
Chapter 28
Environmental Impact Assessment

“Distances and locations are the important determinants of
many choices that economists study. Economists often rely on
information about these variables that are self-reported by
respondents in surveys, although information can sometimes be
obtained from secondary sources. Self-reports are typically used
for information on distances from households or community
centers to roads, markets, schools, clinics, and other public
services. There is growing evidence that self-reported distances
are measured with errors and that these errors are correlated
with the outcomes of interest. In contrast to self-reports, global
positioning systems (GPS) can determine locations to within
15m in most cases. The falling cost of GNSS receivers makes it
increasingly feasible for field surveys to use GNSS to more
accurately measure locations and distances.”

J. Gibson and D. MacKenzie (2007)

28.1 Role of Geoinformatics in EIA, SEA, and SA

28.1.1 Impact Assessments and the Need for Monitoring

Environmental Impact Assessment (EIA) is defined by Munn (1979) as the need to
identify and predict the impact on the environment and on man’s health and well-
being of legislative proposals, policies, programs, projects, and operational proce-
dures, and to interpret and communicate information about the impact. EIA is thus
a process, a systematic process that examines the environmental consequence of
development actions in advance (Glasson et al. 2005, p. 4). Glasson et al. (2005)
have defined the purpose of EIA as an aid to decision making, an aid to the formu-
lation of the development actions, and an instrument to sustainable development.
In order to achieve these goals, EIA requires monitoring data that can be used to
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identify and predict impacts, and also to evaluate the impacts of a given project once
approved. Whereas EIA has been traditionally restricted to projects that are deemed
to have significant impacts on the environment, it has recently expanded to include
strategic environmental assessment (SEA) discussed in Sect. 28.4 and sustainability
assessment (SA) presented in Sect. 28.5.

Monitoring involves the measuring and recording of physical, social and eco-
nomic variables associated with development impacts (see Chap. 1). The activities
seek to provide information on the characteristics and functioning of variables in
time, space, and scale (discussed in Sect. 2.1), and in particular in the occurrence
and magnitude of impacts (Glasson et al. 2005, p. 185). It offers the possibility of
determining or assessing the extent of human impacts on the environment and also
compares human impacts with natural variation in the environment. The advantages
of monitoring following project implementations are that it can improve project man-
agement, it can be used as an early warning system to identify harmful trends in a
locality before it is too late to take remedial action, it can help to identify and correct
for unanticipated impacts, and it can also be used to provide acceptable data and
information, which can be used in mediation between interested parties (Glasson et
al. 2005, p. 185). Glasson et al. (2005, p. 186) defines environmental impact auditing
as the comparison between the impacts predicted in environmental impact statements
(EIS) and those occurring after implementation in order to assess whether the impact
prediction performs satisfactorily. EIS is the document that contains the information
and estimates of impacts derived from the various steps of the EIA process.

28.1.2 Applications of Geoinformatics

GNSS satellites could be used to support the processes of project-based EIA, SEA
and SA in provision of location-based data that support monitoring and auditing. As
an example, in March of 2009, Kelly Core Salmon (KCS) Ltd filed an application
with the Noca Scotia Department of Fisheries and Aquaculture (NSDFA) to relocate
and expand the boundaries of the existing three aquaculture sites (Sand Point, Boston
Rock, and Hartz Point) located in Shelburne Harbour, Nova Scotia (Sweeney Interna-
tional Management Corp 2009). The desire to relocate and expand was motivated by
the need to improve the environmental performance of the three sites by allowing a
greater flow and depth on the sites, easier access to the sites, and increased production,
ensuring greater economic stability for KCS production in Nova Scotia (Sweeney
International Management Corp 2009).

For the relocations and expansion to take place, EIA was undertaken in order to
satisfy the criteria of the New Brunswick Department of Agriculture and Aquaculture
(NBDAA), Nova Scotia Department of Agriculture and Aquaculture (NSDAA), and
Fisheries & Oceans Canada (DFO) (Sweeney International Management Corp 2009).
In support of provision of location-based data, GNSS-DGPS (see Sect. 6.4.4.1) was
employed to provide the relocated boundary co-ordinates.

http://dx.doi.org/10.1007/978-3-642-34085-7_1
http://dx.doi.org/10.1007/978-3-642-34085-7_2
http://dx.doi.org/10.1007/978-3-642-34085-7_6
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GNSS could also be useful in supporting impact assessments in the following
ways:

(a) Provide location-based data useful in identification of features of interest, which
could be impacted during the undertaking of the project-based EIA. For example,
GNSS could be used to provide the locations of boreholes in a given region where
a project that has the potential of contaminating groundwater has been proposed.

(b) Providing distance information that is useful in measuring access to infrastruc-
ture and social services such as health care. Gibson and MacKenzie (2007)
discuss how GNSS-based information on spatial distribution of population and
services can lead to improved understanding of access to services. Understanding
access to services is essential in spatial multi-criteria selection (e.g., Sect. 28.3.2),
where a decision to choose an option from various alternatives is to be made.
For instance, Perry and Gessler (2000) applied GNSS to measure access from
communities to health-care facilities in Andean Bolivia, and used the results to
propose an alternative model of health distribution in the study area.

(c) Its distance and travel time data can be useful in identifying barriers to the use
of services (Gibson and MacKenzie 2007). Often, such hidden barriers can lead
to poor decision leading to the selection of a given alternative at the expense of
the other methods, which might be optional. Knowledge of these hidden barriers
could thus enable policy and decision makers to make informed decisions.

(d) A combination of GNSS-based location data and GIS would be very effective
in illustrating access to services in a form that would be easily understood by
the community during participatory stage of discussing environmental impact
statement (EIS), and also for policy and decision makers during the selection of
an option from given alternatives.

(e) In support of collection of socio-economic data, e.g., household surveys. Here,
GNSS could be useful in improving the quality and cost-effectiveness of the
survey data. GNSS locations could for instance be used to provide sampling
boundaries as opposed to cases where such boundaries are arbitrarily selected
or regular grids used where they are not useful (e.g., in monitoring variable
features irregularly distributed over space such as air pollution). For example,
Kumar (2007) show how a combination of GNSS and remote sensing was useful
in drawing samples in a survey of 1,600 households spread across different air
pollution zones in Delhi (India).

(f) For SEA and SA, GNSS can be of use in providing data for econometric model-
ing of casual impacts of policies (Gibson and MacKenzie 2007). In this regard,
it could provide data that could enable practitioners to better control the geo-
graphical and regressional characteristic of their models, e.g., by comparing
individuals who are subjected to a given policy and those who are not.

(g) Further, for SEA and SA, its integration with GIS can prove particularly useful
in supporting the evaluation of cumulative impacts (see e.g., Sect. 28.4.1). This
is achieved through the ability of GIS-GNSS to consider spatial component and
allow the analysis of the temporal evolution, see, e.g., Smit and Spalding (1995).
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28.2 Impact Monitoring to Detect Change

In defining monitoring in Sect. 1.1, impact monitoring was noted to focus on identi-
fying possible impacts of human activities on environment and to distinguish them
from the non-human environmental processes, while compliance monitoring had
the objective of supporting stipulated legislations that aim at protecting and con-
serving the environment. According to Downes et al. (2002), both compliance and
impact assessments have a key objective of detecting change in selected variables,
with impact assessment relying on comparisons within the collected data to assess
whether an impact has occurred and the magnitude of such impact. Because impact
assessment monitoring tend to be defined relative to natural conditions rather than
being pegged to external criteria, Downes et al. (2002) propose a monitoring design
model, which if properly implemented, could support change detection.

The model is location-based taking into consideration the fact that in most cases,
variables are measured at a specific impact location or locations, i.e., the impact
location(s). They then argue that a change being monitored in a variable should be
seen to have occurred by comparing the variable’s status prior to the activity (baseline
data) which they call “Before” and after or during the activity (operational data) which
they call “After”. This Before-After model takes place at the impact location. In
order to distinguish between natural and impact induced changes, a location outside
the activity (impact area) is suggested, i.e., the “control” upon which data is to be
simultaneously sampled together with the impact location “before” and “after”. This
before and after, control and impact locations form the BACI (Before-After-Control-
Impact) model. The model proceeds as follows (Downes et al. 2002):

• Data are collected at some impact locations over some period before the activity
starts.

• Data are collected at some impact locations over some period after the activity
starts.

• Data are collected at some control locations over the same period before the
activity starts.

• Data are collected at some control locations over the same period after the activity
starts.

In the BACI model above, the control location provides proxy data that are used
to remotely sense the impact locations in the absence of a triggering activity. The
assumption of the model is that if similar changes occur at both the control and
impact locations, then the trigger for this changes would be natural causes since the
control location does not have the activity. On the contrary, if the changes are only
noticeable at the impact’s location and not at the control location, then the activity
at the impact location would be the most likely suspect. Because of the varying
dynamics of the impacts and control locations, Downes et al. (2002) suggest that
several control locations and possibly impact locations be used, thus extending the
BACI model to MBACI model, where multiple locations are considered.

Within these BACI and MBACI models, GNSS could be useful in providing
the positions of control and impact locations upon which environmental impact

http://dx.doi.org/10.1007/978-3-642-34085-7_1
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assessment monitoring could be collected simultaneously before and after the activ-
ity. Remote sensing could be employed to collect variable spatio-temporal data, with
GIS being used to manage the various datasets, in addition to providing the platform
for detecting the change being monitored.

Example 28.1 (Illustration of tourism impact on groundwater) Consider that
a particular hotel utilizes groundwater and due to increased number of tourists,
plenty of water is used, and that the impact of groundwater abstraction on the
hotel is to be monitored to avert the potential danger of the building collaps-
ing. Using relative positioning technique discussed in Sect. 6.4.2, coordinates
of the hotel being monitored could be measured before it started operating
to provide base data. During the operational phase, GNSS could be used to
provide continuous coordinates of the building after the groundwater abstrac-
tion started. These observations are simultaneously observed to an established
GNSS control points on stable locations some distance far away from the hotel
both before, and after the groundwater abstraction started. The relative posi-
tions obtained will indicate the spatial variation of the hotel’s position relative
to the GNSS control (reference) before-and-after-the-impact. If no variation
is noticed at the control location, but visible at the hotel (impact) location,
then the variation could be attributed to groundwater abstraction. In such case,
GNSS would have played a double role of providing locations of both impact
(hotel) area and the control area, and also provision of time-variable data useful
in generating relative motion (both horizontal and vertical) of the hotel useful
in assessing the impact of groundwater abstraction.

End of Example 28.1

28.3 Project EIA

28.3.1 Geoinformatics in Support of EIA Process

EIA generally goes through various stages, see e.g., Glasson et al. (2005, pp. 88–
184) and Munier (2004, p. 8). Some of these stages, and possible areas in which
geoinformatics could be useful are discussed. The first of these stages is screening,
where a project is assessed as to whether it requires EIA or not. GIS is the basic
tool that could be employed to support screening in EIA. For example, in the work
of Geneletti (2007), GIS was combined with a decision aiding tool known as Multi-
criteria analysis (MCA) to produce thematic nature conservation layer maps used
to support decisions on whether to undertake EIA for a proposed project and also
to choose the most suitable locations for new projects in the alpine area located in
Trentino (northern Italy). Antunes et al. (2001) propose a GIS approach for computing

http://dx.doi.org/10.1007/978-3-642-34085-7_6
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scores for criteria for use in MCA. Since GIS brings visual capability, its combination
with MCA analytical tools will play a significant role in screening EIA projects as
discussed in the next section. As a matter of fact, virtually all commercial GIS
software in operation today have built and integrated MCA functionality into their
systems.

The next stage of EIA after screening is the scoping stage, where the impacts and
issues to be considered are identified. The process of scoping is that of deciding, from
all of a projects possible impacts, and from all the alternatives that could be addressed,
which ones are the most significant (Glasson et al. 2005, p. 91). Identification of
significant alternatives requires comparison to be made at the scoping phase. Usually,
at the initial phase of scoping, a small number of alternatives will be selected for
further analysis from many potential alternatives, and in the final evaluation, these
alternatives are subjected to more detailed evaluation. An example is presented in
the rare earth case where 15 sites were selected in the initial case from which 6 sites
were chosen for further analysis (Ashton Mining Ltd 1991).

In evaluating possible alternatives, GIS is an attractive proposition given its ability
to consider different factors within an integrated framework. In this respect, remote
sensing could be employed to develop various factor maps. GNSS satellites could also
play a vital role of not only providing the coordinates (i.e., positions) of alternative
locations, but could be used to provide rapid field measurements of factors such
as distances to environmental sensitive locations (e.g., groundwater or conservation
parks), and the actual spatial coverage of areas of each alternative.

Example 28.2 (GNSS in support of choosing from alternative locations) Con-
sider Fig. 28.1 where three alternative perimeter locations are to be considered
for the purpose of setting out a project such as sugar processing factory. First,
the areas of these locations are to be established so that the smallest parcel of
land is chosen to accommodate the factory and at the same time minimize on
the land purchasing cost. Second, the distances of the sites to the nearest water
source is required so as to asses the potential of the sugar factory contaminating
the groundwater source. GNSS could be used to establish the corner positions
of the various sites A, B, and C from which the perimeter and area of each
parcel of the land could be rapidly calculated. Further, distances from each site
to the nearest water source can rapidly be obtained in the field by measuring
baselines of two receivers, one stationed at a given site and the other stationed
at the water source as illustrated in Fig. 28.1. Another possibility would be to
use a hand-held GNSS (e.g., Fig. 27.1 on p. 485) to obtain the direct distance
measurements from each site to the water source using the navigation functions
of these receivers by simply walking from the water source to the proposed
sites. It is worth mentioning that these analyzes could be best undertaken within
a GIS environment.

End of Example 28.2

http://dx.doi.org/10.1007/978-3-642-34085-7_27
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Site A: Location 
and Area

Site B: Location 
and Area

Site C :  Location 
and Area

Fig. 28.1 GNSS support of site selection from three different alternatives. GNSS could be useful
in providing positions, distances, perimeters and areas of each site, information that could inform
decision markers choice of the correct site

Analysis stage of EIA consists of identification, prediction and evaluation
(Al-Rashdan et al. 1999). Impact identification brings together project character-
istics and baseline environmental characteristics with the aim of ensuring that all the
potential significant environmental impacts (adverse or favorable) are identified and
taken into account during EIA process (Glasson et al. 2005, p. 107). Remote sensing,
photogrammetry and GNSS could help in provision of environmental baseline data
before the project is established. This could then be used in impact prediction which
requires that it be based on available environmental baseline data and proper use
of technology to identify environmental modification, forecast the quantity and/or
spatial dimension of change in the environment, and estimation of the probability
that the impact will occur (Al-Rashdan et al. 1999).

Techniques for impact identification and prediction are discussed, e.g., in Glasson
et al. (2005, pp. 88–184). Several methods of impact identification exist and are
generally divided into the following categories (Glasson et al. 2005, p. 108); checklist,
matrices, quantitative methods, networks and overlay maps. These methods have
been discussed in detail, e.g., by Shopley and Fuggle (1984) and Westman (1985).
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Incidentally, the last impact identification method i.e., overlay of maps provides
spatial visualization and is best carried out within a GIS environment as discussed
in Chap. 17. Evaluation in EIA looks mostly at the cost and benefits of a proposed
projects to the users, assesses the impact on environment and compares various
alternatives that will yield benefit of the project with minimum environmental and
social impacts. Such alternatives could be evaluated through methods such as multi-
criteria analysis (see Sect. 28.3.2). Remote sensing and GNSS satellites can play a
vital role in this aspect of EIA with regard to documenting and identifying impacts
associated with spatial changes. As illustrated in Fig. 28.1, GNSS could also assist in
the determination of positions, distances, perimeters, and areas needed by decision
makers to make informed choices.

28.3.2 Geoinformatics and Multi-Criteria Analysis (MCA)

28.3.2.1 Spatial Multi-Criteria Analysis

The vast majority of environmental management decisions are guided by multiple
stakeholders’ interests. These decisions are often characterized by multiple objec-
tives, multiple alternatives and considerable uncertainties (Gough and Ward 1996).
Alternatives are means for accomplishing particular goals (Therivel 2004, pp. 109–
110) and their evaluation is a requirement in EIA of some countries. For example,
the National Environmental Policy Act (NEPA) 1969 (US) requires that alternatives
be considered while undertaking EIA. When multiple stakeholders with varied inter-
ests are involved, and multiple objectives and alternatives have to be considered, the
situation often turns out to be very complex. In such cases, multi-criteria analysis
(MCA) (see Chap. 17), a framework for evaluating decision alternatives against mul-
tiple objectives comes in handy. MCA is currently emerging as a popular approach
for supporting multi-stakeholder environmental decisions as reported, e.g., in Regan
et al. (2006).

MCA are methods that seek to allow for a pluralist view of society, composed of
diverse stakeholders with diverse goals and with differing values concerning envi-
ronmental changes (Glasson et al. 2005). According to Munier (2004, p. 132), MCA
are tools that are used for the analysis of projects, plans, programmes and options
either with single objective or with several objectives with many different attributes
or criteria. Besides being a tool for aiding the selection of the best preferred alter-
native, Marttunen and Haimailaiinen (1995) suggests that it could also be used to
increase the understanding of the problem by value structuring (i.e., identification
of the objective and the analysis of values). The components of MCA are listed by
Annandale and Lantzke (2000) as;

• a given set of alternatives,
• a set of criteria for comparing the alternatives, and
• a method for ranking the alternatives based on how well they satisfy the criteria.

http://dx.doi.org/10.1007/978-3-642-34085-7_17
http://dx.doi.org/10.1007/978-3-642-34085-7_17
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Spatial multi-criteria decision problems typically involve a set of geographically-
defined alternatives (events) from which a choice of one or more alternatives is
made with respect to a given set of evaluation criteria (Jankowski 1995; Malczewski
2006). For spatial multi-criteria decision analysis, two considerations that are of
utmost importance are (Jankowski 1995; Carver 1991):

(1) A GIS component such as data acquisition, storage, retrieval, manipulation, and
analysis capability.

(2) Spatial analysis component such as aggregation of spatial data and decision
maker’s preferences into discrete decision alternatives.

MCA can help decision makers to choose between several alternatives by com-
paring the advantages and disadvantages of each alternative, one against the other,
see e.g., Janssen (2001). The significant advantage of most MCA methods as stated
by Annandale and Lantzke (2000) is the capability to allow the evaluation criteria to
be measured in either quantitative and/or qualitative terms, thus providing flexibility
compared with other techniques such as cost-benefit analysis that require quantifi-
cation of all values. Cost benefit analysis techniques are used, e.g., in economics to
evaluate different alternatives, see e.g., Munier (2004, pp. 106–114).

There are several MCA techniques in operation in various countries, see
e.g., Lahdelma et al. (2000) and Munier (2004). Examples of these techniques include
Analytical Hierarchy Process (AHP), Mathematical Programming (MP), Additive
Weighting and Concordance Analysis presented, e.g., in Annandale and Lantzke
(2000), Munier (2004) and Ministry of Environment and Energy, Government of
Ontarion (1990). Malczewski (2006) conducts a survey of GIS-based multi-criteria
decision analysis. A principled problem in choosing a decision aid method for a
real-life problem is that, for the same data, different methods may produce different
results (Lahdelma et al. 2000). This problem is further compounded by the difficulty
of objectively identifying the best alternative or method in view of these differing
results. In realization of this shortcoming, Lahdelma et al. (2000) lists the require-
ments of MCA methods for use in environmental problems as:

1. Being well defined and easy to understand, particularly regarding the essential
tasks such as setting of criteria and definition of weights.

2. Being able to support the necessary number of decision makers.
3. Being able to manage the necessary number of alternatives and criteria.
4. Being able to handle the inaccurate or uncertain criteria information.
5. Due to time and money constraints, the need of preference information from the

decision makers should be as small as possible.

Clearly, it is difficult to have a method that satisfies all these requirements. All MCA
methods have their strengths and weaknesses. The Additive weighting and Concor-
dance analysis presented in the Example of Sect. 28.3.2.3 fulfil requirements 1, 2
and 3.

MCA does not actually provide an absolute answer by specifying a particular
alternative, instead, it provides a process that ranks various alternatives and leaves
the final decision to the policy makers. On the one hand, several studies indicate
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the success of MCA in ranking alternatives and therefore aiding in decision making,
see e.g., Regan et al. (2006). On the other hand, researchers are still learning how
it impacts on what could otherwise be an intuitive or ad-hoc group decision-making
process (Hajikowicz 2007). As an example, Bojorquez-tapia et al. (2005) report that
some researchers have found out that MCA can alienate decision makers or experts
in multi-stakeholder problems due to its complexity and ‘black box’ nature.

To address the shortcoming of alienating stakeholders, who most often comprise
of the community (e.g., conservation groups and people likely to be directly affected
by the project), CWP (community weighting process) in MCA is currently gaining
momentum as a possible solution that attempts to carter for the community’s interests.
The increasing role played by CWP in environmental decision making with MCA as
a processing tool is captured, e.g., by Hajikowicz (2007) who states that the common
reasons for applying MCA in multi-stakeholder decisions are to provide a transparent,
structured, rigorous and objective evaluation of options.
Some examples of applications of MCA in EIA:
As already discussed, EIA processes involve several stages, see, e.g., in Glasson et al.
(2005, pp. 88–184), and Munier (2004, p. 8) many of which may utilize MCA. At the
screening stage, for example, where a project is assessed whether or not it requires
EIA, MCA could be used, e.g., where one alternative location is to be chosen from
several, see, e.g., Kiker et al. (2005). The scoping stage of EIA is that of deciding,
from all of a project’s possible impacts, and from all the alternatives that could be
addressed, which are the significant ones (Glasson et al. 2005, p. 91). Identification
of significant alternatives requires comparison to be made at the scoping phase.
Usually, at the initial phase of scoping, a number of alternatives are selected for
further analysis, and in the final stage, a small number of alternatives are chosen and
subjected to more thorough evaluation. An example is provided by the EIA performed
for Ashton Mining Ltd, which required a selection of the best location for iron ore
processing from six possible locations (Ashton Mining Ltd 1991). MCA could be
used in such scenario during scoping stage. This example is discussed further in
Sect. 28.3.2.3.

Evaluation in EIA looks mostly at the cost and benefits of a proposed project to
users, assesses the impacts on environment, and compares various alternatives that
will yield benefits to the project, while at the same time minimizes environmental
and social impacts. MCA plays a vital role in evaluation in EIA as exemplified in the
work of Janssen (2001).

28.3.2.2 Decision Making and Alternatives

Steinemann (2001) considers alternatives as means to accomplish ends, and that from
the perspective of EIA; these ends include not just a particular agency’s goals, but
also broader societal goals such as the protection and promotion of environmental
quality. Steinemann (2001) further opines that developing the set of alternatives that
become the choice set and the center of analyzes is the most important part of the
EIA process. Decision makers can then chose from these choice sets rather than
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simply having to rubber stamp a proposal. However, two problems that confront
the development of alternatives are cited by Steinemann (2001). First, the public
involvement often occurs too late to influence the development of the alternatives, and
second, the alternatives are frequently eliminated from further consideration based
on weak evaluations, which are not well-documented in the environmental impact
statements (EISs). The first problem is associated with the very nature of project
based EIA where the outcomes are almost always predetermined. In contrast to the
project based EIA, SEA (Sect. 28.4) and SA (Sect. 28.5) enable earlier participation
of the public. In evaluating alternatives, decision making is often based on some
selected criteria and the desired objectives. Criteria are aggregate values computed
from a much larger amount of so-called primary factors, which form the lowest level
of information, also known as the assessment level (Lahdelma et al. 2000).

The problems with environmental decision making, however, are that they are
intrinsically complex because they almost always involve many alternatives and
multiple attributes (e.g., biological, economical, and social), the relative importance
of which has to be determined by subjective evaluations (Marttunen and Haimailai-
inen 1995). In an effective EIA process, alternatives will be sought that attempt to
balance the data set with multiple attributes. The balancing act becomes even more
crucial in SEA or SA where the desire is to balance the diverse ecological, social, and
economic values over space, time and scale. These values are usually represented
in the form of multiple criteria and indicators that sometimes express conflicting
management objectives (Varma et al. 2000).

In SEA or SA, complex projects are often involved, which present many alterna-
tives to choose from, necessitating the need for MCA for comparison. The situation
is worsened when many stakeholders are involved and they conflict over the rela-
tive importance of the different comparison criteria. Annandale and Lantzke (2000)
state that “when decisions become this complex, there is a need for special tools or
techniques to help in making sense of what can be a large amount of information”.
In addition, complex environmental planning problems will almost always include
value judgements, public opinion, and controversies. So, the techniques need to deal
with more than just technical information (Annandale and Lantzke 2000).

In such complex situations, MCA provides the means for comparing the advan-
tages and disadvantages of each alternative, one against the other. By doing this,
decision makers are provided with the means of choosing between several alterna-
tives (Janssen 2001). One of its advantages is that it permits public involvement in
the process by allowing their voices to be heard through weighting of the criteria
according to their preferences. Community weighting process (CWP) in MCA there-
fore leads to the community participating in decision making as already stated, and
enhances public confidence in the final decision as opposed to where decisions are
made using weak evaluation tools as already pointed out by Steinemann (2001). Its
vital role is captured by Sheppard and Meitner (2005) who state that “public involve-
ment needs more effective, defensible techniques usable by managers at the sharp
end of decision making, rather than just in the scoping of public concerns and in
setting broad strategies”.



512 28 Environmental Impact Assessment

Specification of alternatives: Alternatives are different ways of achieving an
objective. For example, if the objective is to find a suitable waste dumping site,
the alternatives would be the various possible locations that can serve as dumping
sites at a minimal cost and minimize environmental and social impacts. In real life,
there will be, almost always, people with vested interest(s) in these locations, thereby
complicating the task of objectively identifying a suitable site. Specification of alter-
natives is helpful in such situations as they account for as many of the stakeholder
opinions as possible. Annandale and Lantzke (2000) suggest that the best approach
in determining alternatives for a decision aiding exercise is the involvement of stake-
holders and allowing them to offer as many alternatives as possible.

Specification of comparison criteria: In comparing alternatives, decision makers
look for those alternatives that would be less costly in implementing but at the same
time satisfy the environmental and social benefits. Criterion offers a possibility of
comparing alternatives. Munier (2004, p. 48) defines criteria as parameters used
to evaluate the contribution of a project to meet the required objectives. Desirable
properties for criteria are presented, e.g., in Annandale and Lantzke (2000).

Scoring the alternatives: Annandale and Lantzke (2000) discuss the three types
of measurement scales; ordinal, interval and ratio. According to Annandale and
Lantzke (2000) ordinal scales provide information on order only and are unsuitable
for mathematical manipulations (addition, subtraction, multiplication and division).
It can only indicate that one alternative scores higher than another alternative, but
does not indicate by how much (i.e., magnitude). Ordinal scales favour qualitative
attributes and are often used interchangeably with quantitative reserved for ratio or
interval scales (Annandale and Lantzke 2000). The interval scale indicates the dif-
ference between two alternatives without giving the actual magnitude. Its advantage
over the ordinal scale is that it permits addition and subtraction only. The ratio scale
has a natural origin (zero value) and provides a measure of both difference and mag-
nitude (Annandale and Lantzke 2000). It permits the mathematical operations and
as such, favours scores obtained when the attributes are directly measured. Glasson
et al. (2005) suggests that scoring may use qualitative or quantitative scales accord-
ing to the availability of information. Both qualitative and quantitative scales could
be used simultaneously as demonstrated in Annandale and Lantzke (2000).

Weighting the criteria: Commonly, in MCA methods, a number is assigned to each
criterion describing its importance relative to other criteria. These numbers are called
weights, and they model the decision maker’s subjective preferences (Lahdelma et al.
2000). The interpretation of weights depends completely on the decision model used.
Therefore, it is essential that the decision model be chosen prior to collecting weights,
see e.g., Vincke (1992). The primary purpose of weighting the criteria is to develop
a set of values which indicate the relative importance of each criterion as valued by
the community. These values are then used in ranking algorithms to determine the
relative value of each alternative (Hajikowicz et al. 2000).

There are several ways of assigning weights. For example, weights could be
assigned directly by the individuals undertaking the analysis to represent hypothetical
point of view, or they could be based on the data collected from opinion polls, focus
groups, public meetings or workshops, or other direct forms of sampling public or
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expert opinion (Annandale and Lantzke 2000; Lantzke 2006). Weights can also be
assigned using some mathematical functions as indicated, e.g., in Munier (2004,
p. 53). This is therefore the part of MCA, which takes into consideration divergent
views of stakeholders on a project.

This is captured by Glasson et al. (2005, p. 145) who states that MCA seeks to
recognize plurality of views and their weights. Weights thus allow different views
and their impacts on the final outcome to be expressed explicitly (Annandale and
Lantzke 2000). Several techniques for weighting are presented in literatures, e.g.,
direct assessment and pair-wise comparison methods such as AHP, see e.g., Saaty
(1980, 1987). In general, there exist no right weights that would allow compar-
isons between different alternatives. The weights obtained depend on the technique
used (Lahdelma et al. 2000).

28.3.2.3 Application of Geoinformatics in Support of MCA

The following example illustrates how geoinformatics could be used together with
MCA to assist in the selection of alternatives for sitting of the secondary processing
plant of a high-grade rare earth’s deposit at Mt. Weld reported in Ashton Mining
Ltd (1991, 1992). This example uses both ratio and ordinal scales to score the alter-
natives relative to the criteria.

Background of the Mt. Weld project: In 1991, a two-year study program was
undertaken by Ashton Mining Ltd (1991) to determine the feasibility of commer-
cial development of a high-grade rare earth’s deposit at Mt. Weld, near Laverton in
the Eastern Goldfields in Western Australia. The project was to involve the mining
and beneficiation of ores at Mt. Weld and the secondary processing of rare earth
concentrates to produce rare earth chemicals at a site that was to be determined
(Ashton Mining Ltd 1991). The evaluation of the sites was undertaken in two stages.
In the first stage, 15 sites assessed to have the potential for the sitting of the sec-
ondary processing plant were evaluated. These were (Ashton Mining Ltd 1991):
Collie, East Rockingham, Esperance, Kalgoorlie, Karratha, Kemerton, Koolyanob-
bing, Kwinana, Moore River, Mt. Weld, Muchea, Geraldton, Picton, Pinjarra and
Northam in Western Australia.

Ashton Mining Ltd (1991) adopted qualitative and semi-quantitative approaches
to compare each of the sites. The semi-quantitative method focused on the economic
considerations, i.e., capital and operating costs, while the qualitative assessments
included environmental considerations namely; public health, town planning, flora
and fauna, and groundwater. It also included social considerations such as community
infrastructure, availability of skilled labor, road and road-rail transport, and social
acceptance.

Five appraisal categories adopted for each of the factors were; little or no con-
straint; manageable constraint, significant constraint, requiring detailed evaluation,
and overriding constraint with the potential to preclude development. Out of the 15
sites, 6 (East Rockingharn, Collie, Kalgoorlie, Kemerton, Geraldton and Northam)
were selected and subjected to further evaluation (Ashton Mining Ltd 1991).
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The results of the second evaluation stage indicated Northam as the preferred site.
Five alternative sites in the Northam region were then evaluated, and the proposed
Meenaar Industrial Park was assessed as being the site with the greatest poten-
tial (Ashton Mining Ltd 1992). Between road only and road-rail options considered
for transporting the ore concentration, residues and chemicals, the road option was
preferred. The proposal was then submitted for environmental impact assessment
(EIA) and was subjected to a public environmental review (PER) in 1992, see Ash-
ton Mining Ltd (1991).

Now, let us apply two multi-criteria analysis (MCA) methods (Additive weighting
and Concordance analysis) together with geoinformatics to assist in the selection of
alternatives and show that the same results, i.e., Northam could have been reached.
Six alternative sites for the Mt. Weld EIA case study are evaluated using these MCA
methods. For each of the 6 alternatives, 11 criteria were compared and scored using
ratio and ordinal scales and processed.
Application of MCA:

Site Evaluation Criteria: In the site evaluation by Ashton Mining Ltd, a number of
general and specific site requirements were identified and used to develop appropriate
criteria, which were applied to each site, see e.g., Ashton Mining Ltd (1991, pp.
24–25). The site evaluation criteria considered were those most suitable for the
establishment of the secondary processing plant. Ashton Mining Ltd (1991) adopted
economic, environmental and social criteria to evaluate the sites. In these criteria,
which we discuss below, GNSS could play the role of providing site locations and the
distances of various environmental features, e.g., groundwater source or community
infrastructure from a given site.

The main economic criteria considered were to minimize the capital and operating
cost to establish and operate the plant. Capital cost was needed for the construction of
the secondary processing plant and to establish infrastructure (i.e., supplying power,
water, natural gas and housing). Operating cost was to cover the cost of power, water,
natural gas, land rates, transport of concentrates, residues, chemicals and products.
All the assumptions made in calculating capital and operating costs are presented in
Ashton Mining Ltd (1991, p. 52).

The environmental and social criteria adopted were those which minimized a site’s
potential for (Ashton Mining Ltd 1991, p. 24): Off-site effects on the public and to
public health; conflict with surrounding (and future) land use, impact on the existing
flora and fauna, impact on high-quality groundwater resources or other significant
components of the physical environment, and inefficient utilization of land.

Social criteria were those which would ensure a site (Ashton Mining Ltd 1991,
p. 25); is close to established and well developed community infrastructure, is near a
suitably sized labor force with appropriate skills, minimizes the disruption and risks
to the public from the transportation of materials, and is likely to be acceptable to
the public. The assumptions made in deriving the environmental and social criteria
are presented in Ashton Mining Ltd (1991, p. 25). Both the environmental and social
factors can be modeled in a GIS environment with appropriate cost layers developed
for the different factors.



28.3 Project EIA 515

The results of the example when MCA was applied indicated both additive and
concordance methods ranked Northam as the top site followed by East Rockingham,
and demonstrated the suitability of Concordance analysis for evaluating alternatives
when the criteria are scored using mixed ratio and ordinal scales, thus underscoring
the usefulness of MCA in assisting decision makers to chose between alternatives
during the evaluation process of environmental impact assessment (EIA). Care should
however be taken to know the limitations of each method (e.g., Additive weighting),
use proper weights, and agreeable threshold.

28.3.3 Example of Gnangara Mound Groundwater Resources

During 1992–1995, a review was undertaken in Western Australia on the proposed
changes to environmental conditions of Gnangara Mound groundwater resources
under Section 46 of the Environmental Protection Act (EPA) 1986 (WA). Using it
as an example, a theoretical examination of the possible areas of EIA process that
could have benefited from using geoinformatics is presented.

28.3.3.1 Background

The Gnangara Mound is Western Australia’s largest source of groundwater, supplying
up to 60 % of Perth’s drinking (Australian Water Resource 2005; Department of Water
2008). Its area is estimated to be 2,356 km2 and comprises Gnangara, Yanchep,
Wanneroo, Mirrabooka, Gwelup, Perth and Swan Groundwater Management Units
(GMUs). Gnangara Mound supports local wetlands and lake ecosystems and supplies
irrigation for horticulture and agriculture (Australian Water Resource 2005). It is
also a major water source supporting a number of groundwater abstraction schemes
operated by the Water Authority of WA (1995). It is bounded to the north by Gingin
Brook and Moore river, to the East by Ellen Brook, to the south by Swan River, and
Indian Ocean to the West.1

Physical environment: Gnangara Mound is characterized by hot dry summers and
mild wet winters with an average annual rainfall of about 800 mm (Water Authority
of WA 1995). Department of Water (2007) gives an average annual value of 814 mm.
The hottest month of the year is reported as February with an average maximum
temperature of 34◦, while August is the coldest month with an average maximum of
18◦ (Water Authority of WA 1995). Water Authority of WA (1995) state that the area
does not have natural surface runoff due to the porous nature of soil in the area. Most
of the water that falls as rainfall recharges the groundwater and that any surface water
is due to discharge from groundwater. Recharge of groundwater depends largely on
rainfall pattern, vegetation cover, and the water table.

Groundwater flows westerly from the top of the Mound following the terrain
slope. Wetlands are generally found in the low areas where the water table reaches

1 See, e.g., http://www.water.wa.gov.au/sites/gss/ggs.html

http://www.water.wa.gov.au/sites/gss/ggs.html
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above the ground surface much of the year. Due to the presence and absence of water
above the ground in these wetlands, soil and vegetation have adopted to the pattern
of groundwater. In general, groundwater quality is reported to be excellent (Water
Authority of WA 1995). It is however widely recognized that sustainability of the
Mound as a water resource is under threat due to climate change and excessive
drawing of water.

Biological environment: Water Authority of WA (1995) reported the dominant
terrestrial vegetation as the candle Banksia (Banksia attenuate) and firewood Banksia
(B. Mennziesii). Vegetation of high significant conservation value was also reported
in the area (Water Authority of WA 1995). Vegetation, soils and land forms of
Gnangara have been mapped, e.g., in Macarthur (2004). Fauna survey of 1977 and
1978 recorded 12 native mammals, 70 reptiles and amphibians and 223 bird species.
Five caves out of the 273 documented caves in the Yanchep National Park were
reported to be the most species rich subterranean ecosystem ever recorded, sup-
porting 30 and 40 species compared to caves elsewhere in the world, which rarely
have five animal species (Water Authority of WA 1995). GNSS could be useful in
providing the locations of these five caves.

Social environment: Water Authority of WA (1995) reported a general increase
in urbanization in the Gnangara Mound area that led to incremental approach to
planning, subsequently having significant implications for the future of the area.
Increase in urbanization comes along with changes in land use, which in turn impacts
on the groundwater level. In the rural areas, common land uses reported at the
time included market gardening and poultry farming. Specialized activities included
flower, mushroom, and strawberry growing, and gourmet pheasant production, all of
which required groundwater. Large areas of Gnangara Mound are State Forest under
the management of Conservation and Land Management (CALM). Approximately
20,000 ha of this land was Pine plantation with the remainder of the State Forest
being natural bushland (Water Authority of WA 1995).

Water Authority of WA (ibid) further reported 14 archaeological sites registered
with the Western Australian Museum. Specifically, McNess, Lake Mariginiup, Lake
Joondalup, Lake Goollelal, and Lake Gnangara among others were said to be sites of
Aboriginal mythology and/or historical Aboriginal use. According to Water Author-
ity of WA (1995), it was also likely that most of the wetlands in the western linear
wetland chain are potential areas of Aboriginal significance.

28.3.3.2 Review of Allocation and Management of Groundwater Resource

Under the guidance of the Environmental Protection Authority (EPA), Water Author-
ity of WA manages groundwater resources of the Mound. Private groundwater
abstraction is managed through area allocation and licensing of users (Water Author-
ity of WA 1995). Water Resource Authority, therefore, has the task of ensuring that
the environmental impacts from users and its own activities are minimized. This
is achieved, e.g., through assessing the impacts of proposed land use changes on
groundwater levels and in providing advice to land management and planning orga-
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nizations. In 1986, Water Authority of WA submitted the Gnangara Mound Water
Resources Environmental Review and Management Program (ERMP) to Environ-
mental Protection Authority (EPA) for;

(1) approval to develop the Pinjar Groundwater Scheme, and
(2) approval for changes to private groundwater allocations.

In 1988, the Minister of Environment approved development of Pinjar Stage 1
Groundwater Scheme and the changed private groundwater allocation quotas, subject
to a number of environmental conditions (Water Authority of WA 1995). The approval
allowed for increased abstraction of groundwater by the Water Authority of WA and
other users. The conditions to be met included measures to protect the environment
through; Maintenance of water level in the wetlands, limits on private groundwater
allocations, establishment of a management and monitoring program, and setting
in place a range of administrative mechanism regarding inter agency interaction on
groundwater management (Water Authority of WA 1995). In 1992, Water Authority
of WA identified the need to review the management of the southern portion of
the Mound. Factors which necessitated the requirement for the review were (Water
Authority of WA 1995):

• Identification of other ecosystems, which had been, or had the potential of being
affected by groundwater abstraction. These included shallow cave streams and
phreatophytic vegetation.

• Rapid increase in knowledge of Environmental Water Requirements (EWR), which
suggested that water levels set by EPA in 1988 should be reviewed.

• Increase in demand of groundwater by private users called for an assessment of
the potential impacts that would result from further groundwater allocation.

• There was a need by Water Authority of WA to further develop groundwater
schemes (e.g., Pinjar Stages 2 and 3) on the Gnangara Mound and as such, a
review of allocation and management was essential before development of the
schemes could commence.

• The recognition that land use on the Mound could significantly affect ground-
water availability required that the impacts of likely future land use scenarios be
considered in allocating and managing groundwater.

• Since the outcome of the review was likely to involve changes in some of the
environmental conditions which applied to the management of Gnangara Mound,
notably wetland water levels, allocation quotas and land use issues, consideration
of any changes required the review to take the form of Environmental Impact
Assessment (EIA).

A formal referral was submitted by Water Authority of WA to the EPA2 in late
1992, and it was decided that the conditions should be reviewed under Section 46 of
the Environmental Protection Act (EPA) 1986 (WA). This then led to the review of
allocation and management of groundwater resource by Water Authority of WA.

2 Environmental Protection Authority.
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EPA guidelines for this review are presented in Water Authority of WA (1995,
Appendix 2).

Focus of the environmental review: Environmental conditions reviewed focused
on three main areas; wetland water level, allocation quotas and land use issues.
EPA acknowledged that little information was available to determine EWR3 for the
wetlands and that there maybe changes to the set levels in future and required the
initiation of research to provide an improved understanding of wetland ecology,
which could then be used as a basis to review the wetland water level criteria.

With the continuing urban development in the Wanneroo region, evolving patterns
of land use led to considerable changes in the pattern for demand for private water.
Water demand in some areas, e.g., Flynn Drive could not be met. There was need to
review groundwater availability with the view of allocating further resources to high
demand areas. This could be achieved through further development of groundwater
schemes within Gnangara Mound comprising Pinjar Stage 2 Part 1 groundwater
scheme, which was scheduled for December 1996 and had been approved by EPA
subject to the outcome of the allocation and management review.

Since also allocation of Pinjar Stage 2 Part 2 and Stage 3 groundwater schemes
were being sought at the time, Water Authority of WA believed in reviewing the
allocation and management of water resource before further development of ground-
water schemes so as to ensure equitable distribution between the public water supply
and private use while minimizing environmental impacts.

28.3.3.3 Possible Areas of Geoinformatics Support to the Gnangara EIA

Impacts identification: Water Authority of WA adopted the checklist method in
identifying the impacts. This is the common procedure used in Western Australia
where the proponent is required to complete a referral form (Department of Water
2007). In what follows, a network approach based on Sorensen (1971) and a GIS
method are compared in order to demonstrate how geoinformatics could have been
useful in enhancing impact identification.

The Sorensen Network Approach: Recreating the impacts in Water Authority of
WA (1995), first the activities to be undertaken in the Gnangara Mound review are
specified. In this case, three major activities are identified from Water Authority
of WA (1995) as; groundwater allocation, land use, and artificial maintenance of
wetland’s water levels. Let us add rainfall to this list as a climate variable that has
the potential of impacting on the water level. The causes of environmental changes
associated with the activities above are then identified and a matrix format applied
to trace its impact. In Fig. 28.2, use is made of the Sorensen (1971) principles to
identify the impacts.

For instance, land use activity potentially results in clearing of vegetation, water
abstraction, increase and decrease in density of pine plants, and climate change.
These environmental changes, in turn, results in increased water level (e.g., when

3 Environmental water requirement.
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Fig. 28.2 Sorensen Network for Gnangara Mound impact identification

vegetation is cleared) as the primary effect. Increase in water level in turn leads to
increased wetland vegetation areas and plant habitats, diversity of fauna, e.g., ducks
and diving species, and improved water quality all of which are positive secondary
impacts. A negative secondary impact is the loss of habitat for wading bird species
and sedge vegetation that rely on seasonal drying of the wetlands.

Water abstraction will occur when land use activities involve irrigation of farms,
maintenance of golf course, and other uses which require water. This in turn leads
to low wetland water levels as primary effects. Secondary effects as a result of the
primary impact are presented in Fig. 28.2. All the potential impacts of land use
can be traced in a similar way as demonstrated in Fig. 28.2. As demonstrated for
the case of land use activity, the Sorensen network is used to identify the primary,
secondary and subsequent impacts associated with the allocation of groundwater,
artificial maintenance of wetlands and rainfall. Figure 28.2 summarizes the identified
impacts using this method. It is evident that the identified impacts compare well with
those reported in Water Authority of WA (1995).

GIS Approach: For identification of environmental impacts having spatial distri-
bution in nature, GIS with the assistance of GNSS satellites is an ideal tool. The
potential of GIS in environmental impact assessments has been demonstrated, e.g.,
by Antunes et al. (2001) who applied it to evaluate the impacts of a proposed highway
in Central Portugal. Antunes et al. (2001) suggested identification of environmental
components (e.g., ecosystem) and receptors (e.g., a particular species likely to be
affected by the component) using GIS. Another example of application of GIS to
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EIA is presented by Haklay et al. (1998) who advances a GIS-based scoping method
and discusses the conditions necessary for its utilization.

For the Gnangara Mound example, the environmental components that were likely
to be affected by groundwater allocation and management were pine trees, vegetation
and wetlands. Using Gnangara Mound Map of 1987 as a base for example, annual
map layers of pine trees, vegetation, wetlands and urbanization can be overlaid on
the base map in a GIS environment to produce a composite map, which can be used
to identify hot spots (areas where land use are clearly identified to impact on wetland
water levels and wetland vegetation). In this example, 1987 is selected as a base
since environmental conditions issued by the Minister became operational in 1988.
Annual groundwater level for specific wetlands are entered as attributes or produced
in maps as contours. From the hot spots, areas and contours indicating water level
changes and potential impacts can be identified. Where there is intense land use
and sharp reduction in wetlands vegetation area, that specific land use could be said
to impact on wetland water level, and subsequently vegetation. Linear trends can
also be obtained on, e.g., the rate of pine growth/decline, vegetation clearing and
urbanization by comparing annual values from 1997 to 1995. These could then be
correlated with the groundwater levels to further identify the impacts. Negative linear
trends will indicate adverse impact, while positive trend will indicate positive impact.
Besides the trend analysis, visual examination of the layers could also indicate the
spatial distribution. In this method, GNSS satellites provide location-based data to
which the attributes, such as impacts on wetlands, are related.

Compared to the Sorensen method, the GIS approach has the advantage of being
able to identify pertinent environmental effects on the basis of readily available
information under stringent time and budget constraints (Haklay et al. 1998). Since
it is best suited for spatially distributed impacts, it can analyze cumulative impacts
better than the checklist or Sorensen network approach. It also provides friendly
visual presentations, which are easily understandable by non-experts. Its drawbacks,
however, are that it does not consider the likelihood of an impact, secondary impacts
of the difference between reversible and irreversible effects (Glasson et al. 2005),
and that it may require initial capital to establish.

Impacts prediction: Impact prediction requires that it be based on available envi-
ronmental baseline data. In this example, the baseline data were readily available
since regular water level monitoring had been taking place as part of the initial
Ministerial conditions set out in 1988. Geoinformatics could have supported impact
prediction of this EIA in several ways namely:

1. Provision of baseline data, and
2. Using the technique discussed in Chap. 19 to map boundaries of changing spatial

features, e.g., wetland boundary changes as illustrated in Fig. 28.3.
3. Visualization of various “what if scenarios” that are likely to result from some

prior conditions being fulfilled, e.g., understanding impact of drought. This can
be implemented using GIS modeling techniques.

By having permanent reference marks set around the wells, GNSS satellite could
be used to provide continuous measurements of positions and elevations of these ref-

http://dx.doi.org/10.1007/978-3-642-34085-7_19
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Fig. 28.3 GNSS monitoring of the impacts of well water abstraction using, e.g., techniques dis-
cussed in Sect. 19.3.1.2 spatial changes maps of wetlands from years 1 to 2 (see e.g., Fig. 19.5)
on p. 264. Also, GNSS provides reference points upon which measured groundwater levels can be
referenced

erence marks. The measured depths of the wells could then be referred to these refer-
ence marks and thus help in monitoring the state of the groundwater levels (Fig. 28.3).
This can be related to the state of vegetation and fauna. To predict the impacts of
groundwater abstraction on wetlands and other vegetation, similar techniques to those
discussed in Sect. 19.3.1.2 (where GNSS is used to monitor Lake Finnery) could be
used to document changes in the wetlands’ boundaries (i.e., perimeters and areas), as
illustrated in Fig. 28.3 for years 1 and 2). By analyzing annual trend of these bound-
ary changes, it is possible to predict the impacts of groundwater abstraction on e.g.,
wetlands, assuming that the changes are unrelated, e.g., to evaporation. This will
require some control location (see e.g., discussions on BACI model in Sect. 28.2).

Impacts of groundwater variation on terrestrial vegetation were reported by
Mattiske (1994) as ranging from small change in community structure in favour
of more drought tolerant species, through to deaths of Banksia woodland vegetation.
Indeed, that the death of Banksia vegetation were triggered by groundwater variation
was supported by the findings of Water Authority of WA (1992), which suggested
that Banksia trees that occurred where depth to groundwater was less than 6 m were
most vulnerable to groundwater reduction. The study further suggested a general
stress on vegetation due to reduced groundwater level.

http://dx.doi.org/10.1007/978-3-642-34085-7_19
http://dx.doi.org/10.1007/978-3-642-34085-7_19
http://dx.doi.org/10.1007/978-3-642-34085-7_19
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Groom et al. (2000) deduced that a lowering of groundwater level by 2.2 m at a
station P50 between the summers of 1990 and 1991, resulting from the cumulative
effects of abstraction and below average annual rainfall (low groundwater recharge),
coincided with a loss of between 20 and 80 % of mature Banksia species within 200 m
of the bore. Over a similar time period, no significant decreases in the abundance of
species were recorded in the monitored site to have been influenced by groundwa-
ter abstraction. They concluded that negative impact of groundwater draw-down on
Banksia populations made it an important indicator of decreasing groundwater levels
on the Gnangara groundwater Mound. GNSS monitoring of groundwater abstraction
(Fig. 28.3) therefore could be useful in predicting impact on Banksia trees if the pro-
posed changes in environmental condition would impact on groundwater by similar
level, i.e., lowering of groundwater level by more than 2.2 m.

Geneletti (2007) demonstrates the capability of using GIS method to compute
spatial indicators to predict and quantify critical impacts, such as ecosystem loss and
fragmentation, soil erosion, geomorphologic hazards, interference with flora and
fauna, and visibility. Since GIS has successfully been used by Geneletti (2007), it
could be applied together with GNSS to predict variation in spatial distribution of
environmental components caused by groundwater level variation.

Once groundwater changes have been obtained using, e.g., piezometric readings,
and boundaries of impacted features (e.g., wetland in Fig. 28.3) mapped using GNSS,
overlaying the land use and vegetation cover maps could then be performed using
GIS for the same time period. Correlation between the land use, terrestrial vegetation
and groundwater level could then be developed and predictions made on the impact of
land use and terrestrial vegetation on groundwater level, and impacts of groundwater
level on wetland vegetation. Linear and cyclic trends analysis could then be developed
to give predictions at various temporal resolutions.

To support the prediction of impact of groundwater abstraction on fauna in caves,
hand-held GNSS receivers can be used to provide locations of these caves, which
can be related to groundwater level. Jasinska and Knott (1991) listed about 100 caves
in Yanchep National Park and reported that little information was known about the
biology of the aquatic fauna within these caves. They found aquatic species of high
conservation value and concluded that one of the greatest threats to these species
would be the permanent or temporary drying of the caves streams in which they occur.
Since these aquatic fauna are of high conservation value, they could be seriously
affected by drying of the streams within the cave to a point of extinction. GNSS could
be useful in the prediction of the effect of regional warming on groundwater through
the analysis of the GNSS derived tropopause heights as discussed in Chap. 21.

Comparison of the prediction methods: The model based approach adopted by
the Water Authority of WA (1995) is the most commonly used method in most EIA
of groundwater impacts. Models rely on the input data and the assumptions that are
taken into consideration. The more they fit in the model, the more reliable are the
output. The disadvantage of using models, however, is that they require some expert
knowledge during their development and operation stages. Any wrong assumptions,
input data, and usage can lead to false information and interpretation.

http://dx.doi.org/10.1007/978-3-642-34085-7_21
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The Field experiment using GNSS and GIS has the advantage of using real data in
their predictions as opposed to simulated values as is the case of models. They also
provide easy visual interpretation of the results. The disadvantage is that it comes at
a cost. The initial cost of installing a GIS may be high. Besides, there is the cost of
validating the data using GNSS. Another disadvantage is the incapability to predict
higher order impacts. In the Gnangara Mound example, it was difficult to use GNSS
and GIS to predict the impacts of variation of wetland vegetation to fauna which may
require other methods for enhancement.

In summarizing this example, in identifying and predicting the impacts for Gnan-
gara Mound using alternative GIS-based methods to those adopted in the Water
Authority of WA (1995), it has been pointed out that identification and prediction
models are labor intensive and require knowledge of the system. More often, they are
based on assumptions which may not fit the model leading to delivery of meaningless
results. Field experiments, though straight forward, requires some validation which
may increase the cost of EIA. Finally, baseline environmental parameters should be
established upon which judgment of an impact can be made. Identification method
should be a combination of methods that are simple to use, but which are capable of
identifying higher order impacts and their inter-relations. Where models are adopted,
they should be well understood by the analyst and assumptions must be clear and
meaningful.

In particular, when used in conjunction with GIS and field data from the GNSS, a
suitable approach for identifying and predicting impacts, which are spatially distrib-
uted could be obtained. This example indicates the possibilities of geoinformatics
techniques to support identification and prediction of environmental impacts associ-
ated with the proposed change in environmental conditions of Gnangara Mound and
highlight the limitations of the methods.

28.4 Strategic Environmental Assessment

Strategic Environmental Assessment (SEA) is the process that aims at integrating
environmental and sustainability considerations in strategic decision-making (Therivel
2004). In so doing, the goal is to protect the environment and promote sustainabil-
ity. Sadler and Verheem (1996) define SEA as a systematic process for evaluating
the environmental consequences of a proposed policy, plan or program initiative in
order to ensure that they are fully included and appropriately addressed at the earliest
appropriate stage of decision making at par with economic and social considerations.
Wood and Djeddour (1991) define a policy as inspirational and guidance for action,
a plan as a set of coordinated and timed objectives for the implementation of the
policy, and a programme as a set of projects in a given area, see also Therivel (2004,
p. 12).

The basic principles of SEA have been presented, e.g., by Therivel (2004) as being
a tool for improving the strategic actions, promoting participation of stakeholders in
decision making process, focusing on key environmental/sustainability constraints,
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identifying the best option; minimizing negative impacts, optimizing positive ones,
and compensating for the loss of valuable features and benefits; and ensuring that
strategic actions do not exceed limits beyond which irreversible damage from impacts
may occur. Its advantages include (Therivel 2004):

(1) Being able to shape the projects at an earlier stage through the appraisal of strate-
gic action. This offers the chance to influence the kinds of projects that are going
to happen, not just the details after the projects are already being considered.

(2) SEA deals with impacts that are difficult to consider at project level. It deals
with cumulative and synergistic impacts of multiple projects, e.g., cumulative
impacts of various mining sites on the development of an entire area.

(3) SEA can deal with large-scale environmental impact such as those of biodiversity
or global warming more effectively than individual EIA.

(4) Unlike project based EIA, which formulate goals around an already selected
approach, SEA promotes better consideration of alternatives, thereby ensuring
a strategic approach to action.

(5) It incorporates environmental and sustainability consideration in decision mak-
ing thus adding an additional dimension to decision making.

(6) It enables public participation in decision making thus making the whole process
inclusive and transparent.

(7) It has the potential to promote streamlined decision making.

SEA has also benefited from MCA as illustrated by Noble (2002) who presents
five scenarios that were evaluated within SEA to determine the most suitable option
for power generation to be developed to cover the Canadian need up to the year
2050. The role and contribution of geoinformatics in supporting global warming
monitoring is treated in Chap. 21. In what follows, the cumulative impact aspect of
SEA and the possible role and contribution of geoinformatics is discussed.

28.4.1 Geoinformatics and Cumulative Impacts Assessments

Cumulative effects refer to the phenomenon of temporal and spatial accumulation
of change in environmental systems in an additive or interactive manner and may
originate from either an individual activity that recurs with time and is spatially
dispersed, or multiple activities (independent or related) with sufficient spatial and
temporal linkage for accumulation to result (Spaling and Smit 1993). The attributes
of cumulative effects are classified by Spaling and Smit (1993) into three categories;
temporal accumulation, which occurs if the interval between perturbation is less than
the time required for an environmental system to recover from each perturbation,
spatial accumulation, which results where spatial proximity between perturbation is
smaller than the distance required to remove or disperse each perturbation, and the
nature of human induced activities or perturbations, which also affect accumulation
of environmental change provided the perturbations are sufficiently linked in time,
space and scale.

http://dx.doi.org/10.1007/978-3-642-34085-7_21
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Cumulative impact assessment is thus defined by the Commonwealth Environ-
mental Protection Agency (1994) as predicting and assessing all other likely exist-
ing, past and reasonable foreseeable future effects on the environment arising from
perturbations. In some legislations, e.g., in Canada, EIA regime has made it spe-
cific and mandatory, where consideration of cumulative effects assessment has been
made explicit and mandatory both federally and in several provinces (Glasson et al.
2005). In USA, National Environmental Policy Act (1967) requires the assessment of
cumulative impacts, while in Australia, assessments have largely been carried out by
regulatory authorities, rather than project proponents. In Western Australia for exam-
ple, the EIA process does not come out forcefully on cumulative impacts assessment.

Spaling and Smit (1993) provide an in-depth look at the contributions and short-
comings of EIA to assessing cumulative impacts. Three key factors in favor of EIA
are theoretical understanding of environmental change through empirical analy-
sis and modeling of responses of environmental systems through human induced
perturbations, the development of various analysis methods for projecting and
assessing the various environmental changes associated with the proposed human
activities, and regulatory and administrative mechanism contributed by EIA in the
integration of environmental consideration in decision making. In EIA, cumulative
impacts can be identified at the scoping stage where issues to be examined are pruned.
It is at this stage where the spatial and temporal effects of cumulative impacts can
be considered (Scace 2000).

Geoinformatics could be useful in providing the locations of multiple activities,
mapping the changes in spatial coverage (see e.g., Fig. 19.5 on p. 264), and moni-
toring variation in groundwater as a result of cumulative impacts.

28.4.2 Example of Marillana Creek (Yandi) Mine

Background: Marillana Creek (Yandi) Mine operated by BHP Billiton Ore Pty Ltd
(BHPBIO) is located approximately 90 km north-west of Newman in the Pilbara
region of Western Australia (BHPBIO 2005). The mine is situated within lease
ML 270SA, and is operated under the Iron Ore (Marilliana Creek) Agreement Act
1991 (BHPBIO 2005). BHPBIO also has a smaller lease (M 47/292) located to the
immediate north of ML 270SA. The Yandi ore body occurs within an ancient channel
iron deposit (CID). This deposit is subdivided into a series of mine areas, i.e., central
pits (C1 to C5), eastern pits (E1 to E8), and the western mesa pits (W1 to W6) (BHP-
BIO 2005). The CID is about 80 m thick and the majority of mining is within the
upper 60 m. BHPBIO (referred to as proponent in this example) operates dewater-
ing bores that lower the water table in the vicinity of each pit by approximately
30 m (BHPBIO 2005).

In May 1988, an approval was granted by the Minister for Environment to mine
E2 and C5 at a rate of 5 million tonnes per annum (EPA 1988) and in 1991, mining
commenced. In 1992, 1994 and 1995, EPA assessed modifications to the original
proposal, which involved increased rates of production and mining of additional
pits (EPA 1992, 1994, 1995). At the time of application for approval by the propo-
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nents, mining was taking place in the E2, C1/C2 and C5 areas. In 2004, the proponent
sought approval under Part IV of the Environmental Protection Act (WA) 1986 to
concurrently mine from pits across the leases (ML 270SA and M 47/292), and in
addition update, assess, and agree on closure concepts for the whole of the deposit.
During the mining of individual pits, the proponents proposed to partially fill the
voids with overburden (waste) material from other pits, and to use the same open
cut mining techniques and ore processing methods over the remaining life of the
mine (BHPBIO 2005). The agreed concepts were to be documented through closure
specific conditions that were issued by the Minister of Environment. The project
was called the Marillana Creek (Yandi) Life of Mine and was expected to deliver 40
million tonnes per annum with a lifespan of 30 years (BHPBIO 2005).

The expansion of delivery capacity from an initial 5 million tonnes per annum to
40 million tonnes per annum resulting from concurrent pit mining had the potential
to significantly impact on the environment. Besides, Hamersley Iron also holds a
mining lease (274SA) over the CID, east of BHPBIO’s lease, and was mining up to
34 million tonnes per annum at the same time. The potential impact on environment,
therefore, was not only likely to come from the proposed project but also cumulative
taking Hamersley into consideration. Thus, there existed a need for EIA under Part
IV of the Environmental Protection Act (EPA) 1986 (WA).

BHPBIO (2005) produced an EIS4 that documented the environmental objectives,
potential impacts, proposed environmental management measures and predicted out-
comes. Environmental Management Plan and Decommissioning and Final Rehabil-
itation Plan were also presented as key supportive documents to the Environmental
Protection Statement (EPS). EPA was advised of the proposal in January 2004 and
based on the information provided, considered that the proposal had the potential to
impact on the environment, but could be managed to meet the EPA’s environmen-
tal objectives (EPA 2005). Consequently, EPA determined, under Section 40(1) of
the EPA 1986 (WA), that the level of assessment for the proposal was EPS.5 EPA’s
advice and recommendations were then forwarded to the Minister of Environment
in accordance with Section 44(1) of EPA 1986 (WA) (EPA 2005). The Minister of
Environment granted approval with a set of conditions on 6th of July 2005.

Cumulative impacts: Since the EPS proposed to concurrently mine the pits within
the leases as opposed to the previous pit by pit mining, there existed a potential to
lead to cumulative impacts as discussed in Spaling and Smit (1993). Cumulative
impacts were likely to be felt on the surface and groundwater. As part of the effort
to manage cumulative effects accrued from surface water, the proponent proposed
to integrate the surface water monitoring program to a wider monitoring initiative
in the Marillana Creek catchment. This was to be achieved by adding flow gauge
stations on the Marillana Creek and its tributaries within, upstream, and downstream
of ML 270SA and 47/292 (BHPBIO 2005).

On groundwater resource, BHPBIO (2005) identified the potential of cumulative
impacts given the presence of Hamersly Iron operation in the neighborhood. The

4 Environmental impact statements (EIA).
5 Environmental protection statement.
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proponents took into account the impacts in their regional groundwater model and
de-watering license. Both surface and groundwater monitoring to be undertaken by
the proponents during mining was expected to provide a mechanism for monitoring
cumulative impacts (BHPBIO 2005). GNSS could play a role in providing location-
based information on test sites (flow gauge station) and also provide perimeter/area
information that could help in monitoring of the cumulative impacts in the entire
mining region (e.g., Fig. 28.3). This information could be integrated with a GIS to
support management decisions.

28.5 Sustainability Assessment

Sustainability has been defined as meeting the needs of current and future generations
through integration of environmental protection, social advancement and economic
prosperity (Government of Western Australia 2003). Sustainability assessment (SA)
can be performed when a proponent requests a regulator to do so (external) for the
purpose of approval or internally as a mechanism for improving internal decision-
making and the overall sustainability of the final proposal, see e.g., Pope (2006) and
Pope and Grace (2006).

Pope et al. (2004, 2005) classify SA into objective-led (strategic) and EIA based
(narrow) approaches. Morrison-Saunders and Therivel (2006) rank the various SA
approaches with the EIA-led approach on bottom and the integrated (objective-led)
approach at the top, see also Hacking and Guthrie (2008). Between them are various
approaches, e.g., the win-win-win. Citing the dangers inherent in using the separate
findings of the three sustainability pillars (environment, social, and economics) at the
decision stage, Gibson (2006) proposes adoption of an integrated approach. Caution
should, however, be observed when using the term “integration” as it is used variedly
by different authors, see e.g., Lee (2006) and Morrison-Saunders and Therivel (2006).

SA involves (i) Sustainable decision making protocol. A sustainable decision
making protocol is a process of setting objectives, criteria and targets that underpin
SA. Hacking and Guthrie (2006) present several sources of sustainability develop-
ment objectives and propose the use of threshold as one of the means, (ii) alternative
approaches, which are options, choices, or courses of action. They are means to
accomplish particular goals (Steinemann 2001). Alternatives have been shown to be
affected by the formulation of the decision question. SA, similar to SEA, has also
benefited from MCA. In the province of Reggio Emilia (Northern Italy), Ferrarini
et al. (2001) used MCA to rank 45 municipalities based on 25 state of the environ-
ment indicators. Their results provided information on the state of sustainability in
the province as a whole. GIS could support SA in choosing the best alternative as
already discussed in Sect. 28.3.2.2.
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28.6 Concluding Remarks

The use of GIS to support impacts’ assessment is still developing and certainly that of
GNSS is a new concept. This chapter attempted to motivate EIA, SEA and SA experts
dealing with impact assessments to exploit the full potential of GNSS, especially with
regard to its superb provision of location-based information and measurement of
spatial variations. GNSS satellites could for example be used to provide information
related to distances, e.g., distances of the alternative sites from established and well
developed community infrastructures. The distances can readily be computed and
incorporated into the MCA criteria and used to compute the desirable alternative that
will inform decision making. GNSS could also be useful in providing information
on spatial coverage of the proposed sites and also in environmental audit to evaluate
compliance where location and spatial variation data are required (see e.g., Fig. 19.5
on p. 264). GNSS data together with remote sensing data can then be integrated in
GIS to support the EIA process as discussed in the chapter.
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