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Abstract

Rangelands, as extensive and essential ecosystems, have in recent years been subjected to various pressures,
leading to degradation and reduced efficiency. The present study investigates the sustainability status of the
rangeland ecosystem in the Malekshahi watershed in llam Province using the monitoring and evaluation
guideline for natural resources management projects. In this method, three sustainability criteria were
applied: soil sustainability, including five indicators of soil conservation, erodibility, soil surface roughness,
soil stability, and soil texture; vegetation sustainability, including eight indicators of biodiversity,
regeneration and age class, plant vigor and vitality, species composition, canopy cover, litter percentage
index, condition of poisonous invasive species, and annual production index; and socio-economic
sustainability, including three indicators of livestock-rangeland balance, balance between human population
and rangeland, and exploitation suitability index. These indicators were used to evaluate and calculate
rangeland sustainability through a scoring method. Furthermore, land use changes during the period 2011—
2021 were examined. The scores of soil, vegetation, and socio-economic sustainability criteria were obtained
as 13, 29, and 6, respectively, and the land use changes indicated that forest area decreased by about 7% in
2021, while rangeland increased by 2%. According to the results, the final sustainability score of the
rangeland ecosystem in the Malekshahi watershed was 48, indicating a moderate overall condition. Based on
these findings, the soil, vegetation, and socio- economic components of sustainability in the Malekshahi
watershed appear to be in an unfavorable state, largely due to overgrazing beyond the carrying capacity,
excessive dependence of the local population on rangeland resources, and inappropriate land- use changes.
Nevertheless, the applied method offers a valuable scientific framework for evaluating rangeland
sustainability and can serve as a practical tool to support informed decision- making and future management
initiatives.
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Extended Abstract

Introduction
Rangelands, which cover nearly half of the world’s terrestrial areas, are vital ecosystems that support
millions of people who depend on their ecological services (28, 25). These ecosystems provide forage for
domestic and wild herbivores, help conserve biodiversity, supply medicinal and food plants, sequester
carbon, serve as reservoirs of non-renewable biodiversity, and preserve cultural traditions (26). Additionally,
rangelands contribute to employment for more than 1.3 billion people worldwide (22). In recent years,
however, persistent droughts, unsustainable exploitation, and improper grazing practices have led to
widespread degradation, particularly in Iran. To address these challenges, various approaches and indicators
have been developed to assess rangeland sustainability. Among them, the ecosystem-based rangeland
sustainability assessment using the Monitoring and Evaluation Guidelines for Natural Resources and
Watershed Management Projects has been widely applied (27). This method evaluates three main criteria:
1.Soil, including five indicators—soil conservation, erodibility, surface roughness, soil stability, and soil
texture;
2.Vegetation, with eight indicators—biodiversity, reproductive status, age class, plant vigor, species
composition, canopy cover, litter percentage, invasive plants, and annual production; and
3.Socio-economic, consisting of three indicators—Ilivestock-to-rangeland ratio, human population-to-rangeland
ratio, and utilization appropriateness (23).

These indicators are essential for monitoring, reporting, and decision-making, and have been increasingly
applied at local, regional, and national scales (12, 18, 4, 30). Previous studies have also emphasized the
influence of climate change, grazing intensity, land-use changes, and socio-economic pressures on rangeland
sustainability. For example, assessments conducted in the Qatourchay and Shazand watersheds, based on
biotic, hydrological, geomorphological, and soil erosion indicators, identified moderate to poor sustainability
conditions (15, 8, 9). Socio-economic evaluations have further shown that overgrazing, early and prolonged
grazing, high livestock density, and land conversion are among the main drivers of rangeland degradation in
Iran (2, 10, 19). The Malekshahi rangelands, as sensitive and valuable ecosystems, play an important role in
biodiversity conservation, erosion control, and supporting local livelihoods. Overall, the literature highlights
the need for an integrated, interdisciplinary approach that considers environmental, social, and economic
dimensions for effective assessment and sustainable management of rangelands (13).

Accordingly, the main objective of this study is to apply an ecosystem-based approach using the Monitoring
and Evaluation Guidelines for Natural Resources and Watershed Management Projects to assess the
sustainability of the rangeland ecosystem in the Malekshahi watershed. By simultaneously evaluating soil,
vegetation, socio-economic criteria, and land-use changes, this study provides a comprehensive assessment
of ecosystem sustainability and its underlying drivers. The resulting framework can serve as a practical tool
to support informed decision-making by managers and policymakers for sustainable natural resource
management.

Material and Methods

The Malekshahi watershed, covering an area of 120.79 km2 is located in llam Province, Iran.
Geographically, it lies between 46°30'38" and 46°40'23" east longitude and 33°19'49"” and 33°26'52" north
latitude (Fig. 1). In this study, the sustainability of the watershed was assessed based on the Monitoring and
Evaluation Guidelines for Natural Resources and Watershed Management Projects, developed by the Vice
Presidency for Strategic Planning and Supervision and the Forests, Range, and Watershed Management
Organization of Iran (2009). In this method, the relevant criteria, indicators, and variables were initially
identified. Each variable was classified into several numerical categories, and a score ranging from excellent
to poor was assigned to each class. The sum of these scores represented the overall sustainability level of the
rangeland ecosystem within the watershed (Table 3). To analyze land-use and land-cover (LULC) changes,
Landsat satellite images from 2011 and 2021 were utilized (Table 1). The images were classified using a
supervised classification approach based on the Maximum Likelihood algorithm. The selected images had
the highest available spatial resolution and the lowest cloud cover. Before classification, the datasets were
checked and corrected for geometric, radiometric, and atmospheric distortions. To enhance reliability, the
resulting maps were validated using ground control points, and classification accuracy was assessed through
the Kappa coefficient and Overall Accuracy indices (Table 2). Overall, rangeland ecosystem sustainability in
the Malekshahi watershed was evaluated using three main criteria, sixteen indicators, and ninety variables, in
accordance with the national monitoring and evaluation guideline.
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Results and Discussion

Natural changes in vegetation cover and soil conditions generally remain in balance without human
interference; however, human activities, depending on climatic and edaphic conditions, have exerted varying
impacts on rangelands. Understanding these changes is essential for sustainable conservation and utilization.
In this study, the rangeland ecosystem score was calculated as 48, which, according to Table 3, falls within
the moderate category. Detailed scores for the rangeland ecosystem criteria are presented in Table 4 and
Fig. 2. The results indicate that soil and vegetation stability are not in an optimal condition, primarily due to
overgrazing, unsustainable utilization of vegetation cover, and livestock numbers exceeding the carrying
capacity of the rangeland. These pressures have contributed to declining vegetation cover, reduced litter
volume, and increased soil erosion. To improve these conditions, the implementation of management
interventions—such as exclosure, biological treatments, and mechanical operations—is recommended.
Regarding the social and economic criteria, excessive dependence of local communities on rangeland
resources, inappropriate land-use changes, and a reduction in conservation areas have negatively influenced
rangeland ecosystem stability. Declining income and productivity from rangelands have also contributed to
the migration of herders to urban areas. Ecotourism can serve as a sustainable livelihood alternative and a
supplementary source of income for local communities. Case studies in Tanzania have demonstrated that
ecotourism can reduce poverty and promote natural resource conservation (1). Domestic studies also indicate
that integrating livestock production with tourism, beekeeping, and medicinal plant harvesting can
substantially increase the income of rangeland users. The land-use and land-cover change analysis for the
period 20112021 (Table 5, Fig. 3) showed a decrease in forested areas, while rangelands, agricultural lands,
and orchards have expanded. These shifts may have important environmental and management implications
for the region.

Conclusion

The sustainability assessment of the Malekshahi watershed rangelands indicated that the overall condition of
these ecosystems is moderate, with a total score of 48. The land-use change analysis showed a 7% reduction
in forest areas and a 2% increase in rangeland extent during the study period. To enhance the current
conditions, it is necessary to implement management strategies such as forest restoration, sustainable
rangeland utilization, and reducing the key factors contributing to degradation. Overall, the applied
assessment method provides a practical and scientific tool for evaluating rangeland sustainability and can
serve as a valuable basis for effective planning and decision-making in natural resource management.

Keywords: Biodiversity, Indicator, Land Use, Natural Resources Management, Rangeland Degradation,
Sustainability Assessment.
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Fig 1. Location of the study area.
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Table 2. Criteria and Indicators Used for Assessing Rangeland Ecosystem Sustainability Based on the Method of

Table 1. Satellite images used for land- use/land- cover extraction in the Malekshahi watershed

Satellite Resolution Image Date  Kappa Index Accuracy  Overall Accuracy Index
Landsat 7 30 m 2011 0.82 0.87
Landsat 8 30 m 2021 0.82 0.88

the Natural Resources and Watershed Management Organization of Iran

Row

Criterion

Indicators, Variables, and Scoring Ranges for Each Indicator and Variable

1

Soil Sustainability

Soil Protection Index (1-5), Erosion Susceptibility Index (1-4), Soil Roughness (1-4), Soil Sustainability
(1-5), Soil Texture (1-4)

Vegetation

Sustainability

Biodiversity Index with variables: Species Diversity (1-4), Degree of Typological Purity (1-3),
Regeneration and Age Class Index with variables: Status of Regeneration and Rejuvenation of Species
(1-5), Presence of Different Age Classes (1-4), Plant Vigor and Vitality Index with variables: Height of
Rangeland Plants (1-4), Color and Vigor of Plants (1-4), Seed Production of Rangeland Plants (1-4);
Plant Composition Index with variables: Palatability Class (1-4), Growth Form (1-4); Canopy Cover
Percentage Index (1-4), Percentage of Litter and Straw Index (1-3), Invasive Toxic Plant Status Index
(1-4), Annual Production Index (1-4)

Economic and

Social

Sustainability

Livestock-Rangeland Suitability with variables: Ratio of Existing Livestock to Rangeland Capacity (1-
3), Matching Livestock with Rangeland (1-3); Human Population-Rangeland Suitability Index (1-4),
Exploitation Suitability Index with variables: Conversion of Rangeland to Other Land Uses (1-4),
Protective Area Level (1-3)

Table 3. Determination of Rangeland Ecosystem Sustainability Levels

Score Range Category
More than 80 Excellent
Between 65 and 80 Good
Between 45 and 64 Average
Between 25 and 44 Poor
Less than 25 Very Poor

Table 4. Scores for Rangeland Ecosystem Criteria in the Maleksahhi Watershed

Criterion Min and Score in the

Max Score Watershed
Soil Sustainability 5-22 13
Vegetation Sustainability 13-51 29
Socio-Economic Sustainability 5-17 6
Final Score for the Rangeland Ecosystem in the Maleksahhi Watershed - 48

Score
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Fig 2. Scores of rangeland ecosystem criteria in the Malekshahi watershed Top of Form
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Table 5. Land use changes in the Maleksahhi Watershed during the period 2011-2021
Land Use Type 2011 -Area (ha) 2011- % 2021- Area (ha) 2021- %
Rangeland 11,114.12 9.25% 13,331.06 11.02%
Orchard 1,169.78 1.4% 3,487.44 3.20%
Residential Areas 232.52 1.92% 329.40 2.74%
Agriculture 2,527.35 20.92% 2,557.20 21.19%
Forest 6,266.03 51.87% 5,364.38 44.40%
Rocks and Bare Land 1,769.47 14.64% 2,109.33 17.45%
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