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Land-use change, particularly the expansion of agricultural lands, is considered one of the
most significant drivers affecting the transformation of ecosystem services in arid and
hyper-arid ecosystems. This study aimed to spatially analyze the impact of agricultural
land expansion on ecosystem services in the Kavir Protected Area. To this end, land
cover/land use changes for the years 1986 and 2020 were extracted and analyzed based
on Landsat satellite imagery. Subsequently, using the INVEST model and spatial analyses
within a GIS environment, three ecosystem services—soil retention, habitat quality, and
water yield—were evaluated, and a land-use change scenario for 2054 was also analyzed.
The results indicated that during the study period, approximately 3,804 hectares of natural
rangelands and shrublands were converted into agricultural lands. Outputs from the soil
retention module and the USLE equation revealed that agricultural lands exhibited the
highest soil loss (approximately 5,000 kg per pixel) and the lowest soil protection
capacity, whereas shrublands and rangelands showed the highest soil retention potential
(around 16,750 kg per pixel). Habitat quality module results also demonstrated a decline
in habitat quality and an increase in degradation intensity due to agricultural expansion, a
trend that is projected to intensify in the 2054 scenario. Moreover, the water yield module
indicated a reduction in water production resulting from increased evapotranspiration
caused by agricultural development. Overall, the findings highlight that agricultural
expansion undermines the regulating ecosystem services of the region, emphasizing the
necessity of limiting agricultural development and considering ecological factors in the
management of the Kavir Protected Area.
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Introduction

In recent decades, the increasing interaction between economic development and environmental
conservation has emerged as one of the most complex challenges in sustainable natural resource
management. Expansion of agricultural lands, particularly in arid and semi-arid regions, is recognized
as one of the primary drivers of land-use/land-cover change, leading to profound ecological
consequences. Although agricultural development contributes to local livelihoods and short-term
economic benefits, it often disrupts ecosystem balance, fragments habitats, and degrades ecosystem
services such as soil regulation, water purification, and biodiversity conservation. Protected areas, which
are established as key strongholds of biodiversity conservation and genetic resource protection, are
increasingly under pressure from surrounding human activities. The Kavir Protected Area in southern
Tehran Province, Iran, represents a highly sensitive ecological zone due to its position along a climatic
and ecological gradient extending from the Alborz Mountains to the central desert. Its proximity to
densely populated metropolitan areas has intensified anthropogenic pressures, especially agricultural
expansion in buffer zones and adjacent landscapes. Over the past two decades, substantial conversion
of rangelands and natural shrublands into agricultural fields and orchards has been observed in the
region. This transformation has resulted in habitat fragmentation, disruption of hydrological cycles,
increased chemical pollution from fertilizers and pesticides, and a significant decline in ecosystem
service provision. Moreover, the degradation of the buffer zone has reduced its effectiveness as a
protective barrier, allowing agricultural impacts to penetrate deeper into the core protected ecosystem.
Given the complexity of ecological degradation processes in the Kavir Protected Area, traditional
conservation approaches that rely solely on restrictive regulations are no longer sufficient. Instead,
integrated strategic planning approaches are required to identify key internal and external factors
influencing land-use dynamics and to prioritize effective management interventions. Therefore, this
study aims to assess the impacts of agricultural expansion on ecosystem services in the Kavir Protected
Area and to develop prioritized management strategies using a combined SWOT (Strengths,
Weaknesses, Opportunities, Threats) and Quantitative Strategic Planning Matrix (QSPM) approach.

Material and Methods

This study employed a mixed-methods research design combining quantitative and qualitative
approaches. The overall framework was structured in four sequential stages: (1) land-use change
analysis, (2) ecosystem service assessment, (3) SWOT analysis, and (4) strategy prioritization using
QSPM. In the first stage, multi-temporal satellite imagery from Landsat sensors covering the period
1986 to 2020 was used to detect land-use/land-cover changes in the Kavir Protected Area and its buffer
zones. Image preprocessing, classification, and change detection were conducted using supervised
machine learning techniques. Land-use categories included rangelands, shrublands, agricultural lands,
barren lands, and urban areas. Accuracy assessment was performed to ensure classification reliability.
In the second stage, ecosystem service changes were evaluated using ecological indicators and adapted
ecosystem service assessment models. Key services assessed included soil erosion control, hydrological
regulation, and biodiversity support functions. Field observations and ecological sampling were used to
validate remote sensing results and to identify degradation patterns associated with agricultural
intensification. The third stage involved the identification of internal and external factors affecting land-
use management through SWOT analysis. A panel of 20 experts, including environmental scientists,
rangeland managers, protected area rangers, agricultural specialists, and local stakeholders, participated
in structured and semi-structured sessions conducted between spring and summer 2024. Factors were
identified based on literature review, field evidence, and expert consensus. Internal factors were
categorized as strengths and weaknesses, while external factors were classified as opportunities and
threats. To quantify SWOT factors, structured questionnaires were designed using a 14 Likert scale.
Experts assigned weights and importance scores to each factor. Internal Factor Evaluation (IFE) and
External Factor Evaluation (EFE) matrices were constructed to determine the overall strategic position
of the study area. In the final stage, the Quantitative Strategic Planning Matrix (QSPM) was applied to
prioritize management strategies. Fourteen strategic alternatives were developed based on SWOT
combinations (SO, WO, ST, WT strategies). Experts evaluated the attractiveness scores of each strategy
relative to SWOT factors. The final QSPM scores were calculated by multiplying weights and
attractiveness ratings, enabling ranking of strategies based on overall effectiveness.
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Results

The analysis of land-use change revealed a substantial transformation of natural ecosystems in the Kavir
Protected Area. Over the study period, approximately 3,800 hectares of rangelands and shrublands were
converted into agricultural lands. This land-use transition has intensified pressure on limited water
resources and accelerated ecological degradation processes. Ecosystem service assessment indicated a
significant decline in ecological functions, particularly in soil stability, water regulation, and habitat
integrity. The expansion of agriculture contributed to increased soil salinity, groundwater depletion, and
contamination of surface water resources, especially in sensitive areas such as the Galu River and Band
Ali-Khan wetland. The introduction of chemical fertilizers and pesticides further exacerbated nitrogen
accumulation and water pollution levels. The SWOT analysis results showed that the Internal Factor
Evaluation (IFE) score was 2.8, indicating relatively moderate internal capacity but significant structural
weaknesses. The External Factor Evaluation (EFE) score was 2.88, reflecting a slightly stronger
influence of external threats and opportunities compared to internal strengths. Key strengths included
the presence of drought-resistant species, low human population density, and active conservation
enforcement by rangers. Major weaknesses included water scarcity, soil salinization, ecosystem
fragility, and pollution from agricultural runoff. Opportunities identified included natural water inflow
from rivers, potential for genetic diversity conservation, proximity to academic institutions, and
involvement of local communities such as nomadic populations. Major threats included uncontrolled
agricultural expansion, increased human disturbance, climate change impacts, reduced river discharge,
and unregulated waste disposal. The QSPM analysis prioritized management strategies based on their
overall attractiveness scores. The highest-ranked strategy was preventing the conversion of rangelands
into agricultural lands. This was followed by farmer education programs on pesticide and fertilizer use,
involvement of academic experts in environmental training, and promoting drought- and salinity-
resistant crop varieties. Other important strategies included soil rehabilitation programs, watershed
management interventions, restriction of water-intensive agriculture, and development of environmental
monitoring systems.

Discussion and Conclusion

The degradation of the buffer zone has significantly reduced its capacity to protect the core protected
ecosystem, allowing agricultural impacts such as chemical pollution and habitat fragmentation to
penetrate deeper into the landscape. The results also highlight that while agriculture may provide short-
term economic benefits, its long-term ecological costs are substantial and often irreversible. The SWOT-
QSPM analysis underscores the need for integrated and strategic management approaches rather than
isolated conservation measures. The dominance of external threats and internal weaknesses suggests
that reactive management strategies alone are insufficient. Instead, proactive strategies such as land-use
planning, community engagement, and agricultural regulation are essential. Educational interventions
targeting farmers, particularly regarding the use of chemical inputs, are critical for reducing
environmental pollution. Similarly, promoting drought-resistant crop varieties and restricting water-
intensive agricultural practices can significantly reduce pressure on local water resources. The
involvement of academic institutions and local communities can enhance knowledge transfer and
improve compliance with conservation policies. Overall, this study concludes that sustainable
management of the Kavir Protected Area requires a shift from conventional restrictive approaches
toward integrated, participatory, and science-based strategies. Strengthening institutional coordination,
improving environmental monitoring, and enforcing land-use regulations are essential for maintaining
ecosystem services and biodiversity in the region.
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Figure 2. Maps of rainfall erosivity index in the study area
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Figure 3. Maps of soil erodibility index in the study area
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Figure 4. Maps of factors C and P in the study area
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Figure 5. Land cover and land-use change chart of the study area, 1986 and 2020
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Figure 6. Maps of maximum soil loss in the study area
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