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ARTICLE INFO ABSTRACT

. Border watersheds, also known as transboundary watersheds, are areas of land that
Article type: drain water to a shared water body, such as a river, lake, or sea. These watersheds
Research Paper are particularly important for Iran, providing water resources for agriculture,
industry, and human consumption, as well as ecological benefits for biodiversity
and climate regulation. One such significant border watershed in Iran is located in
the eastern province of Balochistan, bordering Pakistan. It, known as Hamoun
Mashekil, is the country's easternmost watershed and annually loses 297 million m?

Article history of runoff from Iran to Pakistan. Given the crucial role of border watersheds in Iran,
Received: 11 May 2024 especially in arid regions, there is an urgent need for integrated and participatory
Revised: 01 July 2024 water management, along with sustainable and efficient water use within the

country. This study investigates the necessity and significance of surface water
Accepted: 05 July 2024 harvels’i]ing systems}:ind theirg role in preventin{}gl water liss in the Esfandak Saravan
Published online: 16 November  iborder watershed. Recognizing the importance of analyzing runoff in border
2024 watersheds and the significance of the Esfandak watershed in Saravan City, the
study begins by examining the status and trend of discharge at the Esfandak
hydrometry station located at the source of the Mashkid River. For this purpose, the
non-parametric Mann-Kendall test is employed. Due to the absence of hydrometry
stations throughout the watershed, the study utilizes TerraClimate satellite imagery
data to assess the runoff status and volume of runoff flowing from Iran to Pakistan.
The results indicate a downward (decreasing) trend in discharge at the studied
station on both seasonal and annual scales. Notably, this trend is statistically
significant at the 95% level for spring and summer seasons on an annual basis.
Analysis of a 22-year dataset (2000-2020) reveals that, on average, over 13 million
Keywords: m? of water collected by this watershed flows from Iran to Pakistan via the border
river. Without water harvesting structures, watershed management, and aquifer
; storage, this water is lost through runoff. Therefore, by effectively and efficiently
Balouchestan, TerraClimate, water implementing rainwater harvesting systems, the region can achieve its sustainable
Resource management development goals and enhance its water security.
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EXTENDED ABSTRACT

Introduction: Transboundary watersheds are areas of land that drain water into a common body of water, such
as a river, lake, or sea. These basins are important for Iran because they provide water resources for agriculture,
industry, and human consumption, as well as ecological benefits for biodiversity and climate regulation. One
such important transboundary watershed in Iran is located in eastern Baluchistan bordering Pakistan. This
watershed, known as Hamun Mashkil, is the easternmost watershed of the country. Here, 297 million m* of
runoff flow out of Iran and enter Pakistan every year. Therefore, border watersheds in Iran, especially in dry
areas, require integrated and collaborative water management, as well as sustainable and efficient water
consumption within the country.

Methodology: This study was conducted in the Esfandak watershed, located in southeastern Iran's Sistan and
Baluchestan province, near the city of Saravan and bordering Pakistan. The Mashkid River is the main river in this
region, originating from the Birk Mountains and flowing approximately 16,000 km through Iranian territory before
entering Pakistan. In this vast watershed, only one dam, the Mashkid-e Sofla Dam, is located at the confluence and
headwaters of the Mashkid-e Sofla River. Recognizing the importance of analyzing runoff in border watersheds and
the significance of the Esfandak watershed in Saravan County, the study begins by examining the status and trend of
discharge at the Esfandak hydrometry station located at the headwaters of the Mashkid River. For this purpose, the
non-parametric Mann-Kendall test is employed. Due to the absence of hydrometry stations throughout the watershed,
the study utilizes TerraClimate satellite imagery data to assess the runoff status and volume of runoff flowing from
Iran to Pakistan. By calculating monthly runoff height during the statistical period, the runoff volume was calculated
and analyzed. The findings of this study highlight the importance of effective water management strategies in border
watersheds like Esfandak to prevent water loss and ensure sustainable water utilization. Implementing rainwater
harvesting systems and watershed management practices can play a crucial role in conserving water resources and
enhancing water security in these critical regions.

Results and Discussion: Employing the non-parametric Mann-Kendall test, the study revealed a downward
(decreasing) trend in discharge at the studied station on both seasonal and annual scales. Notably, this
downward trend was statistically significant at the 95% level for spring and summer seasons on an annual basis.
While the trend was also downward in autumn and winter, it did not reach statistical significance at the 95%
level. An examination of the watershed's physiography indicated that areas with slopes exceeding 10%
constitute the elevated regions of the watershed and are located within Iranian territory. Conversely, areas with
slopes less than 5% comprise the lower portions of the watershed and lie along the Iran-Pakistan border.
Significantly, the proportion of these low-slope areas within Pakistan far exceeds that within Iran. This finding
suggests that the hydraulic gradient of groundwater favors Pakistan, with suitable groundwater aquifers
predominantly located in Pakistani territory. The results demonstrated that the watershed's hydrological regime
is characterized by monthly variations in runoff patterns. Seasonal rainfall triggers runoff events during specific
months of the year. The highest percentage of runoff volume during the statistical period occurred in January,
May, and June, with respective values of 75.25%, 75.15%, and 54.12%. Conversely, the lowest runoff volumes
were recorded in December and February, with values below 1%. The peak runoff event occurred in January
2020, amounting to 411,009,23 m>.
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Conclusion: The downward trend in discharge and the physiographic characteristics of the watershed highlight
the critical need for effective water management strategies, particularly in the context of transboundary water
resources. Implementing sustainable water conservation and utilization practices, particularly rainwater
harvesting systems, is crucial for mitigating water loss and ensuring water security in this region. Additionally,
the understanding of the watershed's hydrological regime is essential for optimizing water resource management
and allocation, particularly during periods of low runoff. By identifying peak runoff periods and implementing
appropriate measures, water can be effectively captured and stored for subsequent use, enhancing water
availability throughout the year. In conclusion, the analysis of discharge trends and the hydrological regime of
the Esfandak Saravan border watershed provides valuable insights into the water dynamics of this transboundary
region. These findings underscore the importance of integrated and collaborative water management
approaches, along with sustainable water utilization practices, to address water scarcity challenges and ensure
the equitable distribution of water resources between Iran and Pakistan.
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Figure 1- Location of the Esfandak watershed in Sistan and Baluchestan province, Iran
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Table 1- Statistical parameter values of the Mann-Kendall Test at the Mashkid Hydrometric Station

P-value Tau static Scale
0.02408** -0.351 Annual
0.02408** -0.351 Spring
0.01196** -0.392 Summer

0.2467" -0.189 Autumn

0.61053" -0.0833 Winter
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Figure 2- Scatter plot of annual and seasonal flow rates
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Figure 3- Hydrographic network map of the watershed
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Figure 4- Slope percentage map of the watershed
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Table 2- Runoff volume values in cubic meters

Dec. Nov. Oct. Sep. Aug. Jul. Jun. May. Apr. Mar. Feb. Jan. Year
0 0 0 0 2637636 0 277646 5866 1220078 0 0 1014776 2000
0 0 817296 0 418424 371498 371498 917013 0 0 0 0 2001
0 727354 0 0 1890729 387140 742996 371498 0 2021731 0 93852 2002
0 455574 1927879 0 496634 371498 1116449 1769503 0 0 0 2829250 2003
0 0 0 0 1032373 0 0 0 5026954 0 0 2960252 2004
0 0 281556 0 567023 295243 6690874 6245076 220944 0 0 2094075 2005
0 338259 3911 0 0 0 764504 848580 7492527 848580 0 1615039 2006
0 504455 0 9756710 0 371498 2330661 2688472 3911 0 0 729309 2007
0 1532918 0 0 0 371498 0 396916 1697159 0 0 6706516 2008
0 248317 97763 0 0 1454708 1724533 813385 2741264 0 0 9211194 2009
0 0 0 0 975671 0 0 7781905 0 0 0 1358900 2010
0 393006 82121 0 1372587 3658277 2899639 8438870 50837 0 62568 371498 2011
0 0 15642 0 3750174 2440155 0 756683 1423424 0 17597 3548783 2012
0 1601352 0 0 0 4074746 3757995 4045417 0 1656099 0 1290467 2013
0 0 0 0 371498 2141001 2373676 1372587 0 3675817 0 6317421 2014
0 0 0 0 5539230 742996 1583754 3282869 586576 0 0 2805787 2015
0 0 291333 1313930 428200 742996 4287869 150554 17597 0 0 422335 2016
0 0 3911 0 3468618 11732 543560 326527 306975 0 0 5406273 2017

248317 0 35195 0 371498 430156 389095 463395 17597 0 0 166196 2018
43016 148599 1147733 207257 8859249 10091058 4809921 7257897 2238764 7140582 2150778 385185 2019
0 4078657 281556 21508 361722 387140 2711935 234630 35195 590486 0 23009411 2020
0 9776 2444066 15642 2072568 480992 404737 1955 885729 0 170107 0 2021
0 989358 4651546 125136 117315 696070 582665 3911 2144912 371498 0 6446467 2022
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Figure 5- Monthly runoff volume scatter plot over the statistical period
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Figure 6- Chart of the average annual and seasonal runoff volume over the statistical period
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