the 
system are taken into account. Of course the graphical representa
tion is simplified, but it serves as a good illustration. Figures 1 and 2 
can be combined to form Figure 3. 

The set of feasible situations (T, in equation (3» consists of 
points in and on the cone OABCD. Only situations on the line AB 
are Pareto-optimal; in ail other situations it is possible to improve at 
least one of the three variables in value without decreasing one or 
more of the others. Therefore, the analysis will further be focused on 
points on the edge AB. The traditional situation of free pollution is 
reflected by point A; employment and consumption are optimal. 

m x 
----~... Production set with varying B 

Indifference curves of groups 1.2 

tany = Tl 

a a 

Figure 1
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Figure 3 
x CONE OF PRODUCTION/CONSUMPTION 

POSSIBILITIES 

Several equilibrium concepts can be used to describe optimal 
situations. 

The core is an equilibrium concept in which an equilibrium is 
found through coalitions of parties [20]. In this case it is only points 
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A and B that reflect such an equilibrium. A coalition where group 1 
and group 3 are parties is impossible since they have opposing in
terests. Only two possible coalitions remain to be mentioned: group 
1 with group 2, and group 2 with group 3. The first coalition leads to 
point A, the second to point B. Within the structure of the model 
both situations are equally Iikely. In the real world, it can be ob
served that the interests of groups 1 and 2 are c10ser to each other 
than the interests of group 2 and 3. This is not shown here because 
simple unidimensional preference structures have been defined. 

A Nash-equilibrium is established when a group cannot im
prove its situation, given the choice of the other two groups. In this 
model, a fixed level of two variables automatically determines the 
other one. Ali points on line AB are Nash-equilibria, given an 
employment level of amax. 

A public equilibrium (or Lindahl-equilibrium) is established 
when a Pareto-optimal situation is selected according to a set of 
weights that can be identified to the groups. For a general treatment 
of this equilibrium concept see Ruys and Weddepohl [21]. This 
equilibrium concept provides a connection with the problem 
specified here. The possible public equilibria lie on AB. It is as
sumed here that weights cannot be given to the interest groups in ad
vance. Not only does the number of voters or members influence the 
weights, but in reality there are also many other factors which in
fluence these weights [18]. 

An interactive compromise procedure will now be defined, in 
which the weights are gradually and successively established. Since a 
maximum employment is feasible with any level of the effluent 
charge, the procedure is carried out by groups 1 and 3 (see Figure 4). 

The beginning of the procedure takes place by specifying the 
production structure, the interest groups and their preference struc
tures. A separate optimization of every group's interests as in equa
tions (6), (7), and (8) leads to three "groupwise" optimal situations: 
(xmax max , a , 0); (xmax, amax , 0); (0, 0, zmax), respectively. 

An ideal solution would be (xmax , amax, zmax), which of 
course is unfeasible, given the present production structure. 

A compromise solution is a solution which belongs to the pro
duction set and which is as close as possible to the ideal solution ac
cording to sorne distance criterion. The measurement of distances 
will be treated in the following section. 

The question of whether a compromise solution is satisfactory is 
a matter of negotiation between the interest groups. The formaI 
treatment of such a process within this procedure is essentially based 
on game-theoretical notions which will not be discussed here (see 
Nijkamp [14]). It is c1ear that these negotiations establish a 
posteriori the weights which have been assumed in the definition of a 
public equilibrium. 
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Figure 5 Figure 6 
GRAPHIC ILLUSTRATION UNSUCCESSFUL NEGOTIATIONS 

OF COMPROMISE PROCEDURE IN COMPROMISE PROCEDURE 
WHILE a = amax 

In Figure S, a graphic demonstration of the compromise pro
cedure is given. As can be seen in Figure 3, it is possible to maintain 
maximum employment, given the conditions of an abatement 
policy, when this is done by raising a tax as defined in equation (ll). 

The final optimal situation would be reflected in point E, where 
x and z take their maximal value, besides a. Clearly, however, E 
does not belong to the production set P;n fj. 

The first compromise solution is found in point CI, where the 
Euclidean distance to point E is smaller than in any other point of P. 
In this example, it is assumed that the environmentalists are not 
satisfied concerning the first outcome, so that negotiations are 
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necessary which may lead to a new constraint, where environmental 
quality zl is accepted as an absolute minimum. Given this con
straint, a new optimal solution arises: El, where z is at its maximum 
level and x at a new optimal level: xl. The second compromise lies 
now in point C2' Again both parties can accept the new situation or 
not. In the latter case, negotiations have to be re-opened to establish 
side-conditions for x and z. It is conceivable that in a negotiation 
process both parties may agree on such strict side-conditions that 
the production set becomes empty (see point N in Figure 6). Of 
course, at that point both parties will have to relax their demands. 

An Empirical Model 

In this section an attempt is made to operationalize the model 
presented above. The production and pollution structures in a 
region are described by means of a traditional environmental 
economic input-output mode!. Because economic behaviour is 
usually not described or explained in such models, a macro
economic model will be added. In this macro-economic model a set 
of variables appear which are mostly exogenous in the former type of 
environmental economic models. The macro-economic model also 
contains instrumental variables (investment premiums, charges, 
consumption impulses, and so forth). In the present empirical 
model this is done in a very modest way. It is a small and simple 
model, which will be replaced by an extended and more satisfactory 
econometric model in a later phase. This model has recently been 
constructed by Driehuis[4]. 

The main reason for coupling a macro-economic, national 
model to an interregional input-output model is the friction between 
the scale on which spatial environmental analysis takes place and 
the scale on which economic analysis is normally carried out. On a 
regional scale, there is too much disaggregation for a sound macro
economic analysis. Consumption functions and investment func
tions are difficult to use and in many instances unidentifiable [2]. 

On a regional scale there also is too much aggregation from the 
point of view of an ecologist. It is hardly possible to use "concentra
tion of nitrogen oxides in the air of a region" as a variable when 
there are in fact large concentration differences within that region. 
Then an effluent charge has to be incorporated, together with a 
reduction factor on emission coefficients. For the analysis in the pre
sent section a compromise procedure as set out above will be uti
lized. The following model structure will be employed: 

-+ ... ~ (13)A Xt + ft = Kt 

A is a (S4xS4)-matrix of inter- and intraregional input-output coeffi
cients, in which two regions, each with 27 sectors, are discerned. 

One region is Rijnmond (the greater Rotterdam area, denoted as R),
 
the other is "the rest of the Netherlands" (denoted as N) (see ESSOR
 
[S».
 
Xi: is a vector containing 2x27 production levels while ~ is the
 
vector of final demand in 2x27 sectors at time t. Normally this
 
vector is assumed to be autonomous.
 

Pt = BXt (14) 

B is a (2x27)-matrix with regional emission coefficients (defined as
 
emission of tons of nitrogen oxides per million Dutch Guilders of
 
production).
 
Pt is a vector with two elements: emission of nitrogen oxides in Rijn

mond and the rest of the Netherlands, respectively [9].
 

(15)if: = nPt 

n is a (2x2)-matrix converting a flow (tons~ear) of pollutants per
 
region to an average concentration (I-lg/m ) per region (Zt); (see
 
Coupé [2».
 
As to the labour market, employment is assumed to be regionally
 
and sectorally restricted between maximum and minimum values.
 
These values depend on the pattern of labour mobility and are
 
themselves a result of negotiations between labour unions,
 
employers' associations and the government.
 

A.... ....min A ........max
 (16)ÀXt ~ at kA Xt :s; at 

27 . 27 
1: Ài Xti + ÀSS XtSS ~ a mm A 1: Ài xi + ÀSS xss :s; a mRax (17) 

i=l tR i=l t 

S4 . S4 
1: Ài xi + ÀS6 xS6 ~ a ~n A 1: Ài xi + ÀS6 xS6 :s; a max (18) 

i=28 t i=28 tN 

In equations (16), (17), (18) employment is linked to production 
by means of a vector t., containing 2x27 sectoral labour coeffi

-+ • ....
cients. apun and aptax represent ~ector~l acceptable and/or 
realizable employment levels, while arNn, aIR/n, aWlx and a~x do 
the same on a regional scale. 
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The simple macro-economic model takes the following form \,(see Diederen [3]): 

1 k-1 
Yt = 1+p (Yt-1·(1-d) +-x) + Yt	 U91 1 

(20)Ct =~t-1 + Ct 

it = ~.k.(xt - Yt) +1t	 (21) 

Xt = Ct + it	 (22) 

where: 

Yt-yt-1 _ 
Yt=	 _ ,yt= absolute level of national income in year t 

Yt-1 

Q-Q-1...., b 1 1 1 f . 1 ..Ct=...., , Ct= a so ute eve 0 nattona consumptton ln year t 
Ct-1 

.........
 
. IC

lt-1.... b 1 1 1 f . 1. .It= ~ ,It= a so ute eve 0 nattona lnvestments ln year t
 
It-I
 

X
Xt- t-1 - bit 1 1 f t' 1 d . .Xt= --;::;;-- ,Xt= a so u e eve 0 na lona pro uctton ln year t
 

Xt-1
 

Equations (19) to (27) form a simple economic model where an 
accelerator-type investment function is used (accelerator ~); the 
percentage of annual technical progress is p; the percentage of 
depreciation is d. x is the average capital-output ratio, while::Y is 
the marginal consumption coefficient. 

........ -	 (23)
Ct=Y·Cf 

y divides total consumption over 2x27 sectors according to their 
relative shares in the base year t-1 (t= 1976). 

........ -	 1
 
it = i . it	 (24) i 

l, 
In a similar way investments are divided over the sectors pro

ducing investment goods. 

.... -aut - ~ 
ft = ft ,.. Ct + It	 (25) 

In equation (2~), regional and sectoral exports and stock muta
tions (inc1uded in f tut) are assumed to be exogenously given. The 
introduction of an effluent charge, together with flexible production 
techniques, completes the mode!. 

X55t] 1\ .... (26)X56t	 = 8t·B.xt[ 

r r 
CPt = f(8t) ; r = R,N	 (27) 

where R denotes Rijnmond, N the rest of the Netherlands. 

In equation (22) an abatement sector is added for each region; 
namely, the production levels x5~ for region Rand x56 for region N. 
They are not inc1uded in vector x, which contains production levels 
of the first 2x27 sectors. Equation (23) is the same as (12): the reduc
tion factor cP is a real function of charge 8. For the time being, the 
redistribution effects of the charge will be left out of the analysis. 
Owing to the introduction of the charge equation, (14) becomes: 

.... 1\ 
Pt = cp. B. K	 (28) 

The objective functions of the three interest groups become: 

........ TT.... +
 
v = [t - (8.B) ] .Xt + t55 X55t t56 X56t (29) 

(JO)a = 1T .Kt + À55 X55t + À56 X56t 

.... T	 .... 
z = - W [TT. Pt]	 (JI) 

In equation (25) v denotes value added over both regions; value ad
ded of the abatement sectors is inc1uded; the coefficients t55 and t56 
have to be estimated on the basis of value added coefficients in other 
(investments and chemical goods producing) sectors. The abatement 
sectors are assumed to be not polluting. 

Environmental quality is a weighted average of regional en
vironmental qualities; weights ~ may be given on the basis of 
population shares; another possibility is defining environmental 
quality as the minimum over both regions. 



19 

54 

Table 1 
SPECIFICATION OF THE MULTI-OBJECTIVE POLICY MODEL 

row variables: xI t··· .x27tX28t··· .x54tX55tX56tPRtPNtZRtZNici'iitY(Ctitxtcil! r.h.s. 

o Max ["fr -9tB ) t55 t56 

o Max [ r J À55 À56 

o Max -wR-wN 
s.t. 

[1- A) r. i 

o 
55 [\B ]l~-~]56 

57 

58 [~tB ] [-~-J 
59 

[ n ]60 [~_~ o 
61 o 

[ICJ-] [_l' ] 
64 

65 

[ 10 i~-I-~I 
68 -lt_1 10 it-I 

70 

[: ] 
o

] 

,H
0_

li 
124 

125 

[: ] <~~J
179 

In Table 1 the model is presented in a more surveyable form. 
It is clear that the treatment of ët and CPt as vectors of instrumental 
variables is difficult; the products of variables which would appear 
in our problem cannot be handled by ordinary optimization pro
grams (e.g., Iinear and quadratic programming). 

The second step of the procedure presented in the preceding 
section is to calculate an ideal solution. The three optimizations of 
the three goal functions lead to the following situations: 

optimization of value added ·-s = (-x max -a "'z min)T
· v v 'v' v 

optimization of employment ··-+se -- (-xe' a- e
max ' -+ze)T 

optimization of environment quality .S = (x min -+a min -+z max)T· z z 'Z • Z 

Superscripts min and max denote minimum and maximum values 
over the three separate optimizations. The ideal situation: 1'0 = 
(xvmax , âemax , zzmax)T is. again, not feasible. To identify a corn· 
promise solution close to it. the variables have first to be scaled. In 
minimizing the Euclidean distance between the compromise and the 
ideal situation, we get the following goal-function: 

ael -alS4 xvimax-xi ~2 (~ax. )~2Min d = 1: 
i=1 ma.x_x~in + am~x_a~in +r~ VI Zl el Zl 

maxzzr -zr )2 
(2) 

r=i,N ( zmax_zmin 
zr vr 

Optimization of this goal function under the constraints of Table 1 
leads to a first compromise solution. Negotiations among the three 
groups can be opened if any group is not satisfied by the compromise 
found and expects to be able to improve its own position. As set out 
before, negotiations may lead to extra side-conditions in the model 
of Table 1. so that the procedure may be repeated in a stepwise way. 

Conclusion 

The model that has been developed may be used as the basis for an 
operational environmental economic analysis. Ali data are avaitable, 

180 ~1""À27 À55 white the interactive compromise procedure has already been tested {~..] on a simitar model (though without effluent charges and a macro181 
À56 

maxl À28.À54 N economic model; see Hafkamp and Nijkamp [7]). This suggests that
182 fl ....À 27 À55 

183 l À28·À54 À56 mmV']
N 
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the present mode! will be applicable. In a later stage, a more ad
vanced econometric model for the Netherlands, which is currently 
used for developing national economic policies, will be inc1uded in
stead of the macro-economic model presented here. 

The attempt to present a two-stage environmental economic 
model (Le., a conceptual model and an empirical model, each in its 
own formai terms) seems to be reasonably successful, and at least 
promising. The conceptual model shows the human vision on a 
problem with which humanity is confronted, while the empirical 
model shows the operationality of it. The proposed three-Iayer struc
ture is also present here, albeit not in an entirely direct way. A c1ear 
social, economic and ecological subsystem can be identified in both 
the conceptual model and the empirical model. At several points in 
the conceptual model extensions can be introduced which would give 
each subsystem more body, but which do not change substantially 
the whole system. 

The present paper can be seen as an attempt to combine 
environmental-economic model building with a more fundamental, 
qualitative treatment of the subject. In this respect, the present 
paper is only a first step toward broadening and deepening the scope 
of environmental economics. 
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