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ABSTRACT 

 
This paper presents an integrated geographical (‘spatially explicit’) and multivariate approach to address 
complex planning situations for wildlife conservation and assist decision-making. Geographic 
Information System (GIS) and Analytic Hierarchy Process (AHP) were combined and applied to 
ecological and decisional variables and their association with known occurrences of barn owls (Tyto alba) 
in an area of Wales (UK).  The output is presented as geographic distribution maps showing the 
environmental conditions that are potentially suitable for the species and ‘heat maps’ for the benefit of 
decision-making process. The application of the AHP allowed a detailed understanding of how the 
relative importance of each variable was elicited. This is paramount to define a fully understandable 
framework of decision-making that can be easily readapted to different geographical scenarios and with 
different species. 
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1. Introduction 
Biodiversity is considered critical to the survival of human beings (MA, 2005). Yet it may be undergoing 
a period of mass extinction for the sixth time in the history of life on this planet, which is a result of 
human activities (Barnofsky et al., 2011; Crutzen, 2002). In 1992, nations gathered in Rio de Janeiro to 
sign the Convention on Biological Diversity, an agreement to halt the decline in biodiversity and in 2002 
set a target date of 2010 to achieve that aim. Significant causes for the decline include habitat loss, land 
use change, fragmentation and climate change (MA, 2005; Opdam & Wascher, 2004) and by 2010 

                                                           
∗ Corresponding author 



Proceedings of the International Symposium on the Analytic Hierarchy Process 2013 
 

 2

declines in biodiversity were still in evidence (Butchart et al.., 2010), requiring a new Strategic Plan for 
Biodiversity 2011–2020 to be agreed at the 10th Conference of the Parties to the Convention on Biological 
Diversity (CBD) in Nagoya (Diaz et al., 2012). 
There are many reasons for the failure to achieve the 2010 target, ranging from global geo-politics 
(Spierenburg, 2012) to lack of funding (Margules & Pressey, 2000) but it has become increasingly 
apparent that, in order to attain the new target, to halt biodiversity loss by 2020, a more effective and 
integrated approach is required to the conservation of biodiversity, with delivery more closely linked to 
strategic planning (Diaz et al., 2012). Two of the most significant challenges for delivery of biodiversity 
conservation are the inherent uncertainties over the most cost-effective approach (Sutherland et al., 2009) 
and the emerging issue of scale mis-match (Cumming et al., 2006; du Toit, 2010). 
The problem of working at different scales for planning and delivery is especially important when 
considering the need to move away from a protected areas approach to conservation to one in the wider 
ecological landscape (eg Lawton et al., 2010) and when delivery resources are limited (Guerrero  et al., 
2012). Mindful of the current (global) economic climate, the estimated sums of money required to deliver 
the ‘Aichi’ targets – several hundreds of billions of US dollars to address the drivers of biodiversity loss 
and ecosystem restoration, for instance (Sukhdev et al., 2012) – may be unattainable in the relatively 
short term, heightening the need for a planned and strategic approach to the use of scarce resources. 
Such an approach needs encompass not just biological considerations but social and economic ones also 
(Guerrero et al., 2012), and conservationists are beginning to incorporate hitherto excluded but critical 
factors such as the willingness of land managers to be engaged (Knight et al., 2011) in their approaches to 
mapping conservation opportunities. That the land managers who will be responsible for delivery and 
maintenance of biodiversity action outside of protected areas may be more inclined to be engaged more 
with species actions rather than habitats, and at the same time face potentially significant financial 
challenges themselves (Mir and Dick,2012) makes this consideration more vital.  
These types of complex analyses call for a multi-criteria approach and require a 'spatially explicit' 
representation of the results. Various multi-criteria methodologies are available for this purpose (see for 
example the work by Funtowicz, Munda and Paruccini, 1990 and Munda, 2004), the choice of method to 
adopt depends on the nature of the issues, and the approach considered. In particular, as suggested more 
recently by various authors (e.g., Şener et al., 2010; Kara and Doratli, 2012; Fusco Girard, Cerreta & De 
Toro, 2012), the Analytic Hierarchy Process (AHP) has been successfully integrated with the GIS tools to 
allow decision-making to go beyond the simple overlay of different themes through pairwise comparisons 
of the criterion established for each hierarchical level. The AHP seems to stand out from the mass of 
multi-criteria approaches for its potentials in decision making applications and has been applied to several 
complex decision-making problems (Saaty and Zoffer, 2011), especially in public decision-making 
(Liberatore and Nydick, 2008) but also for budget allocation (Tarimcilar and Khaksari, 1991) and very 
practical applications, such as medical device purchasing (van Til, et al., 2008). 
On the other hand, 'spatial' representations are nowadays commonly performed in a Geographic 
Information System (GIS) environment, and the recent literature is constellated by examples of GIS 
applications in many fields (see for example Campagna, 2006; Wise & Bettinger, 2008; Imam & 
Kushwaha, 2013). The integration of multi-criteria methodologies with GIS tools is not uncommon and 
has been auspicated and tested already in the past by several authors with more or less success (e.g., 
Carver, 1991; Chen, Blong, and Jacobson, 2001; Malczewski, 1999 and 2004).    
For this reason the present study aims to perform an integration of AHP with GIS tools to manage 
wildlife conservation issues in their entirety, using the Barn Owl (Tyto alba) distribution in Wales (UK) 
as a case study (see Materials and methods for more details). 
 
2. Materials and methods 
2.1 Study area 

The region of study encompasses the Biodiversity Information Service (BIS) area which is one of the four 
Environmental Local Record Centres that seamlessly cover Wales and includes Brecon Beacons National 
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Park, Brecknockshire, Radnorshire and Montgomeryshire (see Figure 1).  It is one of 70 records centres 
of its kind to house biodiveristy information in the United Kingdom (BIS 2008).  With permission from 
BIS and Brecon Beacons National Park, a database of all barn owl observation records was provided for 
this analysis. 
 

 
Figure 1. Study area.  

 
2.2 Barn Owl 

The species used for this study is the barn owl (Tyto alba). This species is of conservation concern and is 
currently dependent upon the actions of land managers. Barn owls are found across the world but have 
suffered a significant decline in numbers, especially across Europe, over the latter part of the last century 
which (Batten, et al., 1990; BirdLife International, 2004). The decline has mainly been due to loss of 
foraging habitat and possibly both the loss of nesting sites and the impacts of ingestion of rodenticides 
(Dadam et al., 2011). These are factors closely related to the economy of the enterprise which maintains 
the land use which barn owls primarily occupy: agriculture. In the UK, over the last couple of decades 
considerable effort has been expended on increasing the numbers of barn owls by a variety of means, 
including captive breeding and release programmes and habitat improvements. Limiting factors to 
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obtaining a sustained and sustainable increase in the numbers of barn owls may include inadequate 
amounts and quality of foraging habitat, (and related to that) numbers of prey, loss of suitable nesting 
sites (Taylor, 1994), continued use of rodenticides, the proximity of roads (Ramsden, undated) and 
unfavourable weather patterns (Dadam et al., 2011). Other variables for consideration include the 
propensity for landowners to accept or not the presence of barn owls on their land, the impacts upon the 
profit-margins of the (generally) farms upon which conservation programmes are undertaken and the 
achievability of that action, the proximity and presence of other barn owls and direct competitors and the 
availability of funds with which to enable the necessary changes to management of the land (Askew,  
Searle, & Moore, 2007). All of these variables vary in intensity across the landscape, and may vary in 
their relative importance similarly. In order to best facilitate the strategic targeting of limited resources 
(money, expertise and time) conservationists may benefit from a simple but robust spatially interactive 
method of taking account of and weighting those variables in order to identify the priority areas for action 
(Margules & Pressey, 2000; Naidoo & Ricketts, 2006). 
 
 
2.3 GIS methodology 

All the input data for the GIS analysis were resampled to a  30 metres resolution for the study. All of the 
original species and raster data were created in ESRI's ArcGIS 10 software (ESRI, 2013).  Datasets 
included: 
 - Digital Elevation Model (DEM) (USGS):  This data was downloaded from United States Geological 
Survey (USGS) SRTM (USGS, 2013) at a 30 meter resolution.   
 - Aspect (Derived from USGS): This dataset was produced with ArcGIS 10's Spatial Analyst extension 
using the DEM as input.   
 - Major roads (from Ordnance Survey Strategi - OS, 2013). 
 - Historic Barn Owl locational data (from BIS). 
 
 
2.4 AHP methodology 

Several factors considered relevant to maintain the number of owls were identified and discussed with 
three experts with different background and a hierarchy of factors was developed (Figure 2). 
 

Availability of specific funds

Possible revenue (touristic/naturalistic activities)

Maintaining Stability of farm income
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Figure 2: hierarchy of factors that affect the number of owls. 
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According to this hierarchy, questionnaires were developed to estimate the priority of each factor and 
factor category (Figure 3). Since in each node of the hierarchy there were not more than three factors, 
only 5 judgments were used (Pecchia et al., 2013). These were then quantified using the Saaty natural 
scale (Saaty, 1994). 
 
 

Landowner’s commitment is 
much 
more more equally less much 

less 
Important 

than
Maintaining Stability of farm income 

Maintaining Stability of farm income is 
much 
more more equally less much 

less 
Important 

than
Possible revenue (touristic/naturalistic activities) 

Possible revenue (touristic/naturalistic activities) is 
much 
more more equally less much 

less 
Important 

than
Landowner’s commitment 

  
Figure 3: questionnaire layout. 

 
Five experts with different background answered to the questionnaire: an etiologist, an ecologist, an 
agriculture consultant, a spatial analyst and an environmental scientist. A consistency ratio (CR) less than 
0.1 was adopted. Inconsistencies were discussed with respondents individually. Finally, consensus was 
achieved among respondents by discussing the achieved results. 
 
2.5 GIS-AHP integration 

The scores obtained from the AHP method were linked to the variables to be used for the spatial 
representation.  The relative importances of the six Environmental and Demographic factors were used to 
weight the GIS database variables. Since “maximum density of owls in the area” was a reserved 
information, the remaining five factors were utilized after being normalized to one, according to the 
distributive mode.  
 

 
Figure 4. Environmental variables considered for the AHP weighting and GIS calculation. 
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Each variable available as a raster dataset was weighed by the AHP score and a summative map was 
produced by using the Weighted Sum tool available in the Spatial analyst toolbox of ArcGIS 10. The tool 
weighs and adds multiple raster to create a new output. The resulting map was represented with a 
chromatic scale associated with the level of importance of the sum of the variables. The graphic 
representation used also exclusion zones for those areas that are ecologically not suitable for the species 
considered. In particular, elevation higher than 700 m above sea level (asl) which are represented by the 
colour white in the map. The variables included in the GIS calculation are shown in Figure 4.  
 

3. Results and discussion 
The relative importances of all the categories of factors are reported in Table 1. 
 

Table  1. Relative importance of categories of factors included in the questionnaire (CR<0.1). 

Factor Relative importance 
Economic 0.28 

Contextual 0.23 

Environment  0.28 

Demographic 0.21 
 
 
The local and the global relative importances of each factors are reported in Table 2. 
 
 

Table  2. Local and Global weights of all the factors used in the questionnaire (CR<.01). 

Economic Local Weight Global Weight 
Landowners interests – Stewardship 0.37 0.10 
Cost of forgone choice  0.37 0.09 
Program costs 0.26 0.09 

Contextual   
Constrains due to the existing legal and policy context 0.31 0.07 
Possibility to influence the existing legal/policy context 0.32 0.07 
Potential to change local opinion (synergy or additionality) 0.36 0.08 

Environment   
Existing site quality (nesting & feeding) 0.35 0.10 
Proximity to roads 0.38 0.11 
Probability of poor winters (e.g., north-facing, high altitude) 0.27 0.08 

Demographic   
Maximum density of the area 0.45 0.09 
Contribution to the local population of barn owls 0.32 0.07 
Historic records of barn owl presence 0.23 0.05 

 
The AHP method allowed the quantification of the relative importance of the factors that, according to the 
experience of the respondents, affect the number of owls in the region. This is particularly important to 
facilitate the discussion with stakeholders that are responsible for the development of future regional 
plans for the maintenance of species at risk. 
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In particular, the environmental and demographic factors that, according to respondents experience, affect 
the number of owl in the identified region, were weighted and, once normalized using the distributive 
mode, utilized to weight the corresponding information available in the GIS database. This allowed the 
development a GIS approach that was able to produce outputs such as the map shown in this paper (see 
Figure 5). This can be very valuable because allows the matching and/or comparing of 'aprioristic' 
knowledge on selected species with local environmental and demographic information. This can be 
particularly valuable to develop more effective local plans using general and local knowledge. 
 

 
Figure 5. Weighed map of experts' priorities for Barn Owls conservation in the study area. 

 
 
Figure 5 presents the GIS output of the combined AHP/GIS approaches for the environmental variables 
considered (see fig. 4 too). The map highlights the relative greater weight of the distance to road as a 
variable for the questionnaire respondents. The sum of the weighed variables shows how areas to focus on 
could be easily marked by considering this simple analysis. It is recognised that the method needs further 
development in order to avoid variables (ecological or specialist) misinterpretation (e.g., the apparent 
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inverted importance of elevation). However, the method does allow for several iterations and localised 
outputs to be produced, so to avoid either false double counting and/or expert corrections.  
With limited resources available for conservation actions (Margules & Pressey, 2000) and the timescale 
for effective delivery urgent (MA, 2005) it is vital that a cost-effective strategic approach is adopted. It is 
increasingly recognised that future conservation efforts need to be more carefully considered, and that a 
raft of delivery mechanisms are required. The provision of species/habitat suitability maps is important 
but equally importantly many species and habitats are potentially reliant upon the interest, engagement 
and capabilities of private land owners and managers. There is an overwhelming need, therefore, to 
embrace an understanding of the costs and benefits incurred by (Naidoo & Ricketts, 2006) and the 
willingness to be involved (Knight et al., 2011) of the land-owners and managers. Further complexity is 
added when there is a need to consider the potentially intrinsically different values that conservationists 
and land-managers may place upon biodiversity and the need for conservation. 
Previously much of this information would take considerable time and resources to acquire in a 
meaningful way. The AHP approach, requiring as it does a relatively quick but robust method of 
capturing the different values of the different stakeholders, enables a ‘values-neutralising’ consideration 
of the essentially important variables which may define the eventual success or failure of a process of 
conservation actions. Interestingly, the sole engagement with the AHP process and the construction and 
completion of the questionnaire for this study, did lead to a deeper understanding of the potentially 
different values expressed by the different stakeholders. This will inevitably lead to more sympathetic and 
pre-emptive consideration of what may at first not appear to be significantly limiting factors in the 
delivery of conservation actions. Furthermore, a significant advantage over a purely biological suitability 
mapping approach is that the importance of those non-biological considerations may be brought to the 
fore when delivery is hampered by them. As a result, factors such as the (perceived or actual) difficulty of 
accessing support funding or resources, or indeed, the actual in/adequacy of those support mechanisms 
may be highlighted, allowing the consideration of hypothetical changes that may be sufficient to 
overcome those blockages. This would enable resources to be more effectively targeted at the most 
important blockages at that time, such as policy change. 
 
4. Conclusions 
The application of the AHP method makes possible to produce weights for the considered criteria, which 
can then be combined within a GIS environment to produce 'priority maps' that can be used to guide 
efforts to focus conservation and reintroduction for the species considered.  
The method is at its early stages of development and needs further work, particularly its synergy with the 
GIS environment, but shows potential to constitute a useful tool for decision making in conservation 
issues. In particular, the AHP method has the potential to facilitate the discussion with stakeholders for 
the definition of new and more effective environmental plans, adapting 'aprioristic' knowledge to specific 
local characteristic. This can be particularly valuable to develop local, specific plans. Furthermore, once 
fully developed, the same method can be easily applied to different species and/or in different regions.  
Delivery of conservation actions is going to be increasingly reliant on partnership and trust between all of 
the most important stakeholders and either the removal of conflicting goals or the enhanced synergy of 
complementary goals. A properly undertaken AHP process may enable this to be achieved. 
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