
Introduction

Ecosystem goods and services represent the basis 
of socioeconomic activities for the promotion of 
social welfare, through the direct and indirect benefits 
obtained by the development of ecosystem processes 
[1-2]. The most accepted classification by the scientific 
community, elaborated in the Millennium Ecosystem 
Assessment (MA), was proposed in 2005 [3], whose 
matrix divides ecosystem services into 4 functional 
lines: (1) provisioning services, like those provided 

directly by the ecosystem to society, generally with 
some economic benefit; (2) regulating services, those 
benefits obtained from the ecological processes that 
maintain the health of ecosystems and allow life to 
develop; (3) supportive or supporting services, such as 
the processes necessary for the generation of the other 
ecosystem services; (4) cultural services, such as the 
non-material benefits obtained from natural ecosystems, 
which support the sustainment of human life by 
providing opportunities for health, spiritual growth, 
cognitive development, recreation, cultural identity, and 
aesthetic experiences [4].

The forests are ecosystems known for being 
areas largely covered by tree communities, which 
are interrelated with the socioeconomic component 
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through ecosystem goods and services. Today, 
this interrelationship brings about development 
opportunities for about 1.6 billion people in the world 
[5]. However, over the last 30 years, forests have 
lost 178 million hectares, owing to the inadequate 
development of commercial and subsistence agriculture, 
infrastructure, urban expansion and mining activity  
[6-7]. Peru has 73.3 million hectares of forests, of which 
69.2 million are in the jungle region, 3.2 million in the 
coast and 0.89 million in the highlands [8]; the latter are 
considered Andean forests, which, like the Amazonian 
and coastal forests, provide high value goods and 
services, among the most relevant are the following: 
the provision of fuels through the extraction of woody 
material; carbon sequestration allowing the creation 
of the climate regulation service; the biomass of plant 
organisms, which help reduce erosion rates and prevent 
mass movement; the landscape and aesthetic values, 
which allow the development of economic and cultural 
activities. 

Peru’s Andean forests have been the topic of study 
in more than 510 articles published in different journals; 
however, only 0.98% have studied the goods and 
services provided by these ecosystems, evidencing the 
lack of this type of evaluation [9]. 

The relict high-Andean forest that is studied in this 
article represents 0.12% of the Peruvian territory and 
its extension is largely covered by arboreal associations 
of Polylepis spp, characterized by being fragile, 
with a complex floristic diversity and endemisms, 
consequences of difficult topography and accessibility 
[10]. Unfortunately, it is currently known that its 
degradation is being generated [11], some studies 
indicate that its current condition corresponds to just 
10% of what was once its initial extent [12]. 

The withdrawal of forest ecosystems has attracted 
the interest of the scientific community, studying 
different strategies for the use and management of these 
ecosystems; thus, among the most developed studies is 
environmental economic valuation, which is defined as 
the “tool used to quantify, in monetary terms, the value 
of ecosystem goods and services” [13], the usefulness of 
these studies lies in the importance of the information 
regarding the improvement of different governmental 
decisions, such as: regulations, budgets, subsidies, 
investments, compensation mechanisms, tax burdens, 
among others [14].

Although there is a small group of environmental 
goods and services that have direct economic 
transaction markets, most of them do not have this 
characteristic because they are for public consumption 
and do not present rivalry or exclusivity [15], for this 
reason, traditional methods of economic valuation 
focus their analysis on the creation of artificial markets 
(contingent valuation method) or on the indirect 
projection on real markets (avoided cost method, travel 
cost and hedonic prices), however, for some economists 
and environmentalists the results are still disputed [16]; 
despite the fact that the existence of a market allows for 

a more reliable estimate, the biases of the methods allow 
for overestimates, underestimates or even incomplete 
appraisals. 

For this study, the analytical method of multi-
criteria valuation (AMUVAM) has been selected as an 
alternative method, owing to: (1) the ability to analyze 
all the goods and services offered by the ecosystem; 
(2) the possibility of determining an economic value 
interval; and (3) the consistency of the results [17]; (4) 
inclusion of qualitative values and different perspectives 
[18]; (5) adaptation to any type of economic and 
territorial environment [19].

In the study we propose to estimate an interval 
of the economic value of the ecosystem goods and 
services offered by the relict high-Andean forest of 
Polylepis Rugulosa, part of the buffer zone of the 
National Reserve of Salinas and Aguada Blanca in the 
east-southeast of the city of Arequipa, Peru; we will 
begin with a brief description of the study area, and 
then identify the ecosystem goods and services based 
on a first phase of interviews, then we will develop 
the weighting of the identified components through 
a second phase of interviews and with the support of 
Super Decisions software we will process the data, the 
results will be first evaluated by the cluster analysis 
tool in the SPSS software to identify the different 
perspectives of the evaluators, then the economic value 
of a known good or service will be assessed for its 
subsequent projection and determination of the total 
economic value of the goods and services offered by the 
ecosystem. The results will have the potential to support 
local management for an adequate decision making 
associated to the use, exploitation and conservation of 
the forest.

Materials and Methods

Study Area

The study area corresponds to the Relict high-
Andean Forest of the arid Andean region of 
southwestern Peru, characterized by associations of 
Polylepis Rugulosa, locally known as “Queñoal”, with 
an area of 4,007.91 hectares, high fragmentation and 
poor accessibility. This area is located in the buffer 
zone of the Salinas y Aguada Blanca National Reserve 
in the districts of Chiguata, Characato and Pocsi in the 
province and region of Arequipa. In geomorphological 
terms, it is a plateau with volcanic structures that are 
part of the Andean volcanic mountain range, with soils 
characteristic of the Altiplano steppe [20]. 

The species of Polylepis rugulosa presents a 
restricted distribution to dry puna habitats, with 
limited rainfall and slow growth that does not exceed 
5 m in height [21]. Other species of flora and fauna 
representative of the region are also found within the 
area [22].
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Analytic Multicriteria Valuation Method 
(AMUVAM)

The modified AMUVAM method is used to 
estimate the economic value of the ecosystem services 
provided by the study area; its basic structure includes 
the application of the Analytical Hierarchical Process 
(AHP) and the rent updating method. The modification 
is based on the replacement of the AHP model by the 
Analytical Network Process (ANP) proposed in 2004 
by Professor Thomas L. Saaty [23], this represents a 
generalization of the previous one, both of them have 
the same purpose, obtaining a weighting for each 
component or ecosystem service in this case, however, 
there are some limitations in the AHP model because 
it does not study the interdependence and feedback 
relationships between the elements of the system, 
presenting the ANP model as the one that can analyze 
these relationships, but at the same time becoming more 
complex [24]. 

While the method of updating rents allows the 
monetary quantification of goods or services that 
present direct markets, generally provisioning services 
show this characteristic, the problem arises when the 
ecosystem does not provide this type of service. In 
this context, the present study works with the climate 
regulation service, based on the valuation of the 
ecosystemic process of carbon sequestration in its 
different reserves. The economic value obtained is used 
as a pivot for estimating the goods and services offered 
by the ecosystem. 

Selection of Experts

In total, 9 experts with experience in the study area 
with reforestation projects, environmental economic 
valuation, ecosystem services, and forest management, 
among others, were selected. These are academics and 
researchers from the university, professionals working 
in specialized public technical agencies of the Peruvian 
government and representatives of the communities 
adjacent to the study area. 

Identification of Ecosystem  
Services

The identification of ecosystem goods and services 
is especially important in environmental economic 
valuation because this process can lead to overestimation 
or double counting of economic value [25], for this 
reason, some considerations were established as 
follows: (1) referring to supporting ecosystem services 
as a classification in terms of economic valuation is 
a common mistake in this type of study, since they 
are evaluated as part of the process of developing the 
final ecosystem services, which ultimately are the only 
ones perceived by the society [26-27]; (2) identifying 
potential and realized ecosystem services, the former 
being the services provided by the ecosystem as a whole 
and the latter as those that are actually used by society 
[28]; (3) take into consideration that ecosystem services 
have a degree of importance for society according to 
their location and geographic context [29]. 

Fig. 1. Geographic location of the study area.
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Based on the classification proposed by the 
Millennium Ecosystem Assessment (MA) [3], eight 
experts were surveyed who analyzed each good and 
service offered by the ecosystem, classifying them 
as of “high importance”, “moderate importance”, 
“low importance”, “non-existent” or “unknown”; 
subsequently a frequency analysis was performed 
with the data obtained, accepting the services that are 
labeled as “high importance” for at least four experts 
and discarding the others, because they do not reflect 
representativeness of the forest [30].

Calculation of Prioritization Vectors

Once the elements, goods and ecosystem services 
are known, their interdependencies and feedbacks are 
evaluated under the influence analysis in the process, 
the agents, the temporality and the effects that can 
be generated directly and indirectly among them; 
subsequently, this information is taken to the Super 
Decisions software version 2.8.0, where the ANP model 
is developed, finally obtaining the prioritization vectors 
of the ecosystem goods and services.

Cluster Analysis

The analysis of clusters by variables is developed 
using SPSS Statistics software version 25.0, this process 
allows us to evaluate the perceptions of the experts, 
segregating the prioritization vectors into groups 
according to their similarity.

Obtaining the Economic Value of CO2eq 
Sequestration

At the beginning of the study, the study area does 
not present ecosystem services that have any direct use 
value, according to Aznar and Estruch [31] in 2015, 
indicate that it is possible to consider indirect use 
values, in this case determining the economic value of 
CO2 - eq sequestration allows us to establish the pivot to 

value the goods and services offered by the ecosystem 
as a whole.

The calculation of the carbon stock is based on the 
project developed by Sarcca [32] in 2017. This research 
was carried out in the same study area taken with a total 
of 4007.91 ha corresponding to the forest of Polylepis 
Rugulosa located in the districts of Pocsi, Characato 
and Chiguata in the city of Arequipa; the carbon stocks 
of different zones were evaluated, such as the arboreal 
aerial biomass corresponding to the woody part of 
the tree; the non-arboreal aerial biomass of herbs and 
shrubs corresponding to the understory and pre-existing 
vegetation; the subway biomass referring to the roots, 
detritus and litter that correspond to all plant material 
from the aerial part deposited in the soil; and finally the 
soil. The area was stratified according to the density of 
tree vegetation divided by strata using satellite images, 
obtaining strata with a low tree density of 1020.03 ha. 
(stratum 1), medium with 881.63 ha. (stratum 2) and 
high with 2103.24 ha. (stratum 3). The calculation of  
the biomass for each reserve was carried out. The 
aerial tree biomass was determined by constructing 
the allometric equation using dasometric data such 
as total height and crown diameter and then applying 
the extraction of individuals, separating them into 
branches, trunks and leaves, in addition to recording the 
weight data according to the manual proposed by Picard  
et al. [33] in 2012; likewise, the direct non-destructive 
method based on the allometric equation presented by 
Cairns et al. [34] was used to calculate belowground 
biomass in 1997; on the other hand, the herbaceous 
aerial biomass, the shrub aerial biomass and the  
biomass in litter and debris are determined by the 
destructive method; finally, the biomass in the soil 
is estimated by the wet oxidation method. In order to 
obtain the carbon density (tnC ha-1) of each zone, the 
carbon-biomass ratio is displayed, from this data the 
carbon stock (tnC) is calculated by multiplying by the 
stratum extension. 

The values of the carbon stock stored in the reserves 
are used to calculate the CO2 - eq sequestered by 

Table 1. Carbon Stock Data and CO2 eq.

Reserve of carbon
Stock of Carbon (t C)

Total (t C) CO2 eq (t)
Stratum 1 Stratum 2 Stratum 3

Arboreal 2616.68 2468.24 15941.74 21026.66 77167.83

Bush 316.41 443.16 1593.97 2353.54 8637.49

Herbaceous 186.07 334.51 5201.85 5722.43 21001.33

Underground 774.03 725.73 4377.60 5877.36 21569.90

Litter and debris 721.73 936.35 3624.85 5282.93 19388.33

Floor 21822.82 19581.66 58817.75 100222.23 367815.57

Total 26437.74 24489.65 89557.75 140485.14 515580.46

Source: Sarcca 2017.
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multiplying by the factor 3.67 which is the ratio between 
the molecular weights CO2/C. 

Table 1 shows the estimate of carbon stock by 
stratum and stock (t C), and the calculation of the 
sequestration tnCO2 - eq in Bosque de Polylepis 
Rugulosa.

To obtain the economic value of CO2 eq, the social 
price of carbon developed by the Research Center 
of the Universidad del Pacífico using the Nordhaus 
methodology is used [35] accredited by the Ministry of 
Economy and Finance of the Peruvian government, this 
amounts to USD 7,17 CO2eq t-1.

Results and Discussion

After the first phase of interviews and based 
on the projected importance to social welfare, the 
ecosystem goods and services offered by the relict high-
Andean forest were identified, highlighting that the 
following guidelines were taken into consideration: (1) 
participation of support services and their inclusion in 
the analysis [26-27]; (2) identification of the services 
actually developed [28]; (3) geographic predominance 
[29]. The first one is usually a common mistake in 
the bibliography, for this reason we present below 
an example applied to the study: the erosion control 
service is considered a support service that is based 
on controlling slow but constant erosion processes 
that act against soil formation processes, however, 
it is also considered a final regulation service, since  
this process avoids large movements of material that  
can have a direct impact on the settlements that  
are located below the study area bringing consequences 
in their welfare, in conclusion the evaluation of this 
service involves an analysis as a whole, since it is 
considered an intermediate service to be considered a 
final service. 

Based on the proposal of Smith et al., [36] 2011, the 
ecosystemic processes that allow the development of the 
climate regulation service were identified, the purpose 
of this process is to obtain a factor with a quantifiable 
economic value, in this case the sequestration of CO2 eq 
represents this end [31].  

Table 2. Identification of ecosystem processes and services

Existing ecosystem services
Provisioning 
services (SA) Water supply (PA)

Regulatory serv-
ices (SR)

Air quality regulation (RCA)
Climate regulation (RC)
Water regulation (RA)
Erosion control (CE)

Regulation of natural hazards (RP)

Cultural services 
(SC)

Spiritual and religious values (VER)
Aesthetic values (VE)
Sense of place (SL)

Recreation and Ecotourism (RE)
Cultural heritage values (VPC)

Existing ecosystem processes

Regulation 
Service Climatic 

(RC)

Regulation of evapotranspiration (RE)
Albedo regulation (RAL)

Production of suspended particles (PPS)
Carbon sequestration and storage by 

plants (SAC)
Source: Own elaboration based on interviews with experts 
from the first phase.
Note: ACD: University and academic researchers; 
ES: Specialists from public technical organizations of the 
Peruvian state; REP: Representatives of the communities 
attached to the study area.

Fig. 2. Interdependencies between ecosystem services.
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Table 2 shows the ecosystem goods and services 
provided by the relict high-Andean forest, as well  
as the ecosystem processes of the climate regulation 
service. 

In the second phase of interviews, once the 
ecosystem goods and services had been identified, we 
proceeded to determine and quantify their influences 
and interdependencies and, consequently, to determine 
the prioritization vectors, this process was carried out 
in the Super Decisions software version 2.8.0.

Tables 3 and 4 show the prioritization vectors for 
each expert, and Fig. 2 shows the interdependencies 
between ecosystem goods and services. 

The third phase of the study analyzes the 
prioritization vectors according to the perspectives  
of the evaluators, attributable to the existence of 
interests towards the valued asset [15]. With the support 
of SPSS Statistics 25.0 software, the dendrogram  
(Fig. 3) and the box and whisker diagram (Fig. 4) were 
carried out.

It is noted that group 1 is composed mostly of 
university researchers and academics who show a 
greater interest in regulating ecosystem services with 
74% of importance, these services are generally not 
easily perceived by the community and involve a 

projection especially in conservation issues; on the 
other hand, group 2 is made up of specialists from 
public technical agencies of the Peruvian state and 

Table 3. Prioritization vectors of group 1 of experts.

Ecosystem services
Experts

Media Geometric Standardization
ACD 1 ACD 2 ACD 3 RE 3

SA PA 0.1141 0.1148 0.1272 0.0536 0.0972 0.1069

SR

RCA 0.0531 0.0223 0.1689 0.1633 0.0756 0.0831

RC 0.1248 0.1459 0.2819 0.2702 0.1930 0.2121

RA 0.1834 0.1252 0.0779 0.0499 0.0972 0.1069

CE 0.1889 0.2235 0.0840 0.0886 0.1331 0.1463

RP 0.2077 0.2644 0.1336 0.1235 0.1735 0.1908

SC

VER 0.0071 0.0070 0.0058 0.0087 0.0071 0.0078

VE 0.0412 0.0266 0.0264 0.0476 0.0342 0.0376

SL 0.0240 0.0266 0.0286 0.0969 0.0365 0.0401

RE 0.0253 0.0266 0.0309 0.0579 0.0331 0.0364

VPC 0.0305 0.0171 0.0347 0.0398 0.0291 0.0320

Total 1.0000 1.0000 1.0000 1.0000 0.9097 1.0000

Ecosystem processes
Experts

Media Geometric Standardization
ACD 1 ACD 2 ACD 3 RE 3

RC

REV 0.4874 0.1000 0.1554 0.2789 0.2144 0.2477

RAL 0.1266 0.1000 0.0630 0.1130 0.0974 0.1126

PPS 0.2234 0.1000 0.0630 0.0501 0.0916 0.1058

SAC 0.1625 0.7000 0.7186 0.5581 0.4621 0.5339

Total 0.0000 1.0000 1.0000 1.0000 0.8656 1.0000

Source: Own elaboration based on interviews with experts from the third phase.

Fig. 3. Dendrogram of the cluster analysis of the prioritization 
vectors.
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Table 4. Prioritization vectors of group 2 experts.

Ecosystem services
Experts

Media Geometric Standardization
ES 1 ES 2 ES 3 RE 1 RE 2

SA PA 0.1934 0.1903 0.3670 0.3092 0.1959 0.2413 0.2597

SR

RCA 0.0205 0.0328 0.0066 0.0246 0.0243 0.0193 0.0207

RC 0.0680 0.0705 0.0260 0.1449 0.0990 0.0709 0.0763

RA 0.1097 0.0941 0.0761 0.1602 0.0911 0.1028 0.1106

CE 0.1087 0.0955 0.1712 0.0812 0.0868 0.1046 0.1126

RP 0.0963 0.1120 0.0366 0.0946 0.1009 0.0823 0.0885

SC

VER 0.0207 0.0575 0.0109 0.0038 0.0274 0.0168 0.0181

VE 0.1072 0.0880 0.0859 0.0285 0.0842 0.0721 0.0775

SL 0.1030 0.0987 0.1689 0.0801 0.0955 0.1056 0.1137

RE 0.1284 0.0899 0.0283 0.0486 0.1216 0.0720 0.0775

VPC 0.0440 0.0708 0.0226 0.0243 0.0733 0.0417 0.0448

Total 1.0000 1.0000 1.0000 1.0000 1.0000 0.9292 1.0000

Ecosystem processes
Experts

Media Geometric Standardization
ES 1 ES 2 ES 3 RE 1 RE 2

SA PA 0.1934 0.1903 0.3670 0.3092 0.1959 0.2413 0.2597

RC

REV 0.3310 0.3943 0.2296 0.1062 0.1514 0.2171 0.2450

RAL 0.2407 0.0956 0.0814 0.2133 0.1514 0.1433 0.1618

PPS 0.1876 0.2867 0.0814 0.0467 0.0624 0.1049 0.1185

SAC 0.2407 0.2234 0.6077 0.6339 0.6348 0.4205 0.4747

Total 1.0000 1.0000 1.0000 1.0000 1.0000 0.8858 1.0000

Source: Own elaboration from interviews with Experts from the third phase.

Fig. 4. Box and whisker diagram of the prioritization vectors of Experts on ecosystem services.
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The fourth phase of the study estimates the economic 
value of the pivot and of the goods and services offered 
by the ecosystem. Since there are no supply services 
with market presence, the ecosystemic process of CO2 
eq sequestration was used as a pivot, whose approach 
is based on the assumption of the loss and degradation 
of this ecosystem in terms of CO2 emissions that 
could be released into the atmosphere, thus the social 
price of carbon in Peru was used [35], obtaining an 
estimate of USD 3,696,712 for this ecosystem process  
(Table 5). Next, the economic value of the climate 
regulation service was estimated at USD 6,923,854  
for group 1 of experts and USD 7,787,190 for group 2  
of experts  (Table 6). Based on the results obtained 

representatives of the communities annexed to the 
study area, whose analysis showed a greater interest in 
provisioning and cultural services with 26% and 33% 
of importance respectively, this allows us to interpret 
the perception of usefulness that this group has of the 
resources provided directly by the study area.  

Table 6. Economic value of Ecosystem services.

Table 5. Economic value of CO2 equivalent sequestration.

Carbon pool CO2 eq (t) Valor (USD)

Arboreal 77167.83 553,293

Bush 8637.49 61,931

Herbaceous 21001.33 150,580

Underground 21569.90 154,656

Litter and debris 19388.33 139,014

Floor 367815.57 2,637,238

Total 515580.46 3,696,712

Source: Own elaboration.

Ecosystem services
Group 1 Group 2

Media geometric 
normalized

Value monetary 
(USD)

Media geometric 
normalized

Value monetary 
(USD)

SA PA 0.1069 3,488,030 0.2597 26,511,691

SR

RCA 0.0831 2,714,025 0.0207 2,116,364

RC 0.2121 6,923,854 0.0763 7,787,190

RA 0.1069 3,487,816 0.1106 11,292,159

CE 0.1463 4,776,801 0.1126 11,492,086

RP 0.1908 6,226,371 0.0885 9,040,777

SC

VER 0.0078 254,047 0.0181 1,848,977

VE 0.0376 1,228,486 0.0775 7,916,851

SL 0.0401 1,309,007 0.1137 11,606,897

RE 0.0364 1,188,205 0.0775 7,907,928

VPC 0.0320 1,044,747 0.0448 4,577,132

Total 1.0000 32,641,387 1.0000 102,098,052

Ecosystem processes
Group 1 Group 2

Media geometric 
normalized

Value monetary 
(USD)

Media geometric 
normalized

Value monetary 
(USD)

RC

RE 0.2477 1,714,971 0.2450 1,908,140

RAL 0.1126 779,323 0.1618 1,259,780

PPS 0.1058 732,848 0.1185 922,558

SAC 0.5339 3,696,712 0.4747 3,696,712

Total 1.0000 6,923,854 1.0000 7,787,190

Source: Own elaboration

above, the economic value of the ecosystem services 
identified was assessed, projecting the economic value 
of the climate regulation service on the prioritization 
vectors of each group (Table 6), obtaining a range 
that goes from USD 32,641,387 to USD 102,098,052 
respectively. 
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Conclusions

This paper has described a variation in the 
application of the AMUVAM method, which includes 
the development of the ANP model as the one that 
allowed us to analyze the various interrelationships that 
exist within the relict high-Andean ecosystem, on the 
other hand, the use of a pivot value corresponding to 
the ecosystemic process of a regulating service and not 
to a provisioning service as is traditionally done [31], 
this variation allows amplifying the application of the 
method in new studies that present ecosystems with 
similar conditions.

The different interests of the evaluators have allowed 
establishing an economic value range from USD 
32,641,387 to USD 102,098,052 on the development 
of the goods and services offered by the ecosystem to 
the society involved. We understand that establishing 
a range allows avoiding questions regarding the 
accuracy of the valuation, in addition to knowing a 
coherent monetary distribution on the importance of the 
ecosystem studied [15] 

The results of the research constitute an influential 
potential for decision making, in order to design 
planning strategies for the conservation, use and 
sustainable benefit of the relict high-Andean ecosystem 
in the province of Arequipa. 
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