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ENVIRONMENTAL-ECONOMIC MODELLING WITH SEMANTIC
INSUFFICIENCY AND FACTUAL UNCERTAINTY
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1081 HV Amsterdam, The Netherlands
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Résume:

Cette ¢étude essaye de modeliser un systéme avec des éléments économiques et
d'environnement dans le cas ol la connaissance semantique et les données statistiques sont
insuffisantes. Dans ce contexte, I'étude introduit une methodologie nouvelle pour créer des
observations, basées sur la connaissance dun groupe  d'experts  scientifiques
interdisciplinaires. La procédure et le procédé de ces "observations artificielles" sont présentés
systématiquement. Le champ d'application et les limites de la méthode sont aussi discutés.
Finalement le systéme est mis en pratique.

Abstract:

I'he present paper presents an attempt at modelling an environmental-economic system when
neither the semantic knowledge nor the statistical data are sufficient. For these cases, the
study introduces a new methodology of creating observations based on the knowledge of a
selected interdisciplinary group of experts/scientists. This procedure as well as the processing
of these “artificial observations” are systematically presented in the paper. The application
tield and the limitations of the method are also discussed, followed by the presentation of an
empirical illustration. |
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1. INTRODUCTION

Environmental-economic models are nowadays‘ indispensable . instruments for effective
‘management and. policy design in a wide variety of environmental policy fields [1] [8]. They
can be used for both predictive purposes by estimating the ex- -ante effects of environmental
policy or economic projects, and descriptive purposes by increasirig the knowledge base or the
communication content regarding interlinked natural and economic processes. Despite this
simple and straight-forward view, in practice there is considerable methodological difficulty
involved in building up such models. In many cases there is incomplete knowledge of the
system-at hand (insufficient theoretlcal formation, lack of a proper specification basis), while
also solid statistical data are lacking. Sometimes only qualitative or fuzzy information is
available. Then the development of a fully 3pec1ﬁed and operational quantitative model is
almost impossible [3] [4]. _ e .

The present study deals with the above mentloned difficulty. It focuses on enwromnental-
economic models that aim to map, in a formal way, a real world environmental-economic
system, and 1t tries to overcome the above problem of semagtic insufficiency -and factual
uncertainty using expert knowledge and compinational specification methods. '

There are two alternative modes for developing environmental-economic models [3]. First, in

case the scientific knowledge omn the system is fully available, one can formulate proper

mathematical relationships (functions) that describe its operation in a reduced: form. Secondly,

when one has a sufficient and suitable number of (statistical) observations, one may obtain the.
relevant mathematical relationships (functions) by processing these data by means of

alternative specification tests [7]. Note that also in the first alternative, statistical observations

are often used for estimating the coefficients of an abstract mathematical function which has
been derived from using the available scientific knowledge; in these cases the model is mamly'
based on state-of-the-art insight, while statistics are then often of complementary use.

There are however, various cases where one can hardly acquire or access either the necessary

complete scientific knowledge or sufficient statistical data. In these cases, it is problematic to

specify the mathematical relationships and functions that formally represent the structure and

operation of the system under investigation. The present study deals with this particular

problem. It aims to combine the two above-mentioned alternatives for those situations in

which neither of the two previously mentioned options can be used to solve-the problem.

Specifically, our study proposes a Delphi type of methodology by using existing

interdisciplinary expert knowledge on environmental-economic issues in order to “create
observations”; these “created observations” can next be processed by standard - statistical

methods in order to 1dentify the best specified model.

Clearly, the proposed methodology is not necessarily confined to the field of environmental-

economic modelling; it may also be applied in any other modellmg experiment characterized

by semantic insufficiency or statistical uncertainty.

The paper has the following structure. First, the proposed methodology will be presented
(Section 2). Then its main elements are discussed in relation to standard statistical-
econometrical methods so that its intrinsic merit can be better judged (Section 3). Finally, the
scope as well as the limitations of this new approach are reviewed (Section 4) elaborated,
while its potential is assessed on the basis of a simple illustrative application (Section 5).
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2. THE PROPOSED METHODOLOGY

[n the framework of the present paper, the system to be modeled may be any real ecosystem in
relation to relevant human activities: for example, it may be the ecosystem of a lake or a rver
In relation to the human activities in the catchment area that influence this ecosystem. The
mathematical representation of such a system will normally consist of the set of all functions
(equations) that formally depict the interactions between the components of the system (causal
relationships); for instance, between water quality and the fish \population, or between
intruding economic activities and water quality [3] [4]. Many obstacles however may be
encountered in the process of obtaining and specifying relevant mathematical functions.
Usually the system is not exactly known, so that we cannot a priori and unambiguously
specify the relevant equations, while at the same time there exists only a limited number of
statistical observations or data. In our example, we may assume that we wish to delineate a
“mathematical function that defines the river water quality as a derivative of relevant natural
processes (regeneration capacity) and various human activities in the surrounding area. Let us
take for granted that for this particular relationship we have neither complete scientific
knowledge nor a sufficient number of (statistical) observations. Then the question is how to
obtain a satisfactory and operational system’s model which can properly replicate the real
world [2].

The methodology proposed in the present paper serves to overcome these obstacles in the
following way. In general, this approach concems the modelling of the causal (cause-effect)
relationships between the components of an environmental-economic system. In particular, an
individual “cause-effect” relationship considers the effects on a single component caused by
other components and by external factors as well; the entire system’s model, which represents
the environmental-economic system at hand, consists of the set of the individual “cause-
effect” relationships. | |

T'he main problem is then to establish a function f representing formally each individual
causal (“cause-effect”) relationship, when neither the semantic knowledge nor the existing
statistical observations alone suffice to do so. For these cases, our approach will use the
limited available scientific knowledge of the system at hand, in order to “create” acceptable
and relevant observations. In the following we will systematically present the steps of the
proposed methodology in order to derive a proper mathematical function of an individual
causal (cause-effect) relationship; in our example, this is the river water quality as determined
by the natural assimilation capacity and relevant human activities in the catchment area.

Step 1: Composing an interdisciplinary scientific expert group

A properly selected, interdisciplinary group of experts with expertise on a broad range of
environmental-economic issues is composed as the first step in our approach. The suitability
of this group stems from the prerequisite that the members of the group should have the
maximum possible scientific knowledge of the system under investigation and are supposed to
be knowledgeable in the area concerned.

This interdisciplinary group gathers and .considers all existing information for individual
pertinent causal relationship(s) in relation to the phenomenon studied. So. besides any other
iInformation, the existing statistical information will be accessed by the group. Clearly, this
information is not sufficient for deriving the relevant mathematical function(s) by means of
standard mathematical-statistical methods.



Next, within certain limits of time and money, the group -once composed- may take initiatives
~or actions which may augment the scientific knowledge on the relationship or phenomenon at
hand. Even experiments -if possible- can be used for obtaining more statistical information.
Evidently, if a statistically sufficient number of observations is obtained from these
experiments, then ‘modelling activity may proceed rmmechately with the application of
standard statistical/econometric methods; in our case however, we assume that such
experiments do not generate a sufficient number of observations.

All available information is accessed by the members of the group, including even an
extensive discussion on the underling relationships so that all members share a common -
knowledge base.

Step 2: Creating observations .
This step is the most crucial one for the accomplishment of the methodology. It aims at
“creating” observations or artificial data for the relationship examined; these newly created
observations will also be called “hypothetical observations”throughout the paper. The creation
of these observations is done on the basis of the “common knowledge" established m the
previous step. How can this be achieved?
The pertinent “cause-effect” relationship can formally be represented by an abstract function
in the following way:

y =Xy, X9 ,X3) E (1)
The problem now is how to create artificial observations, each one describing a specific
instance of the relationship or phenomenon under investigation. Actually, each observation
consists of numerical values of both the dependent and the independent variables incorporated
in (1).
This method works as follows. The mterdlsc:lplmary experts group creates a hypothetical
combination for the independent variables of (1) ( x1, X7 , x3) by attaching random values to
each one; obviously, the random value of each variable is restricted tq the range given by its
real world definition. Then, the value of the dependent variable y should be defined for this
combination of independent variables in order that the created combination be complete. This
task is performed on the basis of the established “common knowledge” conceming the
relationship/phenomenon at hand. In this context, the members of the group define the value
of the dependent variable y, so that the compléte combination (y, xi, X7 , X3) describes an
arbitrary, but feasible instance of the phenomenon at hand.
At this point, it is assumed that' the group identifies only one value for y for the given
combination of x,’s. However, there may clearly be a disagreement among the members of
~the group, so that more than one value may be proposed for y. Consequently, the members of
the expert group are exposed to a Delphi-type of negotiation via a further scientific discussion
and an exchange of experience, so that ultimately they may agree on one common value based
on scientific criteria; if at the end disagreement still prevails, this combination of independent
variables is rejected.
As a result, an observation based on consensus can finally be created for the phenomenon
examined. The whole procedure is repeated until a statistically sufficient number of
observations has been created. Attention should also be paid to the fact that the artificially
created observations correspond to all possible aspects or phases of the phenomenon
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examined. Therefore, a suitably selected set of combinations for the independent variables
should be created. In this respect, the purposes of the model should be taken into account.

Step 3: Determining the mathematical function for the phenomenon

The next step aims at determining the quantitative form of the abstract representation (1). The
hypotheses, underlying this step, are the following:

a. The functional relationship (1) is assumed to exist in a structural sense; it relates y to the
independent variables, so that (1) forms the statistical model of our problem [10]. Specifically,
(1) is the abstract mapping relationship for the real-world phenomenon examined. However,
an important remark is in order at this point. The phenomenon under consideration should
concern a physical/technical process of a deterministic nature and not social-economic
behaviour that involves social stochastic factors [7] [6]. This does not imply that we should
confine our research to the domain of natural phenomena alone. Physical-technical
interactions “hidden” behind economic and social elements can only be examined, if they do
not involve stochastic elements of socioeconomic behaviour [7]. In our example, the
population size in the catchment area may influence the quality of the river; consequently, the
relationship between the population and river quality can be studied by the above discussed
methodology, since what matters is the physical aspect of the population. On the other hand,
the relationship between the population and the consumption of agricultural products cannot
be examined this way, since it involves socioeconomic behaviour and inherent stochastic
factors.

b. It is assumed that the interdisciplinary group has sufficient knowledge of the phenomenon,
so that all relevant factors are included in (1). Moreover it is assumed that there is no factor
contained in (1) that is not really involved in the phenomenon at hand.

c. It is also assumed that the used set of the newly created (hypothetical) observations will
determine the same equation (function) f for (1) with every other possible set of created
observations. This ensures that this equation (function) f obeys any set of observations
(created or real) of the phenomenon at hand and not only the given one that is used for
determining f.

d. The created observations are randomly distributed. This indispensable prerequisite can be

fulfilled, since we are able to create the observations by a random selection of values for the
independent variables.

Subsequently, the statistical problem is a rather simple one. In fact, the problem consists of
determining a function f by making use of a given set of observations (hypothetical
observations in our case). In other words, we should fit a curve (surface) to given points
determined by the set of observations in the n-dimensional space. This problem is extensively
studied by statistical mathematics under the title of “mathematical fitting.” There are several
statistical mathematical methods for fitting a curve to a given set of observations; among them
the standard regression method usually prevails [7] [6] [10].

[n the proposed methodology for the set of observations to be used for defining the
mathematical expression of function f we may face two alternatives. Either we use only the
set of the created (hypothetical) observations, while keeping the real ones for testing the
function f, or we can also make use of the really existing statistical observations.
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Step 4: Test agamst reality |

The estimation of the mathematical etpressmn for the function f of (1) bears some arbitrary
elements which stems from the use of the created observations. Indeed, they do not
necessarily depict real instances of the relevant phenomenon. Rather, they originate from the
relevant limited scientific knowledge. |

Therefore, some kind of testing should be undertaken. Specifically, when we compose the set
of observations that will be used for defining f, a number of real observations should not be
included in this set. They will be used for testing the function f, once it is estimated. If f fits
sufficiently these real observations, it should be accepted; otherwise, it should be rejected. If it
is rejected, the whole process should be repeated (creation of new observations etc.), until a
better function f is estimated,

Finally, a function f is established which can be accepted as a reliable fonnal representation
of the examined relationship/phenomenon. Evidently, the function f is estimated on the basis
of the hypothetical observations created by the interdisciplinary group. The scientific
knowledge of the group substitutes the lack of really statistical observations.

As a result of the whole process we obtain the formal representation :of the examined
individual interaction/phenomenon that takes place within the environmental-economic
system under investigation. Referring to our example, we obtain the function f that depicts the
river water quality as the effect of the human activities in the catchment area and of the
relevant natural regeneration process. For modelling the entire system of our example we
should repeat the methodology for all individual relationships/phenomena involved in the
system. Once all causal relationships have been quantified, we obtain the mathematical model
representing the whole system. Then, a test of the entire model reliability can only be
performed if suitable statistical data are available. Some corrective actions can of course be
undertaken 1n this step.

Finally, a mathematical model that represents formally the system at hand can be developed in
this way. Evidently, this model is based on the assumed scientific knowledge of the experts
composing the interdisciplinary group. This knowledge leads to creating observations for each
individual causal relationship of the system under investigation. Based on the created
observations we then obtain the mathematical expression describing formally each causal
relationship.

The uses of the model and the respective limitations will be being discussed in Section 4. We
shall first confront this new approach with conventional approaches.
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3. THE PROPOSED METHODOLOGY IN RELATION TO CONVENTIONAL
STATISTICAL/ECONOMETRIC APPROACHES

The present section aims at relating the properties of the proposed methodology to the
properties of the standard statistical/econometric approach.

Both methodologies aim at determining a formal mathematical representation for a real-world
phenomenon by making use of statistical observations. However, they are fundamentally
different in the way they perform this task. Let us describe the differences by delineating
briefly the steps and characteristics of each one.

Conventional econometric/statistical methodology

d.

The target is the establishment of a quantitative function that delineates a real-world
phenomenon. The scientific knowledge and the factual experience establish a set of
abstract functions which, by assumption, describe the phenomenon at hand. They
form the theoretical model of the study [7]. This theoretical model will be numerically
defined in the following steps. It can be proven either valid, or it is rejected and then
another theoretical model i1s proposed. Note that sometimes a theoretical mode]| is not
established. Then the quantitative function f that is estimated in the next step via the
statistical observations does not form the “quantitative law” of the phenomenon. In
this case, f is a quantitative relationship that obeys the statistical observations used,
since a “quantitative” law should describe every observation set and not only the
existing one [10]. In this respect, the theoretical model encloses the scientific
knowledge which takes a formal representation via the use of a random data set.
Therefore, the existence of a theoretical model gives the necessary generality to the
function f, so that it can be perceived as a “law” [7].

This constraint does not hold in the case of physical phenomena where a suitable
number of statistical observations suffices to establish the “quantitative law” of the
phenomenon, because physical phenomena lack social stochastic elements that are
handled by the theoretical model. In the case of a physical phenomenon, each random
set of observations is expected to lead to the same function f with any other set of
data. Therefore, the function f forms the relevant “quantitative law”, even if there is no
a theoretical model. |

The existing statistical observations are processed by statistical-mathematical methods
(regression) and the function f is estimated.

Once f is defined, it should be tested. More precisely, it should be examined whether f
1s actually the “quantitative law” of the phenomenon examined. Thus, usual tests of
misspecification (homoscedasticity, autocorrelation and multicolinearity) should be

carried out. Indeed, if the defined law is not sufficient, the above tests may lead to
establishing a better one [10] [5].
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The proposed methodology

The proposed methodology aims at quantifying a physical-technical relationship or
phenomenon. The specific problem here is the lack of a. sufficient set of statistical
observations. On the other hand, there may exist, to a considerable extent, scientific
knowledge concerning the relationship at hand. However, this knowledge does not suffice to
establish directly the mathematical representation of the phenomenon. The proposed
methodology utilizes the available scientific knowledge in order to create a set of
observations. The essence of this process is the following: the members of the
interdisciplinary group express the “logical law” that underlines the phenomenon by
describing specific instances of the phenomenon, although they do not know the quantitative
expression of this law (the quantitative law of the phenomenon). So, they create “hypothetical
observations’” according to the rationale behind the logical law.

Briefly, the steps of the proposed methodology are the following:

a. the assembly of the interdisciplinary group whose members establish a “common
| knowledge pool” that can be perceived as a mapping of a “logical law” governing the
phenomenon,;
b. in the light of the above logical law, the members of the group create observations.
¢ by processing the created observations a function f, which describes them, is defined.

[t is assumed that f represents formally the logical law, so it may be percewed as the
quantitative law of the phenomenon. .

d. once f is defined, any test such as homoscedasticity, autocorrelation, multicolinearity
may only play a marginal role. All these tests aim at establishing a proper quantitative
law, once we have a set of statistical observations. On the contrary, the proposed
methodology presumes the existence of this law; indeed it is the logical law that leads
to the creation of ‘observations. | |

The main steps both of the proposed methodology and of the statistical one are systematically
presented in Table 1.
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TABLE 1. The focal points of the proposed methodology in relation to those of the
statistical/econometric one ' '

The statistical/econometric methodology The proposed methodology :

L. It aims at establishing the quantitative law | The target is the establishment of a quantitative
of a natural phenomenon or of a law that describes a technical/natural
socioeconomic relationship relationship/interaction

A theoretical model is assumed that describes | A suitably selected interdisciplinary scientific
the phenomenon examined. The target is the | group is established. It is assumed that this
numerical estimation of the model. (This step | group is able to perceive the “logical law”

is often skipped.) underlining the examined phenomenon.

The scientific group creates observations that
describe certain instances of the phenomenon.
Obviously, the created observations obey the

“logical law” established in the previous step.

Existing statistical observations are used for | By using the created observations we estimate

estimating the functions of the theoretical the function f that fits them
model '

The quantitative model is imposed to proper | The function f is tested against really existing
statistical/econometric tests. They aim at statistical observations. Suitable corrections are
testing the ability of the estimated model for | undertaken.
describing the real world phenomenon.
Suitable corrections are undertaken. They
aim at establishing the best possible law for
the examined phenomenon.

4. THE SCOPE OF THE PROPOSED METHODOLOGY

Lhe above analysis reveals the application field of the proposed methodology. It can be
applied when either physical-technical phenomena or the physical-material basis or
consequences of social phenomena are investigated. In these cases it can be assumed that a
group of qualified scientists knows the determinant factors of the phenomena conceived and
moreover, that to some extent, they know the logical law underlying them. On the contrary, if
socioeconomic phenomena are examined, we cannot expect a group of scientists to know all
factors involved and their functioning, as this would assume a complete knowledge of human
behaviour which is the main question in the social sciences. For phenomena of human
behaviour the use of statistical observations confirms or rejects our theoretical assumptions
about human behaviour, and so permits us to Investigate it. -

[t should be added that the proposed methodology is not in contrast with the
statistical/econometric one, even not in the domain of physical-technical phenomena. Rather,
It is a complementary one. Specifically, the proposed methodology applies when statistical

observations, which would otherwise permit the use of a more rigorous statistical/econometric
methodology, are not available.
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An indispensable prerequisite for applying our proposed methodology is the existence of a
considerable high level of expert knowledge for the phenomenon studied. Then, although this
knowledge may not suffice to quantify directly the phenomenon studied, it can create artificial
observations describing particular random instances of the phenomenon. The observations
created lead then to the mathematical representation of the phenomenon. |
Clearly, the methodology proposed here might lead to some imprecise formal representation
of the phenomenon examined because of the imprecision hidden in the data created. In some
cases, this imprecision canbe avoided by collecting or creating data by experiments and then
the rigorous statistical/econometrical methodology can be applied. However, often the process
of obtaining real data may be costly or time consuming so that then there is some kind of
trade-off between the application of these two methodologies.

S. AN EXAMPLE

The present section describes the application of the proposed methodology in a Greek region.
The aim is to model the environmental-economic system of the Olympia Region in western
Pelopponnesst, Greece. In this case we apply the proposed methodology, because neither the
necessary data exist nor experiments can be performed to generate them; collection of new
data from future measurements is possible for some individual causal relationships, but this
would be costly and time consuming. Thus, this situation seems to be ideal for the use of the
proposed methodology. It should be noted that this section aims at elaborating and illustrating
the properties of the proposed methodology and not to go deeply into the case study itself.

The interdisciplinary group of experts in our case study consisted of nine independent

scientists working in the region. The whole model describing the economic-environmental

structure of this area consists of 70 individual causal relationships between the elements of
the environmental-economic system; so the whole model consists of 70 equations.

[n this context, we will present here the modelling procedure for only one individual
phenomenon/relationship, namely, concerning the water quality of the Alfios fiver. The
interdisciplinary group takes for granted that the river water quality (Rq) i1s determined by the
population size in the relevant watershed (Pop), the activities of the plant creating electricity
from coal (El) and the total amount of the arable cultivation in the zone around the nver
(Arpsm).

The relevant abstract function f has the following general form:

Rqi = f ( Popt, Elt , Arpsm¢_q ) (2)

We will briefly discuss here the effect of each independent variable on the river water quality.
Population influences water quality via the sewage system, a relationship which has some
given technical characteristics. The activities of the electricity generating plant influence the
river mainly via the disposal of thé ashes; the relevant technical characteristics are considered
as given, so the total activity of the plant is the determinant variable. This activity is measured
in tons of coal. Finally, the arable production influences water quality in the next time unit
(year), as the pesticides and fertilizers flow into the river during the rain period. Since the
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density of arable cultivations in the region is homogeneous and standard, total cultivations are
important.

The river water quality is measured on an ordinal scale from zero (worse) to 100 (best).
For this interaction we have only three reliable statistical observations, represented in Table 2.
They come from random past measurements taken place on an irregural basis.

Table 2. Existing Ubserva_tion_s

Rq_ Pop El Arpsm

95 9 000 20 000ton 1 000 000kgr
90 9300 22 000 800 000

87 - 9500 30000 1150000

—

Obviously, these observations do not suffice to estimate the function f in (2). Therefore, the

interdisciplinary group has created a set of artificial observations; a part of which is presented
in Table 3 for the sake of illustration.

Table 3. Part of thc created observations

Rq Pop El (ton) Arpsm
45 10.200 60 000 1.150.000
30 10.000 70 000 1.200.000
18 11.000 80 000 1.200.000
48 12.000 50000 1.500.000
45 11.500 50 000 2.000.000
55 13.000 30000 1.900.000
57 13:500 30000 1.300.000
60 14.000 25000 1.500.000
48 12.000 35000  2.500.000
56 13.000 25000 1.500.000
68 13.000 20000 1.500.000
47 ~10.000 60000  1.100.000

The problem then is to estimate the function f of (2) by using the set of the newly created
observations; note that we deliberately do not make use of any of the real observations in the
process of estimating f, so that they can be used afterwards for testing the model. For the
mathematical fitting we have examined 64 candidate functional specifications; they are all the
linear compositions of the logarithmic, linear, exponential, and rational mathematical

expressions for three independent variables. All these functional specifications are presented
iIn Annex 1.

By using the least squares method, we were able to estimate the coefficients A, B and C for
each one of the 64 candidate functions. Then we could select the function that based on the
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least squares criterion fits better the given data set (the data have been gwcn a suitable
scaling).

Candidate 14 gives the lowest least squares sum, and therefore this function is chosen. The
numerical specification of the relevant functional relationship appears to be as follows:
Rg=(-1) + (-1.1El) + (116.2/Pop) - [0.1 * 10 -10 « exp(Arpsm)] (3)

Since it may happen that during the runs of the whole model, under some scenarios describing
marginal hypothetical trends for the exogenous variables, the variable Arpsm may take a
relatively high value (probably higher than the existing values in the relevant data set, so that
the relevant exponential expression will be extremely high), we have dec1ded that when
Arpsm > 20 (scaled value), then the second best candidate will be used. The second best
candidate is 12th (Annex 1); thus, when Arpsm > 20 the relevant numerical specification is
the following:

Rq=(-1)+ (- 1.1 El) + (100.8/Pop) + (16.3/Arpsm) (4)

Once we have obtained the function f, we should test whether it fits suitably the real statfstical
observations we have obtained for the phenomenon .at hand (Table 1). So by applying
candidate function 14 to the existing three observations, we respecfively estimate the
following values for Rq:
for the first observation, function f estimates that Rq = 97.1, while the real value is 95;
for the second observation function f estimates that Rq=97, while the real value is 90;
and
finally, for the third observation f gives Rq= 88.3, while the real value is 87
~ Although a rigid statistical test cannot be performed because of the small number of the real
observations it seems that the estimated function f obeys sufficiently the real observations of
the examined phenomenon, since f estimates such values for the dependent variable as to
differ only with a marginal percentage from the respective real values.observed. It permits us
to accept it as a reliable approximation of the law underlining the phenomenon in
investigation.
Note that if we want to examine the influence of the independent variables under different
conditions (for example, when a better ash disposal system is adopted by the electricity plant*
or when an advanced sewage processing system is introduced by the relevant municipalities),
then we should create another set of observations that takes into account the new conditions.

6. EPILOGUE

The paper gives in detail the theoretical basis of a methodology which leads to modelling an
environmental-economic system when there is a considerable lack of statistical data and of
scientific insight as well. The methodology is based on the assumed scientific knowledge of
scientists/experts. Particularly, this knowledge is used for creating artificial observations
which substitute for the lack of actual observations. The ptoposed methodology may be
applied for modelling original physmal phenomena or physical interactions involved in social
phenomena (deterministic phenomena). In this context, the proposed methodology is not a
contrast with standard statistical/econometric ones; rather, it is complementary since the
proposed methodology applies, under certain conditions, when the statistical/econometic one
cannot be applied because of lack of statistical data. This methodology is illustrated in the
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present paper by a simple example concerning the modelling procedure for an environmental-
economic system ih Greece where no other coherent method could be used.

It appears that methodology traced by the study may constitute a useful scientific instrument
for those cases where neither the scientific knowledge nor the statistical data suffice for
establishing a formal environmental-economic model. Therefore, it may be a useful tool for
environmental policy designing and monitoring. In this framework, this methodology may
also be proved to be useful for environmental impact assessment under similar conditions as
those above described.

On the other hand, it seems that some aspects of this methodology require further research and
elaboration so that some rather restrictive conditions may be removed or at least relaxed.
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ANNEX 1. The candidate functional specifications

l: y=K+ Aexpx)+Bexpxy+ C cxpx3

\ﬂm--iﬂ\l.n-hhlhi
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:y=K+ Aexpx; + Bexpxy + C expxj
y=K+ Aexpx; + Bxy + C1/X;
ry=K+Aexpx; + BU/Xy + C1/X;5
:y=K+Aexpx; + Bxy + Cxj
y=K+A I/X; + Bl/X; + C1/X;
:y=K+A l/X| + Bexpxy + Cxj
y=K+Al/X{. + Bxgy + Cx3
y=K+A I/X| + Bxy + Cexpxy
Ly=K+ Axy + BXy +16xg

' y=K+AXx| + Bexpxs +Cexpx3
ZTK"'AKI +B1/X2+CID{3
:y=K+Ax; + Bexpxy + C /X3
:y=K+Ax| + B1/Xy + Cexpx
y=K+Al/X| + Bexpx + Cx3
y=K+ A 1/X| + Bexpxy + Cexpx;y
y=K+Ax; + Bxy + Cexpxy
=K+ AX + Bxy + C 1/X5
y=K+AXx; + Bexpxy + Cx3
:y=K+Ax; + B1/Xy + Cx3
y=K+A1/X| + B1/Xy + Cexpxj
y=K+A I/X| + Bexpxy + C /X5
y=K+Al/X; + Bxg + Cl/X5
:y=K+ Aexpx; + Bexpxy + Cxj
:y=K+ Aexpx; + Bxy + Cexpxs
:y=K+ A expx; + B 1/Xy + Cexpxj
y=K+ Aexpx; + B 1/X5 + Clogxj
y= K+ A expx +Blogx+C1/X3
ty=K+ A expx; + Blogxy + Clogxj
ry=K+A I/X| + Bexpxy + C logx;
y=K+A 1I/X; + Blogxy + Clogxj
y=K+A I/X; +Blogxy + Cexpx;y
:y=K+ Alogx; + Blogxy + Clogx;
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y=K+ A logx| + B expx, + C eXpxj
y=K+ Alogx; + B /Xy + C1/X;
y=K+ A logx| + Bexpxy + C 1/X;
y=K+Alogx; +B 1/X5 + C expxj
y=K+A I/X{ + Bexpxy + Clogx;
y=K+ A logx; + Blogxy + Cexpxs
y=K+Alogx; + Blogxy + C1/X5 .
y=K + A logx; + Bexpx, + C logxs
y=K+ A logx| + B 1/X;5 + Clogx;
y=K+A I/X; +.B /X5 + Clogx;
y=K+A 1I/X| + Blogx + C 1/X;
y= K+ Aexpx; + Bexpxy + clogx;
y=K+ A expx; + Blogxy + Cexpxy
y=K+ Aexpx; + Blogxy + Cx,
y=K+ A expx; + Bxy + Clogxs
y=K+ Alogxy + Bexpxy + Cxj
)4'=‘K+Alﬂgﬁ1 + Bxg + CXj3
y=K+ A logx; + Bxy + Cexpx,y
y=K+ A x| + Blogx, + C expxz
y=K+Alogx; + Bexpxyg + Cx3
y=K+AXx; +Bxq + C logx,
y=K+AXx| + Blogxy + Cx3
y=K+ A logx;'+ Blogxy + Cx3
y=K+ A logx; + Bxy + Clogx;y
y=K+Alogxy + B1/Xy + Cxj
y=K+ A logx; + Bxy + C1/X3
y=K+A I/X; +Blogxy + Cxy
y=K+A I/X5 + Bxy + Clogx;
y=K+Ax| + Blogxy + C1/X;
y=K+Ax + B'1/X5 +C logx;
y=K+A I/X| + B1/Xy5 + Cxj
y=K+Ax; + Blogxy + Clogxj
K+Ax; + Bexpxy + Clogxs
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