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A multi-level system for planning compensatory  
habitats as a new tool to prevent biodiversity loss  
in protected areas due to development plans

Abstract

Background 

In Slovenia, compensatory habitats (CH) are currently determined on 
the basis of a subjective expert judgement and without using any clearly 
defined methodology, due to which the success rates of their implementation 
are low. The aim of this research is to fill in a methodological gap and propose 
a new multi-level system for planning CH. The system should enable a 
transparent and more objective determination of the size of a CH in the 
processes of appropriate assessments (AA). 

Materials and methods: 

The system was developed by using a multi criteria decision analysis, a 
multi-attribute decision support model and the DEXi modelling tool. It was 
tested on a study case the Škofljica bypass road with its impact on the Whin-
chat (Saxicola rubetra) at the Natura 2000 site Ljubljansko barje.

Results: 

The system with three modules and a possibility of what-if analysis was 
developed to assess the species endangerment and the size of the CH. The 
results of the assessment showed that the case study has significant impacts to 
the Whinchat, therefore the CH of a slightly larger size than the habitat lost 
was proposed. In addition, the system indicated that only one of the three 
potential locations of the CH is suitable for implementing the CH.

Conclusions:

The system allows a transparent and more objective assessment of the 
spatial plan. It is a new, easy-to-use, adjustable, cost- and time-efficient 
method that can be used to make reliable and transparent decisions during 
the assessment processes.
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INTRODUCTION

Ecosystems are deteriorating worldwide and nearly a quarter of spe-
cies are threatened with extinction (1). One of the main reasons for 

such state is habitat loss (1), which is caused by urban sprawl, agricul-
tural intensification and intensively managed forests (2). 
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One of the most organized processes created in Europe 
to halt the loss of biodiversity is the establishment and 
management of the Natura 2000 network. The network is 
based on the implementation of the Council Directive 
92/43/EEC of 21 May 1992 on the conservation of natural 
habitats and of wild fauna and flora (the Habitats Directive) 
and the Directive 2009/147/EC of the European parliament 
and of the council of 30 November 2009 on the conservation 
of wild birds (the Birds Directive). The aim of the Natura 
2000 network is to maintain or increase species populations 
and the extent of natural habitats of wild fauna and flora 
of Community interest (3). One of the ways to achive this 
is also by fulfilling the requirement to appropriately assess 
plans or projects that might have a significant impact on a 
Natura 2000 site and to mitigate their negative impact in 
the view of the site’s conservation objectives (4).

The significant impacts of spatial plans on biodiversity 
can be compensated by biodiversity offsets, i.e. interven-
tions made to compensate for the habitat loss with another 
equivalent or better habitat (4). The size of a compensatory 
habitat (CH) should be determined according to the prin-
ciple of no net loss of biodiversity (5). The use of habitat 
banking is gaining acknowledgement internationally as a 
strategy to ensure a CH before the plan is designed (6).

The CH is becoming an increasingly popular and wide-
ly accepted intervention for the conservation of biodiversity 
as it also allows for economic development. While the sim-
plest methods for defining the CH have been taking into 
account only the surface area of the lost habitat, the more 
sophisticated models also include habitat condition, habitat 
value and species abundance. In practice, however, the vast 
majority of all CH implementations are not as effective as 
expected (7, 8, 9, 10, 11). Due to differences in methods, 
the CH are usually vaguely calculated and most often de-
termined by subjective professional judgement, which re-
sults in low success rate of the CH implementation (11, 12, 
13, 14, 15). Bull et al (16) compared different methods for 
calculating the required CH in the same case study. Their 
study showed that methods can result in a range of different 
sizes of CH. Bull et al (16) conclude that choosing the most 
appropriate method to calculate a CH strongly affects the 
success rate of the CH implementation and reaching the 
objective of no net loss of biodiversity.

To determine a CH objectively, it is necessary to de-
velop a method based on data describing the surface area 
and the condition of a habitat lost and a CH, as well as the 
abundance and conservation status of species and their 
habitats. The method should allow to assess the impact of 
the CH’s size on the species population. Since the avail-
ability of such data are limited, most of the current methods 
are based on the data about the surface area and conditions 
of the lost habitat, while using risk multipliers that are 
mostly determinted subjectively (11). 

Risk multipliers are commonly used to adjust (gener-
ally increase) the CH size and compensate for the risk of 
unsuccessfully implementing a CH. The risk multiplier is 

based on the empirical analysis of the success rate of similar 
CH or determined through consultations and negotiations 
with the stakeholders (17). According to the literature (7, 9, 
18, 19), risk multipliers can vary widely. T﻿hey represent the 
ratio of the area of lost habitat to the size of proposed CH 
that can range from 4:1 (the area of a CH is four times 
smaller than the area of the lost habitat) to 1:125 (area of a 
CH is 125 times bigger than the area of lost habitat). There 
are differences in the CH calculation methods among 
countries as well as among regions within the same country 
(11). Because different methods were used, different risk 
multipliers were applied for the same species in similar 
habitats (20, 21). In addition to the challenges concerning 
the objective calculation of the CH area size, the guidelines 
regarding the timing needed for the CH implementation, 
long-term management and monitoring are also unclear (9, 
18, 22, 23).

Various methods for calculating the CH size have been 
used also in Slovenia. When the first CHs were determined, 
risk multipliers were not used (e.g. 24, 25, 26). After the 
King and Price’s research (9) had been published, numer-
ous Slovenian authors (e.g. 27, 28, 29, 30) started to use 
their risk multiplier 1:1,4. Due to the high rigidness of such 
fixed multipliers, additional elements for determining the 
CH have been introduced and risk multipliers in Slovenia 
today range from 1: 1,1 to 1: 1,5 (e.g. 31, 32; 33, 34). Eco-
logical modelling has not yet been used for the determina-
tion of a CH in Slovenia. 

The aim of our research was to develop a multi-level 
system for the determination of CH. The first objective was 
to develop a model to determine if a CH is an appropriate 
measure to halt the negative impacts that implementation 
of spatial plan might have on diversity and habitat quality. 
Second goal was to develop a model for the prediction of 
the risk multiplier. The developed system should be appli-
cable to protected species from terrestrial habitats exposed 
to different environmental conditions. Its use should be 
simple, time- and cost-efficient, and administratively ratio-
nal. The system should allow the user to discuss and explain 
the reasoning behind the decisions made. In this way, the 
system could become interesting for evaluators, investors 
and decision-makers, and support the multi-stakeholder 
approach to the effective implementation of CH. 

MATERIAL AND METHODS

3.1 Tools used for developing the system

Defining a CH is a complex decision-making problem, 
which requires a structured approach to developing a new 
multi-level system for planning CH. The models that are 
integrated into a system were developed by using Multi 
Criteria Decision Analysis (MCDA) (35) implemented in 
the DEX (Decision EXpert) methodology (36) that we 
used to build qualitative multi-attribute decision models 
with the DEXi modelling tool (37). The MCDA allowed 
us to decompose a complex decision-making problem into 
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less complex decision-making subproblems. An individual 
subproblem is described with a set of qualitative criteria for 
defining CH. The criteria are hierarchically structured into 
a decision tree using integration roles described in utility 
tables. The utility table includes all combinations of values 
of the child attributes that are integrated in the values of 
an aggregated (e.g. parent) attribute. The values of the root 
attribute (e.g. the top attribute in the hierarchical decision 
tree) represent the set of the final outputs from the model 
(e.g. the CH size). All attributes used in qualitative multi-
attribute models have a finite set of qualitative values (e.g. 
inappropriate, acceptable, and excellent). 

To obtain and analyse spatial data, we used the Arc-
GIS’s spatial information systems. With this tool, we vi-
sualized areas included in our research, calculated values 
of attributes that are based on spatial data and prepared 
maps. We used Microsoft Visio to organize and display 
data in the form of advanced diagrams.

3.2 Study area

The system was developed and validated on data from 
the Natura 2000 site Ljubljansko barje (identification no. 
SI5000014 and SI3000271) (Figure 1). Ljubljansko barje 
is an agriculture landscape with the largest complex of wet 

grasslands in Slovenia. Its high biodiversity results from 
the mosaic of different habitats with high nature conser-
vation value, such as lowland hay meadows with leper 
lilies (Fritillaria meleagris), orchids (Orchidaceae) and 
marsh gladiolus (Gladiolus palustris), and long narrow 
lines (over 100 km) of drainage ditches and hedgerows 
called “mejice” (45). 

Characteristic are also scrubs and small standing water 
bodies, fragments of raised bog forest with red pine and 
birch, some small alnus and oak hornbeam stands, and 
Illyrian Fagus sylvatica forests predominantly on solitary 
confinement. Besides being designated as the Natura 2000 
site, the study area also has other nature conservation sta-
tuses, namely the Ljubljana Marsh Nature Park, and an 
Ecologically Important Area of Ljubljansko barje (38).

3.3 Case study

Our case study was the Škofljica bypass project as 
planned in the National Spatial Plan (39). Its negative 
impact was primarily assessed in the corresponding Ap-
propriate Assessment (AA) (29). The Škofljica bypass proj-
ect is planned as a two-lane road with level crossings. Two 
alternatives of the bypass were assessed in the AA, name-
ly the alternative 2a and the alternative OC. The length 

Figure 1: Study area of the Natura 2000 site Ljubljansko barje in green.
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of the alternative 2a is 5421 m, while the length of the 
alternative OC is 5248 m (Figure 2) (29).

The AA was prepared by using the legally foreseen 
method. It showed that it is necessary for both alternatives 
to implement a CH for the False ringlet butterfly (Coe-
nonympha oedippus) and a few bird species, namely the 
Northern lapwing (Vanellus vanellus), the Common quail 
(Coturnix coturnix), the Corncrake (Crex crex), the Whin-
chat (Saxicola rubetra), and the Eurasian scops owl (Otus 
scops). The CH was determined for both alternatives. The 
CH in the size of 369 ha must be implemented in the case 
that alternative 2a is chosen as the most appropriate alter-
native of the bypass. If the alternative OC is chosen as the 
most suitable alternative of the bypass to be build in the 
field, the CH in the size of 216 ha has to be implemented. 
The AA proposed to locate the CH in the predominantly 
arable areas that would have to be transformed into ex-
tensive grassland (29).

It was estimated that the implementation of CH is not 
technically very demanding and that the risk multiplier 
of 1.4 should be used. The CH would need to be fully 
functional before the start of construction (29).

According to AA, the CH is foreseen in three potential 
locations, all of which are placed within the same Natura 
2000 site (Figure 2). The locations of CH were selected 

on the basis of the guidelines issued by the Institute of the 
Republic of Slovenia for Nature Conservation and the 
Slovenian Ministry of agriculture. The sizes of proposed 
areas are 180.66 ha for CH1, 143.66 ha for CH2, and 
177.75 ha for CH3. The CH (369 ha for the alternative 
2a or 216 ha for for the alternative OC) has to be estab-
lished within 585 ha of the potential locations (29). 

3.4 Model species

For our research, we selected the Whinchat (Saxicola 
rubetra) as our case study model species. The Whinchat 
is a migratory bird which dominant habitats are meadows. 
It nests on highly structured extensive meadows, espe-
cially fast-growing meadows with tall herb fringe com-
munities (e.g. 6410 Molinia meadows on calcareous, 
peaty or clayey-silt-laden soils (Molinion caeruleae); 6430 
Hydrophilous tall herb fringe communities of plains and 
of the montane to alpine levels; 6510 Lowland hay mead-
ows (Alopecurus pratensis, Sanguisorba officinalis)). It 
avoids large areas with dense scrubs, forests, intensive 
meadows, and pastures (40). It is threatened by early 
mowing (41). The Whinchat is regionally widespread in 
Slovenia (42), but its population has halved over the last 
decade (43). It is included on the Slovenian Red List and 
classified as an endangered species (E) (44).

Figure 2: Alternatives of the Škofljica bypass road project and the locations of the compensation habitat
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The Whinchat was a common breeder at the Ljubljan-
sko barje in the period from 1990 to 2000 when its breed-
ing population size was estimated to range between 1900 
and 2300 pairs (40). This represented approximately 15 
% of the Slovenian population at the time. The suitabil-
ity and quality of the site for the conservation of the 
Whinchat was classified as good (45).

We used data from the Ornithological atlas of birds of 
Ljubljansko barje (40) to estimate the current abundance 
of breeding pairs of the model species in its habitat that 
will be lost by the implementation of the bypass road plan 
and in the proposed locations of CH. Since data in the 
ornithological atlas is available for 1 by 1 km grid cells, 
the abundance of model species in the areas of proposed 
CH was estimated by overlapping and interpolation of 
data from the grid cells to selected polygones of CH (40). 

We assessed the importance of the spatial plan area and 
the areas of CH for the Whinchat by comparing the data 
on the breeding density on those areas with average den-
sity of the species on the Ljubljansko barje (37). If the 
density on the assessed study area was up to two times 
smaller as the average on the Ljubljansko barje, we esti-
mated that the habitat quality and the population size of 
the assessed area were not optimal. On the contrary, we 
estimated that both the area and the population size were 
optimal for the species. The whole assessed area was treat-
ed equaly in the sense of habitat sutiability as locations 
and sizes of the actual nesting territories of birds vary 
slightly from year to year, so accurate mapping is not ap-
propriate at this spatial level.

We estimated the difficulty of the habitat restoration/
creation of the CH (Module I) and the time needed to 

ensure the same ecological function in the CH as it was 
in the habitat lost (Module III) by using the adapted Brit-
ish DEFRA method (15).

RESULTS

In order to achieve the aim of our research, we have 
built a new multi-level system for planning compensatory 
habitats. The system is based on a three-modules built 
with multi-attribute decision model (hereinafter referred 
to as a three-modular model). 

4.1 Conceptual model

The conceptual model of the new multi-level system 
for planning CH is shown in Figure 3.

In Module I, we assess the impact that the implemen-
tation of the spatial plan could have on the model species. 
The level of the impact is based on four qualitative attri-
butes (Figure 3 and 4). The first attribute (DSS) describes 
the distribution of the model species in Slovenia. It shows 
the spatial presence of the model species on the territory 
of the country regardless of the considered spatial plan. 
This attribute indicates the potential threat to the species 
(e.g. smaller areas with the presence of the model species 
indicate higher level of its threat). The second attribute 
(SPS) brings information about the stability of population 
at the level of Slovenia regardless to the spatial plan. The 
third attribute (CSP) gives an estimation about the change 
of the population size of model species due to the imple-
mentation of the spatial plan. The fourth attribute (DRC) 
indicates the difficulty of restoring lost habitats or creat-

Figure 3: Conceptual model of the three-modular system for planning compensatory habitats
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ing a CH. The qualitative values of the attributes from the 
Module I are given in Figure 4.

The impact of the assessed spatial plan (Module I) is 
described by four levels: “avoiding” (i.e. it is not recom-
mended to implement the proposed spatial plan due to 
the high negative impact on the biodiversity even if the 
CH is implemented); “offsetting (CH)” (i.e. the impact is 
medium and it could be compensated with a CH); “mit-
igation measures” (i.e. the impact is low and can be miti-
gated with the on-site implementation of habitat modifi-
cation measures); and “no mitigation measures” (i.e. there 
is no negative impacts of the proposed spatial plan on the 
model species). The more the species is endangered at na-
tional level (assessed by attributes DSS and SPS) and the 
greater the long-term negative impact of the proposed 
spatial plan (assessed by attributes CSP and DRC), the 
more restrictive is the result of Module I. For example, if 
the spatial plan has a major impact on a highly endan-
gered model species, the Module I recommends avoiding 
the implementation of the spatial plan. If the plan’s im-
pact is assessed as low and the model species is slightly 
endangered, the Module I recommends the implementa-
tion of the on-site mitigation measures. In case that the 
output from the Module I is medium level of the impact, 
then the implementation of a CH is necessary, and its 
relative size is determined by Modules II and III. 

Module II is structured from three attributes (Figure 3 
and 5). The first attribute provides information about the 
presence and abundance of the model species in the habitats 
which would be lost by the implementation of the spatial 
plan. The second attribute describes the baseline presence 
and abundance of the model species in the areas where the 
CH could be created. The third attribute describes the bio-
logical significance and technical feasibility of the area of 
proposed CH. If the ecological conditions of proposed CH 
are similar to the area of habitat that would be lost due to 
the implementation of spatial plan, its biological signifi-
cance is higher and the construction of a CH is technically 
more feasible. The contributions of all three attributes to 
the determination of the CH’s relative size are equivalent. 
The scales of attributes’ qualitative values from Module II 
are shown in Figure 5. The output from the Module II can 
take one of the five values, namely a smaller or a larger CH 
compared to the size of the lost habitat; a CH of a size equal 
to the lost habitat; the location of the CH is not appropriate; 

and the CH is not needed. If the population size of the 
species in the lost habitat is optimal, the Module II gives a 
more restrictive recommendation (e.g. equal or larger size 
of the CH compared to the area of the lost habitat). If the 
population size of the model species is optimal in the area 
where we plan to create the CH, the output from the Mod-
ule II will propose that such location is not suitable for the 
CH, since its carrying capacity for model species is achieved 
and it would be difficult to increase it further for the num-
ber of individuals that would be expeled from the area of 
the implementation of the spatial plan. 

If the output from the Module II shows that the CH 
must be relatively larger according to the size of the lost 
habitat, the rate of increase of the CH area is further deter-
mined by the Module III. Module III is based on four 
qualitative attributes, namely the conservation status of the 
species; the time required to provide the same ecological 
functions in the CH as that of a habitat lost; the time 
needed for the implementation of the CH; and the CH 
location according to whether the CH is provided in or 
outside the Natura 2000 site concerned (Figure 3 and 6). 
The Module III provides three output recommendations: 
a slightly larger CH, a substantially larger CH than the size 
of the habitat lost due to the implementation of spatial 
plan, and the proposed CH is not feasible. Slightly larger 
means an area of a CH that is between 1 to 2 times larger 
than the area of the habitat lost, while substantially larger 
means a CH more than two times larger that the habitat 
lost. The CH is not feasible e.g. in case where the required 
time to develop the same ecological functions in the CH 
as that of the habitat lost is high. The result of Module III 
is most restrictive if the compensation of significant im-
pacts is needed for the Natura 2000 priority species and if 
it would take a long time for the CH to achieve its fully 
functionality. The restriction also increases with the dis-
tance of the CH location from the location of the habitat 
lost and when there is a time delay between the loss of the 
habitat and the establishment of a fully functional CH.

4.2 The qualitative multi-attribute 
decision models 

By using the DEXi modelling tool (37), we trans-
formed the Modules I, II and III from the conceptual 
model into three qualitative multi-attribute decision mod-
els. First, we structured the initial attributes from each 

Figure 4: Structure of the model for assessing the impact of spatial plan on selected model species (Impact assessment model/Module I). Colours of 
the attributes’ values correspond to the quality level (e.g. red – bad, black – neutral, green – good).
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module into hierarchical trees by introducing additional 
aggregated attributes and defined their qualitative value 
scales. To integrate lower level attributes into parent at-
tributes, we used utility tables which contain integration 

rules for all combinations of values of integrated attributes 
into a parent attribute. The structures of decision models 
and the qualitative values of their attributes (both initial 
and integrated) are presented in Figures 4, 5 and 6.

Figure 5: Structure of the model for assessing the suitability and relative size of compensatory habitat (Compensation habitat assessment model/
Module II). Colours of the attributes’ values correspond to the quality level (e.g. red – bad, black – neutral, green – good).

Figure 6: Structure of the model for assessing the rate of increase of the compensatory habitat area (Increase rate model/Module III). Colours of 
the attributes’ values correspond to the quality level (e.g. red – bad, black – neutral, green – good).

Table 1: The values of the input data for an individual model. A value “/” means that there was no input data.

Models Attributes
Values of the input data 

Alternative 2a Alternative OC

I

The distribution of the Whinchat in Slovenia Regional Regional

The stability of Whinchat population in Slovenia Rapidly declining Rapidly declining
The change in the Whinchat population size due to the implementation of 
the spatial plan in the Natura 2000 site concerned Low Low

The difficulty of the habitat restoration/creation of the CH Low Low

II

The Whinchat population size in the habitat lost

CH1 Optimal Non-optimal

CH2 Optimal Non-optimal

CH3 Optimal Non-optimal

The Whinchat population size in the CH

CH1 Non-optimal Non-optimal 

CH2 Optimal Optimal

CH3 Optimal Optimal

The biological value and technical feasibility of the CH

CH1 Partly comparable Partly comparable

CH2 Comparable Comparable

CH3 Comparable Comparable

III

The conservation status of the Whinchat

CH1 Endangered (E) Endangered (E)

CH2 / /

CH3 / /

The time required to ensure the same ecological function in the 
CH as it was in the habitat lost

CH1 Low Low

CH2 / /

CH3 / /

The time of the CH implementation

CH1 Before Before

CH2 / /

CH3 / /

The CH location

CH1 Within the Natura 
2000 site concerned

Within the Natura 
2000 site concerned

CH2 / /

CH3 / /
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4.3 Data 

Data describing selected case study and model species 
were collected by using the methodology described in sec-
tion Material and methods. To populate models with 
data, we discretised all data of initial attributes according 
to their selected qualitative values which are described in 
section 3.1 and 3.2. Values of input data for the model 
(Module I) for the assessment of impact of the bypass road 
plan (Figure 4) and for two models for assessment of suit-
ability (Module II) and relative size (Module III) of CH 
(Figure 5, 6) are presented in Table 1. 

4.4 Results of the assessment with the 
Multi-Level System for Planning 
Compensatory Habitats

The results of the assessment of the impact of spatial 
plan on selected model species (Module I) show that it is 
necessary to implement a CH for both alternatives of the 
bypass road (as denoted with “CH” in the top-level attri-
bute Measure in Figure 7). The input data for the Impact 
assessment model and the values of the integrated attri-
butes for both assessed alternatives are shown in Figure 7.

If the end users (e.g. investors) would not like to pro-
vide additional financial and organisational support for 
the establishment of the needed CH, they can use the 
Module I for a “what-if” analysis. This will help them to 
determine which components of the spatial plan need to 
be changed in order to have less significant impacts on the 

model species and properties of the habitats exposed to 
the impacts due to the implementation of spatial plan. In 
our case, the spatial plan should be changed in such a way 
that the value of the attribute SPS (Stability of population 
in Slovenia) would change from Rapid declining to Slow-
ly declining and the output from the Module I would 
consequently change to Mitigation measures (i.e. the im-
pact of the modified spatial plan is low and can be miti-
gated with the on-site implementation of habitat modifi-
cation without the need for a CH). Since this attribute 
involved into Module I is not directly linked to the spatial 
plan, such change cannot be achieved by modifying this 
particular spatial plan because the attribute SPS describes 
conditions of the model species at the level of Slovenia. 
The “what-if” analysis thus showed that the significant 
impacts to the Whinchat and consequently the imple-
mentation of the CH could be avoided only if the investor 
would abandon the current location of the spatial plan 
and find another location. 

Since the output from the Module I is a CH (i.e. the 
impact of the assessed spatial plan is medium, and it could 
be compensated with a CH), the suitability of proposed 
location where the CH could be developed and its relative 
size are further assessed by Module II and Module III. 
The results of Module II (Figures 8 and 9) show that the 
implementation of a CH in location CH1 would require 
larger area of CH compared to the area of the habitat that 
would be lost by the implementation of either alternative 
of the assessed spatial plan. This is due to the fact that the 

Figure 7: Results of the assessment in Module I/Impact assessment model

Figure 9: Results of the evaluation of the study case the Škofljica bypass road, the alternative OC, in Module II/ Increase rate model

Figure 8: Results of the evaluation of the study case the Škofljica bypass road, the alternative 2a, in Module II/ Compensation habitat assessment 
model
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conditions at the location CH1 are only partly compa-
rable to those at the habitat lost. Also, Module II shows 
that the locations CH2 and CH3 are not suitable for the 
implementation of the CH since the optimal size of the 
population of model species is already present at these two 
locations, meaning that the optimal carrying capacity for 
our model species has been achieved and it would be very 
difficult to increased it. For that reason, the investors 
would need to focus on the location of CH1 which has 
been recognised by Module II as a suitable solution for 
both alternatives of the spatial plan.

Because the output from the Module II (i.e. larger CH) 
is rather too general (i.e. larger CH), the output from the 
Module III gave us a more specific suggestion for how 
much the area of a new CH at the location of CH1 should 
be larger compared to the lost habitat. The results of the 
Module III (Figure 10) shows that a slightly larger CH 
(e.g. the risk multiplier takes values from 1.1 to 1.9) would 
already compensate for the significant negative impacts of 
the spatial plan with both alternatives as it was estimated 
that only short time would be needed to establish the same 
ecological function in the CH as the one at the habitat 
lost. In addition, the CH would be implemented before 
the realisation of the spatial plan and would be located 
within the same Natura 2000 site as the habitat lost. 

DISCUSSION

We have developed a new multi-level system for plan-
ning CH based on a three-modular approach. With this 
system, we increased the objectivity and transparency of 
the assessment of the impact of spatial plans on model 
species and their habitat and of the process for determin-
ing CH. With this, we made a significant contribution to 
resolving the expert challenges that are, just as proce-
dural and administrative ones, part of the AA processes. 
Also, the system described in this paper allows to easily 
search for the alternatives of spatial plans. 

Module I addresses the hierarchy of avoidance-mitiga-
tion-offsetting, while Modules II and III respond in a 
nominative way to the question of the required value of 
the risk multiplier that determines the size of a CH. 

The biggest challenge was choosing the most appropri-
ate model structure and the most suitable attributes for the 
assessment. As Kolarič pointed out (32), there is a general 
lack of baseline data for biodiversity assessments in Slove-

nia, which we also encountered in our research. Usually, 
there is a lack of suitable data about model species or such 
data are outdated or not available at all. Fortunately, our 
case study at Ljubljansko barje was very well provided with 
the required data. Due to the good availability of data, we 
had no restrictions on what attributes to use for the con-
struction of the models. In addition, good support by 
available data enabled us to perform the validation of the 
developed system before we used it for the assessment of 
the particular spatial plan described in this research work. 
According to Rayment et al (12), the use of consistent at-
tributes described with good data is one of the key points 
that contributes to preventing the loss of biodiversity when 
implementing a CH. In addition, the chosen attributes 
support the simple and easy-to-use models by users in-
volved in development of spatial plans and their realisation 
as well as by nature protection and conservation agencies. 
What is more, attributes for the assessment in this system 
were selected in a way that they ensure a transparent and 
more objective determination of the CH even if some 
baseline data are missing. In such cases, the domain expert 
provides a subjective assessment of the attributes. Moreo-
ver, data from the Natura 2000 Standard Data Form 
(SDF) can be used. However, this may influence the sub-
jectivity and transparency of the decision-making process. 
Also, the efficiency of the system is in colerration with 
quality of available input data.

We can confirm the suggestion of Jereb et al (46) that 
the involvement of experts on the ecology of model species 
brings significant contribution to the development and 
validation of the new multi-level system for planning CH. 
Experts can provide an up-to-date information that is not 
publicly available yet, help with the correct interpretation 
of the input data and evaluate the modelling results from 
both scientific and empirical experiences. This is neces-
sary and especially important for the validation of the 
models, particularly if there are not enough available data 
about the habitat properties and population size of the 
model species. 

The methodology we used for the development of the 
models helped us to reduce the subjectivity in the deci-
sion-making process (e.g. with a decision whether the as-
sessed spatial plan can be applied or not, what is the re-
quired size of a CH), but we did not manage to 
completely eliminate the subjectivity in the choice of at-
tributes and to reduce the inaccuracy of the selected data. 
Regarding the latter, we used as much data as possible 

Figure 10: Results of the evaluation of the study case the Škofljica bypass road, the alternatives 2a and OC, in Module III
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from published monitoring reports. When we used data 
provided by expert judgement, we reduced subjectivity by 
selecting experts with rich knowledge and experiences. 
However, since the amount of reliable data is always lim-
ited, the data needed for this kind of research work is most 
often a combination of monitoring reports and an expert 
judgement from experts on the model species.

Additional sources of subjectivity in multi attribute 
qualitative modelling is discretization of numeric data 
because the applied methodology is based on attributes 
with qualitative values. The largest challenge is the selec-
tion of discretization thresholds that are applied on nu-
meric data of input attributes (e.g. the value for the CSP 
is high if it means more than 51 % decrease of population 
size.) These limit values in our system follow the quartile 
classes and the international conservation definitions (e.g. 
IUCN, the British DEFRA method). However, this po-
tential source of unreliability of the model results can be 
minimised by data pre-processing and their expert inter-
pretation. As we used this approach in our case, the de-
scribed new system provides high level of objectivity of 
models’ outputs. 

Rather simple structure of the models that build our 
system is based on a short list of input data. The outputs, 
on the other hand, are very informative and useful for 
investors, developers of spatial plans and nature protec-
tion and conservation agencies (e.g. an applicability of the 
assessed spatial plan, a requirement for a CH). In addi-
tion, the developed system enables its flexible use at sev-
eral levels of decision-making (e.g., suitability of spatial 
plan, what-if analysis, selection or the relative size of CH) 
and its application is time- and cost-efficient. As Bull et 
al pointed out (10), these are the key factors for the meth-
od to be used by investors and decision-makers involved 
in biodiversity offset studies.

With the described developed system, we assessed the 
impact of two alternatives of the Škofljica bypass road to 
the Whinchat. If we compare our results with results from 
the AA for the National Spatial Plan for the Škofljica 
Bypass (29), we see that they are similar to some degree. 
We have confirmed the results of the AA that a CH is 
necessary for both alternatives of the bypass road. Also, 
our results showed that CH has to be slightly larger (e.g. 
the risk multiplier takes values from 1.1 to 1.9) in order 
to compensate for the significant negative impacts of the 
spatial plan, what was also in concordance with the results 
of the AA, where the risk multiplier of 1.4 was recomend-
ed. However, the system we developed brings additional 
results that were not discovered in the AA study. Namely, 
we found that two out of three CH locations (CH 2 and 
CH 3) are not suitable for the compensation of the Whin-
chat habitat, because the optimal size of the Whinchat 
population is already present in these locations and the 
increase of their carrying capacities to a level necessary to 
harbour population from the destroyed habitats would 
not be possible. Our study is based on a structured and 

well-organized approach with a traceable and easily re-
peatable flexible multi-level system for planning CH. This 
means that different users could come to the same results. 
The approach used in the AA is generally not as transpar-
ent and clear as the one used in our system. Another ad-
vantage of our system is also that it includes the decision 
support for the user to more objectively estimate whether 
a selected area of CH is suitable for compensating the 
impacts of spatial plans in protected areas or not. As al-
ready pointed out by Bull et al (16), the selection of the 
most suitable method for calculating a CH is not easy and 
requires the knowledge of the conditions in both the 
habitat lost and in the CH as well as clearly determining 
the conditions that new CH has to meet. 

In addition, the system also directs the evaluator to the 
more comprehensive thinking about and gathering infor-
mation on the problem. This reduces the possibility of 
overlooking any important factors that could reduce the 
quality of the decisions they have to make.

An additional benefit of the new multi-level system for 
planning CH is also the possibility to search for different 
alternatives. The evaluator can perform a “what-if” anal-
ysis by changing the values of input data in order to test 
other possible scenarios that would generate different so-
lutions. This was demonstrated with a “what-if” analysis 
in Module I where we proved that investors would need 
to find a new location for the bypass road where the mod-
el species is not present if they would not like to invest 
additional sources in the implementation of a CH. There-
fore, the system enables end-users to evaluate different 
options and helps them to choose the most optimal alter-
native of the spatial plan. 

The multi-attribute decision models, such as the one 
we developed for our multi-level system, are tools for sup-
porting the decision-making process in challenging deci-
sion-making situations when a large number of factors 
have to be considered and/or when one of many alterna-
tives has to be chosen. The computer-based tools can sup-
port building the decision model, assess alternatives, and 
offer a wide range of analyses to justify and document the 
decision, which contributes to a more quality decision and 
its implementation (46). However, such a tool cannot re-
place a decision-maker, who is still fully responsible for 
the choice of the final decision. The system only facilitates 
systematic and better-organized decision-making process 
and directs the decision-maker to use system thinking 
and comprehensive consideration of the problem at hand. 
This reduces the possibility that the end-user would over-
look the key factors that influence the final decision. 

This new multi-level system for planning CH is the 
first such tool in Slovenia that takes into account not only 
the area of the habitat lost but also habitat condition, 
habitat value and species abundance in the habitat lost 
and in the CH. Compared to the other existing methods 
(e.g. an expert judgement; simple models based solely on 
the surface area of a lost habitat), our system is clearly 



A multi-level system for planning compensatory habitats as a new tool to prevent biodiversity	 Renata Rozman et al.

Period biol, Vol 123, No 1–2, 2021.	 17

methodologically defined and potentially more accurate, 
but still easy to use. However, its reliability still depends 
on the quality of the input data. It is comparable with 
other modern international multi-attribute methods for 
determining the risk multiplier and the size of a CH, such 
as the British DEFRA method (15) and the Australian 
habitat hectare method (47). 

This research provides a clear demonstration of the pos-
sible use of the new multi-level system for planning CH. 
The application of the system presented in this paper makes 
an exceptional contribution to the enhancement of the 
quality of the AA and contributes to preventing biodiver-
sity losses already in the planning phase. At this stage, the 
system was tested on a bird model species, but it seems that 
it could be included in the process of the AA for species 
generally, as well as provide decision support about habitats. 
We tested the suitability and usefulness of the system for 
the Natura 2000 sites, but we believe that the system can 
also be used in other types of nature conservation areas as 
well as in unprotected areas with high natural value. In the 
near future, the applicability of our new multi-level system 
for planning CH on other species than birds is foreseen. 
Also, its use in the CH pilot areas, as it has been done in 
Great Britain (14), should be established to verify the con-
clusions on the field. This would provide us with addition-
al useful empirical data only on which, according to Ray-
ment et al. (12), should the risk multipliers be based.

Our findings strongly suggest that this system should 
significantly improve the CH designation procedure. 
However, other elements of the CH implementation pro-
cedure such as transformations of land use for CH, in-
volvement of stakeholders, management, monitoring, 
costs, etc. (9, 18, 22, 23) can also strongly influence the 
success rate of the CH implementation and reaching the 
objective of no net loss of biodiversity. A future develop-
ment of our system should take into account also those 
attributes to enhance its value of beeing a comprehensive 
tool in offsetting and habitat compensation. 
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