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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.

Ethical Considerations

Data Availability Statement: The datasets are available upon a reasonable request to the corresponding author.

Funding: Financial support: This research was conducted as an independent research.

Authors’ contribution: Mojtaba Mohammadi and Masoomeh Forozanfard, as the authors of the paper,
conducted all parts of the research and wrote the whole manuscript.

Conflicts of interest: The authors of this paper declared no conflict of interest regarding the authorship or
publication of this article.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.4.1
http://jircsa.ir/article-1-547-fa.html

[ Downloaded from jircsa.ir on 2025-10-19 ]

[ DOR: 20.1001.1.24235970.1403.12.3.4.1]

Ol Jlassw! i (owlidu 135500 soul Glades 13 OUlg, 8y )b I (605 gl
(ool s S il jusel 0395 153,90 anlllan) (L

©75,5 113959 dogaare B ghoxo (oaire
Wl el el Jlo gl petme mb e 5 ipsliST el lly Sy Capse 098 ol )
mohamadi@saravan.ac.ir
‘ul)il ‘0191)‘“’ ‘Ul9|)“’ L;ILC u::)}ai Roio ‘L;u..]o CJL.A 9 d))SLIS ouSuily 5ulJl:J J)...S 9 Copde °9)§ ;M)l uulu::)lf wyiw‘u]) At
forozanfard@gmail.com

s> Al Olasuiv
w@lbgy aile S yiiie (A dsgerme S 4]y O & Wit e il bl (6550 ju] (claases Wl o
5 Caalio (55,9188 Sl ] el L) e ot lpl sl ade ol WS (o 455 10 L a2l Jrres
ol o S oo @alB ]y Igp g Ol ol g () 985 sl (S3PT sblie iz 5 Gl Bpeae
0l 205 8 oS 938 L fye o sl 38 53 ) i 9 s e csloei> | S o
VAV @Vl 45" sl )9S Gl 05> (05 B i 4Bl JiSuilo (ygala pb L o8s30l o
8 gl ol 98 e a8l 1338 2)ly 5 25 138 J il ojg by Sl anSla o (irln
gl (Hlie g 4zl Cu e siejls Sid 3blie )3 05 ol )3 (e el slaoj Ao axs ;U
Cganl g gy oy dr s () 3 el )9S 15 ) STl gl By pizen VE-Y )] VY B,

o ’ ] i " ] WY 50 150
Sl a5 b g (650 el radgs Clly) (o) 0990 & g b B (pl )3 ol 043 -

Shl (5 yi0g)dep oSl (23 N9y 9 Cumdy sy 4 15 (gl oo )3 Siaal 35l o> Wi
IS e o 2albG yge3l 51 pekate ol (6l 395 00 4By 3l dgvg ASile 43l55g, (lanl y> o VY U YE s g L]

clmosly jlodlil Ly jsol 09> praws )3 (6 yog,du olSiun! 395 4 dongh 4 deldl )3 g b ooliml
)9_»5 a ul)_:l 3 =9 g\_ﬂ’) =z g g..\u” Cundg (o) & TerraClimate G)I}h‘.o ola
D)g—0 b‘.i'f_mull PR Loy LYl 9 L;Las UAL?M » « A P L)L‘*. J5A> @LA W) Ablb): UL“SL
) Ol Qi g 5lee (slobad @lo glauliie 3 45 (g ygbay sl (ialS) g3 39, adlae
OB YV BYeer Jlo 5l alo ¥V (cbaodly dsgame Julod g 4550 .ol 20)d A0 s )0 > gine
Gk ) A8 e pslamer aog () & l caSe o ek WY1 i Lasgie sy o e e
o plgel 0y 5 gl (ol Jlaseal ool (g Djscee (S & ol Jl sjpe W3, s endS  cbaosl
. 7 . 7 i Rl Chai Sl
ailaie el g ge yoboar ol ol Cudlsy glagituns g2l bl il gy am Sl ST, O

L o . o . TerraClimate Sl glwo ;Lo
e il 1) ags ol Cudel g Bl Cawd 265 ik dewgs Blial 4 Wlg o

ol gl Coppe coliuzsl 5 Gl

Lot (it 3l 550 sl (slaasg 5 QUly, cd)pum Sl 6y sle (VF0F) dogane 08 (19,8 5 (oime (gdoso 13Likus]
FY-vY ‘(\“)\Y ‘uéb)f.fa/’zﬁbw J[bd.f[a[w '(0‘91)“’ S bl ):701 09> 1890 AJUQA) Ol)lg 91 JLa;u.ul

DOR: 20.1001.1.24235970.1403.12.3.4.1
Olrl b » o lapiu ole (ool 180

Soxe (oime t g DA g

Ol el Jlo Ghigel gaiome s alio 9 (£5)5liS 008y (ol S35 5 Capse 095 3 LS
SOFYVEY. AN 1 oals

m.mohamadi@saravan.ac.ir : Sy ySJI Counny


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.4.1
http://jircsa.ir/article-1-547-fa.html

[ Downloaded from jircsair on 2025-10-19 ]

[ DOR: 20.1001.1.24235970.1403.12.3.4.1]

A% e Gip0 il Srades 1> OUly, €8,y 51 (g S sl

EVRT
o O klee VIYD 0 3,lhee ¥/ 1 fpaej camen il 31 udsar O (6l Lol .l (bl (5355 (sl 5 cpyatee B ol (el
lp O ) oslaul oalid Lol 5 waldl Ol puss 305 ogw)) (Ammar et al, 2016) cul bl 2138 Y430 Y20 cla Jlo
a3 ot Yo lejle G b daliyy &S gpsboar sl 0ad ol wlie | argye Cubloy cage 4 g (65t dnwy
2 g gl odiSrgime ol a5 3,8 walgd S5 YL o a5 blps cos Ve Jlo B8 o)l 93 3l i &S S0
doss § Suid Bblie lawg o) daw 3l aoyn ¥e 5l i (Jbs opl b .(Sekar et al, 2007) 5o salss las (sloyiS 5 (6 5k
Siis day Bblio 0 jio oo Y0100 29 ladd aWle Sl 1wSle Sisd bl o a5 gy0ba wunl oad oduby Sis
Gl b g Selil O ol b ol D908 NSt b L po yoboty 3blio ) (Ammar et al, 2016) coul yio o Vo o—YO-
5 JuSis Ll wul sblie cpl )0 Qe (65)5liS pimw ©23 (£))slisS A anlge 2LS sl yide plo 5 (ol); OY g
oSl b blie ol o)5ygliS s axlge 1 b w23 (65,9liS 4 (Sio o559LiS 45 ol (slodas (sla ills  ouldl Cuslad pac
Ol Ol 2,6 Jgb )3 B ol 0dd czge 3)l90 pl dod dittus d2lge (Ll (S g (Sloj cunliel @i g o8 VL (Sl
Hlo3,8" 03latnl (rnjnj s ol g DM (b Sl pglaen lp o catly bl

4065 35 3y90 Ol el (sl paye s wjtod 3 () 4 )l g Saelil Ol el B plie & bl > ol
hb O Cudls y oind g de cusldy 09,5 Jlaa 5l (S0 w4 g |y ol cuslsy [(Beckers et al, 2013) wiwn (Sie o cuilyp
ol 0 oMl (e3xte )i (RWH) Ll Ol Jlastiwl ogas ;5 .0, mewdd oMew Ol cudldy g cuojpj ol caslyy
2ol oslil ol g1y Blanl ly (Sl Jol Uy, Bl b gglaen ) casl Olie Gl o Jlasel iaiges gy
sl yslis o 3,5, s 031 oL 4y bgsye iyl o 5 JolS 51 (G L(Prinz, 1996) cuwl 63 yiuS Sis doys g Sl 3blis
Bilas slp ol 4 s Gl Gl bk O gy b oMew Copie g (yglaes 3l cusl ©)le & cosl (WOCAT) clslis
ol pis oS cul ol cal by, 4l Jls a4 (Mekdaschi and Liniger) piawsS] cpol winpd g (655l 5 (S5b
) ;503 dilaie 4 JWasl b e odliiul (gl ddhaio 5 3 b o Gl b ey BB Ol Hlade iol33 RWH

55 ol |y Sllges o gl ey sneld] O b s aslo o) sz 3 L Jbo Qe v ) Lo RWH (laojles oyl
lp ol el (gl o3l JSb 4 RWH (slanojls 5l odlitl 4y £, b Blye ¢ i Jlo $0++ ;| i .(Boers and Ben-Asher)
o3zl 390 1id g o ) i Jlo Foov d9as 55 Ol il slapiuw (Oweis et al, 2013) 15,5 (¢5,0liS 5 (S5B &)las
(Prinz, 1996) c.é 5 .o ,l,8

&S SogS ol zslaw) tabias g jessour (ol JSib Julatue S5 4 48 Ollgy asgs) meskat ( wigi o LiSu
zay (_Sguae jppl as4) ancient hafir ;lsgw )3 g ¢(;)9liS slayjsxe) collinaires pliodl )> o o)y (slovo yiws 40335 (¢l

.(Beckers et al, 2013) w148 )3 1,3 oslitul )90 pl ¢ (S5B O (clajls ool a4y oS (sl iy 31 je )3 (] (slo JMa)

ol loysiS 015 ) S s e (5o iy S ) 5 S in o Y0u p35 YL S5 S0k b ol
2oy3 Ae 3l L g 39 o0 (shuaib s des b Siid lgica jguiS Colue | o yd Ar dgas )l 15 ol Lalps ) a5
o5 ld wile i (g8 3l oolitl olpl )3 RWH oS sl (olasie 19,8 39 0 0dlitl (6,5l (sl plossios Ol wlie )
5 M ple (b (yde (Gt A8le cilisie LY & SiSS ol o aiz el @b gy, gl O 5 o)Ll G
dgseS g Lola a8l b ablie (glp (b ol b sl azslis LS L ons 48,5 ousl sblio g blas 5l By )3 2len g ol @lpuss
Codune glp Sy il S O g 45 SiS dos g SiS 3blie 4D 0394 (ol )3 RWH (slaoguss dgu0 9 slsl 4 L5 o
sl jl3)95 1 slofag Coonl I casl p3 50 018

S o s byd b asl s wilBagy wile S ynie ol dcgesme S a1y Ol &S sin e 3l iblie (5pe juso] (sladadgs
g5 sl Sedss| llio mized § Sldl Bpas g Calo w65 sliS slp o i 1) st e pll lp aSe
Copde s )l oan 4 lul l ) 2l il 5 5550 ] loase (Jlo ol b S o el B ) g o Of oo o
sl gloojo 51 (So o ol 52 2550 2 3 4S5 9 Ble (lmlyd e luslidl sy A8l sl (glo)edS b (550l 8 ]
g oo a3lid JSlo (gola pb L oS 5l oje cl 2o )13 LSl )odS b e ob sl 305 )0 Glnl 550 5 w0
3 ol 9o Sy )iS 3y 5 @l 598 S OUlg, xS o gabie YAV W¥lo o sl )5S 350l 0o 5By
5 el Brae rzed o Ol ()lhe 5 a2 LS Co e diojls S 3ble 3 0594 ol 0 g5y sl laej 7 b


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.4.1
http://jircsa.ir/article-1-547-fa.html

[ Downloaded from jircsa.ir on 2025-10-19 ]

[ DOR: 20.1001.1.24235970.1403.12.3.4.1]

(FF OY sl F o)) ol)b Sl ok lrdilolw YA

ol o 4813y gl Ssihul (5pe juul j

BaS (95 9 190

axllbo 3,90 adlaio

o 9 Ololp Gl red (S5 ) sl 5 Qi Gl )3 Glnl Bd sz o (V JSE) Skl joul oje> 53 w3l Liagh
0oos YYD YO B YE FO YA 5 (5,5 Jsbo SY VA FY b 5Y V4 0% clases 3 sl 0js> ol 03 plosl liuSYy 508 L 50
WL 39y 4 Cgijl g SeirS liwg) @ 3y Sl )l liwg) @ )8 Sl bk laogS 4 Jlod 1 g canl 0rd Bly Jled
PUlgy gleen Jl m 99585 o0 Aotz yoo Sy Dlelis)| 1 oS ol dilaie (] Lol WlSg) 4Sblo Wy, 39 0 2900 1 Sidlo
2 i 1S5le ds pU 4 s G aid 55 50l 0jen cpl g Dgd e LSl S o)y loyguiST Sl teghS VEe e dgus
e 0 il i 5e5Le wli2g, sl g S oxe

N Fall
f/ /.)
T ‘.'
t\ ‘\\
{ \
] .
P \
| .
| ‘Ji._‘J
§ -
\
5 [
gL
0 80 160 320 Al 640
I_ . v g Y
Untitled Map - E Legand
!'\'h..ukﬁ'ﬂlwlalra P - ST L & Temn
"5:,' r“ & ie s Pi
T - = .
Le s ..= h_..;‘ue__
! )
1
—5 g o)
3 i

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

loylgale slwodly 5l odlizul .ub 03kl Yoo o=Y-YY (g)lol 0,65 ;> TerraClimate ailale Gy, (¢ yiuy (sloodls 5l anlllas oyl )
Cixo jul soje g somllimo Bl 13 0394 wunl oo g Mo 3l K it (6 yiagy it o) 18 &S 1wl claojes )y

2 Cuslad pac 3959 ey Jo LSGST pl 2l 3959 (ol o (b pdised 5 dalaio > jas 6l ollas g sl Plue Jdday o
ool 0ygd 5> AVlo g Lad ilnle Sllyy woes (owyp 4 ash] )3 il pIbokin] ©ygps O (o @lio Copio jghaieds daosls


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.3.4.1
http://jircsa.ir/article-1-547-fa.html

[ Downloaded from jircsair on 2025-10-19 ]

[ DOR: 20.1001.1.24235970.1403.12.3.4.1]

(FF OY sl F o)) ol)b Sl ok lrdilolw £y

alale &g joel 0js> (Sajgls i mefy w3 L5 Jgin & psbplam amd g (LS 1y GUlyy e j3lie (V) Jga a3 4oy
P> o) (ke SSpsba Spdie Sl el ojp 3 Sllyy (dad gl Sl 3 Jl slacle cam > &S gba ol
SUlg) a2 2oy (S sl WIOF 5 VOIVD YOIV ply sy o595 5 (oo rgilf slolo 4y bgryo (s)lel 0)93 Jobo > Uy,
Fo VYN i LYY Jlo agiljole & by yo Gy, oo (st Cunl 300 S5l 5068 b 458 5 joliod (slvolo 4y bgy o

Ay e i |y ()bl 0,90 Jgb p3 ailale by, o STy duoyd (8) JSU5 ] canSe

e o a1 Slily, e 53l -F Jgua

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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