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SYSTEMATIC ASSESSMENT OF' UNCERTAINTIES IN AN ENVIRONMENT IMPACT STATEMENT 

by 

Soronadi Nnaji, Donald R. Davis and Lucien Duckstein1 

An environmental impact statement (EIS) is meant to be a predictor of the consequences of actions 
on the environment. However, uncertainties in the statements make it difficult to determine the relia
bility of the predictions and thus the consequences of the actions. Hence, use of an EIS could be 
counter-productive if the inherent uncertainties are not recognized and considered in its evaluation. 

Examination of several EIS's from a systems viewpoint is used to expose the following sources of 
uncertainty: (1) the identification of the components of the system, (2) the natural uncertainty of 
the inputs to the system and of the transformation functions producing the output, (3) uncertainties in 
the modeling of the system due to limitations of sample, economic and technological data. The above 
viewpoint is used to analyze the Colorado River Salinity Control Project EIS. Uncertainties are 
identified and classified and means for assessing and incorporating their effect on the environmental 
impact assessment are discussed. 

INTRODUCTION 

Environmental Impact Statements (EIS) are assessments of future consequences of man's actions on the 
environment. Current literature on such statements have emphasized the identification, prediction and 
evaluation of environmental impacts. Such analyses are, of course, necessary to provide society the 
information it needs to resolve the conflicts between desirable ends, such as jobs and essential goods 
and the undesirable ones, such as environmental pollution which may result from man's existing or pro
posed actions. Equally important, however, are the inherent uncertainties that exist in the information, 
such as data and predictive models, on the basis of which the statements are prepared. It is our obser
vation that this critical aspect of environmental impact analysis has been pursued with much less vigor 
than the impact identification, prediction and evaluation aspects. The purpose of this paper is to 
propose a framework for explicitly considering uncertainties in the assessment of environmental impacts. 

To this end, we first examine the typical environmental impact statement from a system's viewpoint 
by decomposing the total environment (system) into subsystems. The various elements (inputs, outputs, 
etc.) of each subsystem are then correspondingly identified. Following this, the proposed framework for 
uncertainty analysis and the subsequent impact assessment are discussed. 

BRIEF REVIEW OF LITERATURE 

The literature reviewed below represents a selection from the few available in which attempts were 
made, in one form or the other, to consider uncertainty analysis in impact assessment. 

Wills (1975) discussed data collection activities as they related to the three major data needs 
concerned with the environment. These needs were identified as academic and scienti fie research, 
resource planning and environmental impact assessment. He noted that collection of data is, by and 
large, rare; however, when they exist such programs have been designed for either of the first two 
needs and hardly for impact assessment. The result is that, data available for all three aspects of 
impact assessment are more often than not inadequate. This type of uncertainty, i.e., that due to 
inadequate data we term sample (parameter) uncertainty. 

Bishop (1974) discussed a case study of the impact of a proposed open-pit mining and processing 
activity on the population of the California Condor, an endangered species of bird that inhabits the 
Pine mountain region of southern California. Sources of uncertainty were identified and two methods 
"of allowing for uncertainty in private decision making" were discussed. The methods, 1) discounting 
and 2) pooling and spreading are similar to the factor of safety method used in engineering design in 
that they do not consider the uncertainties explicitly. Royston and Perkowski (1975) recognized the 
existence of uncertainties in the industrial (and also governmental) investment, planning and develop
ment processes. They however addressed themselves to the uncertainties that result in industrial 
planning due to the conflicting uses of environmental components by the proponents of an action and the 
various persons who share the proponents environment. In this paper we are concerned with the uncer
tainties due to natural fluctuations in elements of the system, those that may be caused by 1 imi ted 
data, and the uncertainties in modelling the system. 
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respectively. 
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In proposing an approach for evaluating environmental impacts, Fischer and Davies (1973) ack
nowledged that due to uncertainties in the information used for determining environmental impacts, un
certainties exist in the impacts predicted. For quantifying these uncertainties they recommended a 
three way classification viz certain, probable and opinion. They recommended a team (Delphi type) 
approach for reducing the uncertainties in possible predictions. The next section describes the EIS used 
to illustrate our approach to handling uncertainties. 

BACKGROUND 

The United States and Mexico, in 1944, adopted a treaty for the utilization of the waters of the 
Colorado River. Although the treaty permitted the United States to include drainage waters from irri
gation projects below the Imperial Dam as part of Mexico's allotment, it did not settle the question of 
the quality of water to be delivered. During this period water quality did not pose a problem because 
flow excesses had diluted the more saline drainage waters that were then being discharged to the river 
below the Imperial Dam; principally from the Wellton-Mohawk Irrigation and Drainage District. With 
time, however, increased developments both upstream and downstream of the Dam caused these flow excesses 
to, in effect, cease. The quality of the water delivered thus became an issue which has been resolved 
only partially by the addition of subsequent minutes to the original treaty. 

The most recent of these minutes, Minute 242, is an attempt at a permanent and definitive solution 
to the international problem of the salinity of Colorado River waters delivered to Mexico under terms 
of the 1944 water treaty. To meet its treaty obligations the United States through the Office of Saline 
Water of the Department of the Interior has proposed the Colorado River Salinity Control Project (1975). 

THE PROJECT 

The overall goals of the project are to reduce the salinity of the Colorado River water delivered 
to Mexico and to more efficiently utilize the water resources in the area. The project as discussed in 
the final Environmental Statement is however concerned primarily with measures required to implement 
c:ommitments made to the United Mexican States in Minute 242. The minute essentially states that the 
United States of America de 1 i ver water to Me xi co of sa 1 i nity no more than 135 ppm over the qua 1 i ty of 
the water at the Imperial Dam. Thus, the project will control only the relationship between the 
salinity at the Imperial Dam and that at Morelos Dam subject to the waste discharges at points in be
tween. See Figure 1 below. 

Figure 1. Project plan area. 
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The proposed methods of control comprise both structural and non-structural measures designed to 
reduce the amount of waste load entering the river between the two dams. These measures constitute 
what we have termed man's actions on the environment. The major environments affected by these actions 
as identified in the impact statement are shown in Figure 1. They are the Coachella Canal, the Wellton
Mohawk Irrigation District lands, the desalting plant site and the Santa Clara slough. These environ
ments make up the total environment which we examine below from a systems viewpoint. 

SYSTEM IDE'MTIFICATION 

The environments identified above are considered as components (subsystems) of the total environ
ment (system). A diagramatic representation of the system is given in Figure 2. The arrowed lines 
joining the subsystems are the linkages which are primarily canals carrying water to or from a given 
subsystem. A linkage is said to be active and hence a subsystem if an action is contemplated on it; it 
is passive otherwise. For example, the Coachella Canal transports water from the Imperial Dam to the 
Coachella Valley Irrigation District. It is considered a subsystem because some action (lining the last 
36 mi 1 es with concrete) is proposed on it. 

STATE OF A SUBSYSTEM 
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Figure 2. The system. 
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Each subsystem is in general characterized by four classes of environmental factors. Thus, as 
shown in Figure 3, the class of physical environmental factors comprise the climate, geology, hydrology 
and topography. We note in passing that some of the classes may not be relevant to a given subsystem. 
Each factor in turn constitutes a state vector the elements of which are the state variables charac
terizing the state of the subsystem. The entire array of these variables characterizes the total en
vironment. 

Now, the states of interest vary depending on the action being considered. Indeed, selection of 
the state vector in any given problem of natural resources management is 1either unique or necessarily 
simple. Since no general rules exist for this selection, it often calls for a heuristic approach based 

31 



on the analyst's insight and understanding of the physical process under study. In Figure 3 sample 
state variables are given for the purposes of illustration. 

The structural and non-structural measures constitute the action space over the total environment. 
A member of this space comprises the vector of inputs into the corresponding subsystem. For example, 
if the subsystem is the unlined reach of the Coachella Canal, the input set includes the labor and con
struction material put into lining the canal. The consequence of the action comprise the costs asso
ciated with the lining process, the increased irrigation water available to the Coachella Valley water 
users and the decrease in the deep seepage losses which recharge the groundwater along the P'lth of the 
canal. The impact of the action, which is the essence of the ESI as it relates to the canal, is 
measured in terms of how the action has affected the economic and social welfare of the valley farmers 
and the individual(s} owning the ground-water rights along the path of the canal. In the next section 
we describe the proposed framework for uncertainty analysis. 

CLASSES OF UNCERTAINTY 

For this analysis uncertainties are classified as being one of the following types: 1} natural 
uncertainty, 2} uncertainty in system identification and 3) uncertainty of predictive models. These 
uncertainties are associated with the elements of each subsystem. 

Identification Uncertainty 

The question is what constitutes the subsystem in tenns of its elements, i.e., what are the members 
of the input vector, the state vector, etc. Some of these are known and observable. Others may not be 
observable even though they produce an affect. It is not far fetched to suppose that, when dealing with 
natural systems, the analyst may be completely oblivious to some of the variables affecting the system. 
Consequently the subsystem element can be under-determined and the extent this is happening will be un
known to the analyst. Examples may be cited. 
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Rainfall is affected by many factors, some of which are quantifiable, others are known but not 
quantifiable while others still are completely unknown. Uncertainties in the choice of actions and/or 
subsystems that may be included in the analysis 1s a type of identification uncertainty and exists pri
marily because, in relatively large systems, it 1s important to seek a balance between complete repre
sentation and manageability. On the same token, there is uncertainty in input and state variables to be 
eliminated in order to reduce the size of the problem. 

Natural Uncertainty 

Once identified, the variables of a system element may be observed or assumed, based on heuristic 
or theoretical arguments, to be deterministic or stocha~tic. Natural uncertainty exists therefore in 
all those system variables exhibiting natural fluctuations. The rainfall process is an obvious example. 

Predictive Model Uncertainty 

Given the system as perceived, we often require models in one form or the other to predict the 
next input, next state, next output and most importantly in the context of this paper the impact of 
mans action on the social and economic welfare of the people and on the environment. Models that have 
been used range from complex simulation computer programs to the judgment of a decision maker who may 
not necessarily be very knowledgeable about the system structure. Two types of uncertainty which jointly 
make up the predictive model uncertainty may be identified. They are the uncertainties in the form and 
in the parameters of the model. Both of these may be sample dependent since some models are data based 
and the parameters of all models are estimated from data. Examples include uncertainties in system 
design changes due to unforseen technological innovations and uncertainty in state transformation 
functions. Inadequacy of sample and economic data with which to make estimates of model parameters 
leads to parameter uncertainty. This type of uncertainty naturally leads to the question of how much 
data is enough to obtain "satisfactory" estimates. Finally, there is the uncertainty about the mani
festation of a predicted impact and the time frame of such manifestation. 

ASSESSMENT OF UNCERTAINTIES 

In general, it is difficult to quantify predictive model and system identification uncertainties, 
i.e., those uncertainties that are due to man's inability to observe and understand his environment 
completely. A reachable goal for the analyst is to use a group of knowledgeable personnel in order to 
enhance the system identification and the choice of predictive models. In contrast, those uncertainties 
which are outside the possible control of the analyst, i.e., the "natural" uncertainties are more 
readily quantifiable. In what follows we seek to quantify natural uncertainties and assume that the 
subsystems, actions, predictive models and outputs are given. In the process the following assumptions 
are reasonable: 

a) Some information, objective or otherwise, can be obtained on the subsystem variable of interest. 
It is not required that the information be available in a quantity that enables complete charac
terization of the uncertainty in the variable. 

b) Identified uncertainties are quantifiable as probability distributions, confidence intervals and/or 
as sample statistics. 

c) There are personnel who have expertise in the assessment of the probabilities and also in the 
workings of the system. Winkler and Murphy (1968) term these attributes Normative and Substantive 

goodness respectively. 

Now, the uncertainties discussed above may be quantified objectively or subjectively depending on 
whether the- information can be obtained in an objective or subjective manner. Also, the information 
may be obtainable directly from the environment or indirectly as proxY or secondary data. For example, 
information available from other projects or environments, though it may not be altogether germane to a 
current project because of new characteristics in the latter, it may be used as base information for 
purposes of uncertainty quantification. 

Assessment of Objective and Subjective Probabilities 

The difference between objective and subjective data is not so much in the method of data acquisi
tion as it is in the source of such data. A quantification is said to be objective if it involves or 
uses data that are observable and thus may be confirmed with a minimum amount of human bias. Such data 
are usually obtained from instrument readings. Use of instruments induce minor uncertainties through 
noise in the measurements and instrument imperfections. 

On the other hand, individuals form the source of subjective data and as such the probability 
measure constructed from such data reflects the belief of the individual concerning the uncertain 
quantity. We note that an inherent characteristic of subjective data is the inconsistencies they tend 
to exhibit in the sense that an individual faced with the same set of alternatives at two different 
occassions is liable to make two different choices. The several methods (Winkler, 1967; Pratt et al., 
1965) that have been proposed for assessing subjective probabilities also include ways of minimizing the 
inconsistencies referred to above. The basic approach is to use a questionnaire to elicit the sub
jective information from an assessor. Two of the techniques suggested by Winkler (1969 determine a set 
of fractiles of the assessor's probability estimates of the quantity, X, of interest. The first 
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technique uses direct questions regarding the fractile, as for example, given what odds will the assessor 
choose a value X= x of the quantity. The second technique uses a normalized payoff interval 0 < y(x) ~ 1 
to assess the fractiles by successive subdivisions. Thus, for a given fractile, e.g., y(x) = 0.5, the 
assessor is asked to choose X= x such that he is indifferent. The process is repeated for y(n) = 0.75, 
.25, etc., till there are enough fractiles to indicate the distribution function. Note that !loth tech- ' 
niques rely on qualitative questions so that results obtained depend on the manner in which the questions 
are phrased. A major advantage of the second technique is that it only requires the assessor to make 
judgments about whether or not two events are equally likely. Both techniques are distribution free 
since they do not assume anything about the analytical form of the subjective distribution. 

Further, the probability distribution of X may also be elicited from more than one assessor and a 
representative distribution obtain from a weighted linear combination of the individual assessments. 
The weights assigned to an assessor, by the analyst, may be based on the assessors experience. 

Incorporating Uncertainties in Impact Assessment 

The techniques discussed above by which subjective or objective relative densities may be con
structed for individual inputs (actions) provides a basis for incorporating uncertainties explicitly 
in the impact assessment. 

An output (consequence) may be gaged in monetary tenns or in terms of other units of measurement 
such as an index. To each member of the output vector there corresponds a probability distribution 
which depends on the distribution of the input and may be obtained by standard transformation tech
niques or simulation. Hence, one may compute the assessment criterion such as the expected cost or the 
cost with the maximum or any specified likelihood of being incurred. 

For each subsystem an array of actions and corresponding impacts may then be obtained. Repeating 
for each identified subsystem a decision matrix on which a decision maker may judge the merits and de
merits of the project can be obtained. We note that the decision maker may be an individual (e.g., 
the analyst) or the citizens of the envfronment. 

Reducing the Uncertainties in Impact Assessment 

In the preceding section we have viewed impact assessment as a decision making tool. However, since 
the decisions made usually concern future actions, we are of the opinion that impact assessment should 
be used also as a learning tool. Thus, given new infonnation, the analyst updates his current knowledge 
about the state of nature by revising the probabilities of the quantities of interest on account of 
which the action is taken and thus his assessment of the impact. The Bayesian approach (Davis, et al., 
1971, 1972) to decision making may be used to this end since this adaptive mechanism incorporates new 
information (subjective or objective) about the uncertain quantities in the form of probability distri
butions thus allowing for a formal analysis of the assessment problem even in the cases when only sub
jective infonnation is availi!ble. 

CONCLUDING REMARKS 

In the foregoing brief exposition, we have identified types of uncertainties that may be encoun
tered in assessing environmental impacts. System identification and predictive model uncertainties are 
reducible through the adaptation of a Delpi type approach in which the individual judgements of par
ticipating experts are pooled to obtain a consensus. Natural uncertainties may be assessed in tenns of 
probabilities by the use of sample infonnation when the data source is objective. When the source of 
data is an individual or a group of individuals the information may be elicited either explicitly or 
otherwise in terms of probabilities by the use of questionnaires. The sample/parameter uncertainty 
that exists because of limitations in the size of the sample and for estimating model parameters and in 
model building may be reduced by an iterative application of Bayes fonnula if the uncertainties are 
expressed in tenns of probabilities. Such a framework as presented above provides a basis for incor
porating uncertainties explicitly in assessing environmental impacts and the use of such assessments 
as a learning in addition to a decision making tool. 

These calculations allow the output from the system to be described in a probabilistic manner. 
Such a description enables the assessment of alternative actions with the uncertainties in the output 
taken into consideration. Comparison of results obtained with and without consideration of uncertainty 
enables the decision maker to determine the value of additional infonnation or research to reduce the 
uncertainties affecting the assessment process. 

The systems approach developed here provides a methodological framework for analyzing the un
certainties resulting from actions affecting the total environment. This approach is especially valuable 
in examining the impacts of large scale projects in which uncertain factors make assessment of the 
impact difficult and subject to controversy. 
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