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Science and Environmental Assessment

Practitioner Perspectives on the Role of Science in Environmental Impact
Assessment

ABSTRACT / A large body of literature addresses the role of science in environmental
impact assessment (EIA) but less attention has been given to the views of practitioners
themselves. In this research a survey of 31 EIA practitioners in Western Australia was
undertaken to determine their perceptions of the quality and importance of science in EIA.
The survey results are compared with previous theoretical, empirical and survey studies of the
role of science in EIA. Interview questions addressed the role of science in impact prediction,
monitoring activities, mitigation and management, and EIA decision-making. It was clear
from the interviews that many practitioners are satisfied with the quality of science currently
used in EIA, but do not believe that it is given sufficient importance in the process. The
quality and importance of science in the pre-decisions stages of EIA was rated higher than in
the post-decision stages. While science was perceived to provide the basis for baseline data
collection, impact prediction and mitigation design, it was seen to be less important during
decision-making and ongoing project management. Science was seen to be just one input to
decision-makers along with other factors such as socio-political and economic considerations.
While time and budget constraints were seen to limit the scientific integrity of EIA activities,
pressure from the public and regulatory authorities increased it. Improving the scientific
component of EIA will require consideration of all these factors, not just the technical issues.
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A considerable amount of interest and attention has been focussed on the role of science in
environmental impact assessment (EIA) and a substantial body of literature has addressed this
topic. This paper reviews this literature briefly before presenting the results of a survey of 31
EIA practitioners in Western Australia. The principal aim of the survey was to determine
what practitioners perceived that the role of science in EIA should be and to compare this
with the positions established in the literature. The results of a survey of EIA practitioners in
Western Australia are presented and compared with previous theoretical, empirical and survey
studies of the role of science in EIA. The study provides valuable insights concerning the
practice of EIA and what can be expected of the process. As the hypotheses underlying the
study were derived from the literature on the role of science in EIA, it is useful to start with an
overview of this body of work.
Much of the literature can be classified into two main types:
•

studies of the theory and practice of EIA with respect to the role that science can or

should play (eg. Beanlands and Duinker 1984, Shrader-Frechette 1985, Lemons 1994); and
•

empirical studies which have examined the scientific content of EIA documents and

products in a systematic and rigorous way (eg. Culhane and others 1987, Bailey and others
1992, Malik and Bartlett 1993).
There have been fewer studies which have focussed on the perceptions of practitioners
themselves on the role of science in EIA; Caldwell and others (1982, Chapter 4) and Sadler
(1996, Section 4.1.3) are two notable exceptions. Overall there is a general feeling in the
literature that the level of science is wanting. However, perceptions and findings appear to
vary according to particular stages and tasks in EIA.
A generic approach to EIA has been described by Sadler (1996, p18) which can be applied
to any proposal put forward by a proponent. It commences with screening of proposed
developments to determine the need for EIA, includes preparation of environmental impact
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statements (EIS) by proponents and their review by the public, decision-making and setting of
approval conditions and extends into project implementation and follow-up. Previously
Morrison-Saunders and Bailey (1999) found it useful to differentiate between pre-decision
and post-decision stages of EIA. In this study, the focus was on four main tasks which are
utilised at various times during EIA: monitoring, impact prediction, mitigation and decisionmaking.
During the pre-decision stages of EIA, monitoring activities may be undertaken to collect
baseline information. Impact prediction is derived from baseline data collection activities and
comprises an important component of EIS. Mitigation measures are proposed in EIS as well
as by decision-makers during the review process that will avoid, minimise or compensate for
predicted adverse impacts. Decision-making generally refers to the principal or consent
decision when it is determined whether a proposed proposal should be permitted to proceed
and under what terms or conditions. However, other important decision points occur during
the early stages of the process, such as screening and scoping to determine the need for EIA
and the terms of reference of subsequent EIS.
During the post-decision stages of EIA, the project is implemented and environmental
impacts occur. Further monitoring should be conducted to determine the extent of impacts
and compliance with approval conditions. Mitigation measures should be implemented by
proponents, ideally in an ongoing adaptive fashion in response to the findings of impact
monitoring programs.
For the purposes of brevity the post-decision monitoring and ongoing adaptive
management activities are combined with their pre-decision counterparts in the following
discussion. The role of science in the four EIA tasks is examined in turn before considering its
role in the overall EIA process.
Environmental Monitoring
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There have been numerous criticisms of the quality of science utilised in EIA monitoring
programs. (eg., Preston 1985, Duinker 1989, Fairweather 1989, Underwood 1991, Antcliffe
1999, Benkendorff 1999, Ecological Society of Australia Inc. 2002). These commentators
have all expressed dissatisfaction with the application of science in monitoring activities in
practice compared to their expectations as scientists. Similarly, in an international survey of
324 EIA practitioners, 48% of participants rated the extent to which the state of the science
limited the ability of practitioners to establish monitoring schemes that are able to detect
significant development-induced effects as 'somewhat limiting', and 19% rated this factor as
'very limiting' (Sadler 1996, p81). In an earlier survey of approximately 400 EIA practitioners
Caldwell and others (1982, pp345-348) asked participants to rate the availability and quality
of scientific data and the state-of-the-art of specific studies and systems modelling with
respect to how much these four factors limited their ability to respond to EIA requirements in
the US. While this study did not single out monitoring programs as such, the results are
broadly comparable as the information or data referred to would come predominantly from
baseline data collection activities and supporting literature studies. For each question,
responses ranged from 10.6% – 25.2% as 'very limiting' and 53.0% – 68.7% as 'somewhat
limiting'. Each of these studies suggests that monitoring is an area of EIA that could be
greatly improved with respect to its scientific integrity.
The finding is also supported by recent empirical research into the scientific integrity of
monitoring programs for six case studies that had undergone EIA in Western Australia. In this
study Morrison-Saunders (1997) classified EIA monitoring activities with respect to the use
of formal scientific techniques such as before/after control/impact (BACI) monitoring in the
manner advocated by Green (1979) ranging down to programs based upon ad hoc sampling
and observation only. For two of the case studies there were no examples of BACI monitoring
and the best level recorded was 38% for an ocean wastewater outfall project and this was
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substantially higher than the other projects (Morrison-Saunders 1997). But even in this
project, numerous problems with the integrity of monitoring were recorded for the key issue
of water quality monitoring including; unsuitable spatial distribution of sampling sites, a five
year period when sampling was conducted on a single annual basis only, no replication of
sampling and contamination of a so-called 'control' site located in the impact zone of the
outfall

(Morrison-Saunders

1996).

Combined

with

various

other deficiencies

of

environmental monitoring programs for these six case studies, Morrison-Saunders and Bailey
(1999) concluded that the monitoring programs largely failed to meet scientific expectations
of the EIA process.
Apart from deficiencies in design, a key reason why EIA monitoring programs are
considered to fail scientific expectations relates to cost. For example, the Ecological Society
of Australia Inc. (2002) note that constraints in time and cost may restrict the ability of
consultants to conduct comprehensive ecological studies for EIA while Lemons and Brown
(1990) and Antcliffe (1999) give examples of monitoring programs being designed according
to the available budget which negatively impacts on their scientific integrity.
Impact prediction
A perceived shortfall in the scientific integrity of EIA predictions has often been
highlighted with many commentators arguing that impact predictions should be derived in a
scientifically rigorous manner and presented as testable hypotheses (eg. Beanlands and
Duinker 1984, Environmental Resources Limited 1985, Duinker and Baskerville 1986, Clark
1994, Epp 1995). Duinker (1985) maintains that decision-makers are more likely to pay
attention to and use impact predictions when they are derived in a scientifically rigorous
manner, are stated quantitatively and are measurable. Empirical research both in Western
Australia (Bailey and others 1992, Morrison-Saunders 1999) and internationally (eg. Bisset
1984, Culhane and others 1987, Bernard and others 1993, Eddlemon and others 1993) has
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confirmed that the scientific integrity of impact predictions could be substantially improved.
Finally 53% of EIA practitioners surveyed by Sadler (1996, p81) rated the extent to which the
state of the relevant science limits the ability of practitioners to make accurate predictions
'somewhat limiting' and 24% rated it as 'very limiting'.
Mitigation and Ongoing Adaptive Environmental Management
It would appear that mitigation and management activities in EIA are prone to similar
deficiencies in scientific integrity as monitoring and impact prediction. For example, the
extent to which the state of science limits the ability of practitioners to custom-design
successful mitigation measures was rated as 'somewhat limiting' by 58% of participants in
Sadler's (1996, p81) international survey and 'very limiting' by 12%. These findings are
largely supported by the work of Bailey and others (1992), Bailey (1997) and MorrisonSaunders and Bailey (1999) who similarly found relatively low levels of science evident in
mitigation and environmental management activities in EIA compared to international
expectations.
Decision-Making
The perceived role that science should play in monitoring, impact prediction and
mitigation aspects of EIA appears to be greater than that expected of decision-making. Here,
the influence of non-scientific factors on EIA decision-making is frequently acknowledged in
the EIA literature. Morgan (1998, p80) argues that while there has traditionally been an
expectation and emphasis in the scientific literature that the EIA process is, or ought to be,
primarily a scientific process for making and testing predictions about human impacts on the
natural environment, this view of EIA is one-sided and ignores the socio-political aspects of
EIA. Freudenburg (1989) recognises the political dimension of EIA and suggests that political
factors typically outweigh scientific ones in the decision-making process. Sadler (1996, p16)
notes that decision-making requires striking a balance between economic, environmental,
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social and other criteria, and thus it is a political process involving trade-offs rather than a
purely scientific undertaking.
Role of science in EIA overall
EIA commentators would appear to fall into main two camps with respect to the role of
science in EIA. On the one hand, there are those that suggest that EIA should be
predominantly a scientific exercise based around rigorous monitoring programs, testable
impact hypotheses and informed environmental mitigation and management (eg. Beanlands
and Duinker 1984, Duinker and Baskerville 1986, Fairweather 1989, Ecological Society of
Australia Inc. 2002).
In contrast, there are some people who suggest that it is appropriate that the EIA process is
actively informed from sources other than science alone. For example, many researchers have
pointed out that there is a subjective component of EIA based on value judgements and which
constitutes the ‘art’ of EIA (eg. Eversley 1976, Orians 1986, Hyman and Stiftel 1988, Lemons
and Brown 1990, Caldwell 1991, Hellstrom and Merle 1996). Robinson (1989) suggests that
EIA comprises three parts: politics, public and science, and implies that successful EIA
requires that all three be in balance. Malik and Bartlett (1993) go further to suggest that 'the
EIA process is not a technical one that employs a science-based interdisciplinary policy
analysis approach; rather, it is a political process involving science'.
A further issue to consider regarding the role of science in EIA concerns the quality and
quantity of science necessary for effective impact assessment and management to occur. The
extent to which the state of science in EIA limits or enhances environmental outcomes is not
clear. For example, participants in Sadler's (1996, p81) international survey indicated that the
state of science limited the ability of practitioners to custom-design successful mitigation
measures. In contrast, in previous empirical studies in which we analysed the scientific
integrity of various components of the EIA process in Western Australia (eg. Bailey and
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others 1992, Bailey 1997, Morrison-Saunders and Bailey 1999) we concluded that effective
mitigation and environmental management could arise in the absence of rigorous science. We
analysed the scientific integrity of EIA in terms of conformance with accepted scientific
procedures for collecting and analysing information (eg. the use of BACI monitoring in EIA).
Our focus in these studies was in terms of environmental outcomes for projects that had
undergone EIA. We recorded relatively low levels of science evident in EIA compared to
international expectations, but provided evidence that effective environmental management
could arise in the absence of scientific rigor in EIA. We concluded that neither scientific rigor
in impact prediction nor prediction accuracy had any bearing on the implementation of
environmental management activities (Morrison-Saunders and Bailey 1999), and suggested
that simple issue identification during EIA may be more important than rigorous impact
prediction as it would be sufficient to alert managers to issues requiring environmental
management attention. We also found that environmental management activities may result in
the absence of ideal rational-scientific monitoring programs. The implication here is that it is
possible to protect and manage the environment without recourse to formal scientific studies
or procedures.
Our research findings appeared to be at odds with the portion of the literature advocating a
scientific model of EIA. To explore this issue further, and to address an apparent gap in the
existing literature, we were interested in finding out how EIA practitioners viewed this issue
themselves.
We derived several hypotheses to test:
•

based on the predominate view in the EIA literature, practitioners perceive the role of
science in EIA to be more important than it currently is in practice;
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•

the importance of science would be perceived to be lowest for EIA decision-making as
this stage of the process is made at a political level and involves tradeoffs with social and
economic considerations; and

•

the current quality of science varies at different stages of the EIA process.
Before proceeding further, some characteristics of the EIA process in Western Australia

require explanation (a full account of the process is made in Wood and Bailey 1994).
Responsibility for EIA rests with the Environmental Protection Authority (EPA), a small
independent statutory authority which determines EIA procedures and the level of assessment
of proposals. It is also a key recommendatory body that makes recommendations to the
Minister for the Environment on whether proposals are environmentally acceptable. The final
approval decision and the establishment of legally binding approval conditions is the
responsibility of the Minister. Whilst the EPA plays an important figure-head and decisionmaking role in the EIA process, day to day administration rests with the Department of
Environment, Water and Catchment Protection. Other government agencies also get involved
in the process. They are invited to comment on EIA proposals during the public review of
EIS, and in some cases they may issue regulatory approvals to proponents and monitor their
compliance that are separate to the formal EIA process itself. In Western Australia, an
approval from another government agency cannot be issued, though, until environmental
approval under the EIA process has been granted.

METHODOLOGY
A total of 31 EIA practitioners were interviewed in the study representing proponents,
consultants, EIA regulators and other government agencies. Interviews were conducted in two
major resource development centres in Western Australia (mining and mineral processing
operations) located some 500km and 1,500km from the capital city, as well as in the capital
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itself, to ensure that people with experience in both remote and urban settings were included.
These two centres were selected on the basis of the number of nearby post-EIA projects and
the presence of a regional office of the EIA regulator and other government agencies. An
opportunistic sampling approach was utilised in the remote areas based upon personnel
availability at the time of the visit. Proponents and government agencies were selected mainly
on the basis of their activities in the two remote development areas visited, although
representatives of each based in the capital city were also included. Consultants and EIA
regulators were mainly based in the capital city and were identified through their respective
organization staff lists.
The EIA process was divided into the four main tasks described previously. Environmental
monitoring tasks were divided into two sub-categories to distinguish between pre-decision
baseline data collection and post-decision impact monitoring activities. Similarly, mitigation
and ongoing adaptive management were split into two categories to distinguish between predecision and post-decision phases of EIA. Hence the EIA process was divided into six
individual stages for some of the survey questions and these are presented in chronological
sequence to mimic a generic linear EIA process (i.e. baseline monitoring, impact prediction,
mitigation design, decision-making, impact monitoring and ongoing adaptive environmental
management).
Practitioner perceptions were sought in this research, using a similar approach to that of
Boyd and others (1993) and Starbuck and Mezias (1996). A questionnaire was prepared and
presented to current EIA practitioners in an interview setting. The interview questions sought
both quantitative and qualitative answers in relation to EIA practice in Western Australia.
For the quantitative responses interviewees were asked to rate on a 7-point Likert scale
answers to a series of questions concerning the current quality, current importance, expected
importance and change in quality of science for the six stages in the EIA process identified
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previously (questions 1-4 in Table 1). Towards the end of the interview, participants were
asked to rate the extent to which the current quality of science in EIA overall in Western
Australia met their expectations of the process on a similar Likert scale (question 5).
With respect to the questions concerning the 'quality of science' in EIA, interviewees were
directed to freely interpret the phrase for themselves, but to explain their answer. With respect
to the questions concerning the importance of the role of science in EIA, interviewees were
asked to consider how much weight was given to scientific factors in comparison to other
factors (eg. socio-political) for each particular stage of EIA.
To test the hypothesis that: practitioners perceive the role of science in EIA to be more
important than it currently is, the results of Questions 2 and 3 in Table 1 were analysed. To
test the hypothesis that the importance of science would be perceived to be lowest for EIA
decision-making, the rankings for Question 3 in Table 1 were analysed by comparing the
result recorded for decision-making with the other five stages of EIA. To test the hypothesis
that the current quality of science varies at different stages of the EIA process, the rankings of
the interviewees for Question 1 in Table 1 were compared across the six stages of EIA. Nonparametric statistical tests were used to analyse the data from these Likert scale questions, as
the response to each question was a rating and not of a continuous data format. Furthermore,
the samples were dependent, and as such a related-samples test was needed. The Wilcoxon
signed-rank test (Hinkle and others 1979), was used to compare individual responses to two
different questions.
Qualitative information was obtained from the interviewees by asking them to justify their
responses to the quantitative questions and to provide examples. Interviews were taped and
subsequently transcribed so that qualitative answers could be accurately recorded. Two openended questions were asked towards the end of the interview:
•

What factors do you believe have determined the level of science utilised in EIA?
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•

How would you improve the scientific integrity of EIA (if at all)?

Here the expressions 'level of science' and 'scientific integrity' were used to encapsulate
both the quality of science and the level of importance attached to it in EIA. Interviewees
were encouraged to answer these two questions in this context.

RESULTS
For each of the six stages of EIA, the answer to the question: how important currently is
the role of science? was rated significantly lower to the question: how important should be the
role of science? (Table 2). Furthermore, the perceived difference between the current
importance of the role of science in mitigation design and that for ongoing adaptive
management was statistically significant (P=0.020).
Perceptions of the importance of science in EIA decision-making compared with the other
five stages of EIA are shown in Table 3.
Statistically significant variations in the perceived current quality of science between
different stages of the EIA process are presented in Table 4.
Practitioner perceptions on the changes in quality of science utilised in the six stages of
EIA is presented in Figure 1.
Overall satisfaction with quality of science in EIA is shown in Figure 2.
The most frequent responses to the two open ended questions at the end of the survey are
summarised in Table 5.
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DISCUSSION
In the following sections the results are discussed in conjunction with the qualitative data
collected and compared with previous theoretical, empirical and survey studies of the role of
science in EIA.
Importance of the role of science in EIA
As seen in Table 2, the EIA practitioners perceived the role of science to be significantly
more important than it currently is for every stage of the process, supporting our first
hypothesis. This perception is consistent with the view of numerous EIA commentators (e.g.
Beanlands and Duinker 1984, Duinker and Baskerville 1986, Fairweather 1989, Ecological
Society of Australia Inc. 2002) as well as the findings of previous empirical studies (e.g.
Culhane and others 1987, Bailey and others 1992, Malik and Bartlett 1993, MorrisonSaunders and Bailey 1999). The following section outlines in greater detail, practitioner
perspectives on specific stages of EIA.
Importance of the role of science in EIA decision-making
The perceived importance of science in EIA decision-making was found to be lower than
the perceived importance of science in baseline data collection, impact prediction, mitigation
design, impact monitoring and ongoing adaptive management (Table 3). Qualitative
responses frequently indicated that science was only one of several factors that EIA decisions
should be based upon, whereas science should form the basis of the other stages of EIA.
Participants were asked to identify the other factors that influence EIA decision-making. In
Western Australia the ultimate responsibility for decision-making and issue of project
approvals rests with the Minister for the Environment. Consequently social, economic and
political considerations influence the decision-making process along with the environmental
considerations and these were frequently identified by participants. Additionally, several
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participants suggested that other factors such as precedent, experience, intuition, common
sense, anecdotal information and emotions all influence EIA decision-making processes.
While the survey participants acknowledged the realities of non-scientific influences on
EIA decision-making, it did not mean that they necessarily agreed that it should be this way.
Some participants believed it was wrong that socio-political factors should be included in EIA
decision-making and one even suggested that a scientifically based decision-making process
drawing solely on 'objective' data should be developed and utilised. Most of these comments
came from consultants or proponents.
Others were more accepting. EIA regulators and other government regulators were more
likely to be accepting of the socio-political aspects of EIA decision-making with several
advocating an explicit role for economic and other social factors be incorporated into the
process (a recent ruling in a legal case in Western Australia prevents the EPA from taking
economic and certain social considerations into account when assessing a proposal; Bache
and others 1996).
Current quality of science at different stages in the EIA process
Table 4 demonstrates that practitioner perceptions of the quality of science in different
stages of the EIA process varies as hypothesised. Discussion of the results is divided into the
four main tasks in EIA identified previously.
Environmental Monitoring
The current quality of science utilised in impact monitoring was rated the lowest of the six
stages of EIA and was significantly poorer than that used in mitigation design and EIA
decision-making (Table 4). Though not statistically significant, baseline data collection was
generally considered to be better than impact monitoring. It appears that the post-decision
stage of EIA as far as monitoring is concerned, is not as strong as the pre-decision stages with
respect to the quality of scientific input. Many participants perceived impact monitoring to be
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poorly conducted. Reasons suggested to explain this was that proponents were keen to win
approvals for their projects and so were more likely to engage in baseline data collection to
satisfy the public and regulatory agencies in the lead up to decision-making, but subsequently
neglect these activities once the project was operational. This finding is similar to Lemons'
(1994) observation that one of the reasons why use of more adequate scientific knowledge has
been constrained in EIA in the US is because little attention is given to post-EIS monitoring.
Several participants suggested that monitoring, fundamentally, was a scientific activity,
although it was often noted that it could be done a lot better. A frequent comment was that
money and time constraints place limitations on the scientific integrity of monitoring
programs; an observation that has previously been noted by Lemons and Brown (1990),
Antcliffe (1999) and the Ecological Society of Australia Inc. (2002).
It is clear from Table 2 and from the comments received that EIA practitioners have higher
expectations for the role of science in environmental monitoring programs than is apparent in
practice. A similar viewpoint has been well articulated by many other commentators (eg.
Preston 1985, Fairweather 1989 and Benkendorff 1999), supported by the practitioner surveys
of Caldwell and others (1982, pp345-348) and Sadler (1996, p81) and is consistent with our
earlier empirical research (eg. Morrison-Saunders and Bailey 1999).
Impact Prediction
Ratings of the current quality of science utilised in impact prediction were similar to those
for impact monitoring and it was rated significantly poorer than that used in mitigation design
and EIA decision-making (Table 4). Practitioner comments indicated that much of the
information required for making impact predictions came from baseline data collection
programs and suffered similar time and money constraints which prohibited high quality
scientific studies from being undertaken.
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As with the case for environmental monitoring, EIA practitioners in Western Australia
believe that greater emphasis should be placed on scientific methods and approaches during
impact prediction than is currently the case (Table 2). This finding is consistent with the
views of many EIA commentators, empirical studies in both Western Australia and
internationally and practitioner surveys mentioned previously.
Mitigation and Ongoing Adaptive Environmental Management
Mean ratings of the current quality of science utilised in mitigation design (3.2, Table 4)
were higher than those for ongoing adaptive environmental management (3.5) but this was
not statistically significant. With respect to perceived importance, it can be seen from Table 2
that mitigation design received the highest importance ratings for the current role of science
(mean 3.0) and ongoing adaptive management received the lowest importance ratings (mean
3.4) and this difference was statistically significant (P=0.020). Again, the pre-decision stages
of EIA appear to command greater attention with respect to scientific input than the postdecision stages for comparable activities. In previous empirical research, Morrison-Saunders
and Bailey (1999) found that the majority of environmental management actions (ranging
from 71% to 91% of all management activities recorded for six case studies) originated during
the pre-decision stages of EIA, suggesting that a higher level of scientific focus may be
warranted during this stage of the process.
In the current research, two explanations for this finding were provided by practitioners in
their supporting qualitative responses. Firstly many practitioners suggest that the key focus
for most proponents in EIA is to obtain approvals (as mentioned previously). Consequently
they are more likely to devote time and resources to project design, investigative studies and
the preparation of EIA documentation prior to the approval decision rather than the postdecision stages of a project unless a significant environmental problem is encountered or they
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are prevailed upon by regulators or public pressure (eg. Morrison-Saunders 1998, MorrisonSaunders and others 2001).
Similarly several participants suggested that regulatory agencies paid less attention to
projects in the post-decision stages of projects. These practitioners advocated a greater role
for project auditing and follow-up of impact monitoring and management activities. Secondly,
for major resource development projects (eg. mining and mineral processing) it is difficult to
make modifications to fixed plant even if there were good environmental reasons to do so due
to the costs involved. Hence greater investigation and planning is likely to be initially
invested in the engineering design stages of projects compared to ongoing project operations.
The emphasis on engineering design aspects of projects was seen by participants to be
grounded in scientific method.
Decision-Making
Ratings of the current quality of science utilised in decision-making were relatively high
giving it the strongest rating of the six stages of EIA and this difference was statistically
higher than that for impact prediction and impact monitoring (Table 4). Similarly, the ratings
of the current importance of science in EIA decision-making were rated highly (Table 2). By
way of explanation of these findings, it was frequently pointed out by practitioners that the
current EPA places a high emphasis on science in its decision-making. This is supported by
the recent description of EIA decision-making in Western Australia by Morrison-Saunders
and Bailey (2000) which is consistent with rational-scientific expectations of the process.
Changes in the quality of science in EIA over time
There was almost unanimous agreement amongst the practitioners interviewed that the
quality of science utilised in all six stages of EIA had increased over time (Figure 1). The
relatively high number of 'neutral' category responses recorded for EIA 'decision-making' was
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because many of the proponent representatives and consultants, particularly those with less
years of experience did not feel confident to make a judgement about this factor.
In comparison, in response to a question concerning the extent to which the scientific and
empirical basis for various EIA tasks had been strengthened in the previous five years Sadler
(1996, p80) reported figures of 0-8% 'have been strengthened', 23-46% 'little/no change', 3850% 'moderately strengthened' and 5-23% 'significantly weakened'. There are no empirical
studies to demonstrate that the quality of science utilised in EIA has improved over time,
although it might be expected as learning from experience occurs.
Overall expectations of the science in EIA
It can be seen from Figure 2 that the majority of participants indicated that the current
quality of science in EIA met with their expectations of the process with 68% expressing
satisfaction. Given the previously discussed misgivings many interviewees had with the
quality of science and the level of importance placed on it during EIA, this apparent contrary
finding implies that practitioners' expectations are tempered by the realities of what they
know to be current EIA practice. For example, all interviewees indicated that the quality of
science in EIA could be improved and that it should play a more important role in the process,
but many clearly did not expect this to eventuate in practice due to the influence of other
factors (eg. economic, available time, socio-political reasons etc.). There was no evidence that
EIA practitioners in any one of the four roles were any more satisfied or dissatisfied in terms
of their expectations of the current quality of science in EIA than the others. This finding is
consistent with Sadler's (1996, p106) conclusion that the scientific and methodological basis
for EIA is 'considered to be satisfactory'.
Factors determining the level of science in EIA
In response to the question: What factors do you believe have determined the level of
science utilised in EIA in Western Australia? the most frequent response was increased public
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knowledge or expectation for environmental performance and the subsequent pressure this
placed on proponents, consultants and regulators alike to improve accountability and the
quality of information used to justify approval decisions (Table 5). All four types of EIA
practitioners identified this factor. This perception is generally supported by surveys of
Australians' level of concern for the environment which show an increase in concern over
time in recent years (Lothian 1994 and Environmental Protection Authority 1997, p21).
Previously, Morrison-Saunders (1998) found that public pressure also had a major effect on
environmental management outcomes in each of six case study projects examined in Western
Australia and Morrison-Saunders and others (2001) found that public pressure was an
important driver for the quality of proponent's EIA documents. This finding highlights the
importance of having an EIA process which is transparent and accountable to the public
(Commonwealth Environmental Protection Agency undated, p15; Wood and Bailey 1994,
Sadler 1996, p95; Morrison-Saunders and Bailey 2000).
Despite the apparent public pressure in EIA, remoteness may reduce this influence. Five of
the respondents (16%) stated that there was generally less public pressure on projects located
in remote parts of the state, including offshore oil and gas projects, compared to those in well
populated areas. This is partly due to the vast scale of the 'outback' regions of Western
Australia which are scarcely populated. It is also partly because most of the population living
near major resource development projects are those that are employed in the industry
themselves and they are likely to be advocates for that industry or operation. For example,
one proponent working on a remote mining project stated that they get practically no pressure
from community groups because the mining lease area is so large (i.e. mining operations are
not visible from the boundaries) and no-one can enter the area without permission. Another
industry representative highlighted the importance of having legislative controls for areas
where public pressure is not strong.
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Other frequently identified factors believed to have determined the level of science utilised
in EIA by all four practitioner groups were:
•

the requirements of EIA regulators (17 or 55%), including published guideline

documents, as well as the leadership provided by key personnel within the EPA and the
Department of Environment, Water and Catchment Protection. These were generally seen
to have had a favorable impact on the quality of scientific studies during EIA and to be a
positive initiative. However, some participants felt that these guidelines were inadequate
and one suggested that they reduce the flexibility of the EIA process by focussing effort
onto narrowly defined issues, a concern similarly raised by Morrison-Saunders and Bailey
(2000) in regard to current EIA practice in Western Australia;
•

political expectations (15 or 48%) which were seen to reduce the importance placed

on scientific factors as decisions were seen to be largely influenced by socio-economic and
political considerations; and
•

financial resources provided by proponents (14 or 45%). The cost of undertaking

scientific studies during EIA was seen to be a major problem with insufficient funding
being available to permit appropriate work to be carried out (eg. baseline data collection)
in many circumstances.
Budget restrictions were identified by 61% of participants in Sadler's (1996, p82)
international survey as being very limiting on 'best practice' EIA.
Company size was also frequently identified as a factor determining the level of science in
EIA in Western Australia (12 or 39%). This factor was identified primarily by consultants and
regulatory agencies only. It also relates to the financial resources provided by proponents
whereby larger operators tend to have more resources available to undertake EIA studies as
well as more experience in the process. However, several interviewees gave examples of
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small companies with minimal financial resources engaging in high quality scientific
investigations during EIA.
Improving the scientific integrity of EIA
In response to the question: How would you improve the scientific integrity of EIA in
Western Australia (if at all)?, respondents typically referred to or built upon their answers for
the previous question. Three additional suggestions were frequently offered too, and they
were common to all four types of EIA practitioner (Table 5).
The first was to increase the resources available to the Department of Environment, Water
and Catchment Protection. Problems identified here included overworking/understaffing of
the department combined with inadequate levels of experience or training of the staff
employed. It was frequently pointed out that many of the 'best' environmental professionals
end up working for proponents and consultants (i.e. in the 'private sector') as the pay and work
conditions are more attractive here. Furthermore, people with experience in the department
appear to be highly sought after by the private sector, presumably because they 'know the
system' and may be able to more readily obtain project approvals for proponents. It was
believed that a reduced individual workload and increased expertise of staff in the department
would increase the scientific integrity in EIA via provision of better advice to proponents and
more opportunity to prepare guidance documents outlining the expectations of regulators.
The second suggestion for improving scientific integrity in EIA was for increased
consultation with all stakeholders early in the EIA process; for example, one proponent
identified consultation with stakeholders as being 'first and foremost' a critical ingredient for
effective EIA. This was seen to be mainly the responsibility of proponents. Early consultation
would enable regulators and the public to provide feedback on proposals before EIS
documents were prepared and formal public review procedures commenced. In this way the
feedback could be construed as constructive criticism rather than negative feedback as it

22

Science and Environmental Assessment

would enable project design to be modified during the planning stages. It was believed that
early public consultation would improve the scientific integrity of EIA through improved
scoping and demand for greater rigor in EIA studies. It was pointed out that once proponents
had invested in the preparation of an EIS document, they tended to be locked into a particular
project design which they would only reluctantly change if forced to by regulators.
The third suggestion was to subject EIA documents to peer assessment and review (9 or
29%). Similar to having early public consultation, it was felt that peer review would generally
improve scientific methods and techniques used in EIA studies as well as the quality of
information and reporting. For example if monitoring programs were subject to peer review, it
was believed that better programs would subsequently be designed. Similarly it was suggested
that peer review of EISs would overcome the tendency for consultants to prepare documents
of advocacy on behalf of proponents by requiring a more objective rational or scientific basis
to EIA reporting. Peer review in EIA has previously been recommended by various authors
(eg. Dickerson and Montgomery 1993, Lemons 1994, Morgan 1998, p83; Benkendorff 1999,
Ecological Society of Australia Inc. 2002) as a means of improving the scientific component
of monitoring programs and EISs in particular.

CONCLUSION
The results have shown that EIA practitioners perceive the current importance of the role
of science in each stage of the process to be significantly lower in practice than it should be; a
finding that is echoed in the literature. However, they see that the importance of role of
science in decision-making should be less than for the other stages of EIA. The current
importance of science in ongoing adaptive environmental management was seen to be
particularly low and significantly less than that of mitigation design.
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Practitioners consistently indicated that the quality of science in EIA has increased over
time for all EIA stages and that they are generally satisfied with the overall current quality of
science in EIA; a finding that is contrary to most commentators and empirical studies, but is
consistent with the results of Sadler's (1996) survey of practitioners internationally. It would
appear to be the case that EIA practitioners in Western Australia are happy with the quality of
the science available for use in EIA, but dissatisfied with the importance placed on it in terms
of the extent to which it is actually used in practice. Caldwell and others (1982, p390)
recorded a similar finding noting that '...it was the ways in which scientific information and
methods were used, rather than the intrinsic quality of science that drew criticism' from
practitioners in their survey. Practitioner perceptions of the quality of science in pre-decision
baseline data collection and impact prediction was lower than that for mitigation design and
decision-making.
Although participants suggested that the quality of science in EIA is improving over time
for all stages of the process, the results of the survey have clearly indicated that practitioners
believe there is room for improvement. It appears that the quality of science in the postdecision stages of the process is particularly wanting; a similar finding was reported by Sadler
(1996, p82). That the quality of science in the pre-decision stages of EIA is generally
perceived to be better than that in the post-decision stages suggests that desire to win a project
approval remains a key driving force in EIA, rather than to maximise environmental
protection.
It seems that factors other than knowledge and technical capability affect the role of
science in EIA. Quality and availability of science to practitioners form only part of the
equation and there are other factors that influence the scientific integrity of EIA outcomes.
Foremost among these are time and budget constraints to engage in scientific studies,
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particularly baseline data collection upon which all other stages of EIA depend to some
extent.
Socio-political factors clearly have a bearing on the scientific integrity of EIA, particularly
during the principal decision-making stage. It is clear that science provides only one input to
decision-making along with other considerations (i.e. social, economic, political etc.). Sociopolitical factors also affect the quality and use of science in the other stages of EIA. To
advance the scientific integrity of EIA may not require more sophisticated scientific studies
and development of scientific techniques so much as better integration with these other
factors. Tapping into public pressure interests and encouraging regulators to adopt more
stringent guidelines and expectations for EIA practice are promising avenues to explore.
There are clearly a variety of factors that determine the scientific integrity of EIA
practices. Looking to science alone to improve EIA performance may be misleading. As
Bisset (1988) cautioned: 'the literature concerned with the new 'scientific' thinking has a
certain missionary, proselytising tone which it is necessary to treat with a degree of
circumspection'. Practitioners need to look beyond advances in scientific methods alone to
improve EIA practice.
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Table 1.

Interview Questions With Numerical Responses on a Likert Scale

Range on Likert Scale#

Question

1. How good is the current quality of science…*?

very good (1) - very poor (7)

2. How important is the role of science…*?

very important (1) - not at all
important (7)

3. How important should be the role of science…*?

very important (1) - not at all
important (7)

4. How has the quality of science changed over

increased (1) - decreased (7)

time…*?
5. To what extent does the current quality of science

highly satisfied (1) - highly

in EIA overall meet your expectations of the process? unsatisfied (7)

* i.e. in each of (i) baseline data collection; (ii) impact prediction; (iii) mitigation design; (iv) decision-making;
(v) impact monitoring; and (vi) ongoing adaptive management

# On the Likert scale the number 1 position always represented the most positive rating declining to a neutral
position in the number 4 position. Numbers 5-7 represented a negative rating gradient with the 7 position
representing the most negative rating.
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Table 2: Wilcoxon Test comparisons for the importance of the role of science in EIA

EIA Stage

How important

How important

currently is the role

should be the role of

(two

of science?

science?

tailed)

[mean (SD)]

[mean (SD)]

3.2 (1.3)

1.7 (0.8)

-4.03

<0.001

Impact prediction

3.2 (1.3)

1.7 (0.7)

-4.11

<0.001

Mitigation design

3.0 (1.0)

1.7 (0.6)

-4.10

<0.001

Decision-making

3.1 (1.2)

2.0 (0.9)

-3.54

<0.001

Impact monitoring

3.2 (1.2)

1.6 (0.7)

-4.06

<0.001

Ongoing adaptive

3.4 (0.9)

1.7 (0.6)

-4.52

<0.001

Baseline data

Z score

P value

collection

management
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Table 3: Perceived importance of the role that science should play in decision-making
compared to the other stages of EIA.

How important should be the

How important should be the

role of science in…

role of science in …

[mean (SD)]
Decision making 2.0 (0.9)

Z score

P value
(two

[mean (SD)]

tailed)

Baseline data collection
1.7 (0.8)

-2.65

0.008

Decision making 2.0 (0.9)

Impact prediction 1.7 (0.7)

-2.23

0.026

Decision making 2.0 (0.9)

Mitigation design 1.7 (0.6)

-2.18

0.029

Decision making 2.0 (0.9)

Impact monitoring 1.6 (0.7)

-3.28

0.001

Decision making 2.0 (0.9)

Ongoing adaptive management
-2.07

0.038

1.7 (0.6)
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Table 4: Statistically significant Wilcoxon Test comparisons for the current quality of science
in EIA
How good is the current quality How good is the current quality
of science utilised in…

Z score

of science utilised in…

[mean (SD)]

P value
(two

[mean (SD)]

tailed)

Mitigation design 3.2 (1.0)

Impact prediction 3.7 (1.2)

-2.40

0.016

Decision making 3.1 (1.0)

Impact prediction 3.7 (1.2)

-2.24

0.025

Mitigation design 3.2 (1.0)

Impact monitoring 3.9 (1.3)

-2.60

0.009

Decision making 3.1 (1.0)

Impact monitoring 3.9 (1.3)

-2.52

0.012
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Table 5: Interviewee perceptions on factors influencing the use of science in EIA

Question
1. What factors do you

Response
Increased public knowledge or expectation for

Frequency
19 (61%)

believe have determined the environmental performance.
level of science utilised in

The requirements of EIA regulators.

17 (55%)

EIA?

Political expectations.

15 (48%)

Financial resources provided by proponents.

14 (45%)

Company size (of proponents)

12 (39%)

2. How would you improve

Increase resources available to the EIA

10 (32%)

the scientific integrity of

regulator.

EIA (if at all)?*

Increased consultation with all stakeholders

10 (32%)

early in the EIA process.
Subject EIA documents to peer assessment and

9 (29%)

review.
*Note: respondents typically referred to or built upon their answers for the previous question;
only new answers are recorded here.
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How has the current quality of science utilised in EIA changed over time?
Impact Prediction

Frequency

Frequency

Baseline Data Collection
18
16
14
12
10
8
6
4
2
0
1
2
Increased

3

4
Neutral

5

18
16
14
12
10
8
6
4
2
0

6
7
Decreased

1
2
Increased

Frequency

Frequency

3

4
Neutral

5

1
2
Increased

4
Neutral

5

6
7
Decreased

3

4
Neutral

5

6
7
Decreased

Ongoing Adaptive Management

Frequency

Frequency

Impact Monitoring

3

5

18
16
14
12
10
8
6
4
2
0

6
7
Decreased

18
16
14
12
10
8
6
4
2
0
1
2
Increased

4
Neutral

Decision-making

Mitigation Design
18
16
14
12
10
8
6
4
2
0
1
2
Increased

3

6
7
Decreased

18
16
14
12
10
8
6
4
2
0
1
2
Increased

3

Figure 1: Perceived Change in Quality of Science In EIA Over Time
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4
Neutral

5

6
7
Decreased
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To what extent does the current quality of science in EIA overall meet your expectations

Frequency

of the process?

16
14
12
10
8
6
4
2
0
1
2
3
4
Highly Satisfied
Neutral

5
6
7
Highly Unsatisfied

Figure 2: Extent to which the current quality of science in EIA overall meets with practitioner
expectations of the process
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