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Abstract

This research was conducted with the aim of site selection and land capability evaluation for the development of pistachio
cultivation in Sistan and Baluchestan province by integrating Geographic Information Systems (GIS), the Analytical
Hierarchy Process (AHP), and remote sensing data (Landsat 8 satellite imagery within the Google Earth Engine platform).
Eight criteria, including distance from water canals, roads, and population centers, land use, slope, elevation, slope aspect,
and soil characteristics (salinity, texture, and pH), were weighted based on the opinions of 15 experts (inconsistency ratio
= 0.03). The highest weights were assigned to distance from water canals (0.32), soil characteristics (0.25), and distance
from roads (0.14). Information layers with a spatial resolution of 30 m were prepared in the GIS environment and
integrated using the weighted overlay method. The final map showed that 13.8 percent of the province is in the highly
suitable class, 23.0 percent in the moderately suitable class, 33.5 percent in the marginally suitable class, 27.5 percent in
the unsuitable class, and 2.2 percent has absolute limitations. The findings indicated that 36.8 percent of the province has
significant potential for the development of pistachio cultivation; however, the main limitation is access to water
resources. 65.5 percent of the province is located in the unsuitable category in terms of distance from water canals.
Therefore, the sustainable development of pistachio cultivation in the province requires precise planning with a focus on
suitable areas and the sustainable management of water resources. The novelty of this research lies in applying Boolean
masks to eliminate ecological errors and using cloud computing (GEE) for the temporal consistency of data. Furthermore,
comparative analysis revealed that crop development in some areas (such as Zahedan) relies more on groundwater
extraction than on inherent land potential; the model classifies these areas as "unsuitable," providing a preventive warning
regarding long-term sustainability.
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Figure 1. Map of Sistan and Baluchestan Province
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Figure 2. Results of weighting criteria and sub-criteria using Analytic Hierarchy Process
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Table 1. Area of different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on
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topographic characteristics (elevation, slope, and aspect)
- R . Area Percentage
Criterion Suitability Class Range / Condition (km?) (%)
Highly suitable (S1) 600 to 1200 m a.s.1. 62,693 334
Elevati Moderately suitable (S2) 400 to 600 m and 1200 to 1500 m a.s.l. 68,380 36.5
evation
Marginally suitable (S3) 300 to 400 m and 1500 to 1800 m a.s.l. 26,911 14.4
Unsuitable (N) Less than 300 m and more than 1800 m a.s.1. 29,518 15.7
Highly suitable (S1) 0-8% 134,944 72.0
Sl Moderately suitable (S2) 8-15% 27,062 14.4
ope
P Marginally suitable (S3) 15-25% 17,197 9.2
Unsuitable (N) More than 25% 8,298 4.4
Highly suitable (S1) South, South-East, South-West 76,397 40.7
Aspect Moderately suitable (S2) East, West 45,200 24.1
spec
P Marginally suitable (S3) North-East, North-West 45,501 243
Unsuitable (N) North 20,404 10.9
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Figure 3. Different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on topographic
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Figure 4. Different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on
infrastructure and accessibility suitability (population centers and road network)
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Figure S. Different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on basic
resource and environmental limitations (water, soil, and land use)
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Figure 6. Spatial distribution of soil salinity classes in Sistan and Baluchestan province, derived from Normalized
Difference Salinity Index (NDSI) using Landsat 8 imagery (2023). Right panel: Reclassified map; Left panel: Continuous
NDSI values. Pink dots represent validation points.
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Table 2. Area of different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on
infrastructure and accessibility criteria (population centers and road network)

Criterion Suitability Class Range (m) Area (km?) Percentage (%)
Highly suitable (S1) 1,000-20,000 148,221 79.1
Distance to population Moderately suitable (S2) 20,000-40,000 21,231 11.3
centers Marginally suitable (S3) 40,000-60,000 3,084 1.6
Unsuitable (N) <1,000 and >60,000 14,966 8.0
Highly suitable (S1) 0-2,000 61,105 32.6
) Moderately suitable (S2) 2,000-5,000 70,291 37.5

Distance from roads

Marginally suitable (S3) 5,000-10,000 34,186 18.2
Unsuitable (N) >10,000 21,921 11.7
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Table 3. Area of different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on
basic resource and environmental limitations (water, soil, and land use)

Criterion Suitability Class Range / Condition Area (km?) Perig/n;[age
0
nghl(yssl‘;‘table 0-800 m 26,009 13.9
Moderatel
Distance from  guitsple (sg) 800-1,500 m 17,725 9.4
water canals Mareinall
ginally g
suitable (S3) 1,500-2,500 m 20,968 11.2
Unsuitable (N) More than 2,500 m 122,800 65.5
H‘ghl(yssl‘;‘table No limitations (suitable texture, low salinity) 30937 16.5
) Moderately . S
SOll. - suitable (S2) Minor and correctable limitations 50813 27.1
characteristics Marginally Requires major improvements (moderate salinity,
. 64688 345
suitable (S3) poor texture)
Unsuitable (N) Severe limitations (extreme salinity, salt marsh) 41062 21.9
H‘ghl(yssl‘;‘table Active cropland 2,438 13
Moderately Shrubland and sparse rangeland (convertible; NDVI 36.938 19.7
suitable (S2) >0.10) ’ ’
Land use Marginally
suitable (S3) True bare land (NDVI < 0.10) 146,064 77.9
Urban areas, water bodies, wetlands, forests,
Unsuitable (N) mangroves, alpine grasslands, and snow-covered 2,062 1.1
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Table 4. Area of different land suitability classes for pistachio cultivation in Sistan and Baluchestan Province based on soil
salinity criterion

Percentage of Total

Suitability Class Area (km?) Province (%)
Highly suitable (S1) Very low salinity 38063 20.3
Moderately suitable (S2) Low salinity 36,750 19.6
Marginally suitable (S3) Moderate salinity 48,938 26.1
Unsuitable (N) High to very high salinity 63,751 34.0
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Table 5. Zoning of suitable areas for pistachio cultivation in Sistan and Baluchestan Province

Suitability Class Area (km?) Percentage of Total Province (%)
Highly suitable (S1) 25,883 13.8
Moderately suitable (S2) 43,155 23.0
Marginally suitable (S3) 62,775 335
Unsuitable (N) 51,603 27.5
Absolute limitation (No) 4,084 2.2
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