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Abstract:

Recently, while public perception has become a prominent scientific approach to valuing ecosystem services,
less focus has been given to local communities’ perspectives and the factors shaping their valuation of direct
ecosystem benefits. This research aimed to evaluate the effects of residential sustainability, encompassing
social, economic, and environmental dimensions, on how local communities perceive and assess ecosystem
services. To achieve this, we studied 63 villages within a 20 km radius of Khabr National Park in Kerman
Province, Iran. We examined seven environmental/ecological indicators, 15 social indicators, and seven
economic indicators. We employed factor analysis to determine the factor loadings, which indicated the
importance of each index. After identifying the influential factors and calculating their importance coeffi-
cients using the Varimax rotation method, we applied the VIKOR multi-criteria decision-making (MCDM)
approach to prioritize the villages under various scenarios. The results indicated that a one-unit increase in
sustainability led to significant changes in the provision of ecosystem services: a decrease of 24 times for
fuel, an increase of 8.3 times for fodder, an increase of 21 times for medicinal resources, an increase of 4.8
times for food, and an increase of 21.2 times for pollination services. This research highlights a promising
insight: by improving living conditions and enhancing sustainability, local communities’ perspectives on the
use of ecosystem services can be positively influenced.
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1. Introduction

a common starting point for understanding ecosystem
services (Haines-Young & Potschin, 2018). The idea
of final ecosystem services was developed to make the

Humans are inherently connected to ecosystems, a con-
nection that the Millennium Ecosystem Assessment has
highlighted through the concept of ecosystem services.
Ecosystem services refer to the ecological characteris-
tics, functions, or processes that contribute to human
well-being, whether directly or indirectly (Millennium
ecosystem assessment, 2005). The Millennium Ecosys-
tem Assessment categorizes these services into four
types: supporting, provisioning, regulating, and cul-
tural ecosystem services. This classification has become

concept of ecosystem services more actionable for prac-
titioners and decision-makers (Boyd & Banzhaf, 2007;
Costanza et al., 2017; Finisdore et al., 2020). The Com-
mon International Classification of Ecosystem Services
(CICES), created by the European Environment Agency,
distinguishes between final and intermediate ecosystem
services to prevent the double counting of some ser-
vices in assessments (Haines-Young & Potschin, 2018;
Newcomer-Johnson et al., 2020). While it is crucial to
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understand the indirect or intermediate ecosystem ser-
vices that underlie final ecosystem services for effective
evaluation and management, the focus on final ecosys-
tem services emphasizes the distinct ways in which hu-
mans benefit from the environment. Final ecosystem
services are defined as the benefits that society derives
from ecosystems. Understanding the perspectives of lo-
cal communities about these services is essential for rec-
ognizing how they contribute to societal well-being and
regional development.

Recently, there has been a growing interest in using
public perception as a scientific method to assess the
value of ecosystem services (Chan et al., 2012; Collins
etal.,2019; Huetal., 2022; Lin et al., 2021; Purwestri et
al., 2023; Sharafatmandrad & Khosravi Mashizi, 2021).
However, too little attention has been given to incorpo-
rating the perspectives of local communities, who have
valuable firsthand experience with ecosystem services.
Their insights could lead to more effective management
and decision-making practices (Targetti et al., 2020).
Community understanding of ecosystem services can
significantly influence their conservation behaviors to-
wards the sustainability of these services (Erfanian et
al., 2024; Maleknia, 2024).

Most researchers have identified demographic factors
such as age, gender, and level of education as influenc-
ing people’s views on the value of ecosystem services
(Khosravi Mashizi & Sharafatmandrad, 2023; Lloyd-
Smith et al., 2019). Other studies have highlighted the
significance of the local environment and organizational
or management factors in shaping the perspectives of
local communities and Indigenous residents .(Garcia-
Llorente et al., 2020). The living conditions in vari-
ous locations—considering aspects such as biophysical,
cultural, traditional, local knowledge, institutional, and
managerial factors—can significantly impact residents’
experiences of nature and ecosystem services (Quintas-
Soriano et al., 2018; Scholte et al., 2015; Sharafatman-
drad & Khosravi Mashizi, 2021). Therefore, it is essen-
tial to develop a comprehensive and appropriate index to
assess living conditions and their relationship with the
viewpoints of local people.

Living environments significantly influence resi-
dents’ perspectives on collective benefits due to their
various environmental, social, and economic dimen-
sions (Bernués et al., 2016; Diegues, 2014; Nabaloum et
al., 2022). It is crucial to consider these environmental,
social, and economic criteria when evaluating different
settlements (Wang et al., 2018; Zhu et al., 2021). Fur-
thermore, the concept of ecosystem services serves as an
essential integrated framework in sustainability science
(Geijzendorffer et al., 2017; Lloyd-Smith et al., 2019).

Khabr National Park, recognized as a national park
by UNESCO in 1999, covers an area of 150,000 ha
and has an elevation range from 1,000 to 3,845 m. It
is one of Iran’s most beautiful and diverse ecosystems,
featuring various plant communities and natural land-
scapes. This unique ecosystem is significantly influ-
enced by the local communities both within and near the
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park, playing an essential role in supporting their liveli-
hoods and well-being (Bagheri et al., 2010; 2009; Bo-
razjani et al., 2017). The mutual relationship that has de-
veloped in these protected areas enhances the resilience
of the socio-ecological system (Cebridn-Piqueras et al.,
2020; Liu et al., 2015; Martin-Lépez et al., 2012).
The importance of achieving three-dimensional socio-
economic-environmental sustainability in local settle-
ments is heightened by the perspectives of local com-
munities regarding the ecosystem services surrounding
their homes, which can be referred to as customary sys-
tems. However, there is a general lack of studies that ex-
plain how local communities perceive these ecosystem
services. Therefore, this research aims to evaluate the
role of sustainable living conditions, encompassing var-
ious social, economic, and environmental dimensions,
in shaping local communities’ perceptions of the ecosys-
tem’s services. Therefore, we aim to examine how sus-
tainability in various settlements impacts local commu-
nities’ perspectives on final ecosystem services.

2. Materials and Methods

2.1 Study area

Since coverage of various conditions in indices of three-
dimensional criteria, including economic, social, and
environmental ones, is required for assessing sustain-
ability, this investigation was carried out for the liv-
ing areas (e.g., nomadic and rural ones) located in-
side and around Khabr National Park and Rochoon
Wildlife Refuge (KNP-RWR) as a vital influent ecosys-
tem (Ansari et al., 2023). As shown in Figure 1, the stud-
ied area of 150,000 ha is situated in Baft and Orzoeieh
townships of Kerman province, Iran, shaping different
plant communities and natural landscapes due to its ele-
vation variation between 1000 and 3845 m.

2.2 Research methodologies

The boundaries between rangelands and agricultural
lands were first delineated to evaluate the ecological,
economic, and socio-cultural criteria. Subsequently,
vegetation elements and plant communities adjacent to
the national park were identified through field surveys.
In this process, the landscapes and plant communities
of the national park and Rochoon refuge were shown in
Table 1.

Villages within and surrounding the Khabr National
Park were identified and located based on the statisti-
cal yearbook. A total of 63 villages within a 20-km ra-
dius of the national park were selected for this study. In
this research, utilizing data from the statistical yearbook,
63 settlements were identified within and surrounding
Khabar National Park, with their geographic locations
mapped accordingly. The farthest settlements were lo-
cated approximately 20 km from the park boundary. De-
spite this distance, community dependence on and uti-
lization of the park’s resources occurred predominantly
within this 20-km radius.

Sustainability indicators were determined for the re-
gion based on social, economic, and environmental fac-
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Figure 1. The location of Khabr National Park and Rochoon Wildlife Refuge (KNP-RWR) in Iran (a) and the townships of Kerman province (b) associated
with Digital Elevation Map (c) and the location of villages inside and around the studied area (d)
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Table 1. Plant communities and landscapes formed in KNP-RWR

Plant communities Landscapes
Amygdalus scoparia Spach, Cousinia stocksii C.Winkl. - Ebenus stellata Boiss. Lowland aphyllous
- Amygdalus scoparia Spach woodland

Pistacia atlantica Desf. - Amygdalus L. - Acer monspessulanum L, Ebenus stellate
Boiss- Amygdalus lycioides Spach- Pistacia atlantica Desf, Pistacia atlantica Desf

Deciduous broadleaved
woodland

Artemisia aucheri Boiss- Pistacia atlantica Desf

Cushion-like bushes

Juniperus excels M.-Bieb.

Scale-leaved
evergreen coniferous
woodland

Convolvulus argyracanthus Rech. fil. - Ebenus stellate Bioss. - Artemisia sieberi

Lowland xerophytic

Bioss.Cousinia stocksii C. Winkl. - Convolvulus argyracanthus Rech.fil., Artemisia shrubs
sieberi Besser- Ephedra pachyclada Boiss.- Amygdalus lycioides Spach

Artemisia sieberi Besser

Mixed bush-grasses
rangeland

Ziziphus spina- Christi (L) Desf Pteropyrum aucheri Jaub.& Spach- Hammada

salicornica (Moq.) Iljin

Lowland evergreen
broadleaved woodland

Platychaete aucheri (Boiss.) Boiss. - Gymnocarpos decander Forssk. - Hammada
salicornica (Moq.) Iljin, Anvillea garcinii (Burm.) DC. - v- Hammada
salicornica (Moq.) Iljin, Anvillea garcinii (Burm.) DC. - Gymnocarpos decander

Lowland mixed
halophyte shrubs,
annual species

Forssk. - Zygophyllum eurypterum Boiss. & Buhse, Hammada salicornica (Moq.) Iljin

tors (Table 2). Specifically, seven ecological indica-
tors, 15 social indicators, and seven economic indicators
were considered. (Table 2) provides a detailed method-
ological framework for all criteria and indicators, sys-
tematically outlining each indicator’s assigned symbol,
measurement unit, and its role in assessing settlement
sustainability. The Table distinctly displays the multi-
faceted aspects of settlement sustainability (economic,
social, and ecological). Mean and standard deviation
were computed from the studied villages with 63 repli-
cations. In this research, the criteria were selected based
on the peer-reviewed scientific literature, and as outlined
in Table 2, our methodology incorporates a comprehen-
sive selection of the most critical economic (De Jonge
et al., 2012; Ferran et al., 2018; Maleknia, 2024), so-
cial (De Jonge et al., 2012; Pretty & Bharucha, 2014),
and ecological (Ferran et al., 2018; Gareiou et al., 2023)
criteria and indicators.

In each allotment, the dominant plant community was
first determined. Subsequently, indices related to 7 envi-
ronmental criterion (Table 2) were assessed using sam-
pling and field operations. The condition of each plant
community was evaluated using the modified four-factor
method (Jafari et al., 2017; Maleknia & Enescu, 2025).

The line intercept method using transects was em-
ployed to measure canopy cover percentage. Transect
length was determined based on species diversity within
each plant community. Four transects were established
perpendicular to each community to eliminate the ef-
fects of slope and elevation. At the beginning and end
of each transect, a plot was established to assess ecolog-
ical indices such as forage production, species diversity,
species dominance, and species richness (Bayat et al.,
2021).

Soil samples were collected from a horizon at each

¢ https://doi.org/10.57647/jrs-2026-1601.04

transect location. Composite samples were prepared for
each allotment and sent to the soil science laboratory
for organic carbon analysis. This parameter was deter-
mined using the wet oxidation method.

Socioeconomic data for the villages were collected
through questionnaires administered to village heads
and local vital informants, supplemented by statistical
yearbooks (Maleknia, 2025).

Following factor analysis to determine the impor-
tance coeflicients of the indices, three criteria of eco-
nomic, social, and ecologic aspects were considered.
After identifying the influential factors and their impor-
tance coefficients using the varimax rotation, the Vikor
multi-criteria decision-making method was employed
for scenario planning to prioritize the villages (Bayat et
al., 2023). In this regard, the scenarios were designed
based on literature reviews (Hamzehnejad et al., 2020)
as shown in Table 3. This study focused on how scenario
planning empowers managers to choose a case aligned
with their goals. Specifically, it examined the signifi-
cance of environmental, social, and economic criteria
across different situations of rating and giving impor-
tance, evaluated at 0%, 25%, 50%, 75%, and 100%.

The VIKOR method is one of the most widely used
models in decision-making and optimal option selection.
It can assist decision-makers in reaching a final decision.
In this context, a compromise solution is the closest fea-
sible solution to the ideal solution, where ”compromise”
refers to a mutual agreement (Mahmudah et al., 2024).

The VIKOR method prioritizes or ranks alternatives
by evaluating them against various criteria. Unlike tra-
ditional methods, where criteria are assigned weights,
VIKOR assesses criteria through alternative approaches.
Subsequently, alternatives are evaluated based on these
criteria and their combined value, leading to a final rank-
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Table 2. Studied Indicators and Criteria

Criteria Indicators Units* Symbol  Mean Std

Environmental = Rangeland condition Ordinal data EN1 3.20 1.16
Soil Organic Carbon %o EN2 5.46 1.63
Canopy cover %o EN3 46.58 14.42
Forage Kg/ha EN4 34234 13447
Diversity index - ENS5 2.56 1.06
Species number number EN6 11.95 5.86
Dominance index - EN7 0.39 0.31

Social Annual population growth %o S1 8.75 1.51
Population density N/Km? S2 8.91 1.83
Household size Nof/per/village S3 82.13 14643
Employment rate %o S4 58.28 13.22
Unemployment rate Yo S5 11.11 8.41
Illiterate women’s ratio of total population %o S6 43.56 21.36
Illiterate women to illiterate men ratio %o S7 1.58 0.29
Accessibility to official centers Nominal data S8 0.19 0.39
Accessibility to service centers Nominal data S9 0.38 0.48
Accessibility to recreation centers Nominal data S10 0.11 0.31
Accessibility to health centers Nominal data S11 0.65 0.48
Accessibility to educational centers Nominal data S12 0.60 0.49
Accessibility to masques Nominal data S13 0.58 0.49
Accessibility to suitable road centers Nominal data S14 0.55 0.50
Accessibility to infrastructures services (e.g., Nominal data S15 0.61 0.48
electricity, gas, and ... ) services

Economic Yield major crops Ton/year EC1 9.98 4.69
Annual net income of gardens Milliard rial EC2 0.23 0.55
Agricultural land per capita ha EC3 2.85 1.34
Number of livestock per capita number EC4 8.95 1.66
Livelihood reliance on agriculture Ordinal data EC5 3.30 1.44

Livelihood reliance on natural resources
Livelihood reliance on fixed wage

Ordinal data EC6 4.47 0.50
Ordinal data EC7 0.04 0.21

*-Ordinal data was assessed according to Likert scale

Table 3. Scenario building using the VIKOR method and scenario description

Scenario Description of the scenario Coefficients of criteria
Environmental  Social Economic
S (fa) Factor analysis weights 36.5 29.74 32.73
S(equality)  Equal weights for all three criteria 33.3 33.3 33.33
S (25en) 25% weight for the environmental criterion, with the 25 37.5 37.5
remaining weight distributed equally between the
other two criteria
S (25s) 25% weight for the social criterion, with the remaining 37.5 25 37.5
weight distributed equally between the other two criteria
S (25ec) 25% weight for the economic criterion, with the remaining 37.5 37.5 25
weight distributed equally between the other two criteria
S (50en) 50% weight for the environmental criterion, with the 50 25 25
remaining weight distributed equally between the other
two criteria
S (50s) 50% weight for the social criterion, with the remaining 25 50 25
weight distributed equally between the other two criteria
S (50ec) 50% weight for the economic criterion, with the remaining 25 25 50
weight distributed equally between the other two criteria
S (75en) 75% weight for the environmental criterion, with the 75 12.5 12.5
remaining weight distributed equally between the other
two criteria
S (75s) 75% weight for the social criterion, with the remaining 12.5 75 12.5
weight distributed equally between the other two criteria
S (75ec) 75% weight for the economic criterion, with the remaining 12.5 12.5 75

weight distributed equally between the other two criteria
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ing. This model typically involves multiple options that
are independently assessed against various criteria, with
the final ranking determined by the overall value of each
alternative (Kansal & Kumar, 2024).

The primary distinction between this model and hi-
erarchical or network decision-making models lies in
the absence of pairwise comparisons between criteria
and alternatives. Instead, each alternative is indepen-
dently evaluated against each criterion. Consequently,
the steps involved in the VIKOR multi-criteria decision-
making method can be summarized as follows:

Step 1: Decision Matrix Construction and Normaliza-
tion. In this step, a decision matrix, or scoring matrix
of alternatives based on criteria, is constructed. Subse-
quently, normalization is performed using the same nor-
malization relationship as the TOPSIS method (Yazo-
Cabuya et al., 2024).

Step 2: Weighting the Normalized Matrix. In this
step, the set of weights (w) is multiplied by the normal-
ized matrix (R).

Step 3: Determining the Positive Ideal and Negative
Ideal Points

For each criterion, the best and worst values among
all alternatives are identified and denoted as f* and f~,
respectively. If the criterion is of a benefit type, then:

fT=max f;; f~ =min f;;

Step 4: Assessing Utility: Opricovic (2015) intro-
duced two fundamental concepts, utility () and regret
(R), in VIKOR calculations. The utility value (S;) repre-
sents the relative distance of the ith alternative from the
ideal solution, while the regret value (R;) signifies the
maximum regret of the ith alternative due to its distance
from the ideal solution (Yazo-Cabuya et al., 2024).

1 I; = Jij

S; = Z W, g (1)
- f;

R f - fij )
; = max ~
Jf* f;

Where:

fij denotes the performance of alternative i for crite-
rion j,

J* is the best value of j criterion among all alterna-
tives, and

f ~ shows the worst value of j criterion among all al-
ternatlves

W; is total weights in standardized matrix,

Step 5: Calculation of the VIKOR Index: The final
step is the calculation of the VIKOR index (Q;) for each
alternative:

Qi=V[§i__§z +(1—V)[

S*=minS;; S~ =max§$;

R; - R*
R~ - R*

] 3)

R*=minR;; R =maxR;

Where:
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(S;) the suitability value represents the relative dis-
tance of the i-the option from the ideal point,

(R;) the amount of regret represents the maximum dis-
comfort of the i in the distance from the ideal point, and
finally v is a weight (0 < v < 1) signifying the decision-
maker’s preference for utility versus regret.

It is worth noting that various scenarios can enhance
the decision-making power of managers in both macro
and micro policy-making. The categorization of local
communities’ sustainability was determined based on
the VIKOR analysis and factor analysis results into five
Likert-scale categories: very sustainable, sustainable,
moderately sustainable, unsustainable, and very unsus-
tainable. Following the scenario-building process, a
questionnaire was developed to assess local communi-
ties’ perceptions of the final services provided by park
communities, including forage, medicinal plants, bee-
keeping, fuel, and food, in villages with different sus-
tainability conditions (Guan et al., 2024).

For evaluation of ecosystem services, a panel of
10 natural resource and ecology experts from provin-
cial universities assessed the questionnaire using Cron-
bach’s alpha (1951) to ensure reliability. Following con-
firmation of the reliability of the indices (¢ > 0.7), a
snowball sampling technique was employed to identify
interviewees in each class for an extensive field study
assessing local communities’ perceptions of direct and
final ecosystem services. Our dataset includes 378 sam-
ple numbers (n = 378). As shown in Table 4, the de-
scriptive statistics of the questionnaire responses were
determined based on a Likert scale (ranging from 1:
very low to 5: very high).

The effects of development level on perceptions of
final ecosystem services in Khabr National Park and
Rouchon Wildlife Refuge were analyzed using Kruskal-
Wallis and Duncan’s multiple range tests. A nonpara-
metric method using Kruskal-Wallis test was employed
due to its ability to rank multiple groups and assess the
effects of different variables on the data. This statisti-
cal method is particularly useful when identifying sig-
nificant differences between groups acquired from the
selected indicators (such as social, economic, and envi-
ronmental indicators). It allows for a precise and reli-
able evaluation of the impact of rural sustainability on
the perception of local communities about ecosystem
services (Montgomery, 2017).

The Spearman correlation test initially also examined
the relationship between ecosystem services and the
VIKOR sustainability index. Ultimately, an ordinal re-
gression was employed in SPSS to examine the relation-
ship between final ecosystem services and village devel-
opment categories.

3. Results

3.1 Factor analysis of socio-economic-ecological in-
dices

Rotated factor analysis using the principal component
analysis method was employed to determine the impor-
tance coeflicients of the socio-economic-ecological in-
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Table 4. Descriptive statistics of Ecosystem services using Likert-scale data collected from questionnaires

Class NO. Ecosystem services
Pollination Fuel Edible Medicinal Forage
Mean Std Mean Std Mean Std Mean Std Mean  Std

Very low 36 1.16 0.063 350 0.085 233 0232 1.16 0.063 3.16 0.152
Low 234 197 0.028 210 0.020 341 0.082 205 0033 351 0.057
Medium 84 278 0.045 142 0068 385 0.109 292 0.050 4.07 0.121
High 12 5.00 0.000 1.00 0.000 5.00 0.000 4.00 0.000 4.00 0.000
Very high 12 5.00 0.000 1.00 0.000 5.00 0.000 5.00 0.000 4.00 0.000
Total 378 227 0.048 201 0037 350 0067 231 0046 3.63 0.049

dicators. The results in Table 5 illustrate each factor’s
influential factors and factor loadings across seven axes.
Based on this analysis, variables with factor loadings ex-
ceeding 0.70 were identified as significant factors. The
contribution of each axis is displayed in Table 6. Ac-
cordingly, axes 1 to 7 account for explained variance
percentages of 29.1%, 22.2%, 9.05%, 6.93%, 4.88%,
4.76%, and 4.63%.

The results of determining the importance weights
of the effective indicators extracted from factor analy-
sis are presented for each relevant criterion in Figure 3.
Consistent with these findings, the environmental crite-
rion (Figure 2a) allocated the highest weight to EN1 and
the lowest weight to EN2. In this regard, among the
importance weight indices for the social criterion (Fig-
ure 2b), the highest value was assigned to index S12 and
the lowest to index S7. In addition, the highest and low-
est importance weights for the economic criterion (Fig-
ure 2¢) were assigned to EC1 and EC6, respectively.

Based on the importance coefficients of all influential
factors and criteria (Figure 1), the indices of environ-
mental, social, and economic criteria were calculated
to have importance weights of 36.52%, 29.75%, and
32.74%, respectively. These findings suggest that the
importance of the criteria in the studied area is priori-
tized as follows: environmental > economic > social.

3.2 Scenario building based on the VIKOR Multi-
Criteria Decision-Making Method

The results of the data analysis based on the designed
scenarios in Table 6 revealed that the first to tenth priori-
ties varied across different scenarios. This finding could
be attributed to the varying weights assigned to various
criteria and their relative importance in other villages
(Table 6).

Assessments presented in Figure 4 reveal that sustain-
able villages were consistently ranked last across all ex-
amined scenarios. Conversely, the top ten priorities, cat-
egorized as unsustainable settlements, exhibited more
significant variability and shifts in ranking as scenarios
changed. The prioritization results of the villages based
on the importance coefficients derived from factor anal-
ysis and the VIKOR method (Figure 1a) indicated that
the Qal’eh Now village ranked first due to its unstable
environmental, social, and economic conditions. In con-
trast, the Khabr village with code 30 ranked last due to
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its stable ecological, social, and economic conditions.

3.3 Exploring the impact of villages sustainability
on community perceptions

A Kruskal Wallis test was employed to investigate the
effects of five categories of Vikor test results on the im-
portance coeflicients extracted from factor analysis re-
garding the final ecosystem services of natural ecosys-
tems (in Khabr National Park and adjacent areas). The
results of this test are presented in Table 7. Based on
these results, the residential (environmental, social, and
economic) sustainability effect on the local communi-
ties’ perceptions of using all the final ecosystem ser-
vices, including fodder, medicinal plants, food, fuel, and
beekeeping, is significant at the 99% confidence level.
Given the significance of the village sustainability fac-
tor, Duncan’s multiple range test was employed to com-
pare the means across the different groups. The re-
sults are presented in Table 8. According to this anal-
ysis, pollination services and their use in beekeeping in-
creased significantly with increasing sustainability lev-
els. In this regard, no significant difference was ob-
served between the very high and high sustainability
groups. Conversely, the belief in the use of fuel ser-
vices increased significantly with decreasing sustain-
ability, with the highest level belonging to the very un-
sustainable group. While the use of medicinal plants in-
creased significantly with increasing sustainability lev-
els, results also revealed a significant increase in the
use of edible plants with increasing sustainability lev-
els. Furthermore, findings indicated that the perception
of using forage services differed significantly only be-
tween the highly unsustainable group and other groups,
with the highly unsustainable group exhibiting the low-
est level of forage service utilization.

3.4 Relationship between village sustainability and
the utilization of final ecosystem services

The results are presented in Table 9. According to these
results, the independent variable was significantly corre-
lated with all the final services examined. The findings
showed a significant negative correlation between fuel
use services and other final services and the sustainabil-
ity index. In contrast, a significant positive correlation
was observed between forage, medicinal, food, and pol-
lination services and each other and the sustainability
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Table 5. Factor loadings of the rotated axes along the direction of maximum variance

Indicators Indicators Component

Abbrev. PCl1 PC2 PC3 PC4 PC5 PC6 PC7
EN1 Rangeland condition -0.26 090 -0.14 -0.01 0.05 0.09 -0.03
EN2 Soil Organic Carbon -046 082 -0.07 0.14 0.12 0.02  -0.09
EN3 Canopy cover -0.41 0.85 -0.08 0.14 0.11 0.03 -0.10
EN4 Forage -0.17 088 -0.16 0.14 -0.05 0.18 -0.12
ENS5 Diversity index -0.30 087 -005 -0.03 0.18 0.09 0.00
EN6 Species number -032  0.86 0.01 -0.02 0.04 -0.03 -0.01
EN 7 Dominance index 0.00 -0.62 -0.09 -0.09 0.55 0.26 0.12
S1 Annual population growth -0.59 031  -0.09 057 -0.10 0.05 0.03

S2 Population density -0.65  0.28 0.05 0.39 0.10 -0.03 0.11

S3 Household size 030 -0.05 0.79 0.15 0.05 0.11 -0.05

S4 Employment rate 079 -038 026 -029 -0.04 004 -0.02

S5 Unemployment rate 069 -033 030 -035 -0.11 -0.08 0.13

S6 Illiterate women’s ratio of tota. -0.74 045 -024 0.28 0.02 0.18 0.04

S7 Illiterate women to men ratio -0.18  0.11 0.10 0.04 0.07 0.85 0.01

S8 Accessibility to official centers 0.09 0.04 074 -027 -0.13 -0.11 0.20

S9 Accessibility to service centers 041 -024 049 -027 -025 -0.29 -0.19
S10 Accessibility to recreation centers 0.14 -022 076 -0.02 0.23 0.16  -0.16
S11 Accessibility to health centers 0.69 -033 0.19 0.09 -0.15 -0.08 0.09
S12 Accessibility to educational centers 084 -032 015 -0.13 -0.09 -0.02 0.08
S13 Accessibility to masques 0.09 -0.11 006 -0.19 -0.15 0.02 0.24
S14 Accessibility to suitable road centers 0.68 0.00 0.15 -030 0.07 0.16 0.35
S15 Accessibility to infrastructure services 0.03 -0.07 045 0.10 030 -0.39 052
EC1 Yield major crops 0.88  -0.33  0.10 0.09 0.10 -0.16  0.01
EC2 Annual net income of gardens -0.07 027 0.10  -0.01 0.79 0.00  -0.05
EC3 Agricultural land per capita 0.88 -0.33 0.10 0.09 0.10 -0.16 0.01
EC4 Number of livestock per capita -025 002 -005 088 -0.02 0.03 0.01
EC5 Livelihood reliance on agriculture 0.76  -0.11 0.15 -0.12 0.12 -034 -0.24
EC6 Livelihood reliance on natural resources  -0.77  0.54  -0.04 0.21 0.26 0.01 -0.01
EC7 Livelihood reliance on fixed wage 0.11  -0.17 -0.09 0.01 -0.07 0.06 0.80
Eigenvalues 8.44 6.44  2.62 2.01 1.42 1.38 1.34
% of Variance 29.11 2219 9.05 6.93 4.88 476  4.64
% Com. Var 29.11 5130 6034 6727 7215 7691 81.55

Extraction Method: Principal Component Analysis.
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Table 6. Scenario- building for various villages of the studied area by Vikor method

NO  Villages/Settlements S S S S S S S S S S S
(FA) (equality) ~ (25EN)  (25S)  (25EC)  (50EN)  (50S)  (50EC)  (75EN)  (75S)  (75EC)
1 Gazm 0.535 0.488 0.481 0.490 0.490 0.502 0.483 0.477 0.574 0.474 0.489
2 Kaht 0.667 0.567 0.524 0.598 0.555 0.630 0.502 0.548 0.754 0.401 0.563
3 Rochoon 0.711 0.651 0.631 0.666 0.645 0.681 0.621 0.644 0.755 0.573 0.659
4 Madan 0.511 0.424 0.397 0.446 0.412 0.460 0.379 0.420 0.569 0.308 0.457
5 Chahziba 0.379 0.393 0.318 0.414 0.431 0.559 0.350 0.248 0.796 0.282 0.095
6 Chahkenar 0.422 0.437 0.362 0.456 0.480 0.607 0.400 0.284 0.840 0.341 0.116
7 Chahsiah 0.383 0.408 0.333 0.430 0.443 0.569 0.363 0.269 0.799 0.292 0.125
8 Giho 0.473 0.540 0.470 0.583 0.536 0.658 0.453 0.481 0.842 0.315 0.449
9 Chahsorkh 0.439 0.444 0.371 0.474 0.461 0.585 0.380 0.340 0.796 0.281 0.247
10 Cheshmeh hosein 0.317 0.326 0.299 0.338 0.331 0.378 0.301 0.289 0.510 0.262 0.280
11 Bagh kenar 0.379 0.445 0.422 0.461 0.441 0.483 0.413 0.430 0.588 0.363 0.447
12 Mazar 0.548 0.560 0.506 0.580 0.579 0.671 0.520 0.473 0.835 0.456 0.389
13 Sohandar 0.496 0.488 0.425 0.516 0.500 0.609 0.429 0.403 0.795 0.336 0.332
14 Darnian 0.297 0.369 0.350 0.362 0.399 0.430 0.383 0.293 0.555 0.405 0.219
15 Zargarha (tiroft) 0.289 0.339 0.392 0.310 0.336 0.246 0.399 0.395 0.217 0.492 0.485
16  Samizadeh 0.474 0.495 0.422 0.532 0.502 0.627 0.418 0.412 0.827 0.297 0.348
17 Hamzelu 0.382 0.444 0.375 0.470 0.466 0.584 0.390 0.336 0.792 0.304 0.234
18  Motor taheri 0.508 0.566 0.507 0.603 0.560 0.663 0.490 0.520 0.821 0.370 0.503
19  Motor razinefahimi 0.356 0.408 0.376 0.429 0.404 0.460 0.365 0.386 0.586 0.297 0.399
20  Motor Amiri 0.347 0.398 0.364 0.421 0.393 0.454 0.352 0.376 0.584 0.278 0.388
21 Jalalu 0.231 0.301 0.261 0.310 0.324 0.391 0.283 0.218 0.560 0.254 0.147
22 Ghadamgah 0.323 0.378 0.342 0.401 0.376 0.441 0.332 0.348 0.580 0.259 0.351
23 Abkorku 0.356 0.413 0.376 0.439 0.404 0.470 0.359 0.394 0.601 0.275 0.414
24 Shekarab 0.319 0.371 0.340 0.392 0.365 0.420 0.327 0.353 0.546 0.258 0.373
25 Ghorbangholi 0.193 0.269 0.237 0.275 0.290 0.345 0.256 0.198 0.502 0.236 0.142
26  Motor seieda 0.314 0.413 0.388 0.441 0.390 0.437 0.355 0.433 0.539 0.264 0.506
27  Chadyvar (chadar) 0.308 0.368 0.344 0.385 0.363 0.407 0.334 0.354 0.522 0.280 0.376
28 Jiji 0.297 0.351 0.326 0.370 0.344 0.389 0.313 0.342 0.505 0.253 0.372
29  Zargarha (motorhashmar)  0.300 0.300 0.346 0.267 0.312 0.234 0.369 0.320 0.233 0.476 0.362
30  Khabr 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
31 Vakilabad 0.551 0.612 0.671 0.551 0.660 0.555 0.739 0.576 0.515 0.938 0.510
32 Ghalehnu 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.115 0.000 0.049
33 Tolombeh roknadini 0.121 0.108 0.117 0.119 0.080 0.068 0.085 0.170 0.135 0.048 0.305
34  Mohamadabad 0.276 0.321 0.401 0.249 0.365 0.223 0.468 0.314 0.173 0.700 0.295
35  Motor alahabadsal 0.383 0.310 0.312 0.310 0.306 0.303 0.308 0.319 0.375 0.306 0.366
36 Gijueih 0.313 0.246 0.244 0.241 0.255 0.258 0.255 0.226 0.353 0.269 0.234
37  Golestan 0.325 0.296 0.313 0.271 0.322 0.292 0.348 0.261 0.355 0.430 0.234
38 Khosroabad 0.350 0.343 0.369 0.309 0.376 0.329 0.413 0.305 0.373 0.524 0.265
39  Jouan 0.356 0.302 0.308 0.291 0.313 0.302 0.323 0.285 0.376 0.357 0.291
40  Petkan 0.325 0.331 0.357 0.290 0.374 0.326 0.415 0.271 0.377 0.548 0.200
41 Aliabad 0.334 0.333 0.362 0.297 0.365 0.312 0.407 0.298 0.351 0.524 0.263
42 Eslamabad 0.292 0.223 0.228 0.213 0.237 0.230 0.245 0.200 0.318 0.280 0.201
43 Jarub 0.357 0.325 0.342 0.301 0.351 0.321 0.375 0.292 0.381 0.454 0.267
44 Vakilabad2 0.321 0.262 0.268 0.250 0.278 0.268 0.288 0.238 0.349 0.328 0.235
45 Baghpishgah 0.461 0.373 0.375 0.370 0.378 0.376 0.380 0.365 0.447 0.392 0.384
46  Meydan 0.449 0.365 0.364 0.365 0.364 0.366 0.364 0.365 0.438 0.363 0.397
47 Khardan 0.462 0.404 0.417 0.390 0.415 0.394 0.432 0.394 0.444 0.477 0.403
48  Abyade ghahramni 0.424 0.340 0.342 0.339 0.341 0.339 0.343 0.342 0.410 0.347 0.375
49  Dikhoueieh 0.407 0.402 0.427 0.365 0.439 0.393 0.477 0.353 0.435 0.596 0.296
50  Hoseinabad 0.216 0.172 0.221 0.147 0.166 0.083 0.223 0.229 0.079 0.304 0.333
51 Heydarabad 0.255 0.232 0.260 0.209 0.243 0.194 0.279 0.237 0.233 0.354 0.269
52 Mahmodabad 0.272 0.273 0.317 0.234 0.298 0.222 0.355 0.267 0.236 0.483 0.270
53 Aliabad takhtekhaj 0.274 0.228 0.255 0.215 0.226 0.182 0.257 0.258 0.217 0.301 0.329
54 Aliabad shamshirbor 0.245 0.231 0.261 0.207 0.243 0.191 0.281 0.238 0.227 0.358 0.271
55  Eslamabd2 0.345 0.276 0.289 0.272 0.270 0.249 0.284 0.301 0.303 0.296 0.367
56  Hoseinabad khani 0.306 0.284 0.311 0.258 0.301 0.254 0.337 0.276 0.294 0.420 0.285
57 Kashkoeieh 0.391 0.384 0.430 0.349 0.400 0.321 0.457 0.397 0.313 0.572 0.424
58  Beridoeieh 0.250 0.204 0.219 0.190 0.215 0.189 0.235 0.199 0.256 0.282 0.222
59  Dehuyj 0.268 0.254 0.281 0.230 0.267 0.220 0.302 0.254 0.261 0.377 0.278
60  Gorgin 0.081 0.079 0.135 0.036 0.097 0.000 0.167 0.098 0.007 0.306 0.143
61 Ghalehno 0.042 0.097 0.171 0.021 0.155 0.023 0.254 0.056 0.019 0.501 0.000
62 Abkar ashayer25 0.117 0.101 0.162 0.059 0.112 0.008 0.186 0.137 0.000 0.321 0.204
63 Soltanabd 0.206 0.259 0.355 0.180 0.299 0.131 0.420 0.273 0.055 0.674 0.283

Table 7. Nonparametric variance analysis (Kruskal-Wallis test) to examine the effect of residential (environmental, social, and economic) sustainability
on local communities’ perceptions of ecosystem service utilization

Indicators Pollination value  Fuel production Edible plants Medicinal plants Fodder production
Very stable 50.00 353.00 104.50 46.00 132.50
Unstable 160.19 209.96 180.04 160.04 177.65
Moderate stability 280.36 105.29 216.29 283.36 231.50
Stable 366.50 39.50 315.50 354.50 243.50
Very stable 366.50 39.50 315.50 372.50 243.50
Kruskal Wallis test 245.9%%* 244.6** 64.6%* 247.9%* 35.2%%*

*, **=gignificant at 5 and 1% probability level.
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Table 8. Comparison of Mean Values of Sustainability Groups for the Use of Final Ecosystem Services

Likert’s category

Pollination value  Fuel production

Edible plants Medicinal plants Fodder production

Very stable 1.67 d+0.06 3.50 a+0.08
Unstable 1.97 ¢+0.02 2.10 b=0.02
Moderate stability 2.78 b+0.04 1.67 c+0.07
Stable 5.00 a+0.00 1.00 d+0.060
Very stable 5.00 a+0.00 1.00 d+0.00

2.03 ¢+0.23 1.16 e+0.06 3.16 b£0.15
3.40 b+0.08 2.05 d+0.03 3.5 1ab+0.05
3.85b+0.11 2.92 c+0.05 4.07 a+0.12
5.00 a+0.00 4.00 b+0.00 4.00 a+0.01
5.00 a+0.00 5.00 a+0.01 4.00 a+0.02

Means of column followed by the same letter” indicates not significantly different from each other.

index.

Ordinal regression models were employed to exam-
ine the relationship between the degree of sustainability
and final ecosystem services. The results are presented
in Table 10. According to these findings, a one-unit in-
crease in the degree of sustainability resulted in a 24-
fold decrease in fuel services. Furthermore, the results
showed that a one-unit increase in the degree of sustain-
ability led to an 8.3-fold, 21-fold, 8.4-fold, and 21.2-fold
increase in fodder, medicinal, food, and pollination ser-
vices, respectively.

3.5 Discussion

The research results indicated that the greatest impor-
tance was assigned to rangeland condition (EN1), ac-
cessibility to educational facilities (S12), and the pro-
duction of major crops (EC1). The assessment revealed
that the environmental, social, and economic criteria
accounted for 36.52%, 29.75%, and 32.74%, respec-
tively. While the ecological criterion was deemed the
most significant in this study, the interplay between
the economic and social criteria showed that the com-
bined importance of socioeconomic factors (related to
human well-being) surpassed that of environmental fac-
tors (ecosystem) in the study area. Given these find-
ings, it is crucial for planners to focus on the role of
humans in conserving and preserving areas like Khabr
National Park. The research aimed to evaluate and prior-
itize villages based on various socioeconomic and envi-
ronmental factors, employing the VIKOR multi-criteria

“https://doi.org/10.57647/jrs-2026-1601.04

decision-making method to assess local communities’
perceptions of final ecosystem services. The results
highlighted significant differences among the studied
settlements concerning these socioeconomic and envi-
ronmental dimensions. As a result, Qal’eh Now village
was prioritized first due to its unstable environmental,
social, and economic conditions. In contrast, Khabr vil-
lage, which has stable ecological, social, and economic
conditions, was given the lowest priority. While no
research has specifically prioritized villages based on
these criteria in relation to settlements located within
or near hotspot areas (such as national parks), this study
underscores the importance of using a multi-criteria sus-
tainability index to prioritize villages within and around
the Khabr National Park hotspot area. Therefore, it is
recommended that assessments of various environmen-
tal, social, and economic indicators in settlements sur-
rounding hotspot areas can be taken into account for
prioritization in any government initiatives. This com-
prehensive and systematic approach can help minimize
the risk of program failure and avoid one-dimensional,
sectoral planning. Empirical investigations have estab-
lished a significant correlation between public percep-
tion of forest-derived ecosystem services and the mani-
festation of pro-environmental behaviors, alongside the
formulation of conservation intentions. For example:
(Maleknia, 2024) documented a positive relationship be-
tween enhanced awareness of urban forest ecosystem
services and an increased individual willingness to pay
for ecosystem services (Erfanian et al., 2024) also sub-
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Table 9. Correlation between variables by the Spearman method

Factors Pollination Fuel Edible = Medicinal  Forage
Fuel -0.674%%*

Edible 0.426%*  -0.394%**

Medicinal 0.697**  -0.695%*  (.443%*

Forage 0.357**  -0.312%* 0.826%*%  (0.322%%*

Sustainability degree ~ 0.711%*  -0.732%*  (0.465**  0.729%*  (.358%*
* **=gsignificant at 5 and 1% probability level.

Table 10. Ordinal Regression (OR) model for final ecosystem services’ proxies using Vikor procedure score as independent

Ecosystem services Likert classes’ thresholds B value Chi-square R-square
1 2 3 4
Pollination value 406 9.00 12.83 21.2 372.27%%* 0.70
Fuel production -11.17  -539  -1.97 -24.33  375.22%% 0.72
Edible plants -0.13  1.79 3.07 3.84 8.42 109.25%* 0.26

Medicinal plants 376 874 11.77 1497 21.04 385.75%%* 0.70
Fodder production  -2.93 -148 148 2.64 3.85 40.55%* 0.11
* **=gsignificant at 5 and 1% probability level.
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stantiated that an elevated understanding of ecosystem
service provision acts as a catalyst for the reinforcement
of environmentally responsible behavior. Specifically,
the recognition of the functional importance of these ser-
vices fosters a heightened sense of ecological steward-
ship. The cultivation of a comprehensive understand-
ing of the diverse ecosystem services such as climate
change mitigation (Maleknia & Enescu, 2025) and the
provision of human health benefits (Maleknia, 2025), is
posited to facilitate a societal shift towards sustainable
natural resource utilization paradigms. In essence, the
cognitive internalization of the instrumental and intrin-
sic values associated with ecosystem services precipi-
tates a greater proclivity for their conservation.

The findings indicate a strong correlation between the
residential sustainability of local communities and their
use of final ecosystem services. Specifically, for each
one-unit increase in sustainability, there was a 24-fold
decrease in the consumption of fuel services. Addition-
ally, the results showed that a one-unit increase in sus-
tainability corresponded to increases of 3.8, 21, 8.4, and
21.2 times in fodder, medicinal, food, and pollination
services, respectively. Furthermore, the study found
that both pollination services and the use of ecosystems
for beekeeping significantly increased with higher lev-
els of sustainability. However, no significant difference
was noted in pollination services or the use of ecosys-
tems for beekeeping between the “’very high” and “’high”
sustainability groups. On the other hand, the consump-
tion of fuel services notably increased as sustainability
decreased, with the ”very unsustainable” group exhibit-
ing the highest levels of fuel service use. These results
align with other studies (e.g., (Mace et al., 2012)) show-
ing that more sustainable communities tend to rely more
on ecosystem services for their livelihoods and well-
being, while the increased fuel consumption observed
among the least sustainable groups is consistent with re-
search indicating that unsustainable practices often re-
sult in higher dependence on fuelwood and other ecosys-
tem products (Wunder et al., 2014).

4. Conclusions

The results indicated that as the level of sustainability
increased, the use of both medicinal and edible plants
also significantly increased. Additionally, the findings
revealed that perceptions of fodder services varied sig-
nificantly, particularly between the very unsustainable
group and the other groups; the very unsustainable
group exhibited the lowest level of fodder use. Further-
more, the results showed a significant negative correla-
tion between fuelwood services and other final services,
as well as with the sustainability level. In contrast, the
use of fodder, medicinal, edible, and pollination ser-
vices was positively correlated with each other and with
the sustainability level.
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