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Environmental impact assessment by experts
in cases of factual uncertainty

Kostas Bithas, Peter Nijkamp and Anastasios Tassopoulos

NVIRONMENTAL IMPACT assessment
(EIA)nowadays forms an indispensable aspect
of an effective environmental management
and policy vehicle fora wide variety of environmental
1ssues. Specifically, EIA focuses on the ex ante esti-
mation of environmental effects of socio-economic
projects and policies, the aim being that adverse ef-
ects can be 1dentified and avoided by properly modi-
tying the relevant projects or policies and by adopting
specific measures. In addition, EIA may be used as

This study deals with the difficulty that there is
usually incomplete knowledge and data about
an ecosystem and its environmental-economic
interactions, thus hindering the development of
a quantitative model forimpact assessment. The
method brings together a panel of experts and
draws on their interdisciplinary expert knowl-
edge of that and similar environmental systems.
The panel ‘creates’ what its members view as

likely data which describe instances of the an empirical basis for increasing the scientific knowl-

causal relationshfp(s) under fm'estigaticm. edge on natural processes and on environmental-

I'hese artificial data are processed by standard economic interactions.

statistical methods to identify the best formal Despite the usefulness of EIA which has fostered
model(s) describing the relevant relation- considerable scientific effort in recent years, there

ship(s). The model can then be used to estimate rf:mains In practice Co‘nsid'f-‘:rableﬁmethodologica FM* r
environmental impacts caused by various ex- ficulty about the estimation of environmental 1m-

pacts. In many cases there 1s incomplete scientific
knowledge of the economic—environmental system or
processes at hand, while also reliable statistical data
are often lacking. Sometimes only qualitative or
‘fuzzy’ information 1s available, while the quantita-
tive assessment of environmental impacts 1s almost
impossible (Braat and van Lierop, 1982; 1987).
Keywords:  environmental impact assessment; interdisciplinary The present STl addl'esses thl$ ]ﬂCﬂ‘[lOﬂtﬁ?q it
experts: Greece " culty. It focuses on quantitative environmental impact
assessments and tries to overcome the problem of
limited scientific knowledge and of inform-
ational—statistical uncertainty by using scientific ex-

pected external developments (investments pro-
Jects, environmental policy, and so on). An
application to a project in Greece is discussed.
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A methodology is proposed which
uses existing expert knowledge on
environmental-economic issues to
‘create’ observations concerning the
causal relationship studied; these can
then be processed by standard
statistical methods

cconomic system or phenomenon being studied.
proper mathematical cause—effect relationships
(functions) can be formulated that describe its opera-
tion — and hence also the causal relationship under-
lying the environmental impact studied — in a
reduced form. These functions can be used for quan-
titative assessment of relevant environmental

impacts.

Second, when a sufficient and proper number of

(statistical) observations are available on the phe-
nomenon (or causal relationship) which underlies the
relevant environmental impacts, the mathematical re-
lationships (functions) can be specified by processing
these observations using alternative statistical meth-
ods (Malinvaud, 1980). Then. these functions can be
used for estimating the relevant environmental
Impacts.

Note that in the first alternative also, statistical
observations are frequently used for estimating the
coefficients of an often abstract, mathematical func-
tion derived by using the available scientific knowl-
cdge; n these cases the model is mainly based on
state-of-the-art insight, while statistics are then often
of complementary use.

There are, however, various cases in which it is
very difficult to acquire or access either the necessary
complete scientific knowledge or sufficient statistical
data. In these cases, it is problematic to specify the
mathematical relationships or functions that formally
represent the phenomenon or the causal relationship
that leads to the environmental impact studied.

I'he present study deals with this particular prob-
lem. It aims to combine the two alternatives for those
situations in which neither option can be used sepa-
rately to solve the problem. In particular, our study
proposes a methodology which uses existing interdis-
ciplmary expert knowledge on environmental—
cconomic 1ssues to ‘create’ observations concerning
the causal relationship studied; these ‘observations’
can then be processed by standard statistical methods
to 1dentity the best specific function that describes
formally the relationship or phenomenon which un-
derlies the environmental impacts at hand.

The paper has the following structure. First, the
proposed methodology is presented. Then its main
elements are discussed in relation to standard meth-
ods used in environmental impact assessment, so that
Its ntrinsic merits can be better judged. Finally, the
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scope and the limitations of this new approach are
highlighted, while its potential is assessed on the basis
of a simple illustrative application for the Greek

region of Olympia.

Proposed methodology

We aim to present formally a real-world picture of a
phenomenon that generates environmental impacts,
In order to obtain a quantitative estimate or assess-
ment of these impacts. Such an attempt will need
to specity a causal relationship whose formal
representation consists of one or more mathematical
functions (equations).

For instance, consider the relationship between the
soclo-economic activities in a region and its soil
quality (Braat and van Lierop, 1982; 1987). Many
obstacles may be encountered in the process of ob-
taining and specifying relevant mathematical func-
tions. Usually, the phenomenon described by the
causal relationship is not exactly known, so that the
relevant equations cannot be specified unambigu-
ously; simultaneously, there probably exists only a
limited number of statistical observations concerning
the causal relationship.

Now we may wish to estimate the impacts on the
so1l quality, as it 1s influenced by specific socio-
economic activities in a given area; in fact, we should
define the function or equation that describes for-
mally the relevant causal relationship. If, however,
we have neither complete scientific knowledge nor a
sutficient number of (statistical) observations for this
relationship, the problem is how to obtain a satisfac-
tory and operational model (mathematical function)
which can properly replicate the real-world causal
relationship in a reduced form (Bithas and Tassopou-
los, 1994). The methodology developed here attempts
at least to reduce these obstacles.

We will present systematically the steps of the
proposed methodology using as an example the im-
pacts on the soil quality exerted by particular activi-
ties 1n a given area.

Step 1. Composing an experts group

A properly selected, interdisciplinary group of ex-
perts on environmental-economic issues is the first
step 1n our approach. The group should have the
maximum possible scientific knowledge of the phe-
nomenon under investigation.

This group gathers and considers all existing in-
formation on the relevant causal relationship describ-
ing the process or phenomenon studied. So. besides
all other (often informal) information, the existing
statistical information will be accessed by the group.
We assume here that this information is not sufficient
for specifying and assessing the relevant function by
means of standard econometric—statistical methods.

Next, within the limits of time and money, the
group may take initiatives or actions to augment the

7d




Environmental impact assessment by experts

scientific knowledge on the phenomenon at hand.
Even experiments, if possible, can be used to obtain
more statistical information. If a statistically suffi-
cient number of observations is obtained from these
experiments, the modelling activity may proceed im-
mediately with the application of standard statistical
methods: in our case, however, we assume that such
experiments cannot generate sufficient information.
All additional information 1s accessed by all mem-
bers of the group, including even an extensive discus-
sion on the relationships examined, so that all
members share a common knowledge base.

Step 2: Creating observations

This step 1s crucial for the success of the method-
ology. It aims at ‘creating’ observations or artificial
data for the causal relationship examined; we will call
these newly created observations ‘hypothetical obser-
vations’. They are created on the basis of the ‘com-
mon knowledge’ base established in the previous
step. How can this be achieved?

The expert group creates a hypothetical combina-
tion for the various independent variables ( x;, x,, x3)
by attaching a random value to each one. Each ran-
dom value 1s restricted to a plausible range given by
the real world defimition of the variable. Then, the
value of the dependent variable y 1s estimated by the
group for this combination of independent variables.
The group uses 1ts common knowledge concerning
the relationship/phenomenon at hand.

What 1f the group fails to agree on one value for y
or a given combination of x,s? In this case, group
members are exposed to a negotiation via further
discussion and exchange of experiences, so that ulti-
mately they may reach an agreed value. If at the end
disagreement still prevails, this combination ot inde-
pendent variables 1s rejected.

The procedure 1s repeated, until a statistically suf-
ficient number of observations has been agreed. At-
tention should also be paid to the fact that the
hypothetical observations correspond to all reason-
ably likely aspects or phases of the phenomenon
examined and of the possible trends in the relevant
environmental impacts. Thus, a properly selected set
of combinations for the independent variables 1s cre-
ated. Clearly, in this respect, the purposes of each
particular case study should be taken into account.

Step 3: Specifying the mathematical function

['he next step aims to determine the quantitative form
of the abstract relationship. The hypotheses underly-
Ing this step are:

a. The functional relationship 1s assumed to exist
In a structural sense; 1t relates y to the relevant
independent variables, to form a statistical
model of the problem (Nijkamp, 1979). Specifi-
cally, the equation 1s the abstract mapping rela-
tionship for the real-world phenomenon

examined. However, an important feature 1s that
the phenomenon under consideration should
concern a physical/technical process of a deter-
ministic nature and preferably not social-
economic behaviour that involves a significant
share of unobservable social stochastic factors
(Malinvaud, 1980; Johnston, 1963).

This does not imply that we should confine
our research to the domain of natural phenom-
ena alone. Physical-technical interactions un-
derlying economic and social processes can also
be examined, 1f they do not involve unknown
stochastic elements of socio-economic behav-
iour (Malinvaud, 1980). In our example, the soil
quality in the area studied 1s influenced by the
relevant arable cultivation; this influence can be
studied by the proposed methodology. In con-
trast, the relationship between the arable culti-
vation and the relevant demand for agricultural
products induced by the local population 1s less
easy to study in this way, since it may involve
several unknown socio-economic stochastic
factors.

b.  Itisassumed that the interdisciplinary group has
sufficient knowledge of the phenomenon, so
that all relevant factors are included. Moreover,
1t 1S assumed that there 1s no factor contained
produced by step 1 that 1s not really involved 1n
the phenomenon at hand.

c. It 1s assumed that any one set of hypothetical
observations will produce the same equation as
would any other possible set of hypothetical or
real observations.

d.  The hypothetical observations are randomly
distributed. This indispensable prerequisite can
be fulfilled, since we are able to create the
observations by arandom selection of values for
the independent variables.

Subsequently, the statistical problem 1s a rather sim-
ple and conventional one. We fit a curve (surface) to
the given points determined by the set of observations
in the n-dimensional space. There are several statis-
tical methods for fitting such a curve; the standard
regression method usually prevails (Malinvaud,
1980:; Johnston, 1963; Theil, 1971).

In curve-fitting, we may face two alternatives.
Either we use only the hypothetical observations, and
keep any real-world ones for testing the function; or
we can combine the hypothetical observations with
any real-world observations to help generate the
function.

Step 4: Testing

The estimation of the mathematical expression for the
function contains some arbitrary elements which
stem from the use of the hypothetical observations.
They do not necessarily depict real instances of the
relevant phenomenon. Rather, they originate from the
informed guesswork of the panel.
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To test the function created using
hypothetical observations, a given
number of real observations are kept
back and used as a reference: if the
function fits sufficiently these real
observations it should be accepted

— ——————— —— ey ———— .

Thus some kind of testing should be undertaken.
Specifically, when we compose the set of observa-
tions that will be used to define the function, a given
number of real observations should not be included
in this set. They will be used as a reference or back-
ground sample for testing the function once it has
been estimated. If the function fits sufficiently these
real observations, then it should be accepted; other-
wise, 1t should be rejected. If it is rejected, the whole
process should be repeated from the creation of new
observations, until a better function is estimated.

Finally, a function 1s established which can be
accepted as a reliable formal representation of the
relationship/phenomenon examined, and is estimated
on the basis of the hypothetical observations created
by the interdisciplinary group. The scientific knowl-
edge of the group substitutes the lack of real-world
statistical observations. As a result, the formal repre-
sentation of the examined causal relationship describ-
ing the phenomenon at hand 1s obtained.

Referring to our example, we obtain the function
that estimates the soil quality (environmental impact)
as the effect of some particular socio-economic ac-
tivities in the region studied. Once the function has
been defined, it can be used to estimate the relevant
environmental impact under some eXpected or hypo-
thetical growth of the respective socio-economic ac-
tivities. Then, 1f the environmental impact appears to
be undesirable, mitigating measures can be taken in
advance. The methodology discussed can also be
used to 1dentify the environmental impact after these
measures have been taken. For this purpose the inter-
disciplinary group creates another data set describing
the new conditions or structure of the phenomenon
concerned.

Comparison with conventional approaches

[n this section we aim to clarify the properties of the
proposed methodology by comparing it with some
conventional methodologies used for environmental
impact assessment. Usually, when we have statistical
observations on a phenomenon causing an environ-
mental impact, we apply standard statistical methods
and define the mathematical function that describes
formally this phenomenon. In this case, the conven-
tional methods and our proposed methodology are
similar. Nevertheless, they are fundamentally differ-
ent in the way they perform this task. Let us describe
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the differences by delineating briefly the steps and
characteristics of each one.

Conventional statistical methodology

Establishing a quantitative function The target is to
establish a quantitative function that represents a
real-world phenomenon. The scientific knowledge
and the factual experience establish a set of abstract
functions which, by assumption, describe the phe-
nomenon at hand. They form the theoretical model of
the study (Malinvaud, 1980). This theoretical model
will be numerically defined in the following steps.
Either 1t 1s proven valid or it is rejected; in the latter
case another theoretical model is proposed.

Sometimes a theoretical model 1s not established:
then the quantitative function that is estimated in the
next step via the statistical observations does not form
the ‘quantitative law’ of the phenomenon. In this case,
the function is a quantitative re]atlonshlp that reflects
the statistical observations used, since a ‘quantitative’
law should describe every observation set and not
only the existing one (Theil, 1971). 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 theo-
retical model gives the necessary generality to the
function f, so that it may be interpreted as a ‘law’
(Malinvaud, 1980).

T'his constraint does not hold in the case of physical
phenomena where a statistically suitable number of
observations suffices to establish the ‘quantitative
law’ of the phenomenon, because physical phenom-
ena lack social stochastic elements that are handled
by the theoretical model. In the case of a physical
phenomenon, each random set of observations is ex-
pected to lead to the same function with any other set
of data. Therefore, the function forms the relevant
"quantitative law’, even if there is not a theoretical
model].

T'his distinction is important for environmental
Impact assessment, since in some cases the impact
can be described as the outcome of natural causes
which do not contain a stochastic behavioural ele-
ment. However, this 1s not always the case; indeed,
there are cases where the causes are strongly related
to social processes and then the relevant social sto-
chastic factors are present.

Processing The existing statistical observations are
processed by statistical-mathematical methods. for
example, regression methods, and next the function
1S estimated.

lesting Once the function is defined, it should be
tested. More precisely, it should be examined whether
the function is actually the ‘quantitative law’ of the
process examined and whether it describes reliably
the emergence of the environmental impact. Thus,
usual tests of mis-specification (homoscedasticity,
autocorrelation and multicolinearity) should be
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Table 1. Focal points of the proposed methodology in
relation to those of the statistical methodology

Statistical methodology Proposed methodology

Aims to establish a
quantitative law that describes
a technical/natural process
which underlies the creation of
an environmental impact

Aims to establish the
quantitative law of a natural
and/or socio-economic
process which results in a
certain environmental impact

A theoretical model is A suitably selected

assumed that describes the interdisciplinary scientific

process examined. The aimis group is established. Itis

the numerical estimation of the assumed that this group is

model. (This step is often able to grasp the ‘logical law'’

skipped.) underlining the examined
pProcess.

Statistical observations, that The scientific group creates

describe specific instances of  observations that describe

the process, are gathered certain instances of the
process. The hypothetical
observations obey the ‘logical
law’ established in the
previous step.

By using the created
observations we estimate the
function that fits them

The statistical observations
are used to estimate the
function(s) of the theoretical
model

The function is tested against
‘real’ statistical observations.
Suitable corrections are made.

The quantitative model Is
exposed to proper statistical
tests. These aim to test the
ability of the estimated model
to describe the real-world
process. Suitable corrections
are made, which aim to
establish the best possible law
for the examined process.

carried out. Indeed, 1f the defined law 1s not sutficient,
the above tests may suggest a way to establish a better

one (Theil, 1971; Breeman, 1973).

Assessing impact The function can be used to assess
the relevant environmental impact represented by the
respective dependent variable. Then this impact can
be estimated under alternative assumptions concern-
ing the trends of relevant causes (independent vari-
ables). Theretfore, it appears that the establishment of

the function gives considerable flexibility for estima-
ting the impact.

Proposed methodology

T'he proposed methodology aims to quantify a physi-
cal phenomenon which underlies the creation of the
environmental impact. The specific problem here 1s
the lack of sufficient statistical observations. On the
other hand, there may exist, to a considerable extent
reliable, scientific knowledge concerning the phe-
nomenon. However, this knowledge does not suffice
to establish directly the relevant mathematical
representation.

We propose utilising the available scientific
knowledge to create a set of observations. The

74

essence of this process 1s that the members of the
interdisciplinary group express the ‘logical law’ that
underlies the process by describing some specific
instances of 1t, although they do not know the
quantitative expression of this law. So, they create
‘hypothetical observations’ according to the
rationale behind the logical law. Briefly, the steps of
the proposed methodology are:

e the assembly of the interdisciplinary group whose
members establish a ‘common knowledge pool
that may be regarded as a mapping of a ‘logical
law’ governing the phenomenon:;

e 1n the light of this logical law, the members of the
group create observations.

e by processing the created observations, a function
f; pertaining to these ‘data’, 1s defined. It 1s as-
sumed that the function represents formally the
logical law, so that 1t may be considered as the
quantitative law of the process.

e once the function 1s defined, any test, such as
homoscedasticity, autocorrelation or multi-
colinearity only plays a marginal role. All these
tests aim to establish a proper quantitative law,
once we have a set of statistical observations.
However, the proposed methodology presumes the
existence of this law; indeed 1t 1s the logical law
that leads to the creation of observations.

The main steps of both our proposed methodology
and of the standard statistical approach are system-
atically presented 1in Table 1.

Scope of proposed methodology

The above analysis reveals the application field of the
proposed methodology. It 1s particularly appropriate
when either physical-technical processes or the
physical-material basis of social processes are inves-
tigated. In these cases i1t can be assumed that a group
of qualified scientists knows the determinant factors
of these processes, and moreover that, to some extent,
they know the loglcal law underlying them. On the
other hand, 1f socio-economic phenomena involving
stochastic factors are examined, we cannot expect a
eroup of scientists to know all factors involved and

The proposed methodology 1s not in
conflict with the conventional
procedure: rather, the two are
complementary, the former applying
when observations, which would
permit the use of a more rigorous
statistical methodology, are not
available

Project Appraisal June 1997




Table 2. Existing observations

DSqg DArd DOId Dind
—2 1 0.1 1
-2.5 2 0.1 3
-3.8 0.2 0.2 0.2

their functioning, as this would assume a complete
knowledge of human behaviour which is the main
question 1n the social sciences.

[t should be added that the proposed methodology
1s not in conflict with the statistical/econometric pro-
cedure, even in the domain of physical-technical
processes. Rather, the two are complementary. Spe-
cifically, the proposed methodology applies when
statistical observations, which would permit the use
of a more rigorous statistical methodology, are not
avatlable.

An ndispensable prerequisite for applying the pro-
posed methodology is the existence of a considerable
level of expert knowledge of the process being
studied. Then, although this knowledge may not
suffice to quantify directly this process, it can create
hypothetical observations describing particular
random instances. The created observations lead
then to the mathematical representation of the
Process.

Clearly, the methodology proposed here might
lead to some 1mprecise formal representation of the
process examined because of the imprecision hidden
In the data created. In some cases, this can be avoided
by collecting or creating data by experiments and then
the rigorous statistical-econometric methodology
can be applhed. However, it is often costly or time
consuming to obtain real data; then there is some kind
of trade-off between the application of these two

methodologies.

An example

We now describe the application of the proposed
methodology to new activities on the soil quality in
the Greek region of Olympia in the western Pelopon-
nese. The soil quality 1s determined by various land-
use and industrial activities in this area as well as by
the relevant natural absorption processes. For this
case study we apply the proposed methodology,
because the necessary data do not exist nor can
experiments be performed to generate them. It
should be noted that our sole aim is to elaborate and
illustrate the properties of the proposed methodology
and not to go deeply into the nature of the case study
1tself.
I'he interdisciplinary experts group consisted of
nine independent scientists working in, and familiar
with, the region. For the causal relationship con-
cerned, the interdisciplinary group has stated (based
on its expert insight) that the soil quality (Sg) is

Project Appraisal June 1997
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Table 3. Hypothetical observations

DSq DArd DOId Dind
-0.50 0.15 0.02 0
-3 3 0.1 0.5
-0.2 0.2 0.01 1.9
-0.5 0.2 0.01 3
-3 4.5 0.02 3.2
—4 1 0.2 1.2
-5 0.2 0.35 0
-0.1 12 0 0.2
—-0.09 0.4 0.001 0.5
-0.4 ~1 0.001 0.2
-1.0 -2 -0.1 0.3

determined by the density of arable cultivation (4rd),
by the density of cultivation of olives (Old), and by
the industrial activities (/nd) that process the relevant
agricultural production. The relevant general impact
function 1s:

(/nd, —Ind, ) ] (1)

(S(fr = Sq.f—-l) =1 [(A’dr —Ara, ), (Old,— Old,.,),

Function (1) can be written as follows:

9
—

D5qg, =1 ( DArd,, DOId,, Dind,) (
where D stands for first-order time differences.

We will now present briefly the effects of each inde-
pendent variable (cause) on the soil quality. The
arable cultivation influences the soil quality because
of the chemical pesticides and fertilisers used to in-
crease the density of the crops. In a similar way, the
density of cultivation of olives influences the soil
quality. Finally, the industrial activities in the area
examined co-determine the soil quality because of the
disposal of certain kinds of sediments and other in-
dustrial wastes. Note that the industrial activities are
mainly processing the agricultural production of the
region.

For the causal relationship described by functions
(1) and (2), there exist only three reliable real-world
statistical observations. These are presented in Table
2. They are estimated on the basis of past measure-
ments actually taken in the region.

This number of existing observations does not
suffice for the application of standard statistical meth-
ods to specify function (1). To overcome this prob-
lem, the expert group created a set of hypothetical
observations as discussed above; these are presented

in Table 3.

The next step is the specification of the function f
of (2) by using the hypothetical observations. In this
process we deliberately do not make use of any of the
existing real observations; these will be used after-
wards for testing the function. In this context, the
statistical problem of the study is very simple; we
have to fit a curve to a number of given points in the




Environmental impact assessment by experts

Table 4. Statistical estimations for function (4)

Variable Coefficient Standard error t-statistic
exp(DArd) —0.027 0.12 -2.18
DOId -16.4 2.23 -5.68
DIind -0.18 0.29 037

R-squared = 0.84
Adjusted R-squared = 0.77
F-statistic = 12.77

n-dimensional space defined by the hypothetical
observations.

For this mathematical fitting, 64 candidate func-
tional specifications are examined; they are com-
posed by using the linear combination of the
logarithmic, linear, exponential and rational mathe-
matical expressions, in the case of three independent
variables. All functional specifications examined are
presented in Annex 1. For selecting the most appro-
priate candidate function, the least squares method 1s
used. Note that the values of Table 3 have been
properly scaled before being processed in a least
squares method. Candidate 5 gives the lowest least
square sum and hence this function 1s chosen. The
most plausible numerical specification, thus, of func-
tton (2) 1s:

DSq, = —0.027expDArd, — 16.4D0OId, -
0.18D1Ind, (4)

Once the function fis specified, it should be tested for
its ability to describe the real-world process. An ob-
vious test 1s to see whether 1t describes sufficiently
the three existing real-world observations in Table 2.
By applying function (4) to these observations, we
respectively estimate the following values for DSg:

e for the first observation, function f estimates that
DSg=—1.7 while the real value 1s —2;

e for the second observation, function f estimates
that DSg=-1.8 while the real value 1s -2.5; and

e finally, for the third observation f gives DS¢g=3.3
while the real value 1s —3.8.

We apply now the Chow’s forecast and breakpoint
test which confirms (given the limited sample size)

Having specified the function it can

be used to assess the relevant
environmental impact under expected
or hypothetical conditions: a suitable
environmental policy may then be
designed on the basis of these forecasts

76

that function (2) fits statistically sufficiently the three
real-world observations (Chow, 1960; Koros: and
Szekely, 1992). It permits us to accept 1t as a provi-
sionally reliable formal representation of the process
under investigation.

Having specified the function f it can be used to
assess the relevant environmental impact (the impact
on the soil quality) under expected or hypothetical
conditions. A suitable environmental policy may then
be designed on the basis of these forecasts. If some
policy actions that modify the structure of the physi-
cal process that cause this impact are envisaged, the
impacts may be gauged by repeating this approach
and hence another data set should be created taking
into account the new situation. For instance, 1f a
policy aimed at reducing the use of chemical fertil-
isers and pesticides 1s introduced, a new set of obser-
vations should be created describing the impact on the
soil quality under the new conditions.

Epilogue

We have outlined the theoretical basis of a method-
ology which leads to quantitative estimations ot en-
vironmental impacts when there 1s considerable lack
of statistical data and of scientific insight concerning
the natural process underlying the cause of this 1m-
pact. The methodology 1s based on the existing, al-
though limited, knowledge of scientists/experts in the
relevant field. In particular, this knowledge 1s used to
create artificial observations which substitute for the
lack of actual observations.

The proposed methodology may be applied for
modelling original physical processes or physical
interactions underlying social phenomena. In this
context, it 1s not in conflict with standard statistical
methods, but complementary to them since 1t applies,
under certain conditions, when the statistical
technique cannot be applied because of lack of
statistical data. This methodology has been 1llus-
trated in the present paper by a simple empirical
example concerning the estimation of an environ-
mental impact where no other consistent method may
be used.

[t appears that the methodology traced by the study
may constitute a useful scientific instrument for those
cases in which neither the scientific knowledge nor
the statistical data suffice for assessing environmental
impacts by a rigorous method. Therefore, 1t may
be a useful tool for environmental policy design and
monitoring.

On the other hand, it seems that some aspects of
this methodology require further research and elab-
oration, so that some rather restrictive conditions may
be eliminated or at least relaxed, especially those
which concern the creation of the hypothetical obser-
vations. It may be useful to use also a range of values
instead of a unique value for creating observations,
since 1t makes the process easier for the experts
involved.
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Annex 1. Candidate functional specifications

1:y = K+ Aexpx; + Bexpx, + Cexpx,
2:y = K+ Aexpx, + Bexpx, + Cexpx,
3:y = K+ Aexpxy + Bx, + C(1/X5)
4:y = K+ Aexpxy + B1/X, + C(1/X5)
J: y = K+ Aexpxy + Bx, + Cxy
6.y =K+ A(1/X;) + B(1/X;) + C(1/X5)
iy=K+A(1/X;) + Bexpx, + Cx,
8: y =K+ A(1/X;)+ Bx; + Cxs
9y =K+ A(1/X,) + Bx, + Cexpx,
10: y = K+ Axy + Bx, + Cxj
1y = K+ Axy + Bexpx, + Cexpx,
21y =K+ Axy + B(1/X5) + C(1/X,)
3:y =K+ Axy + Bexpx, + C(1/X5)
4:y =K+ Ax; + B(1/X;) + Cexpx,
5!y =K+ A(1/X,) + Bexpx, + Cx,
6: y =K+ A(1/X;) + Bexpx, + Cexpx,
-

.

170y =K+ Ax; + Bx, + Cexpx

18: y = K+ Ax; + Bx, + C1/X3)

19: y = K+ Ax; + Bexpx, + Cxs

20: y = K+ Axy + B(1/X5) + Cx,

21y =K+ A(1/X,) + B(1/X,) + Cexpx,
22: y= K+ A(1/X,) + Bexpx, + C(1/X3)
23: y = K+ A(1/X;) + Bx, + C(1/X5)
24: y = K + Aexpx; + Bexpx, + Cx,

20" Y= K + AEXDX1 + BX2 T CEKDX3

26: y = K+ Aexpx, + B(1/X,) + Cexpx,
27y = K+ Aexpxy + B(1/X,) + Clogxs
28: y = K+ Aexpx; + Blogx, + C(1/X3)
29: y = K + Aexpx; + Blogx, + Clogx,
30: y = K+ A(1/X;) + Bexpx, + Clogx,
31:y =K+ A(1/X;) + Blogx, + Clogx
32: y = K+ A(1/X,) + Blogx, + Cexpxs
33: y = K + Alogx, + Blogx, + Clogx,
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