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Spatial prediction tools for biodiversity in environmental assessment
 

ABSTRACT 

Human activities in the form of land use changes, urbanisation and infrastructure developments 
are major threats to biodiversity. The loss and fragmentation of natural habitats are great 
obstacles for the long term preservation of biodiversity and nature protection measures alone 
may not be sufficient to tackle the problem. Environmental impact assessment (EIA) and 
strategic environmental assessment (SEA) play a central role in identifying, predicting and 
managing the impacts of human activities on biodiversity. The review of current practice suggests 
that the complexity of the task is underestimated and that new methodological approaches 
encompassing the entire landscape are needed. Spatial aspects of the assessment and the lack of 
information on scale-related issues are particular problems affecting the appropriate assessment 
of cumulative effects. In parallel with the development and establishment of EIA and SEA, 
spatial modelling is an expanding field in ecology and many derived applications could be suitable 
for the prediction and assessment of biodiversity-related impacts. The diversity of modelling 
methods suggests that a strategy is needed to identify prediction methods appropriate for EIA 
and SEA. The relevance and potential limitations of GIS-based species distribution and habitat 
models in predicting impacts on biodiversity were examined in three studies in the greater 
Stockholm area. Distinct approaches to habitat suitability modelling were compared from the 
perspective of environmental assessment needs and requirements. The results showed that model 
performance, validity and ultimate suitability for planning applications were strongly dependent 
on empirical data and expert knowledge. The methods allowed visual, qualitative and quantitative 
assessment of habitat loss, thus improving decision support for assessment of impacts on 
biodiversity. The proposed methods allowed areas of high ecological value and the surrounding 
landscape to be considered in the same assessment, thereby contributing to better integration of 
biodiversity issues in physical planning. 
 

Keywords: EIA; SEA; Species distribution modelling; Habitat suitability modelling; Impact 
prediction; GIS; Urbanisation. 
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INTRODUCTION 

Human activities and their subsequent 
impacts are the most important cause of 
global biological diversity depletion 
(Millennium Ecosystem Assessment, 2005). 
In particular, the urbanisation process and 
related infrastructure developments are a 
threat to biodiversity (Trocmé et al., 2002; 
Ricketts & Imhoff, 2003; Forman et al., 2003) 
and result in the loss and fragmentation of 
natural habitats, thereby threatening 
populations of local species and ultimately 
biodiversity (Saunders et al., 1991; Fahrig, 
1997). The loss and fragmentation of 
valuable habitats influences the long-term 
viability of species populations, which may 
ultimately become extinct at the local or 
regional scale (Opdam et al., 2001). The 
increasing awareness of human impacts on 
our living and surrounding environment has 
triggered the need to better understand, 
analyse and remediate the problem. 
Biodiversity as defined by the Convention on 
Biological Diversity refers to ‘the variability 
among living organisms from all sources 
including, inter alia, terrestrial, marine and 
other aquatic ecosystems and the ecological 
complexes of which they are part; this 
includes diversity within species, between 
species and of ecosystems’ (Official Journal 
of the European Communities (OJ), 1993) 
and its preservation deserves global attention, 
specific actions and adapted tools. Preserving 
biodiversity through the protection of 
valuable and sensitive areas is necessary but 
may not be sufficient if the selection of 
protected areas is not integrated into a 
management strategy that include whole 
landscapes (Margules & Pressey, 2000). The 
need for planning tools that integrate 
environmental concerns has become evident 
with the increasing pressure on our 
environment. 
Environmental Impact Assessment (EIA) 
was developed to assess the impact of a 
planned activity (United Nations Economic 
Commission for Europe (UNECE), 1991). It 
is a strongly regulated tool in most countries 
and has been recognised as a valuable tool to 
achieve current goals on a sustainable 

development (United Nations (UN), 1992). 
EIA is a ‘systematic process that examines 
the environmental consequences of 
development actions, in advance’ (Glasson et 
al., 2005). More recently, some limitations in 
the scope of EIA have been identified and 
Strategic Environmental Assessment (SEA) 
has been developed as a ‘systematic process 
for evaluating the environmental 
consequences of proposed policy, plan and 
programme initiatives in order to ensure they 
are fully included and appropriately addressed 
at the earliest appropriate stage of decision-
making on a par with economic and social 
considerations’ (Sadler & Verheem, 1996). 
Both EIA and SEA have clear requirements 
on the assessment of impacts on ecological 
values and biodiversity. The first national 
legislation on EIA was the National 
Environmental Policy act of 1969 (Glasson et 
al., 2005), where ecological issues were an 
integral part of the scope of the legislation. In 
Europe, the directive on the assessment of 
the effects of certain public and private 
projects on the environment that was 
adopted in 1985 (OJ, 1985) and amended in 
1997 (OJ, 1997), also called the EIA 
directive, specifies that potential impacts on 
flora and fauna should be assessed. Adopted 
more recently, the directive on the 
assessment of the effects of certain plans and 
programmes on the environment, commonly 
called the SEA directive, stipulates that 
impacts on biodiversity as well as flora and 
fauna should be part of the assessment (OJ, 
2001). The integration of biodiversity issues 
within the scope of EIA and SEA has been 
further accompanied by numerous guidelines 
on the topic from the United States (Council 
on Environmental Quality (CEQ), 1993), 
England (Department of Transport (DoT), 
1993), Sweden (Swedish National Road 
Administration (SNRA), 1996; SNRA, 2002) 
as well as from other organisations (World 
Bank, 2000; International Association for 
Impact Assessment, 2001; English Nature et 
al., 2004; Netherlands Commission for 
Environmental Assessment, 2006).  
While the implementation of SEA may be 
too recent for quality reviews, the results of 
the EIA process have been widely reviewed 
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in terms of quality and effectiveness 
regarding biodiversity issues. In spite of the 
focus on ecological values and biodiversity 
issues, the quality of the assessment on these 
topics has been identified as problematic and 
insufficient (Treweek et al., 1993; Thompson 
et al., 1997; Byron et al., 2000; Atkinson et al., 
2000). Among other problems, the lack of 
predictions is a recurring issue that suggests a 
need for adapted and sound prediction tools. 
The prediction of potential impacts is 
fundamental to both EIA and SEA (Morris 
& Therivel, 2001; Therivel, 2004; Glasson et 
al., 2005). The quality of impact predictions is 
essential for the discussion and 
implementation of sound and effective 
mitigation or compensation measures as well 
as for the monitoring of predicted impacts.  
One particular issue in the assessment of 
biodiversity-related impacts in EIA and SEA 
is the role of scale. Impacts can vary in 
magnitude, intensity, extent and duration and 
the scale adopted to perform the assessment 
greatly influences their predictions. At the 
same time, scale is fundamental to ecological 
systems and their understanding (Wiens, 
2002). Characteristics of ecological systems 
such as habitat, species diversity or resource 
availability vary with the spatial scale 
(Morrison & Hall, 2002). The assessment of 
impacts on ecological values requires 
knowledge on the ecological systems, as well 
as adapted tools that can integrate and deal 
with issues of scale. 
In parallel with the emergence and broad 
acceptance of EIA as a planning tool during 
the past three decades, Geographic 
Information System (GIS) technology has 
been rapidly developing. It is the spatial skills 
of GIS and its related applications that make 
it appealing for the assessment of impacts on 
biodiversity. In particular, GIS-based models 
have been developed in various research 
fields such as biogeography, conservation 
biology, spatial ecology and landscape 
ecology (e.g. Hanski, 1994; Guisan & 
Zimmermann, 2000; Akçakaya, 2001; Opdam 
et al., 2001; Scott et al., 2002; Elith et al., 
2006). This diversity of models enables the 
distribution of a variety of biodiversity 
components such as species, communities, or 

habitats to be modelled and visualised. The 
outputs of the models and the potential 
capacity to support scenario testing could be 
valuable ingredients for the assessment of 
impacts on biodiversity when planning for 
new developments.  
This study is located at the meeting point 
between the need for prediction tools in the 
assessment of impacts on biodiversity in 
environmental assessments on the one hand, 
and the potential offered by spatial modelling 
of ecological systems on the other.   

AIM AND OBJECTIVES 

The aim of the research was to identify and 
test novel methods for the prediction of 
biodiversity-related impacts in environmental 
impact assessment (EIA) and strategic impact 
assessment (SEA). More specific objectives 
of the research project were to:  
 

1 Identify the needs and potential for 
methodological improvements in the 
assessment of biodiversity-related impacts 
in EIA and SEA (Papers I, II and III) 

 

2 Investigate data needs and issues for the 
implementation of GIS-based habitat 
models in EIA and SEA from regional 
scale down to local scale (Papers IV and 
V) 

 

3 Identify and test appropriate methods for 
the prediction of biodiversity-related 
impacts and assess their strengths, 
weaknesses and development needs 
(Papers IV, V and VI) 

 

4 Compare different methodological 
approaches to species habitat modelling 
and test their relevance and potential 
contribution for applications in EIA and 
SEA (Papers IV and VI) 
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METHODS 

Literature review  

The research topic extends over several 
disciplines. The literature study focused on 
two main research areas: (1) State of the art, 
regulations and recommendations for 
ecological and biodiversity assessments 
within EIA and SEA and (2) GIS-based 
models to predict species or habitat 
distribution. The main findings of the 
literature review are presented in Paper I and 
to some extent in Papers II and III.  

Review of Environmental Impact 
Statements 

An Environmental Impact Statement (EIS) is 
the report resulting from the process of 
conducting an EIA. Environmental Impact 
Statements from four European countries 
(Sweden, France, England and Ireland) were 
reviewed with the aim of gathering 
knowledge and understanding concerning the 
research topic and the problem to be 
addressed by this research. The review 
provided information on gaps of knowledge 
and the need for improvements. It focused 
exclusively on the information presented in 
the EIS dealing with potential impacts on 
ecological values. A total of 38 EIS dealing 
only with road and railway developments and 
published after 1999 were collected in order 
to obtain a certain degree of homogeneity 
between the reports. The road sector has 
been rather active in adapting to EIA 
requirements and in developing specific 
methodologies, which is confirmed by the 
numerous guidelines on the topic (e.g. DoT, 
1993; SNRA, 2002). The road sector may 
therefore stand for some of the best practice 
in the field of EIA. The fact that all four 
countries from where the EIS originated are 
EU members implies that they share a 
legislation on EIA based on the EU directive 
(OJ, 1997). The review was conducted in a 
systematic way, based on a review checklist 
consisting of 12 questions with multiple 
choice answers. Part of the checklist was 
designed according to content analysis 
methodologies (Krippendorff, 1980). The 

main orientations of the checklist covered 
issues on the terminology, methods, data and 
scales used for the assessments of impacts on 
biodiversity.  

GIS-based habitat modelling 

A number of GIS-based habitat models were 
selected and used in the three model testing 
studies presented in Papers IV, V and VI. 
The selection of models was done in two 
steps. Initially, all models found to be suitable 
as prediction tools for environmental 
assessment in the literature review were 
considered for testing. In the next step, 
models were selected from a number of 
criteria: 1) available software, either freeware 
or otherwise; 2) sufficient knowledge on 
required parameters and/or 3) sufficient data 
on response variable available; 4) results of 
previous model comparison studies (e.g. 
Johnson & Gillingham, 2005; Elith et al., 
2006; Hernandez et al., 2006); and 5) time 
constraints. In Papers IV and V the 
modelling was performed using the 
MAXENT software. MAXENT is a 
machine-learning model based on the 
ecological niche concept (Phillips et al., 2004). 
It is a deterministic model that uses species 
presence-only data and estimates the 
probability distribution of species based on 
maximum entropy calculations (Phillips et al., 
2004). It provides continuous results showing 
the probability gradient for the potential 
distribution of the species (Phillips et al., 
2006), which in the current study was 
interpreted as the distribution of suitable 
habitats. One option in the software allows 
presenting results ranging from 1 to 100 that 
were interpreted as percentage of habitat 
suitability. See Phillips et al. (2004), Dudík et 
al. (2004) and Phillips et al. (2006) for further 
details on MAXENT. In Paper VI, four 
modelling approaches were compared. The 
four methods tested were: MAXENT 
(Phillips et al., 2004), the Genetic Algorithm 
for Rule set Production – GARP – 
(Stockwell & Peters, 1999); the empirical 
species distribution model in the Land 
Change Modeler module in IDRISI software 
(Eastman, 2006) and a rule-based expert 
model developed for Paper IV. GARP now 
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exists in different versions and it is the 
Desktop-GARP software that was used in 
the study. GARP is a machine-learning model 
based on the species ecological niche concept 
(Stockwell & Peters, 1999). It is a stochastic 
model that produces binary maps from a 
single run and gradient maps through the 
addition of multiple runs. It uses presence-
only species data. The species distribution 
model in the Land Change Modeler module 
in IDRISI software was used to obtain a 
model based on logistic regression. Finally, 
an expert model developed by the authors of 
Paper VI was used. It is a rule-based expert 
model that builds on expert judgment and 
information from the literature.  

Model testing: The Stockholm region in 
focus 

Three studies on the application and testing 
of GIS-based habitat models for EIA and 
SEA were carried out (Papers IV, V and VI). 
They provided partial and complementary 
answers to the research questions raised and 
presented in Papers I, II and III.  

Study area: Stockholm and its region 
The study area is located in the Stockholm 
region (Fig. 1). The Stockhokm region is used 
as a general term and its largest geographical 
extent is the Mälardalen region. As discussed 
in Paper II, Stockholm County and the 
surrounding region are in an expansion 
phase. The development of commuting 
infrastructure around Stockholm has 
contributed to the connection of numerous 
cities from surrounding counties. The 
Mälardalen region, comprising the counties 
of Stockholm, Uppsala, Västmanland, 
Södermanland and Örebro, is developing as a 
polycentric urban area and has become a 
specific and important entity from a regional 
planning point of view (Office of Regional 
Planning and Urban Transportation 
(ORPUT), 2003). The five counties together 
comprise a total population of 3 million 
people and Stockholm County alone has a 
population of 1.9 million inhabitants 
(Statistics Sweden, 2006). Even though 
Stockholm County is Sweden’s most 
urbanised area, with 15% of the land surface 
covered by built-up areas, it remains 

dominated by forest (40%), barren rock 
(23%) and agricultural land (17%) (Statistics 
Sweden, 2000). The urbanising dynamics of 
Stockholm County and the Mälardalen region 
involve infrastructure, housing and industrial 
developments. Many of these developments 
fall within the scope of EIA and SEA and 
make the Stockholm County and region 
relevant study areas for the research 
presented here. Different geographical areas 
were used in the three studies, varying from 
parts of Stockholm County to the entire 
Mälardalen region. 

Figure 1. Location of the Mälardalen 
region and  Stockholm city in Sweden 

Habitat modelling for the lesser spotted 
woodpecker  
In Paper IV, a GIS-based habitat model was 
implemented over three geographical extents 
of the Stockholm region. The study focused 
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on data requirements and scale-related 
problems for the application of habitat 
models in EIA and SEA.  
Species observation data for the lesser 
spotted woodpecker (Dendrocopos minor) were 
used for the modelling. Three habitat 
suitability models were produced based on 
GIS and species observation data covering 
three different geographical extents. 1) The 
entire Mälardalen region; 2) Stockholm and 
Uppsala Counties; and 3) the majority of 
Stockholm County. The model showing the 
best performances was then used to assess 
the potential effects of the year 2000 
comprehensive plan for Stockholm County 
on the habitat of the lesser spotted 
woodpecker. The scenario testing allowed 
potential habitat loss for the species to be 
quantified.  
The species observation data for the lesser 
spotted woodpecker were collected and 
administered by the Swedish Threatened 
Species Unit. The lesser spotted woodpecker 
breeds and feeds in deciduous forest with a 
high proportion of dead wood (Olsson, 
1998). In Sweden, the species is classified as 
vulnerable on the Red List as population has 
been declining over the past 50 years (SOF, 
2002; Gärdenfors, 2005). The lesser spotted 
woodpecker is considered one of the best 
indicators of deciduous forest in northern 
Europe (Jansson, 1998; Mikusiński et al., 
2003; Roberge & Angelstam, 2006) and may 
be relevant for the assessment of potential 
impacts from urbanisation. The species data 
consisted of 3454 observations with 

coordinate precision varying from 10 to      
10 000 metres and collected between 1980 
and 2004. However, selection criteria on the 
collection date and precision limited the 
number of observations used in the model to 
less than 100. Details on the specific criteria 
used for the selection of species observations 
and the results for each of the three models 
are presented in Paper IV.  
The habitat suitability modelling for the 
lesser spotted woodpecker was performed 
using the MAXENT software (Phillips et al., 
2004). Different sources of GIS-based data 
were used to model habitat suitability of the 
lesser spotted woodpecker. Most information 
on vegetation was derived from the 
Kontinuerlig NAturtypskartering av 
Skyddade områden (KNAS) GIS data. 
KNAS is a raster-based dataset comprising 
16 classes of common Swedish nature types 
and is based on satellite image classification 
(Swedish Environmental Protection Agency 
(SEPA), 2004). Further information on land 
use and elevation was derived from the 
Corine Landcover Data (CLC 2000) (Büttner 
et al., 2002), the Swedish Landcover Data 
(SLD) (National Land Survey of Sweden 
(NLSS), 2002) and a 50 m digital elevation 
model (NLSS, 2006a). Finally, a shapefile 
containing information on the location of the 
year 2000 comprehensive plans 
(Översiktsplan, OV, 2000, pers. comm.) for 
Stockholm County was used for the scenario 
analysis. The variables used in the modelling 
are presented in Table 1. Most variables were 
obtained after calculation of neighbourhood 

Name  Description  Data source Unit  

DEM Digital elevation model  NLSS, 2006a  meters 

Vari 500 Topographical variation within 500 meters NLSS, 2006a meters  

Veget 500 Classified data on deciduous forest within 500 meters SEPA, 2004 Percentages (%) 

Water 1000 Presence of open water within 
1 000 meters 

Büttner et al., 2002, 
NLSS, 2002 

Percentages (%) 

Dist 500 Aggregation of land use classes acting as potential 
disturbances (built-up, roads) within 500 meters 

Büttner et al., 2002, 
NLSS, 2002 

Percentages (%) 

Dist 500 ov Same as dist 500 with the addition of the year 2000 
comprehensive plans  

Büttner et al., 2002, 
NLSS, 2002, OV, 2000 

Percentages (%) 

Table 1. Description and origin of the variables implemented in the habitat modeling of the 
lesser spotted woodpecker. 
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statistics for specific classes of the data. 
Neighbourhood statistics calculate output 
values for each cell location based on the 
values of the cells found within a defined area 
or neighbourhood (ESRI, 2006). 

Modelling habitat preferences and differences 
in two Parus species  
In Paper V, we studied the habitat 
distribution of two Parus species, the crested 
tit (Parus cristatus) and the willow tit (Parus 
montanus) in the Stockholm region. The paper 
focused on the role of quality data and expert 
knowledge in modelling habitat suitability. 
Both species are highly sedentary residents of 
coniferous forest (Ulfstrand, 1977; Rodriguez 
et a., 2001) and seem to react negatively to 
urbanisation and fragmentation (Lens & 
Dhondt, 1994; Jokimäki & Suhonen, 1998; 
Mörtberg, 2001; Siffczyk et al., 2003).  
Species observation data originated from 
different sources. All bird observations were 
collected between 1996 and 2007. The 
majority of observations were collected from 
the point count routes of the Swedish 
National Bird Monitoring Programme 
(Lindström & Svensson, 2005). A second 
group of observations was collected by 
ornithologists and reported directly to the 
authors of the study. Finally, a third group of 
observations, including information on nest 
location and breeding success originated 
from a study of five populations of crested 
and willow tits situated along a north-south 
gradient between Uppsala and Stockholm by 
one of the authors of Paper V (Eggers, 
unpublished). The species data contained a 
total of 148 crested tit and 118 willow tit 
observations.  
Several GIS-based datasets were used to 
derive independent variables for the habitat 
modelling. The main source of information 
was a raster dataset derived from satellite 
image classification, which contains 
information on dominant tree species, wood 
volume, forest age and forest height at a 
resolution of 25 m (Reese et al., 2003). 
Further information on land use and 
elevation was derived from the Terrain map 
(NLSS, 2006b) and a digital elevation model 
(NLSS, 2006a). 

In the first part of the study, the species data 
on nest location and breeding success were 
used to explore and assess the relevance of 
the Remotely Sensed (RS) data that were 
available for the habitat modelling. Four 
groups of points formed by successful 
breeders, unsuccessful breeders, random 
points over the entire area and random point 
over forested areas were used to assess the 
relevance of the RS data. The points were 
used to extract data values from the GIS 
variables and test for statistically significant 
differences between the groups. Three radii 
(20, 100 and 250 m) around each point were 
used to compare the characteristics of the RS 
data at the exact point locations with the 
characteristics of the RS data in the 
surroundings of each point (Fig. 2). 
In the second part of the analysis, the 
MAXENT software was used to model the 
distribution of suitable habitats for both 
species. MAXENT was run on all variables 
one by one to assess the response curves for 
each variable and each species without 
variable interactions. Combinations of 
variables were then tested using MAXENT 
to obtain habitat suitability maps. A selection 
of variables used in the MAXENT modelling 
is presented in Table 2. Three combinations 
of variables were used for the modelling. One 
of these was obtained with limited or no 
transformation of the original RS data, 
resulting in the variables presented in Table 
2. The two other combinations were 
obtained by taking into consideration the role 
of the information surrounding each pixel of 
the raster data. This was performed using the 
distance or neighbourhood statistics function 
in ArcGIS. One combination was 
characterised by taking into account 
information located within 100 m around 
each pixel for computation of the resources 
variables, while for the third combination this 
area was extended to 250 m. The radii were 
used in order to take into account potential 
resources within a certain area around each 
potential nest or species observation. A 
radius of 100 m corresponds to an area of 
three hectares around the nest location and 
may be equivalent to the home range size for 
the tits during the breeding season. A radius 
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Figure 2. Location of 100 m buffer areas around the nest locations of the crested tit with the 
data on volume of spruce (in 1/10 m3) set as a background. 

of 250 m corresponds to an area of 
approximately 20 hectares and may well 
correspond to the home range size for the 
species during winter.  

Comparing four approaches to model habitat 
suitability 
In Paper VI, four different approaches to 
habitat suitability modelling were compared 
from the point of view of their suitability for 
applications in EIA and SEA. The model 
testing scheme included prediction of the 
potential effects of two different 
development scenarios for Stockholm 
County. The comparison study provided 
answers to the questions raised in Paper I on 
the potential use of GIS-based models to 
perform impact predictions for the 
assessment of ecological impacts in EIA and 
SEA. The four modelling approaches were 
compared in order to better understand the 
characteristics, properties and performance 

level required or suitable for applications in 
EIA and SEA.  
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level required or suitable for applications in 
EIA and SEA.  
Species observation data on the crested tit 
from Paper V were used for comparison of 
the models. The four methods tested were: 
MAXENT (Phillips et al., 2004), GARP 
(Stockwell & Peters, 1999); the species 
distribution model with presence and 
pseudo-absence using logistic regression in 
the Land Change Modeler of IDRISI 
(Eastman, 2006) and a rule-based expert 
model in the form of a habitat suitability 
index, developed by the authors. The two 
development scenarios of Stockholm County 
that were tested in the modelling scheme 
illustrated two different development 
strategies for the county in a time frame set 
for 2030 (ORPUT, 2007). The first scenario 
(Dense) focused on new development 
located close to existing densely urbanised 
areas, i.e. the polycentric city, while the 
second scenario (Diffuse) focused on a 
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(Dense) focused on new development 
located close to existing densely urbanised 
areas, i.e. the polycentric city, while the 
second scenario (Diffuse) focused on a 
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Table 2. Selection of variables implemented to model the distribution of crested tit and willow 
tit habitats. A complete list of variables is presented in Paper V. 

Name Description Original data Unit 

Forest age  Age of the forest Reese et al. 2003 Age in years 

Vol. birch  Volume of birch  Reese et al. 2003 Volume in 1/10 m3

Vol. pine  Volume of pine  Reese et al. 2003 Volume in 1/10 m3

Vol. spruce  Volume of spruce  Reese et al. 2003 Volume in 1/10 m3

Wet Coniferous 
forest  Occurrence of wet coniferous forest  Reese et al. 2003; NLSS 2006b Binary data 

Forest edges 
eses 

Forest edges with an east, south-east or 
south orientation NLSS 2006a, NLSS 2006b  Binary data 

Roads Occurrence of roads  NLSS 2006b Binary data 

diffuse spread of future developments, i.e. 
urban sprawl (Paper II).  
The same GIS data variables used in Paper V 
were also used for the modelling presented in 
Paper VI, but only one combination of 
variables was used to run the MAXENT, 
GARP and IDRISI software programmes. 
The modelling was based on combination of 
the resource variables taking into account 
information within a 100 m radius. The 
expert model was based on the same original 
GIS data. 

RESULTS AND DISCUSSION  

State of the art for assessment of 
biodiversity related impacts in EIA 

EIA and SEA are central planning tools for 
the preservation of biodiversity when land 
use developments are planned. However, the 
reviews of EIS reports presented in this study 
and in other studies (Treweek et al., 1993; 
Thompson et al., 1997; Byron et al., 2000; 
Atkinson et al., 2000) indicate some recurring 
problems in the assessment of biodiversity-
related impacts in EIA (Paper I).  
There was generally a large variation in the 
quality of biodiversity assessments presented 
in the EIS that were reviewed, which could 
be partly but not wholly imputed to the 
variation in size of the projects. The 
terminology used in the EIS revealed 
information on the focus and orientations 
taken in the study of biodiversity-related 

impacts. One problem concerned the use and 
explanation of the term biodiversity, which was 
mentioned in half of the reports but defined 
in none of them. This suggests that the 
concept of biodiversity remains abstract to 
EIA practitioners and/or that the 
implications of defining it may show 
evidence of the insufficiencies of the 
assessment.  
Details on the method(s) used to perform the 
impact prediction within the assessment were 
seldom available but the terminology used in 
the EIS to describe ecological features 
provided information on the methodological 
approach that characterised the assessment 
(Paper I). As Figure 3 shows, species, 
biotopes and habitats were the most 
common terms used in the assessment, 
suggesting that the studies were often 
conducted at the local scale on specific 
ecological assets (species, habitats) rather 
than at the ecosystem level with potential 
impacts on ecological functions. 
Furthermore, the majority of EIS reviewed 
contained information on protected areas or 
protected species, and references to the 
European Natura 2000 ecological network 
(OJ, 1992) were common. This confirms the 
results of previous studies pointing out that 
most attention is drawn to formally protected 
areas or species in the assessment of 
biodiversity-related impacts (Byron et al., 
2000). This is problematic considering that 
protected areas and species alone may not be 
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Figure 3. Frequency of the use of key ecological terms in the biodiversity assessment of 
EIS. 

sufficient to protect all aspects of biodiversity 
(Margules & Pressey, 2000). Moreover, local 
impacts on non-protected areas or species 
may be insignificant when considered in 
isolation but could well become significant if 
accumulated (Treweek et al., 1998). Current 
practice within EIA shows that the role 
played by non-protected areas or species for 
the ecosystem is underestimated and could in 
the long-run result in adverse effects on 
protected areas and species.  
Overall, this suggests that the focus in the 
assessment is mainly on limited areas with 
special ecological values, often areas with a 
nature protection status (Paper I). This 
pattern could be described as a patchwork 
approach. At the same time, 
recommendations and guidelines on the 
assessment of biodiversity-related impacts 
suggest adopting an ecosystem approach 
(CEQ, 1993; Convention on Biological 
Diversity (CBD), 2004) where potential 
impacts on ecological functions should 
occupy a central part of the assessment. The 
use of GIS in the assessment of impacts on 
biodiversity was limited to the use of display 
and mapping, without using its analytical 
capacities. A common characteristic of many 

EIS was the descriptive nature of the 
assessment, emphasising the lack of 
prediction and quantification of potential 
impacts and the difficulty in assessing indirect 
or cumulative impacts (Paper I). The absence 
of adapted tools and methods could be a 
reason for the absence of impact predictions 
and quantifications (Thompson et al., 1997). 

GIS technology and potential use in EIA 
and SEA 

The assessment of biodiversity-related 
impacts requires adapted and sound methods. 
GIS technology is a useful tool for 
assessments with a spatial dimension. GIS is 
a computer-based system composed of 
hardware, software, data and applications for 
managing spatial data in the form of maps, 
digital images and tables of geocoded data 
items (Bonham-Carter, 1994). There has also 
been rapid development and acceptance of 
GIS technology within the research sphere 
(Goodchild, 2002). The potential offered by 
GIS-based applications in environmental 
impact assessment in general (João & 
Fonseca, 1996; Rodriguez-Bachiller, 2000a; 
Rodriguez-Bachiller & Glasson, 2004) and in 
the assessment of ecological impacts in 
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particular (Treweek et al., 1993; Treweek & 
Veitch, 1996; Geneletti, 2002) has been 
emphasised (Paper III). There are examples 
of the use of GIS applications in the 
assessment of ecological impacts in EIA. A 
methodology based on a land cover 
assessment was presented by Treweek & 
Veitch (1996). Geneletti (2003) proposed a 
GIS-based model on ecosystem rarity, while 
Griffith et al. (2002) as well as Geneletti 
(2003) and Geneletti (2008) performed some 
assessments of ecological effects through the 
calculation of landscape metrics and indices. 
The development of three-dimensional 
visualisations for the assessment of ecological 
barriers and the resulting fragmentation 
effects (Krisp, 2004) is also promising. 
However, a broader analysis of current 
practices still shows that the use of such 
methods remains limited and emphasises the 
need for further exploration (Paper III). 

GIS-based habitat and population 
modelling 

In parallel with the problems faced in the 
assessment of biodiversity-related impacts in 
EIA, GIS-based predictions and simulations 
of species habitats and populations are 
rapidly developing and improving (Scott et al., 
2002). The progress observed in this field 
relates to developments in computer 
hardware, GIS software, remote sensing, 
database management and statistics (Guisan 
& Zimmermann, 2000; Lehmann et al., 2002). 
GIS-based habitat and population models 
have been developed within several fields of 
research such as biogeography, spatial 
ecology, conservation biology, conservation 
planning and landscape ecology (Hanski, 
1994; Guisan et al., 1999; Akçakaya, 2001; 
Opdam et al., 2001; Lehmann et al., 2002; 
Scott et al., 2002). The models have been 
influenced by the traditions, requirements 
and goals specific to each research field, 
thereby implying a great diversity of 
approaches and methods (Paper I). This 
diversity of methods has caused some 
problems in terminology to describe the 
models. There is no unified terminology and 
models that are in fact very similar in their 
design and ambitions can be presented 

alternatively as ecological niche models, 
species distribution models, habitat models 
or habitat suitability models.  
Variations in modelling approaches and 
outputs and a selection of existing models are 
presented in Figure 4, which does not 
provide a complete set of models and where 
the diversity of models related to biodiversity 
studies and assessments is not fully 
represented. Common to all models is that 
they can be implemented in a GIS interface 
and can to a varying extent provide relevant 
information for biodiversity assessments. The 
x-axis of Figure 4 shows a gradient in the way 
parameters are estimated in the models, with 
a distinction made between models requiring 
empirical data on response variables and 
models based solely on expert knowledge and 
literature. The methodology used in expert 
models is designed to integrate opinion and 
information from experts and literature. 
Empirical models are different in the sense 
that the parameter values on which the 
model is built are derived from empirical data 
(Maurer, 2002).  
The y-axis of Figure 4 shows a gradient in the 
varying degree of precision and details aimed 
at for the modelling outputs. Beginning at the 
upper end of the axis, one can find process-
based models attached to estimate the 
underlying mechanisms of a specific 
problem. On the lower end of the axis, some 
models aim to identify and show patterns 
such as biodiversity hotspots within the 
landscape. One example is the ZONATION 
model, which is used to locate potential 
conservation areas (Moilanen & Kujala, 
2006).  
Another distinction is made between habitat 
suitability models (HS) and population 
viability and dispersal models. The first group 
gives information on the probability of 
occurrence of biodiversity components 
derived from information on habitat 
suitability, while the second group is formed 
by metapopulation models, which aim to 
estimate the viability of populations within a 
fragmented but partly connected habitat 
network. The HS models can be divided into 
two groups, with expert models on the one 
hand and statistical and machine-learning HS 
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models on the other. Examples of expert 
models are LEDESS (Knol et al., 1999) and 
HSI (Hays et al., 1981; United States Fish and 
Wildlife Service, 1981). Statistical and 
machine-learning HS models use a great 
variety of methods such as bioclimatic 
envelopes (BIOCLIM, Busby, 1991), 
ordination techniques (CANOGEN, Guisan 
et al., 1999), regression analysis (GRASP, 
Lehmann et al., 2002; options of species 
distribution models in IDRISI Land Change 
Modeler, Eastman, 2006), ecological niche 
factor analysis (BIOMAPPER, Hirzel et al., 
2002), and machine-learning techniques 
(GARP, Stockwell & Peters, 1999; 
MAXENT, Phillips et al., 2004; BRT; 
Leathwick et al., 2006). Metapopulation 
models are particularly relevant for modelling 
single species in a fragmented landscape. A 
metapopulation is defined as a collection of 
local populations loosely connected by 
migration and isolated from the remainder of 
the species (Levins, 1970). Metapopulation 
models such as METAPHOR (Verboom et 
al., 2001), RAMAS (Akçakaya, 2001) and 
META-X (Grimm et al., 2004) derive 

information on population processes such as 
colonisation and extinction from parameters 
on habitat quality and characteristics.  

Figure 4. GIS-based models with the potential for use as prediction tools in EIA and SEA. The 
models are categorised as metapopulation models, statistical/machine-learning models and 
expert models in terms of modelling approach and between population viability/dispersal and 
habitat suitability in terms of expected output. The grey oval area marks the part of the 
diagram in which the models tested in this study are located. 

The diversity in modelling techniques also 
involves diversity in data requirements to run 
the models. Some models (e.g. GRASP) 
require both species presence (or abundance) 
and species absence data, while presence-only 
data are sufficient for other methods (e.g. 
MAXENT, BIOMAPPER and GARP). 
Furthermore, data on many individual species 
together or communities can be used in 
models such as CANOGEN or CAPS 
(McGarigal et al., 2001). Thus, the diversity of 
methods suggests a wide range of 
applications that need to be better explored 
(Wiens, 2002). 

The need for spatial prediction tools: 
Approaches to biodiversity assessment in 
EIA and SEA  

Current practices, recommendations and 
guidelines suggest that major disparities exist 
in the methodological approaches used or 
recommended for the assessment of impacts 
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on biodiversity. A first approach could be 
presented as the patchwork approach that is 
characteristic for many EIS, where a strong 
focus is placed on protected nature areas 
and/or protected species (Paper I). This 
approach may mean that little attention is 
given to the surrounding matrix and areas 
without specific ecological status. The 
patchwork approach is necessary for the 
quality of the assessment in the sense that it 
is conducted at the local scale and often relies 
on field studies. In contrast, the ecosystem 
approach promoted at the international level 
(CEQ, 1993; CBD, 2004) aims to concentrate 
on the assessment of potential impacts on 
ecological functions and processes that are 
necessary to achieve a sustainable 
development. As a result of the present 
research, I suggest the implementation of a 
third approach in an attempt to bridge the 
gap between the patchwork and ecosystem 
approaches. This approach, termed the 
habitat suitability approach, consists of 
implementing GIS-based habitat models for 
the prediction of potential impacts on 
biodiversity. The term habitat suitability is 
used here in a broad sense that encompasses 
habitat quality, quantity and connectivity. 
Figure 5 summarises how the implementation 
of GIS-based habitat suitability models and 
related methods could participate in 
improving the assessment of biodiversity 

related impacts and help to fulfil the stated 
ambitions of EIA and SEA concerning 
biodiversity issues. The multiple rings of the 
habitat suitability approach reflect the 
diversity of modelling methods available but 
also their flexibility for use at different scales 
and for data of different degrees of 
resolution. 
The three approaches do not compete with 
each other but are in fact complementary and 
their combination could result in a multi scale 
approach. In fact, impacts on biodiversity 
occur at various scales and their assessment 
would benefit from the use of various 
methods that cover the range of scales 
characterising the ecological system (Paper I). 
A combination of several methodological 
approaches applied at different scales would 
help to bridge the gap between current 
practice and stated ambitions for the 
assessment of impacts on biodiversity in EIA 
and SEA. However, it is still important that 
the scales considered in the assessment be 
clearly defined and documented (João, 2002). 

Model testing results 

A number of species distribution and habitat 
suitability models were tested in Papers IV, V 
and VI in line with the characteristics and 
ambitions of the habitat suitability approach 
advocated by the author. As described in the 
Methods section, all models reviewed were 

Figure 5. Summarising diagram of potential approaches to the assessment of biodiversity-
related impacts and their relationship to geographical and ecological scales. 
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considered at the start and some main criteria 
for the selection of tested models included 
access to the models, knowledge and data 
requirements for parameters, the results of 
previous model comparison studies and time 
constraints.  
For the modelling of the lesser woodpecker 
habitat (Paper IV), there was a great variation 
in model performance for the different 
geographical extents for which the models 
were produced. The quantity and the quality 
of the observation data were the main causes 
of the differences between models. Most 
problematic were the results obtained for the 
model based on the smallest geographical 
extent (the majority of Stockholm County) 
where the limited number of species 
observations, their average positional 
precision and the large span of sampling 
dates caused over-prediction of suitable 
habitats in areas classified as built-up. 
Furthermore, there may be a bias towards 
built-up areas as a result of high observation 
density in and around urban areas. The 
model obtained for the largest geographical 
extent (the Mälardalen region) also showed 
signs of inconsistencies relating to the species 
observations not being distributed 
homogeneously over the entire area and thus 
creating a sampling bias. The third model (for 
Uppsala and Stockholm counties) provided 
the most consistent results and was further 
implemented to assess potential habitat loss 
from the year 2000 comprehensive plan for 
Stockholm County. The model allowed the 
quantification of habitat loss and assessment 
of cumulative impacts, but the results also 
showed the risk of subjectivity depending on 
the method and geographical extent adopted 
for the habitat loss calculations. 
The habitat modelling study on the crested tit 
and willow tit (Paper V) showed the 
importance of the quality of species 
observation data in modelling the habitat 
preferences of these species. The results of 
the first part of the study showed that the RS 
data allowed differentiation of groups of 
sample points formed by successful breeders, 
unsuccessful breeders and random points 
both over the entire area and within forested 
areas. In fact, the mean values of four 

resource variables (volume of spruce, volume 
of pine, volume of birch and forest age) were 
significantly different (T-test with p<0.05) 
for the four groups of samples represented 
by: 1) successful breeders; 2) unsuccessful 
breeders; 3) random point within forest areas 
and 4) random point over the entire study 
area. Furthermore, the results were similar 
whether the variables were measured at the 
nest location (within 20 m from the nest) or 
taking into account the surroundings of the 
nest (within 100 and 250 m from the nest), 
thereby showing the importance of resource 
availability at the nest location as well as in 
the surroundings. Results for the crested tit 
and for variables measured 100 m around the 
nest are presented in Figure 6. 
The habitat suitability modelling with 
MAXENT for the crested tit and willow tit 
was performed in two steps. First, all 
variables were tested separately and then 
several combinations of variables were tested. 
The results of the modelling with single 
variables helped to identify similarities and 
differences between crested tits and willow 
tits for specific variables. Similar response 
curves were obtained for most variables with 
noticeable differences for the variables on 
road and built-up areas. The willow tit 
showed consistently negative responses for 
both the road and built-up area variables, 
while the crested tit showed inconsistent 
responses or even positive responses for 
several road variables. The modelling 
performed on combinations of variables 
confirmed the hypothesis of a high 
proportion of overlap between the crested 
and willow tits habitats, a noticeable 
difference being the stronger affinity of the 
crested tit for edge areas (Paper V). 
The study on the comparison of habitat 
suitability models showed that the specific 
role and importance of certain properties of 
the models rather than raw performance were 
more important for applications in EIA and 
SEA (Paper VI). The level of performance of 
species distribution models is constantly 
improving (Elith et al., 2006) and therefore 
other properties of the models may become 
decisive for the relevance and choice of 
specific models in the future. However, the 

 13



Mikael Gontier  TRITA LWR PhD 1041 

 

Figure 6. Mean and standard deviation for four groups of samples represented by: 1) crested 
tit with successful breeding (Cr succ); 2) crested tit with unsuccessful breeding (Cr fail); 3) 
random points spread over forest areas (Random forest); and 4) random points spread over 
the entire study area (Random) and for data from four environmental variables estimated 
using a 100 m radius around each nest and represented by a) forest age (forest age) expressed 
in years; b) volume of spruce (spruce vol); c) volume of pine (pine vol); and d) volume of birch 
(birch vol) expresses in  1/10 m3 . 

results of the study still showed major 
differences in performance of the models. 
The expert model did not perform best, but 
the fact that it does not rely on species 
observation data offer a greater flexibility to 
implement it in developments where data 
availability and collection may be limited. The 
expert model also offers the advantage of 
being more didactic and easy to communicate 
compared with statistical and machine-
learning models. However, expert models 
rely on availability of relevant expert 
knowledge and a degree of consensus among 
experts (Rodriguez-Bachiller, 2000b). By 
definition, empirical models rely on empirical 
data on the studied biodiversity component. 
This puts high demands on the study and 
may not always be feasible. However, when 
planning poses novel questions for which 

researchers still have no answers, such as 
climate change, urbanisation, land use 
changes over vast areas and their 
combinations, empirical models may be the 
only option to grasp the implications of 
planning scenarios. Novel empirical methods 
are able to fit more complicated responses 
(Elith et al., 2006) that better reflect the 
complexity of ecological systems but this also 
means that the level of complexity of the 
models increases. Another important 
property for predictive models used in 
environmental assessment is the possibility to 
compare potential effects of several 
development alternatives. The consideration 
of alternatives and their comparison against 
the baseline situation are required in EIA and 
SEA and create the necessity for the models 
to be able to handle several alternatives and 
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to project the results of the models over 
different scenarios. The comparison showed 
the relevance of habitat suitability models in 
quantifying potential habitat loss but also 
highlighted the difficulty in interpreting the 
results (Paper VI). In fact, the models 
showed similar trends for the comparison of 
several development scenarios but there were 
large variations in the predicted habitat loss 
between models. This emphasises the 
difficulty in determining specific thresholds 
to assess the significance of the habitat loss.  

Indicator species for assessment of 
impacts on biodiversity 

Reasons for the lack of appropriate 
assessment of biodiversity and ecological 
impacts are probably related to the 
complexity of the concept of biodiversity and 
the amount of resources that it would involve 
to assess the full range of potential impacts 
(Morris & Therivel, 2001; Geneletti, 2002). 
Reducing the scope of the EIA/SEA to the 
level(s) of biodiversity that is likely to be 
significantly affected is therefore important 
(Geneletti, 2002). It may thus be necessary to 
define indicators for the biodiversity levels 
and biodiversity values concerned. More 
generally, indicators are useful at different 
stages of the SEA process (Therivel, 2004), 
not least for impact prediction. For 
biodiversity-related impacts, several methods 
use indicator species (Morris & Therivel, 
2001). English Nature et al. (2004) also 
propose a set of indicators for biodiversity 
assessment in SEA. In the case of species 
habitat modelling, the choice of the modelled 
species is central and needs to be justified in 
relation to the goals of the study. However, 
using biodiversity indicators is problematic 
(Failing & Gregory, 2003) and requires a 
careful approach and a number of criteria to 
be fulfilled (Paper II).  
First of all, the indicators should be 
representative of the area of concern and its 
biodiversity values (Lambeck, 1997). In the 
context of EIA and SEA, the nature and 
characteristics (e.g. geographical extent, 
duration) of the planned development 
provide information on expected impacts. 
The latter need to be further translated into 

affected biodiversity values through 
processes such as habitat loss or 
fragmentation. Indicators would then be 
chosen that are affected by these processes 
(Lambeck, 1997). The process of selecting 
indicators would also gain from the 
translation of the species characteristics and 
requirements into parameters that could be 
shared by other taxa and the selection of 
several species representing different nature 
types should help to better cover the span of 
biodiversity values represented within the 
area of concern (Mörtberg et al., 2007). The 
communicability of the species to the 
different actors of the planning process is 
also important in the species selection 
process in order to improve acceptance for 
the study and its results (SEPA, 2000). More 
importantly, the access to data or the 
potential for data collection needs to be 
discussed given that data collection may be 
limited within the EIA or SEA process and 
become a major limitation. The use of 
species habitat models can be the foundation 
for further studies on habitat networks, 
combinations of these and their relevance for 
ecological processes (e.g. Verboom et al., 
2001; Opdam, 2002; Moilanen & Kujala, 
2006; Eastman, 2006) and may therefore 
contribute to the assessment of biodiversity 
impacts at the ecosystem level.  

Data, scale and cumulative impacts 

Data and scale issues are inherent in EIA and 
SEA processes but are often not tackled in an 
appropriate way (João, 2002; João, 2007). The 
assessment of cumulative impacts is also 
closely related to the issues of data and scale. 
One of the main benefits of SEA compared 
with EIA is a greater flexibility concerning 
the scale of the assessment and as a result the 
better consideration of cumulative impacts 
(Fisher, 2002; Therivel, 2004; Therivel & 
Ross, 2007). However, even though the 
assessment of cumulative impact is part of 
many EIA and SEA regulations, it suffers 
from a lack of incentives (Wärnbäck, 2007). 
The implementation of GIS-based habitat 
models in the context of EIA and SEA 
showed flexibility in the management of scale 
issues and consequently in the assessment of 

 15



Mikael Gontier  TRITA LWR PhD 1041 

 

cumulative impacts (Paper IV). Scale is also a 
central issue in ecology (Wiens, 2002), with 
many ecological components and processes 
varying with scale (Morrison & Hall, 2002). 
This has implications for habitat modelling 
with regard to species observation data and 
GIS-based data used in the model. One 
characteristic of the prediction methods used 
in this research is their dependence on GIS-
based, spatially distributed data as well as 
species observation data or expert 
knowledge. In the case of empirical models, 
specific qualities need to be fulfilled for the 
species observation data to be appropriate. In 
Paper IV, problems were encountered 
concerning the species observation data, with 
data that were too old or not homogeneously 
spread over the study area causing modelling 
inconsistencies both in time and space. In 
contrast, the combination of precise field 
observation data, expert knowledge and 
adapted RS data contributed to the good 
performance of the models in Paper V, 
where expert knowledge on the home range 
of the crested and willow tits was used to 
further transform the RS data and obtain 
variables that significantly improved the 
performance of the model compared with 
variables based directly on original RS data. 
This means that expert knowledge is also 
important in improving the performance of 
empirical models. More generally, the 
accuracy and resolution of RS data are major 
issues for the implementation of the models. 
Alternatives to RS data from satellite images 
may improve the ecologically relevant 
information available on vegetation. For 
example, Löfvenhaft et al. (2002) used 
infrared aerial photographs to produce a 
detailed biotope map for Stockholm 
municipality. More recently, Goetz et al. 
(2006) used laser remote sensing to obtain 
detailed information on vegetation structure 
and predict bird species richness. 
Combination and further development of RS 
techniques have great potential to further 
increase the precision of ecologically relevant, 
spatially distributed information, which will 
enable high precision habitat suitability 
models.  

The results of Paper IV illustrated the ability 
of GIS-based habitat modelling to predict 
cumulative impacts both qualitatively and 
quantitatively. The assessment of cumulative 
impacts using this methodology requires 
access to spatially distributed data on other 
planned activities and developments within 
and surrounding the area in question. 
Moreover, the quantification of cumulative 
effects using a GIS interface requires insights 
into the ways the calculations are performed 
and caution in interpretation of the results. In 
fact, the geographical extent that is chosen 
for the quantification of the impacts greatly 
influences the results. Finally, the data 
requirements of the models pose a problem 
for their implementation in SEA. In fact, if 
the goal of a SEA process is to be truly 
strategic then data availability and data 
collection should not be set as priorities 
(Partidário, 2007). In the same way, Therivel 
(2004) pointed out that too much detail in 
SEA would prevent the process from 
reaching its goals.  

Choice of model for EIA and SEA 
applications 

The choice of a specific method or approach 
for impact predictions requires a selection 
process based on several criteria (Paper VI). 
There is a multitude of such criteria to 
compare different models. However, only a 
handful may ultimately be decisive. In the 
research fields within which the models 
originated (e.g. biogeography, conservation 
biology, spatial ecology), specific criteria have 
been developed or adopted to compare 
different methods or approaches that often 
concentrate on determining model 
performance. However, there are ongoing 
discussions on the interpretation and 
reliability of such performance tests 
(Peterson et al., 2008; Lobo et al., 2008). On 
the other hand, EIA and SEA have specific 
requirements for the use of predictive 
methods where the principle of ‘the best 
available technique’ expressed as ‘current 
knowledge and methods of assessment’ in 
the EIA directive (OJ, 1997) is decisive.  
The possibility of using GIS-based models is 
conditional on the existence and access to 
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GIS-based data combined with data on 
biodiversity components in the case of 
empirical models and expert knowledge on 
these components in the case of expert 
models. The choice of model is therefore 
primarily driven by access to data and 
knowledge (Paper VI).  
When the existence and availability of data 
are secured, one specific requirement of both 
EIA and SEA is the possibility to assess and 
compare predictions for the baseline 
conditions with several development 
alternatives, as well as the zero alternative. 
This requires from the model interface to be 
capable of handling several datasets 
representing different alternatives in the 
modelling application. Only then can a 
comparison of the models based on their 
performance play a role if several models are 
still relevant for the assessment (Paper VI).  
The methods to assess model performance 
are subject to discussion within the scientific 
community. In particular, several 
performance tests such as kappa statistics or 
Area Under Curve (AUC) exist for species 
distribution and habitat suitability models 
that provide different results and are subject 
to interpretations and bias (Araújo & Guisan, 
2006; Peterson et al., 2008). Other criteria 
such as scientific acceptance, user friendliness 
or communicability of the model, as well as 
time constraints in performing the 
assessment, may ultimately be equally or 
more important. 
As this research points out, GIS-based 
species distribution or habitat models are 
seldom used or never used in the assessment 
of impacts on biodiversity within EIA and 
SEA. This could mean that the expertise 
needed to implement such methods into EIA 
and SEA is currently limited or not readily 
accessible. EIA and SEA are multidisciplinary 
processes and the assessment of biodiversity-
related impacts is truly at the meeting point 
between several research fields and 
engineering applications and may thus 
demand an adapted training.  

Advantages and limitations with the use 
of GIS and GIS-based habitat models 

The fact that the modelling studies presented 
in this research focused exclusively on habitat 
models was related to the type of data 
available, but it was also the result of the first 
part of the study, which identified one major 
challenge in EIA and SEA as being the lack 
of studies at habitat and ecosystem scales 
(Papers I, IV, V and VI). The 
implementation of GIS-based habitat models 
could therefore contribute to tackling the 
problem. The habitat suitability maps 
obtained from the modelling allowed a 
qualitative assessment of the spatial 
distribution of the habitat and at the same 
time provided strong support for the 
quantification of impacts. However, if the 
current lack of quantitative predictions is 
symptomatic of the assessment of impacts on 
biodiversity (Byron et al., 2000; Atkinson et 
al., 2000; Geneletti, 2002), it is not always 
necessary or desirable to quantify impacts. 
Therivel (2004) discusses advantages and 
disadvantages of qualitative versus 
quantitative impact predictions for SEA. 
More simple tools may often ‘do the job’ in 
SEA instead of onerous quantitative methods 
that provide an impression of being more 
robust. The same dilemma characterises the 
data collection stage, where a crucial point 
might be to decide ‘How much data is 
enough?’ (Therivel, 2004).  
Apart from the potential quantification of 
habitat loss, the recommended models offer 
visual support for the assessment, where the 
properties of the GIS interface allow 
flexibility in the geographical extent displayed 
and address scale-related problems. This 
allows spatial patterns in the distribution of 
suitable habitat at various scales to be 
identified. For example, it was possible to 
produce a habitat suitability map for the 
crested tit showing the distribution of 
suitable habitat over the entire area, as well as 
the potential habitat loss resulting from a 
development plan for a zoomed-in area (Fig. 
7). This visualisation of potential impacts and 
their location provides a visual support that 
would be a powerful pedagogical tool in the 
participatory processes of EIA and SEA.  
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Figure 7. Distribution of suitable habitats for the crested tit – Parus cristatus – Map A shows 
the entire study area with the target area marked by a black rectangle. Map B shows the target 
area without considering the comprehensive plan. Map C shows the location of the 
comprehensive plan and map D shows the distribution of suitable habitats after considering 
the comprehensive plan. 
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In a broader perspective, the use of GIS-
based models and tools offers an adequate 
platform to integrate different disciplines 
(Clarke et al., 2000). The flexibility of GIS in 
terms of spatial and temporal scales, given 
access to data, allows data from various 
sources to be combined and integrated. 
Geneletti (2008) presented an impact 
assessment where biological, physical and 
landscape indicators were integrated using 
GIS. More generally, there is a need to better 
integrate ecological values with other 
components of the landscape, such as the 
hydrological system or cultural and 
recreational values (e.g. Aspinall & Pearson, 
2000; O’Rourke, 2005) and in that context 
GIS-based habitat models could make a 
valuable contribution.  
One obstacle to the implementation of GIS-
based habitat models concerns the difficulty 
in validating the results of the modelling, 
which would need to be performed at several 
levels (Paper VI). Firstly, the model 
predictions for the baseline situation would 
require the collection of new observations to 
assess the validity of the model. Secondly, the 
validation of the predictions for the 
development scenarios would involve setting 
up a specific monitoring programme for the 
modelled species or biodiversity component 
stretching over time beyond the completion 
of the development. Monitoring is a critical 
issue in assessing the effectiveness of impact 
assessment that needs to be strengthened 
(Sadler, 1998). Efforts to improve the 
monitoring of predicted impacts were 
incorporated into the SEA directive by the 
legal requirement to ‘monitor the significant 
environmental effects of the implementation 
of plans and programmes, in order, inter alia, 
to identify at an early stage unforeseen 
adverse effects, and to be able to undertake 
appropriate remedial action’ (OJ, 2001). 
However, the implementation of the 
regulations still remains unclear on technical, 
methodological or procedural aspects and 
there is little experience on current practices 
(Hanusch & Glasson, 2008). In that context, 
it remains an open but also uncertain 
question whether the part of the monitoring 
programme dealing with ecological impacts 

can be designed to integrate a follow-up of 
the modelled species or biodiversity 
component. Even though an adapted 
monitoring programme could be designed, it 
would be a challenge to account for the 
dynamics of the studied ecological system for 
which past trends or cumulative impacts play 
important roles. 

Thinking in advance: The role of EIA 
and SEA in the preservation of 
biodiversity 

EIA and SEA are complementary processes 
but they are also different in their nature, 
goals and characteristics. In that sense, the 
contribution of predictions obtained through 
GIS-based habitat models could contribute 
differently in each process (Papers II and IV). 
SEA is more of a proactive tool compared 
with EIA, the latter being more reactive or 
corrective (Therivel et al., 1992; Balfors & 
Schmidtbauer, 2002; Diamantini & Geneletti, 
2004). In the SEA process, the information 
support provided by the implementation of 
GIS-based habitat models offers more 
potential to actively influence the design of 
the plan, programme or policy. In EIA, the 
use of the models could instead contribute 
towards identifying the need for mitigation or 
compensation measures and to further 
optimise the design of such measures when 
required. 
The use of GIS-based habitat models could 
also be discussed in terms of the role of EIA 
and SEA for the preservation of biodiversity 
(Paper VI). Protected areas alone are not 
sufficient for the protection of biodiversity 
and the selection of areas worth protecting 
needs to be performed within a process that 
integrates the entire landscape and its values 
(Margules & Pressey, 2000). In particular, 
nature protection measures for landscapes 
resulting from former or ongoing human 
activities may end with the extinction of the 
target species rather than with their long-term 
persistence (Whittaker, 1998; O’Rourke, 
2005). Recently, ecological networks have 
been proposed and established as an answer 
to the increasing fragmentation of natural 
ecosystems, but their effectiveness needs to 
be demonstrated and such permanent 
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structures may not be the optimal answer for 
the management of biodiversity values in 
dynamic landscapes (Boitani et al., 2007). 
Through the wide scope of application of 
EIA and SEA, covering projects, plans, 
programmes and policies, both processes 
play an important role for the preservation of 
biodiversity at various scales. EIA and SEA 
constitute a platform where both protected 
areas and areas without any protection status 
can be integrated into the planning process. 
In that sense, EIA and SEA have an 
important role to play in emphasising the 
functions and potential values attached to 
non-protected areas within the ecological 
systems (Paper VI).  
Assuming the relevance of the information 
provided by the implementation of GIS-
based habitat models in EIA and SEA, it is 
necessary to discuss which actor(s) in the 
planning process bear(s) the responsibility for 
producing such material. In fact, 
implementing the models on a case-by-case 
basis for specific EIA and SEA processes 
offers some advantages. For instance, it 
allows the choice of the prediction method 
and the predicted indicator (e.g. species or 
biodiversity component) to be more specific 
for the type of activity or development that is 
planned. However, the limitations identified 
in the study also suggest the need to think 
about other paths to reach the same goal. 
Firstly, it is realistic to assume that such 
material already exists in some cases, 
produced by municipalities, county boards or 
national agencies for other purposes (e.g. 
conservation planning). Secondly, a more 
active approach could be for specific actors 
other than people in charge of the EIA or 
SEA process to take responsibility for 
producing habitat suitability maps or similar 
material at the regional or national scale for 
making this information available for future 
EIA and SEA. This would allow better 
spatial harmonisation of the material and 
could enhance the possibility for integrating 
information from relevant environmental 
goals in a more strategic and analytical way. 

CONCLUSIONS  

Urban and infrastructure developments are 
major cause of habitat loss and 
fragmentation, ultimately harming 
biodiversity in areas where the pressure on 
the environment is already high. Within EIA 
and SEA, there are clear requirements for the 
prediction and assessment of impacts on 
biodiversity from a wide range of 
developments. However, the study of 
biodiversity-related impacts is a complicated 
task that necessitates adapted methods and 
tools. Different approaches characterise 
current practices and stated ambitions for the 
assessment of impacts on biodiversity in 
environmental assessment. On the one hand, 
current practices are often characterised by a 
patchwork approach that concentrates on 
impacts at the local scale and on areas of 
protected nature or of high conservation 
value. On the other hand, guidelines and 
recommendations highlight the ambition to 
adopt an ecosystem approach to biodiversity 
assessment for which ecological functions are 
part of the assessment. Both approaches are 
necessary and complementary to the quality 
of biodiversity assessment in EIA and SEA, 
but they also stress the need for adapted 
tools to bridge the gap between them. The 
habitat suitability approach presented in the 
study is characterised by the implementation 
of GIS-based habitat models to perform the 
assessment. Several methods of habitat 
suitability modelling were successfully tested 
and applied to planning situations. The 
model testing highlighted the importance of 
empirical data on biodiversity components 
and GIS-based, spatially distributed data on 
model performance and validity. The study 
on the crested tit and willow tit showed that 
the validity of the model could be improved 
if data on the breeding success of the species 
were used. Furthermore, the study showed 
that the elaboration of the independent 
variables implemented in the models could 
be improved through spatial statistics to 
account for species resource requirements 
within a certain area around each 
observation, as well as for issues of precision. 
The implementation of habitat suitability 
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models enabled qualitative and quantitative 
predictions to be performed over large 
geographical extents and provided a powerful 
visual support for the assessment. The 
continuous predictions obtained also 
provided a spatial dimension to the 
assessment that is central for the prediction 
of cumulative impacts. The diversity of 
existing models and methods suggested a 
need to define specific criteria for the 
selection of an appropriate method or model. 
Some criteria are compulsory due to specific 
requirements inherent to environmental 
assessments, such as the possibility to 
perform scenario testing, but other criteria 
need to be studied in the light of the planned 
development’s specificities, such as data 
availability. The performance of the model is 
one important criterion, but the flexibility of 
the method or its communicability may be 
equally or more important for EIA and SEA 
applications. The approach proposed in the 
thesis relies strongly on the existence and 
availability of GIS-based spatially distributed 
data as well as species or other biodiversity 
component data for empirical models or 
expert knowledge for expert models. Access 
to data therefore remains the most important 
criteria with a clear distinction between 
expert models and empirical models. 
However, in the event that data requirements 
are satisfied, analysis and prediction can be 
obtained rapidly from local to landscape 
scales. The contributions of the models to 
the assessment vary between EIA and SEA. 
The implementation of GIS-based habitat 
models in EIA could contribute to the 
discussion and design of appropriate 
mitigation or compensation measures while 
their implementation at the SEA stage could 
contribute to changes in the design of the 
plan, programme or policy. Finally, 
methodological improvements in the 
assessment of impacts on biodiversity, 
through the use of GIS-base models, enable 
to perform predictions where nature 
protection areas as well as the surrounding 
landscape are integrated in the assessment 
and therefore emphasise the role of EIA and 
SEA for preservation of biodiversity. 

FUTURE RESEARCH 

The results presented here suggest a number 
of limitations and further research 
perspectives to explore. The examples 
described in the study are based on the 
distribution of suitable habitats for a limited 
number of species. However, ecological 
systems are not static and the dynamics of 
the systems in space and time as well as the 
implications for the assessment of impacts 
from planned developments require better 
knowledge in several directions. 
In particular, the distribution of suitable 
habitats needs to be studied in relation to the 
surrounding network of suitable habitats. 
This refers to the concept of metapopulation, 
where distinct subpopulations of the same 
species occupy spatially separated areas. 
Modelling a species habitat network and 
assessing the potential impacts on this 
network would ensure that patches of 
suitable habitat are integrated into the 
assessment and also improve the quality of 
the connections or corridors between 
patches. In that sense, questions on the 
persistence of species in relation to the 
planned development could be answered and 
improve the support material to assess 
impact significance. 
Assessing impacts on the full range of 
biodiversity values could become an 
overwhelming task within EIA and SEA. 
Concerning the assessment of impacts on 
habitats and ecosystems, the use of indicator 
species could be a necessary and appropriate 
shortcut. However, it also suggests the need 
for further research on the indicator value of 
selected species in relation to specific 
environments. Knowledge on the ecological 
characteristics and requirements of selected 
species is important but detailed information 
on the response(s) of the species to the 
expected disturbances is also crucial. In the 
selection process, criteria such as the 
communicability of the species could also 
play an important role in the EIA or SEA 
process.  
Uncertainty is a plague for distributed 
models. It interferes at many stages in the 
modelling work and stems from the data 
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collection and data processing, the selection 
of variables and the model structure and 
algorithm. It may be easy to identify sources 
of uncertainty but further efforts and 
exploration are required to account for and 
predict their role in the results of the 
predictions.  
Finally, EIA and SEA are truly 
multidisciplinary but not yet fully integrated 
planning tools. The assessment of impacts on 

biodiversity is in many ways related to other 
topics within the scope of EIA and SEA, 
such as landscape aesthetic values, recreation 
values or cultural values. Further research is 
needed to identify when in the assessment 
process, in what ways and how better 
integration of these topics could benefit each 
of them, as well as the entire assessment. 
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