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Research Article ] . . .
Water security, as one of the fundamental dimensions of human security, has become a

Received: strategic and multidimensional issue in recent decades, especially in arid and semi-arid
2011272025 regions of the world. Zahedan metropolis, due to its location in an arid climate, rapid
Received in revised form: . . .

30/01/2026 population growth, expansion of informal settlements, and dependgnce of L_eran water
Accepted: supply sources on cross-border sources (water transfer from semi-wells in Zabol to
07/02/2026 Zahedan), faces a high level of water vulnerability. The present study, with the aim of
Publisher online: comprehensively assessing the water security of Zahedan metropolis, examines the
14/02/2026 simultaneous effects of climate change and hydropolitical relations of the transboundary

Hirmand watershed on the sustainability of the city's water resources.
The research method is applied and based on a mixed approach (quantitative-qualitative).
In the climate section, CRU database data and the Standard Precipitation-Evaporation-
Transpiration Index (SPEI) were used to analyze temperature, precipitation, and drought
trends in Helmand Basin for the period 1991-2022. In the hydropolitical section,
qualitative content analysis was used to review the 1972 treaty, documents and reports
Geography on Afghanistan's infrastructure policies and measures as an upstream country, and
Tmamrms.,:::angmm. spat!al-geopolitical analysis of th_e relations betw_een_ _the two count(ies. The climate
findings show that Helmand Basin has faced a significant increase in temperature, a
gradual decrease in precipitation, and an intensification of the frequency and severity of
droughts over the past three decades, such that precipitation in the Zahedan metropolis
| Print 1S5N: 2345- 2277 has decreased by 7.94 mm per decade; a trend that has severely weakened the basin's
Online ISSN: 2783 - 5278 natural capacity for sustainable water supply and increased the dependence of
downstream areas, especially Zahedan, on unstable river flows. On the other hand,
hydropolitical analysis indicates the dominance of the competition and hydrohegemony
model in Iran-Afghanistan relations. The development of dams and diversion projects
such as the Kamal Khan Dam, along with the weakness of the implementation
mechanisms of the 1972 Hirmand Treaty, has put additional pressure on Zahedan's water
security. The results of the study show that Zahedan's water insecurity is the result of a
complex interaction of natural (climate change) and human-political (hydropolitics)
factors, and its continuation can have widespread consequences for food, social,

economic, and national security.
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Extended Abstract

Introduction

Water security, as a fundamental human right, underpins political stability and human spaces, particularly in
arid regions where freshwater scarcity intersects with climate change and transboundary hydropolitics. Zahedan
metropolis, located in Iran's Sistan and Baluchestan province adjacent to the Helmand River Basin, faces acute
vulnerabilities due to declining precipitation (less than 70 mm annually over 2011-2020), rapid urbanization,
high migration rates, and overexploitation of shared waters. The Helmand Basin—spanning 613,000 kmz2, with
89% in upstream Afghanistan—exemplifies hydro-hegemonic tensions, exacerbated by climate variability, dam
constructions (e.g., Kajaki, Dahla, Kamal Khan), and non-compliance with the 1973 Helmand Treaty. This
study evaluates Zahedan's urban water security at the nexus of climate change impacts and Afghanistan's
hydropolitical policies, addressing two key questions: (1) climate trends in the Helmand Basin affecting supply
from dams and Siestan ganats; and (2) upstream policies' influence on shared water sustainability.

Study Area

Zahedan is the center of Zahedan County and the province of Sistan and Baluchestan in eastern Iran, near the
border with Afghanistan and Pakistan. Due to natural population growth, migration, expansion of services,
various developmental programs, and other factors, Zahedan has experienced significant demographic and
physical transformations. One of the main sources of urban water supply in Zahedan is the international
Hermand River. The Hermand River, one of the most important water resources in the region, with a drainage
basin of approximately 613,000 square kilometers, originates from the Baba Mountains in Afghanistan,
forming the lower reaches of the river, which accounts for 40% of its course in Iran. It also constitutes part of
the border between Iran and Afghanistan, eventually flowing into Hamun-e Pozak in Afghan territory.

Material and Methods

This applied research employs a mixed-methods approach (quantitative-climatic and qualitative-hydropolitical)
for multifaceted analysis. Climatic data from CRU grids (0.5° x 0.5° resolution, 1991-2020) assessed
temperature, precipitation, and Standardized Precipitation-Evapotranspiration Index (SPEI, 1991-2022) trends
across three decades, using spatial-temporal mapping to detect drought/wetness patterns. Hydropolitical
analysis drew on document review, treaty interpretations, satellite imagery, and geospatial assessments of
infrastructure (e.g., 62 Afghan dams, diversions to Goud-e-Zereh). The study area encompasses Zahedan
(population 587,730 in 2016; 164,000 residential water subscribers) and the Helmand Basin, integrating local
meteorology (Sistan and Baluchestan Weather Bureau) with international datasets.

Result and Discussion

Climatic analysis reveals intensifying aridity: annual precipitation fluctuated (8.63-899.8 mm, 1991-2020)
with decadal declines—sharpest in 2011-2020 (lowest in 2016)—concentrated in northern upstream areas.
Temperature trends showed warming peaks (e.g., 2020 matching global records), linked to EI Nifio/La Nifa
cycles, amplifying evapotranspiration and drought severity (SPEI < -1.5 in 2001-2004 across latitudes 30—
34.5°N). Downstream Siestan experienced profound droughts, drying Hamoun wetlands, reducing arable land
by 50%, eliminating 15,000 jobs, and spurring sandstorms via 120-day winds. Hydropolitically, Afghanistan's
upstream dominance manifests in hegemony patterns: post-2001 reconstruction prioritized irrigation/
hydropower (e.g., Kamal Khan Dam operational 2021, diverting flows against treaty obligations), fueled by
geopolitical aid (India-Pakistan rivalry). Competition drivers include economic scarcity, opaque management,
and absent regional mechanisms; Taliban policies (post-2021) emphasize nationalized water control without
infrastructure destruction. Satellite data (2019-2021) confirm vegetation loss and siltation, heightening
Zahedan's supply risks amid 42% informal settlements and industrial demands.

Conclusion

Zahedan's water security is structurally undermined by climate-induced basin unreliability (rising
heat/droughts) and Afghanistan's unilateralism, threatening food, economic, ecological, and national security.
Mitigation demands integrated strategies: (1) climate-adaptive planning via CRU/SPEI scenarios; (2)
revitalized Helmand diplomacy with joint monitoring and international arbitration; and (3) urban resilience
through diversification, recycling, and governance reform. This transdisciplinary lens positions water security
as a regional imperative, transformable from threat to stability via cooperative, forward-looking policies.

Key words: Water security, hydro-politics, climate change, Helmand River basin, Zahedan, resilience.
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Spatial Analysis
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