
Rosefielde, Steven

Article

Modelling natural capital: A proposal for a mixed multi-
criteria approach to assign management priorities to
ecosystem services

Contemporary Economics

Provided in Cooperation with:
University of Finance and Management, Warsaw

Suggested Citation: Rosefielde, Steven (2020) : Modelling natural capital: A proposal for a mixed
multi-criteria approach to assign management priorities to ecosystem services, Contemporary
Economics, ISSN 2300-8814, University of Finance and Management in Warsaw, Faculty of
Management and Finance, Warsaw, Vol. 14, Iss. 1, pp. 22-37,
https://doi.org/10.5709/ce.1897-9254.330

This Version is available at:
https://hdl.handle.net/10419/297462

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.5709/ce.1897-9254.330%0A
https://hdl.handle.net/10419/297462
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


www.ce.vizja.pl

22

This work is licensed under a Creative Commons Attribution 4.0 International License. 

Investment in natural capital is increasingly necessary and urgent considering the increasing loss of global bio-
diversity and the associated social and economic losses. Ecosystem services are tools for quantifying the stock 
of natural capital and there is great concern about their assessment and valuation. However, there remains a 
substantial gap between the large amount of information available about ecosystem services and the infor-
mation required to support decisions and this undermines the efficiency of their management. Multi-criteria 
analysis techniques can be very useful to efficiently develop decision-making processes to properly channel 
investment and optimize the costs associated with conservation. This paper proposes an innovative mixed 
methodology for multi-criteria analysis to assign priorities to ecosystem services in protected areas in terms of 
importance and vulnerability. The model was applied by a group of experts to prioritize 20 ecosystem services 
in the Ordesa and Monte Perdido National Park. In order to collect and analyze the individual valuations, a 
mixed method of Analytic Hierarchy Process (AHP) and Goal Programming (GP) was used, and to aggregate 
the valuation criteria, a Joint Relevance Index (JRI) was used, which presents the relative importance of each 
service in an aggregated way. The results show that conservation policies should be primarily directed towards 
lifecycle maintenance and water conditions. Depending on the vulnerability of the services, conservation poli-
cies should be channeled towards provisioning services related to wild animals and wild plants. Considering 
the relative importance of services in the park, priority should be oriented to lifecycle maintenance, water 
conditions and intellectual interaction with the environment.

1. Introduction 1. Introduction 
The economic aspects of ecosystems were first stud-

ied in the early 1990s. Some concepts such as “natural 
capital”, “ecosystem services” and “valuation of envi-
ronmental services” began to acquire relevance, given 
the growing loss of biodiversity worldwide and the so-

cial and economic losses that this entails (Costanza & 
Daly, 1992; Costanza et al., 1997; Öberg & Alexande, 
2019). Natural capital can be considered to be any 
stock that generates a flow of useful goods and services 
or natural income over time (Costanza & Daly, 1992). 
“On the other hand, natural capital can be considered 
as a set of natural resources or services that need to be 
consciously managed, but that can be used in standard 
cost-benefit calculations” (Missemer, 2018). 

Currently, about $52 billion a year are spent on 
conservation projects around the world, mostly from 
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public funds and philanthropists. The Credit Suisse 
Group provides an estimated $300-400 billion per year 
needed to preserve the health of terrestrial ecosystems 
and oceans, and therefore, also the Earth’s stock of 
natural capital in the form of air quality, water qual-
ity and biodiversity. To meet this need for funding and 
to be able to preserve our precious ecosystems would 
require an additional capital of between 200 and 300 
billion dollars (Huwyler et al., 2016). In order to cover 
this financing gap, attracting private capital may be an 
interesting solution, but it would be necessary to count 
on risk-adjusted returns on investment ratios (Rautera 
et al., 2018). In this sense, efficiency is not only advis-
able, but essential, as it is the only guarantee for in-
vestors that things are being done well. Investment in 
natural capital must be seen as an investment and not 
an expense, and although in absolute terms this seems 
very high, if we consider the value of the contribution 
of environmental services, in relative terms, they are 
not so high. Considering that carbon sink services and 
crop pollination have been valued at $2 trillion and $6 
trillion (Balmford et al., 2002). In this sense, Balmford 
et al. (2002) estimated that the total cost-benefit ratio 
of an effective global program for wildlife conservation 
is at least 100:1.

Concern about the analysis of conservation costs to 
ensure efficiency in the conservation of natural capital 
is reflected in the 10th Conference of the Parties to the 
Convention on Biological Diversity, in Japan (UNEP, 
2010). This convention set 20 conservation objectives 
considering the costs of actions to be undertaken, 
including improvements in programs to improve the 
status of endangered species. These data seem to indi-
cate that a consensus has been reached in the scientific 
community on the need to consider costs throughout 
the systematic conservation process and at all levels 
(Bayramoglu et al., 2018). 

Following the conservation systematics of Margules 
and Pressey (2000), efficiency in the conservation of 
natural capital can be addressed with two approaches: 
where and how to invest. The analysis of efficiency 
from the first approach is based on investment in ar-
eas of exceptional ecological value, where less effort 
would be required to obtain the same results in terms 
of conservation. From the first Conference of the Par-
ties in Rio in 1992 to the objectives set in Aichi for the 
period 2011-2020, conservation goals have been set in 

terms of protected areas. Currently there are 202,467 
protected areas in the world, covering almost 20 mil-
lion km2 or 14.7% of the planet’s land area, without 
considering Antarctica, which means that we are not 
far from reaching the target of 17% set in Aichi by the 
Convention on Biological Diversity (Jones et al., 2018). 
The setting of these goals was a fundamental first step 
to establish international commitments to protect wil-
derness areas. However, it was not until the beginning 
of the century that attention began to be paid to the 
efficiency of the designation of protected areas. The 
analysis of efficiency from the second approach: how to 
invest, can also be explained by answering the question 
“are resources being allocated optimally for conserva-
tion in these areas?”

The problem of allocating resources for the imple-
mentation and development of conservation actions, 
once an area has been protected, is another important 
issue for efficiency analysis (Tsaurkubule, 2017; Yang & 
Grigorescu, 2017). In order to do this, firstly, it is nec-
essary to identify and measure what we have to con-
serve, and secondly, where the economic resources are 
going to be channeled (Guaita et al., 2019a; Martin et 
al., 2019). In other words, first measure, and then de-
cide. In this sense, multi-criteria analysis techniques 
for decision making have been successfully used to pri-
oritize resources in natural resource conservation, due 
to their capacity to add different attributes for a single 
joint result (Pérez-Rodríguez et al., 2018). In addition, 
these techniques are particularly suitable for the man-
agement and design of public policies due to their ca-
pacity to develop participatory processes, guaranteeing 
their transparency and generating useful information 
for decision making (Brauers, 2018; de Castro-Pardo & 
Urios, 2017; Guaita et al., 2019b; Roy et al., 2019).

Ecosystem services (ESs) are the key conceptual tool 
for developing an ecologically based theory of natural 
capital. In other words, they constitute the bridge be-
tween Ecology and Economy when referring to the eco-
logical capacity to sustain economic activity (Gómez-
Baggethun & de Groot, 2007). Therefore, the valuation 
of ESs in protected areas makes it possible to quantify 
the natural capital in an efficient manner since, in these 
places, the relative importance of environmental ser-
vices is greater than in other places. On the other hand, 
the prioritization of environmental services ensures the 
efficiency of decision-making processes. This would 
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permit, among other things, the optimal channeling 
of resources for space management towards the most 
important or vulnerable services.

The objective of this work is to propose a methodol-
ogy that uses a mixed multi-criteria analysis technique 
to define the priorities for the management of ESs, to 
aid decision-making processes and to define efficient 
conservation policies in protected areas. The main con-
tribution of this work is the proposal of a methodology 
to prioritize environmental services applicable to pro-
tected areas of the world, to optimize governance pro-
cesses and efficiently channel resources for their con-
servation. In the second section theoretical framework 
is presented, in the third section the methodology, in 
the fourth section the results and their discussion and 
in fifth section the conclusions are provided.

2. Theoretical Framework2. Theoretical Framework
The valuation of environmental services is becom-
ing increasingly important in our society. Ecosystems 
provide a range of services that are essential for human 
well-being, health, livelihoods and survival (Costanza 
et al., 2014; Sengupta et al., 2017) and both their assess-
ment and valuation are considered increasingly neces-
sary for their proper management. At a global level, 
the Strategic Plan for Biodiversity, based on the Aichi 
objectives (UNEP, 2010), sets the valuation of biologi-
cal diversity and its dissemination as one of its prior-
ity axes. Within this framework, the World Bank has 
created a working group called Wealth Accounting and 
the Valuation of Ecosystem Services (WAVES), which 
develops studies on wealth accounting and the valua-
tion of ESs, in addition to valuing the environmental 
wealth of countries in terms of health. 

In the scientific field, the study of the valuation of 
environmental services has increased considerably in 
the last decade (Costanza et al., 2017). Some works 
have analyzed and developed different valuation meth-
odologies (Maes et al., 2015; Maes et al., 2016) or have 
developed indicators for their measurement (Lee & 
Lautenbach, 2016; Maes et al., 2016). Other works have 
developed and applied different mapping techniques 
(Maes et al., 2014; Martínez-Harms & Balvanera, 2012; 
Burkhard et al., 2018; Walz et al., 2019). The valuation 
of environmental services in protected areas adds value 
to their management in terms of efficiency, since in pro-
tected areas there is a greater concentration of natural 

capital than in other places and generally a better state 
of conservation and therefore, greater production ca-
pacity. Thus, studies on the valuation of environmental 
services in protected spaces are increasingly frequent 
(Heagney et al., 2018; LUC, 2015; Marta-Pedroso et al., 
2016; Martín-López et al., 2011; Mayer & Woltering, 
2018; Swemmer et al., 2017) 

Although all these studies show a growing demand 
for information regarding the impact of decisions on 
ESs and human benefits, there is still a substantial gap 
between this research and the information required 
to support decisions (Uhde et al., 2015; Olander et 
al., 2017; Bildirici & Özaksoy, 2019). Therefore, multi-
criteria decision analysis methods have been promoted 
as an alternative approach to monetary economic 
valuation of ESs in a cost-benefit analysis framework 
(Saarikoski et al., 2016) and several works have been 
developed that analyze these techniques. Aznar et al. 
(2014) proposed a mixed multi-criteria model to ob-
tain an indicator of the Total Economic Value of an 
environmental asset based on its individual compo-
nents and applied it in the wetlands of Eastern Spain. 
Estruch-Guitart and Valls-Civera (2019) used the Ana-
lytic Multicriteria Valuation Method to assess the ESs 
of a park in Spain. Martín and Mazzotta (2018) showed 
the usefulness of multi-criteria techniques to support 
the valuation of non-monetary SEs and compared the 
results of four aggregation methods: Global and Lo-
cal Multi-attribute Scaling, the Analytic Hierarchy 
Process, and Compromise Programming. Kenter et al. 
(2016) demonstrated the importance of deliberative 
methods, including for the monetary valuation of ESs. 
Saarikoski et al. (2019) used these techniques to add the 
ESs provided by peatlands in Finland in participatory 
processes. Although there are more and more studies 
that use multi-criteria techniques to aggregate ESs in 
monetary and non-monetary valuation processes, to 
date, no methodology has been proposed to prioritize 
environmental services in protected areas.

3. Materials and Methods3. Materials and Methods

3.1. Study Area  3.1. Study Area  
The Ordesa and Monte Perdido National Park 
(OMPNP) (Parque Nacional de Ordesa y Monte Per-
dido) is a protected area located in north-eastern 
Spain, in the Spanish Central Pyrenees. The OMPNP 
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was originally declared a National Park in 1918 and 
extended in 1982. Among other international recog-
nitions, the park is an area of Special Protection for 
Birds, ZEPA (1988), Biosphere Reserve (1977) and 
UNESCO World Heritage site (1997). The National 
Park covers 15,608 ha and has a peripheral protection 
zone of 19,679 ha. Its demarcation includes territories 
in 5 municipalities in the province of Huesca: Torla, 
Fanlo, Puértolas, Tella-Sin and Bielsa, although with-
in the National Park there is no population nucleus 
(Benito-Alonso, 2010).

The mountainous landscape is nestled in a lime-
stone massif, with a structural relief shaped by the pas-
sage of powerful glaciers and highly developed karstic 
erosion, which prevents water flowing on the surface, 
meaning that there are no large lake formations. There 
is a large altitude difference of 2,655 m. and one of 
its most outstanding features is the presence of large 
limestone cliffs, which can exceed 1,000 m in height 
(Benito-Alonso, 2010). Traditionally, the OMPNP was 
a grazing area where one could observe a rural way of 
life that was prevalent in the mountainous regions of 
Europe in the past, and which has only been conserved 
intact throughout the twentieth century in this part 
of the Pyrenees. Its anthropogenic landscape is made 
up of villages, farms, fields, high-altitude pastures and 
mountain roads. However, today its main economic 
activity is tourism. Other traditional rural activities 
have been relegated to the background. The continued 
decline of extensive livestock activity, mainly sheep 
farming, since 1995, is especially striking (Bernués & 
Olaizola, 2012). The territory’s main socio-economic 
problem is depopulation and currently the area has a 
population density of less than 4 inhabitants/km2. This 
means, among other things, that traditional land-use 
decline is being changed into extensive forest recov-
ery and the loss of “cultural landscapes” (García et al., 
2012).  

3.2. Methodology3.2. Methodology
The proposed methodology follows a structured pro-
cess with 5 stages: (a) selection of the participants in 
the process and identification of the ecosystem ser-
vices, (b) design of a questionnaire and collection of 
individual preferences about each service according 
to its importance and vulnerability in the natural area, 
(c) treatment of inconsistencies in individual ratings, 

(d) aggregation of individual ratings into a joint solu-
tion for the importance criterion and a joint solution 
for the vulnerability criterion and (e) obtaining a Joint 
Relevance Index (JRI) to obtain a final rating that con-
siders both the relative importance and the vulnerabil-
ity of each service. 

3.3. Selection of Participants and Identification 3.3. Selection of Participants and Identification 
of Servicesof Services
The selection of participants was based on two crite-
ria: representativeness and good knowledge of the en-
vironment. Representativeness refers to the ability of 
each participant to provide the focus or point of view 
of a group of people with common interests. Good 
knowledge of the environment is essential, as the ques-
tionnaire requires in-depth knowledge of the territory. 
It is therefore recommended that the participants be 
local inhabitants with a high level of knowledge about 
the environment and/or technicians in the protected 
area. 

The identification of environmental services should 
follow an international classification. This is important 
so that the results are comparable with those of other 
protected areas in the world and for long-term moni-
toring of their evolution.

To identify the ESs, it is advisable to use a delib-
erative process, so that different approaches can be 
exchanged and discussed. The results of the process 
should be collected in a database which will serve to 
generate a pool of information from which the ques-
tionnaire to collect the valuations will be designed.

3.4. Survey Design and Collection of 3.4. Survey Design and Collection of 
Individual ValuationsIndividual Valuations
In order to collect the data, a Saaty type paired com-
parison survey was used, in which an assessment is 
required for each pair of ESs based on two criteria: 
importance and vulnerability. The relative importance 
of an ES in this protected space compared to the rest of 
the ESs. Vulnerability refers to its propensity to suffer 
damage or losses that are very likely or probable in the 
medium term.

The Analytic Hierarchy Process (AHP) considers 
individual preferences and valuations via value judge-
ments about the relative importance of the criteria 
and the alternatives taken by pairs. This methodol-
ogy is based on three stages: modelling, valuation, 
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and prioritization and synthesis (Saaty, 2001). In the 
modelling stage, the criteria and problem alternatives 
are identified and organized according to a hierarchi-
cal structure. In the assessment stage, the preferences, 
tastes and desires of the actors are collected through 
the judgments included in the so-called matrices of 
paired comparisons (Moreno- Jiménez, 2002). Finally, 
in the stage of prioritization and synthesis, local, global 
and total priorities are obtained.

In order to obtain a hierarchical structure of the ESs 
to be assessed, each participant was offered the option 
of expressing their intensity of preference, on a Saaty 
type scale with 1–9 points (2001), about a pair of ESs 
according to their importance and vulnerability. When 
two ESs have the same importance or vulnerability, a 
score of 1 is assigned to that comparison, while a score 
of 9 indicates the absolute importance or total vulner-
ability of one ES over the other.

3.5. Analysis and Correction of 3.5. Analysis and Correction of 
InconsistenciesInconsistencies
Although AHP is very useful for collecting subjective 
preferences, individual assessments are often inconsis-
tent. In this case, when the number of participants in 
the process is a small, loss of information should be 
avoided. Saaty set acceptable consistency when the 
consistency ratio (CR) is equal to or less than 0.10 
(Saaty, 2001). However, in pairwise comparisons, 
primary results frequently have a Consistency Ratio 
greater than 0.10, as judgment calls have innate sub-
jectivity. 

This paper proposes the use of a method of Goal 
Programming (GP) to correct inconsistent primary 
results. GP is a linear programming technique used 
to solve complex problems related to the optimization 
of natural resources. GP finds compromise solutions 
that may not fully satisfy all the goals but do reach 
certain satisfaction levels set by the decision-maker. 
For this purpose, an objective function and some limi-
tations are defined. The constraints of the model are 
formed by the relationship between the objective of the 
achievement level for each attribute with this attribute 
linking itself through negative and positive deviations. 
Moreover, another constraint must be added to make 
the real solution of the problem possible.

To correct inconsistent matrices (CR<0.10), the Ar-
chimedean GP model based on González-Pachón and 

Romero (2004) was applied as indicated in equations 
1–5.

                                                                                   (1)

                                                                                     (2)

                                                                                      (3)

                                                                                   (4)

                                                                                      (5)

Where:
nl

(1) and pl
(1)  are the negative and positive devia-

tions of the goal, respectively, for the constraints 
that ensure the condition of similarity in the posi-
tion l, ns

(2) and ps
(2) are the negative and positive de-

viations of the goal, respectively, for constraints that 
ensure the condition of reciprocity in the position s, 
and nt

(3) and pt
(3) are the negative and positive devia-

tions of the goal, respectively, for constraints that 
ensure the condition of consistency at position t.

mij are the components of the matrix M for each 
pair of criteria.

wij are the components of matrix W, formed by 
the weights that represent the most similar weights 
to the components of the original M matrix for each 
pair of criteria ij. 

Let M=(mij)ij a general matrix given by a partici-
pant, there is a set of positive numbers, (wl…wn),  
such that mij=      for every i,j=1,…,n.

As a result, consistent matrices are obtained that 
are as similar as possible to the original ones, ful-
filling the conditions of similarity, consistency and 
reciprocity required by matrices built using pair-
wise comparisons. This model has already been 
successfully applied to correct inconsistencies in 
paired matrices for planning in protected areas (de 
Castro et al., 2019).

3.6. Joint Assessments for the Importance 3.6. Joint Assessments for the Importance 
Criterion and for the Vulnerability CriterionCriterion and for the Vulnerability Criterion
Once the inconsistencies were corrected, each of 
the consistent matrices was normalized and aggre-
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gated into a single matrix using a geometric mean. 
Finally, the final weights were obtained using the 
eigenvalue method. These weights represent the 
relative importance of each of the ESs analyzed, and 
as many weights were obtained as ESs evaluated ac-
cording to the importance criterion and as many 
weights as ESs evaluated according to the vulner-
ability criterion. 

3.7. Balanced final assessment3.7. Balanced final assessment
Finally, a Joint Relevance Index was used to obtain 
a ranking of the most relevant environmental ser-
vices in terms of importance and vulnerability. To 
do this, the distance between the weights of the ESs 
in terms of importance and the weights of the ESs 
in terms of vulnerability were minimized, and the 
ESs were selected with maximum and minimum 
weights and distances. These ESs were the most im-
portant in simultaneous terms of vulnerability and 
importance.

The Joint Relevance Index (JRI) makes it possible 
to quantify the final aggregate weights, which takes 
into account the importance of each evaluated ser-
vice and its vulnerability in a balanced way. JRI can 
be calculated using equations 6 and 7: 

                                                                                    (6)

Where BF=                                                                     (7)

Where:
wi

R is the weight of the preference of each ES for 
Relevance criteria in each category.

wi
V is the weight of the preference of each ES for 

Vulnerability criteria in each category.
BF represents the Balance Factor which can be 

calculated using equation 7, that is based in Pang 
and Liang (2012).

di
ES represents the absolute difference normal-

ized, di
ES =

   is the weight of the preference of each ES for 
relevance criteria.

    is the value of the conjoint preference for each 
ES for vulnerability criteria.

0 ≤di
ES≤ D,  when value of D is S={                 =0,1,…,l}, 

so D=l, and D represents the maximum disagree-

ment possible.
The value of the Balance Factor for each ES will 

always be 0≤BFES≤1, when BFES=0 each ES obtains 
the same importance in terms of importance and 
vulnerability, and when BFES=1, each ES obtains the 
most divergent weights in terms of importance and 
vulnerability.

The result provided by the Joint Relevance Index 
represents the aggregated results of all ESs included 
in each category, considering the criteria of impor-
tance and vulnerability in a joint balanced way.

4. Results and Discussion4. Results and Discussion

4.1. Participant Selection and Identification 4.1. Participant Selection and Identification 
of Services.of Services.
In order to validate the proposed model, a pilot study 
involving a panel of OMPNP experts was carried out. 
These participants are experts in the area of study 
and the natural environment. The panel of experts is 
made up of five OMPNP technicians, the mayor of 
one of the main municipalities of the protected area, 
a representative of a prominent NGO in this area, and 
a representative of the Government Board of the Re-
gional Government of Aragón. A deliberative meet-
ing was organized with the purpose of identifying the 
ESs. In such a meeting, all the ESs classified in The 
Common International Classification of Ecosystem 
Services (CICES) were analyzed. As a result of this 
process, 20 ESs were identified in the OMPNP, which 
are described in the Supplementary Material.

These services were identified on the basis of two 
hierarchical levels, which are displayed in Figure 1.

4.2. Survey Design and Collection of 4.2. Survey Design and Collection of 
Individual AssessmentsIndividual Assessments
A Saaty-type survey was used to collect individual 
assessments (Saaty, 2001). This survey compares 
ESs identified at the two hierarchical levels by 
means of pairwise comparisons. The surveys were 
sent on-line between June and July 2019. The pair-
wise comparison matrices were constructed based 
on the answers collected from the survey ques-
tionnaires, resulting in 16 matrices of dimensions 
3x3, 16 matrices of dimensions 4x4 and 32 matri-
ces of dimensions 8x8.
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44.3. Survey Design and Collection of .3. Survey Design and Collection of 
Individual AssessmentsIndividual Assessments
A total of 64 matrices were analyzed, 32 of which 
were inconsistent. As a result of applying equa-
tions 1-5, all inconsistent matrices were corrected 
and 50% of the information was retrieved (Table 
1).

4.4. Joint Assessments for the Importance 4.4. Joint Assessments for the Importance 
Criterion and the Vulnerability CriterionCriterion and the Vulnerability Criterion
Consistent individual assessments were aggre-

gated separately for the importance and vulner-
ability criteria. To do so, we normalized individual 
weights, then aggregated them using a geometric 
mean, and then determined the eigenvalue. These 
results represent the relative significance of each 
ES according to its importance and the relative 
significance of each ES according to its vulnerabil-
ity (Figure 2).

In the example shown, the most important ESs were 
Lifecycle maintenance and Water conditions and the 
most vulnerable were the services associated with Wild 

Figure 1. Hierarchical structure of the ESs identified in the OMPNP.

Total Inconsistent Retrieved information

3x3 16 5 31.25 %

4x4 16 4 25 %

8x8 32 25 78.12

Total 64 32 50%

Table 1. Total and inconsistent matrices and retrieved information.
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animals and Wild plants. Lifecycle maintenance, Wa-
ter conditions, Atmospheric conditions, and Non-use 
value show high scores for both importance and vul-
nerability; therefore, it may be advisable to revise the 
allocation of resources for their conservation.

Those ESs that are not especially prominent in the 
OMPNP but are especially vulnerable, such as Wild 
animals, Wild plants or Surface water, may not require 
additional resources for conservation at this time, but 
it may be advisable to initiate follow-up plans for these 
ESs if they are not already underway.

4.5. Balanced Final Evaluation.4.5. Balanced Final Evaluation.
At level 1, the results aggregated by means of JRI have 
assigned weights of 42.07% for regulatory ESs, 38.43% 
for provisioning ESs and 19.50% for cultural ESs 
(Table 2). This means that provisioning services have 
obtained higher scores and shorter distances in terms 
of relevance and vulnerability. Thus, the results aggre-
gated using the JRI yielded balanced weights consid-
ering the importance and vulnerability criteria, which 
weighs the global assessments calculated on extreme 
values using BF. This factor “rewards” ESs with simi-
lar importance and vulnerability scores, while main-

taining the priority of high scores. Figure 3 shows the 
ranking of the PNOMP ESs and the final weights ag-
gregated using JRI at level 2.

Lifecycle maintenance has obtained the highest 
scores in importance and the fifth-highest position 
in terms of vulnerability. The aggregated results have 
rated this ES the best, resulting in a balanced weight-
ing between the two criteria. Water conditions has ob-
tained the second-best position in aggregated terms. 
On the other hand, cultivated terrestrial plants and 
physical interactions obtained the worst aggregated 
weights. Although the distances between the impor-
tance and vulnerability scores are small, the scores 
were very low, which is why they have ranked the worst 
in the global ranking. OMPNP is characterized by its 
geomorphology and, closely linked to it, its hydrology. 
The many watercourses that run through the territory 
are torrential. Besides, they overcome steep slopes, so 
the speed of the water is very high. Also characteristic 
of this area are the numerous springs, natural drain 
hole, and underground watercourses in karstic terrain, 
which are increasingly better studied and known from 
the speleological point of view, but little known from 
the limnological point of view. On the other hand, the 

Figure 2. Aggregate assessments of each service according to its relative importance and aggregate assessments 
for each service according to its vulnerability.



www.ce.vizja.pl

30Modelling Natural Capital: A Proposal for a Mixed Multi-criteria Approach to Assign Management Priorities to Ecosystem Services

This work is licensed under a Creative Commons Attribution 4.0 International License. 

Figure 4. Ranking for OMPNP ESs with weights in parentheses.

altitude and the unevenness of the landscape do not 
favor crops, except for meadows and high mountain 
pastures, which provide food for extensive livestock 
farming. Sports competitions and some sports prac-
tices, such as cycling, are not permitted in the national 
park and this is included in the Management and Use 
Plan of the Ordesa and Monte Perdido National Park, 
which limits physical interactions with the environ-
ment in the territory.

Some cultural ESs, such as non-use value ESs and 
those related to intellectual interactions have ob-
tained high relative importance and high positions in 
the global ranking. Such ESs are associated with the 

characteristics of living systems that have an existence 
value and that enable education and training, scientific 
investigation, aesthetic experiences that are resonant 
of culture or heritage. These features are related to the 
peculiar and extraordinary characteristics of the land-
scape of this natural space and were the determining 
factors for its declaration as a national park. It is for 
this reason that they are “the raison d’être” of OMPNP. 
Although their vulnerability is not excessively signifi-
cant, their importance is, and it would be advisable to 
monitor these ESs as well, even if they do not require 
further urgent conservation measures. The results are 
consistent with the characteristics of the territory and 

JRI(%) Relevance (%) Vulnerability (%)

Provisioning 38.43 Provisioning 32.09 Provisioning 47.28

Regulation 42.07 Regulation 44.45 Regulation 38.50

Cultural 19.50 Cultural 23.46 Cultural 14.22

100.00 100.00 100.00

Table 2. Aggregated weights, weights according to importance and weights according to vulnerability at the first classification level.
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have made it possible to quantify the relative impor-
tance of each ES, which can be useful for allocating 
economic resources or prioritizing projects within the 
protected space. Some works have employed multi-
criteria techniques to prioritize projects in protected 
natural spaces (Prato, 2004) and to allocate resources 
for conservation contracts (Hajkowicz et al., 2007).

According to the results obtained in the example, it 
would be advisable to start monitoring plans oriented 
to the ESs of lifecycle maintenance, water conditions, 
wild animals, wild plants and non-use value services, 
if they do not currently exist. In addition, it should be 
considered to direct the conservation policies in the 
OMPNP towards the conservation of lifecycles and 
water conditions, since these ESs are the most impor-
tant and vulnerable.

5. Conclusions5. Conclusions
Managers of national parks and protected areas face 
the challenge of evaluating management actions and 
selecting the preferred one for their alternatives. Prior-
itization of ecosystem services can help facilitate these 
decision-making processes in protected areas.

The proposed model has been useful to define prior-
ities for managing ecosystem services in the case study. 
The results can be used to assist in decision-making 
processes and to define efficient conservation policies 
in protected areas. The application of the model in the 
OMPNP suggests that it would be advisable for conser-
vation policies to prioritize the ESs of lifecycle mainte-
nance and water conditions. In addition, it would be 
interesting to monitor highly vulnerable ESs, such as 
wild animals, wild plants and surface water. Special 
monitoring of non-use value ESs and intellectual in-
teractions should also be carried out. The latter are es-
pecially important for the OMPNP as they are closely 
related to its extraordinary and unique landscape, and 
although they do not appear to be the most vulnerable 
ESs, they are the essence of this natural space.

It must be considered that the application of the 
model has been a pilot study, with the limitations that 
this entails in terms of its results. However, the model 
is replicable and allows for the incorporation of the 
participation of different groups for the assessment 
of ESs. It would be interesting to apply this model to 
different protected areas in different contexts and to 
incorporate the participation of different stakeholder 

groups of the protected area, as well as to integrate dif-
ferent decision-making levels in areas with different 
categories of protection.

It would also be advisable to continue developing in 
the future different methods to help decision-making 
processes in protected areas around the world, which 
contribute to improving the efficiency of their manage-
ment and allow better allocation of resources for the 
conservation of natural capital.
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Jerárquico (AHP). Fundamentos, metodología 
y aplicaciones. [The Analytic Hierarchy Process 
(AHP). Foundations, methodology and applica-
tions] Caballero, R. & Fernández, G. M. Toma 
de decisiones con criterios múltiples. RECT@. Re-
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Appendix

Section Group CICES code Description

Provisioning
Cultivated terrestrial 
plants for nutrition, 
materials or energy 

1.1.1.1., 1.1.1.2.

Cultivated terrestrial plants (including fungi, algae) 
grown for nutritional purposes. Fibers and other 
materials from cultivated plants, fungi, algae and 
bacteria for direct use or processing (excluding 

genetic materials)

Provisioning
Reared animals for 

nutrition, materials or 
energy   

1.1.3.1, 1.1.3.2., 1.1.3.3.

Animals reared for nutritional purposes. Fibers 
and other materials from reared animals for direct 
use or processing (excluding genetic materials). 

Animals reared to provide energy (including 
mechanical)

Provisioning

Wild plants (terrestrial 
and aquatic) for 

nutrition, materials or 
energy   

1.1.5.1., 1.1.5.2. 1.1.5.3.

Wild plants (terrestrial and aquatic, including fungi, 
algae) used for nutrition. Fibers and other materials 

from wild plants for direct use or processing (excluding 
genetic materials). Wild plants (terrestrial and aquatic, 

including fungi, algae) used as a source of energy

Provisioning

Wild animals (terrestrial 
and aquatic) for 

nutrition, materials or 
energy   

1.1.6.1
Wild animals (terrestrial and aquatic) used for 

nutritional purposes

Provisioning
Genetic material from 
plants, algae or fungi

1.2.1.1., 1.2.1.2.

Seeds, spores and other plant materials collected 
for maintaining or establishing a population. 

Higher and lower plants (whole organisms) used 
to breed new strains or varieties

Provisioning
Genetic material from 

animals
1.2.2.1, 1.2.2.2., 1.2.2.3.

Animal material collected for the purposes of 
maintaining or establishing a population. Wild 
animals (whole organisms) used to breed new 
strains or varieties. Individual genes extracted 

from organisms for the design and construction 
of new biological entities

Provisioning
Surface water used for 
nutrition, materials or 

energy
4.2.1.1., 4.2.1.2.,4.2.1.3

Surface water for drinking. Surface water used as 
a material (non-drinking purposes). Freshwater 

surface water used as an energy source

Ecosystem services identified in OMPNP according to CICES classification.
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Section Group CICES code Description

Provisioning
Ground water for used 
for nutrition, materials 

or energy
4.2.2.1, 4.2.2.2, 4.2. X.X.

Ground (and subsurface) water for drinking. 
Ground water (and subsurface) used as a material 

(non-drinking purposes). Ground water (and 
subsurface) used as an energy source

Regulation & 
Maintenance

Mediation of wastes 
or toxic substances of 
anthropogenic origin 

by living processes

2.1.1.1., 2.1.1.2.

Bioremediation by micro-organisms, algae, 
plants, and animals. Filtration/sequestration/
storage/accumulation by micro-organisms, 

algae, plants, and animals

Regulation & 
Maintenance

Mediation of nuisances 
of anthropogenic origin

2.1.2.1., 2.1.2.2. Smell reduction. Noise attenuation

Regulation & 
Maintenance

Regulation of baseline 
flows and extreme 

events
2.2.1.1. Control of erosion rates

Regulation & 
Maintenance

Lifecycle maintenance, 
habitat and gene pool 

protection
2.2.1.2. Buffering and attenuation of mass movement

Regulation & 
Maintenance

Pest and disease control 2.2.1.3.
Hydrological cycle and water flow regulation 

(Including flood control, and coastal protection)

Regulation & 
Maintenance

Regulation of soil 
quality

2.2.4.1, 2.2.4.2.
Weathering processes and their effect on soil 

quality. Decomposition and fixing processes and 
their effect on soil quality                   

Regulation & 
Maintenance

Water conditions 2.2.5.1.
Regulation of the chemical condition of 

freshwaters by living processes

Ecosystem services identified in OMPNP according to CICES classification (Continued).
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Section Group CICES code Description

Regulation & 
Maintenance

Atmospheric 
composition and 

conditions
2.2.6.1., 2.2.6.2., 2.3. X.X.

Regulation of chemical composition of 
atmosphere and oceans. Regulation of 

temperature and humidity, including ventilation 
and transpiration

Cultural

Physical and 
experiential interactions 

with natural 
environment

3.1.1.1.,3.1.1.2.

Characteristics of living systems that that enable 
activities promoting health, recuperation 

or enjoyment through active or immersive 
interactions. Characteristics of living systems that 
enable activities promoting health, recuperation 
or enjoyment through passive or observational 

interactions

Cultural

Intellectual and 
representative 

interactions with 
natural environment

3.1.2.1., 3.1.2.2., 3.1.2.3., 
3.1.2.4.

Characteristics of living systems that enable 
scientific investigation or the creation of 

traditional ecological knowledge. Characteristics 
of living systems that enable education and 

training. Characteristics of living systems. 
Characteristics of living systems that enable 

aesthetic experiences that are resonant in terms 
of culture or heritage. 

Cultural
Spiritual, symbolic and 
other interactions with 
natural environment

3.2.1.1., 3.2.1.3.
Elements of living systems that have symbolic 
meaning. Elements of living systems used for 

entertainment or representation.

Cultural
Other biotic 

characteristics that have 
a non-use value

3.2.2.1.,3.2.2.2,3.3. X.X.

Characteristics or features of living systems 
that have an existence value. Characteristics or 

features of living systems that have an option or 
bequest value.

Ecosystem services identified in OMPNP according to CICES classification (Continued).

Source: CICES classification


