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Abstract

This study examined the environmental impacts of Jiroft Dam in Kerman Province on its surrounding areas and
downstream lands over the period of 2000—2020. The study area was divided into two zones: the first comprised
the dam margins and adjacent areas, where environmental effects were assessed using Landsat imagery and
geomorphological analysis; the second focused on downstream lands to evaluate the dam influence on land use
during crop seasons up to 2020. Vegetation and water indices (NDVI and NDWI), along with Land Surface
Temperature (LST), were employed to detect environmental changes. The dam effects on downstream areas
were analyzed using MODIS NDVI data and spatial autocorrelation with Moran’s I to identify spatial patterns
and the density of significantly positive trends. All analyses were conducted using the non-parametric Mann—
Kendall test with Z-statistics at a 95% confidence level. The results revealed that significant temperature changes
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occurred only in summer and autumn. Normalized Difference Vegetation Index (NDVI) trend analysis indicated
a significant positive effect of the dam on vegetation around the reservoir during spring, summer, and autumn,
while Normalized Difference Water Index (NDWI) showed the most pronounced changes across the study area.
In the vicinity of the dam, rangelands experienced the greatest improvement and approximately 9,930.98
hectares of agricultural land exhibited a positive vegetation trend. The influence of the reservoir area on
temperature fluctuation was seasonal effect rather than being dependent on reservoir size. Downstream analysis
detected no significant positive changes in agricultural vegetation, suggesting that the dam effects in these
regions were limited.

Keywords: Remote Sensing, Land Use Change, Land Surface Temperature (LST), Spatial Autocorrelation,
Jiroft Dam.

Introduction

Over the past century, the increasing exploitation of natural resources and expansion of dam construction have
placed significant pressure on riverine ecosystems, often pushing them beyond critical environmental thresholds.
While the primary objectives of dam construction include water supply, electricity generation, flood control, and
agricultural development, the environmental impacts extend far beyond short-term benefits. These impacts
manifest as substantial changes in Land Use and Land Cover (LULC), surface moisture, Land Surface
Temperature (LST), and vegetation stability. Such changes not only affect local climate and ecosystem services,
but also influence food security, water quality, soil erosion, and even human health. In particular, dam reservoirs
can alter land-use patterns, promote agricultural and urban development downstream, and affect regional
atmospheric cycles through increased surface moisture. The intensity of these impacts largely depends on the
type of dam operation: agricultural dams tend to modify drought patterns, whereas hydropower dams increase
flow intensity. Furthermore, land-use changes reduce the natural hydrological regulation capacity of river
systems, thereby intensifying flooding, drought, erosion, and sedimentation. These processes, in turn, alter the
composition of primary producers in aquatic environments. Dams also trap sediments, modify hydrodynamics,
impair water quality, and transform aquatic habitats, while concurrent deforestation and agricultural expansion
further increase sediment loads. In recent years, remote sensing technology has emerged as an efficient tool for
monitoring and analyzing land surface changes, offering a robust approach to assessing the environmental
consequences of dam construction over large spatial and temporal scales. LST data play a key role in studies
related to climate, agriculture, urban planning, and natural resource management. Similarly, monitoring
vegetation health by using the Normalized Difference Vegetation Index (NDVI), alongside LULC analysis,
provides a clear understanding of ecosystem dynamics. The Normalized Difference Water Index (NDWI)
enables effective assessment of moisture conditions and water resources. Statistical indicators, including long-
term trend tests and spatial analyses, offer reliable tools for evaluating dam impacts. Numerous studies
worldwide have examined the effects of dams and revealed their dual environmental impacts. Some report
positive effects on local vegetation and moisture, while others highlight negative consequences, such as reduced
inflows to wetlands, increased temperatures, and declining natural resource quality. In certain catchments, dams
have led to elevated LST and substantial LULC changes, whereas other regions have experienced LST
reductions or shifts in vegetation patterns. Given the significance of Jiroft Dam as one of the largest water
infrastructure projects in southeastern Iran and its vital role in regional agriculture and ecosystems, a
comprehensive assessment of its environmental impacts is essential. To date, limited research has addressed
seasonal variations in NDVI, LST, and NDWI in relation to geomorphological features and distance from the
dam. This study integrated remote sensing data, statistical analyses, and spatial assessments to provide a holistic
picture of the environmental impacts of Jiroft Dam from 2000 to 2020, thereby establishing a foundation for
sustainable management of water resources and agricultural lands in the region.

Materials & Methods

To assess the impacts of Jiroft Dam on its surrounding environment and downstream agricultural lands, a multi-
source remote sensing dataset was employed. The analysis focused on two main zones: (1) vicinity of the
reservoir to evaluate changes in vegetation cover, water resources, and surface temperature; and (2) downstream
agricultural lands to examine the dam effects on land use and agro-ecosystem performance across different
cropping seasons. In the first step, seasonal analyses were conducted by using Landsat imagery processed within
the Google Earth Engine (GEE) platform. Maps of NDVI, NDWI, and LST were generated for each year from
2014 to 2020. Seasonal averages were subsequently calculated and mapped to capture both temporal trends and
spatial variations across the study area. For vegetation dynamics, MODIS NDVI time-series data (MOD13Q1,
16-day intervals, 250-m resolution) were also extracted and seasonal means were calculated for trend
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assessment. LULC maps were obtained from the Copernicus 3/1 dataset. Spatial analysis was performed by
using Moran's | to measure spatial autocorrelation, while Focal Statistics were applied to compute the density of
vegetation patches. Temporal trends for all indices were evaluated by using the non-parametric Mann—Kendall
test at the 95% confidence level. The analytical workflow was structured into 6 sequential steps:
Preparation of LULC and spectral indices
Mann-Kendall trend analysis
Assessment of geomorphological conditions and spatial parameter distribution

Distance-based analysis of vegetation density patterns
Evaluation of reservoir impacts on LST
Integration of results to identify areas most influenced by the dam

Beyond contributing to a deeper understanding of the environmental impacts of Jiroft Dam, this study
provided a scientific basis for sustainable water and land management, agricultural planning, and informed
decision-making regarding future water infrastructure development in the arid and semi-arid regions of Iran.

ouhkwnE

Research Findings

The results revealed that Jiroft Dam had induced significant changes in regional environmental indicators. LST
exhibited a predominantly decreasing trend, particularly during summer and autumn in the northern and western
parts of the reservoir, reflecting the cooling effect of stored water and increased local humidity. The NDVI
showed a substantial increase in vegetation cover in areas adjacent to the reservoir, especially in valleys and
deep channels during spring and autumn. In contrast, scattered declines were observed in summer and winter in
areas farther from the reservoir. The NDWI displayed notable increases across most seasons, highlighting
enhanced surface moisture associated with the dam presence. Topographic analysis indicated that valleys and
surrounding peaks experienced the most pronounced environmental changes. Temperature reduction and
vegetation growth were particularly evident in these geomorphological units. Furthermore, distance-based
analysis demonstrated that the positive impacts of the dam on vegetation and moisture were stronger at shorter
distances, while diminishing progressively in more remote areas. In downstream agricultural lands, the dam
contributed to higher vegetation density near the outlet and around Jiroft City although these effects were less
evident at a broader scale. Overall, the dam influence was highly localized and concentrated in areas
immediately surrounding the reservoir.

Discussion of Results & Conclusion

The findings suggested that Jiroft Dam had contributed to improved local microclimatic conditions and
supported the development of more stable microclimates. The observed decreases in LST and increases in the
NDWI confirmed that the reservoir enhanced local humidity and reduced surface heating. These environmental
changes, in turn, fostered vegetation growth and improved ecological conditions in the immediate vicinity of the
dam. However, the results also indicated that the dam benefits were primarily confined to areas close to the
reservoir. With increasing distance, positive impacts diminished and, in some cases, gave way to adverse
changes in agricultural practices. This issue was particularly critical in southern Kerman, where agriculture was
active year-round and highly dependent on water availability. Topography played a decisive role in shaping
these spatial patterns. Valleys and deep watercourses benefited the most, exhibiting stable and favorable changes
in both vegetation and moisture. This highlighted that human interventions like dam construction interacted with
natural landscape features, generating heterogeneous environmental impacts across the study area. This study
demonstrated that while Jiroft Dam had enhanced moisture levels, reduced surface temperatures, and improved
vegetation cover near the reservoir between 2014 and 2020, its influence had weakened with distance and
resulted in only scattered changes across downstream farmlands. Therefore, water management strategies must
address the dual challenge of securing irrigation for agricultural lands while preserving the ecological water
rights of the Hamun Jazmourian wetland. From a practical perspective, it is recommended to expand irrigation
networks and align water release schedules with seasonal and climatic needs. From a research perspective, future
studies should examine the linkages between thermal patterns and water bodies, quantify vegetation patch
dynamics at finer scales, and assess community satisfaction with dam-related water allocation. The use of
satellite time-series data and platforms like Google Earth Engine (GEE) proved to be an effective and cost-
efficient approach for environmental monitoring, offering a valuable decision-support tool for sustainable water
resource management, ecosystem conservation, and long-term evaluation of dam-induced impacts. The NDVI
showed notable increases in valleys and along reservoir edges during spring and autumn, indicating localized
ecological improvement. In contrast, LST decreased primarily in summer and autumn, which was attributed to
cooling effects and enhanced surface moisture. The NDWI exhibited the most consistent and significant changes
across all seasons, highlighting the dam influence on surface water availability. Topography strongly mediated
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these effects with valleys and deep channels showing the greatest responses in vegetation and temperature
patterns. Analysis of downstream agricultural lands revealed limited positive impacts; stronger effects were
observed near the dam outlet and surrounding areas, while distant fields experienced minimal change. Spatial
autocorrelation (Moran's 1) confirmed that vegetation improvements were concentrated in the vicinity of the
reservoir. Overall, the dam influence was localized: it enhanced ecosystem conditions close to the water body,
but these benefits diminished with distance. This finding suggests that targeted water management strategies are
necessary to optimize benefits for downstream agriculture and long-term ecosystem sustainability. Jiroft Dam
faces two main challenges due to the region's 4-season agriculture and limited downstream irrigation network:
ensuring adequate water supply for downstream farmland while maintaining the environmental flow required for
the Hamoun Jazmourian wetland. Optimal water release schedules and expansion of the irrigation network are
essential to support local communities and prevent damage to agricultural lands. On a practical level,
downstream cropping patterns should be assessed and irrigation canals should be improved and regularly
maintained. From a research perspective, future studies should investigate:

The relationship between cold thermal islands and adjacent water bodies

Spatial dynamics of vegetation patches

Community satisfaction with water release practices

Differentiation between irrigated farmland and other land cover types

Accurate estimation of wetland water rights.

The use of time-series satellite imagery and the Google Earth Engine (GEE) platform provided a
comprehensive, cost-effective approach to monitoring environmental changes induced by the dam. This
approach serves as a valuable decision-support tool for sustainable water management, irrigation planning,
environmental monitoring, community engagement, and wetland conservation. It also helps highlight long-term
environmental impacts and terrain-related vulnerabilities in dam projects.
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Table 1. Emissivity values calculated based on vegetation density index (Isaya Ndossi & Avdan, 2016)
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Fig. 9. Changes in the mean LST at various distances from the water body
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