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using Remote Sensing (RS) and Geographic Information Systems
(GIS). Landsat imagery covering the area from Kajaki Dam to the
Hamoun-e-Sistan wetlands was examined across five time intervals.
The analysis focused on two key events—the commissioning of Kamal
Khan Dam (26 March 2021) and the rise of the Taliban government
(23 August 2021)—followed by a three-year monitoring period up to
2024. Surface water and vegetation were mapped using NDWI and
SAVI indices processed in ArcGIS and ENVI. The results show an
overall increase in Afghanistan’s water bodies and vegetation,
indicating that current authorities have disregarded the bilateral water
treaty by diverting surplus flows from Kamal Khan Dam toward the
Godzareh depression. Consequently, Iran faces serious threats,
including intensified desertification, border depopulation, and
environmental insecurity, requiring urgent national and international
policy action.
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Extended Abstract

Introduction

The Hirmand River serves as the
primary water source for northern
Sistan and Baluchestan Province,
upon which the livelihoods of local
populations depend. Due to the failure
to secure Iran’s water rights, water
crises and their secondary hazards
have intensified, transforming the
water dispute between Iran and
Afghanistan into a critical issue.
Afghanistan’s actions in this domain,
coupled with drought conditions, have
resulted in reduced water allocation to
Iran and subsequent environmental
consequences including dust storms
and vegetation degradation across the
Sistan Plain. The construction of
multiple canals and dams such as
Kajaki, and particularly the Kamal
Khan Dam commissioned in 2021,
exemplifies this trend. Given that the
Taliban administration constructed
this dam in contravention of
international  treaties,  extensive
hydrological and environmental
problems have emerged in the Sistan
Plain (Maturi et al., 2022). Border and

territorial disputes, security

challenges, and human migration
driven by water scarcity constitute
fundamental  issues intrinsically
linked to water and its associated
concerns (Araghchi, 2014).
Considering the absence of stable
democratic governance in
Afghanistan, various factors
including refugees, narcotics, and
hydropolitics related to the Hirmand
have predominantly played a
divergent role in Iran-Afghanistan
relations (Fallahnejad &  Amiri,
2015). The water resources of the
Hirmand River have remained a
contentious subject between Iran and
Afghanistan since 1857, as the
Hirmand constitutes the sole major
water supply for Sistan and Hamoun,
functioning as the lifeline of socio-
economic activity; any reduction in its
inflow to Iran directly impacts
regional viability (Akbari et al,
2020). Given the droughts of the past
30 years, the Hirmand River has
experienced severe depletion and
desiccation, with Afghanistan failing
to fulfill the international water rights

of the Sistan region. Beyond the



Kajaki Dam, the construction of the
Kamal Khan Dam (impounded in
2021) at the downstream terminus of
the Hirmand River has further
exacerbated water scarcity (Maturi et
al., 2022). This study, in response to
Afghanistan’s claims of drought and
water  shortage, conducts a
spatiotemporal analysis of surface
water resources and vegetation cover
in Iran and Afghanistan utilizing RS
and GIS methodologies. Recognizing
that environmental and water resource
conservation constitutes a priority for
every nation, and that Iran must align
its  irrigation and  agricultural
production with its water allocation
(Aman, 2016), sustainable
development of the Hirmand Basin
necessitates adherence to
environmental commitments by both
Iran and Afghanistan.

Materials and methods

This research employs a quantitative
approach based on time-series
analysis, utilizing remote sensing
methodologies. Data were processed
and analyzed wusing Geographic

Information Systems (GIS). For this
purpose, Landsat 8 satellite imagery

comprising six mosaicked image sets
of the study area across five distinct
temporal intervals was employed. The
Soil-Adjusted  Vegetation Index
(SAVI) was applied for vegetation
cover extraction, while the
Normalized Difference Water Index
(NDWI) was utilized for water body
delineation. Subsequently, the extent
of vegetation and water cover during
the period 2021-2024 was examined
and analyzed.

Results and discussion

Based on satellite image processing
and analysis spanning 2021 to 2024,
changes in vegetation cover and water
resources of the Hirmand Basin are
presented as follows. Regarding
vegetation dynamics, Afghanistan’s
agricultural land area decreased from
249,000 hectares in April 2021 to
189,000 hectares in 2023, but
experienced a sudden increase to
224,000 hectares in 2024. Conversely,
vegetation cover in Iran’s Hirmand
Delta underwent severe decline from
34,000 hectares in April 2021 to 6,486
hectares in 2024,  primarily
attributable to non-fulfillment of

Hirmand water rights. Concerning



water resource variations, the water
surface area of Afghanistan’s Kajaki
Dam exhibited an increasing trend,
expanding from 3,624 hectares in
2021 to 4,242 hectares in 2024.
During this period, overflow from the
Kamal Khan Dam has been
deliberately diverted to the Gaud-e
Zereh depression where it evaporates
without utilization, evidence of which
is observable in satellite imagery—a
fact that refutes drought claims in the
upstream region. Concurrently, Iran’s
Chah-Nimeh reservoirs have faced
critical depletion, with water coverage
declining from 8,495 hectares in April
2021 to merely 786 hectares in 2024,
Conclusion

Results indicate that beyond drought
and limited climatic fluctuations,
political changes in Afghanistan have
impacted the country’s water
resources and agriculture; however,
these have Dbeen subsequently
managed, reversing the negative
trajectory of water resources and
agriculture toward positive, growing,
and sustainable trends. In contrast, the
status of water resources and

agriculture downstream of the

Hirmand River has continuously
deteriorated in terms of both water
availability and vegetation cover.
Therefore, the Afghan governing
authority’s claims of water shortage
behind the dams are refuted, as
hydrological and agricultural
conditions in Afghanistan have
demonstrated an increasing trend.
Conversely, Iran’s water rights have
been compromised, with evidence
revealing that during overflow
periods at Kajaki and Kamal Khan
dams, surplus water does not enter
Iran but is instead diverted through
the southern gates of Kamal Khan
Dam into the Gaud-e Zereh
depression in Afghanistan.
Consequently, to prevent primary
hazards and secondary natural and
anthropogenic risks resulting from
water scarcity or absence in northern
Sistan and Baluchestan Province
(Sistan region), specific measures
must be implemented through both
national and international diplomacy
as well as cross-border engagement
between Iranian and  Afghan
populations. Divisive tactics represent

colonial-era strategies for regional



destabilization and political
exploitation; both Afghan and Iranian
populations must remain cognizant of
this reality and, by preserving their
extensive commonalities, steer the
region toward development and

sustainable interactions for mutual

advancement—prerequisites for
which include security, particularly

sustainable water security.
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  NDVI =   Blue   −   NIR  Blue   +   NIR


  SAVI =   NIR   −   RED  NIR   +   RED   +   L × ( 1 + L )
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