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Sustainability Outlook of Domestic and
Agricultural Demand of Doosti Dam
Considering Climate Change Scenarios and
Impact of Salma Dam
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Abstract

Harirud River is one of the main sources of water in the
northeastern regions of Iran and the south of Turkmenistan.
Harirud is a provider of drinking and agricultural demand for
a large number of people and regarded as one of the concerns
of the two countries in terms of water sustainability. The
planning and management of water resources in the
transboundary basin because of missing or lack of access to
weather information and hydrology in the riparian countries is
stressful. In this paper, by coupling the SWAT hydrologic
model and WEAP water resource planning and management
model, we have tried to study the effect of upstream
development as well as climate change on water inputs from
the Harirud Transboundary River to Iran and Turkmenistan.
The years 1955 to 1996 considered for calibration and the
period from 1997 to 2016 to validate the SWAT model. The
R2 and NS numbers were 0.66 and 0.65 for the calibration
period, 0.7, and 0.72 for the calibration period, respectively.
Most areas of the Doosti basin will face a rise in temperature
(about 1.5 to 3.8 degrees) and precipitation decline, especially
in upstream mountainous regions. Based on the results of the
operation of the Salma Dam and RCP 8.5 climate change
scenario, the reliability and sustainability of agricultural water
supply in Iran and Turkmenistan will reduce to less than 3%.
Changing the climate pattern will face the challenge of meeting
the environmental needs of downstream of Doosti and Salma
dams. This trouble reveals the necessity of hydro policy
between the riparian countries. If the current condition
continues in this way, water shortage in Sarakhs becomes the
primary social challenge in the northeast of Iran.

Keywords: Doosti River Basin, Transboundary River,
Climate Change, SWAT-WEAP Coupling.
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GCM1 GFDL-ESM2M RCP(2.6,4.5,6.0,8.5) NOAA/Geographical Fluid Dynamics Laboratory
GCM2 HadGEM2-ES RCP(2.6,4.5,6.0,8.5) Met Office Hadley Center
GCM3 IPSL-CM5A-LR RCP(2.6,4.5,6.0,8.5) L’Institude Pierre-Simon Laplace
GCM4 MIROC RCP(2.6,4.5,6.0,8.5) AORI,NIES and JAMSTEC
GCM5 NoerESM1-M RCP(2.6,4.5,6.0,8.5) Norwegian Climate Center
CRU Climate Research Unit East Anglia

a (Ashraf Vaghefi et al., 2017Db)

b GCMs are available from 2006 to 2099, and CRU are available from 1970 to 2005
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Fig. 5- Average monthly precipitation comparison between observed stations and CRU
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Table 2- Data description and sources used in SWAT model
SWAT Jao Célw 4 daud odlisiw! Sleb! aolio -F Joua

Data Type Resolution Source

Digital Elevation Model (DEM) 90m Shuttle Radar Topography Mission
(SRTM) http://www2.jpl.nasa.gov/
srtm/

Soil 17 km FAO-UNESCO global soil map
http://www.fao.org/nr/land/soils/
digital-soil-map-of-the-world/en/

Land use 1000 m Global Land use/Land Cover
Characterization USGS
http://landcover.usgs.gov/glcc/

Climate - Climate Research Unit East Anglia
http://www.cru.uea.ac.uk/data

Hygrometry - Khorasan Razavi Regional Water Authority

Table 3- Water demand in DRB
swgd dw 31l ad )3 ol 5l Y Jgue

Allocation Source

Demand (MCM/year)

Inter-basin Demand -
Agricultural Demand of Afghanistan 560
Municipal Demand of Iran -
Municipal Demand of Turkmenistan -
Agricultural Demand of Iran -
Agricultural Demand of Turkmenistan -
Environmental Demand 211

Salma

Doosti Inter-basin
- 400

150 -
150 -
278 -
278 -
128 -

(Thomas and Warner, 2015)
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Table 4- Comparison of rainfall and temperature changes (%6) in the current condition with climate change
scenarios

ol ot gLogs U 39290 @0 43 (71) Lod 9 (5 Ol o )3 e lio —F Jgi>

Precipitation Temperature
Max Min Max Min
Current Condition (mm/°C) 393 210 17.86 5.07
Diff RCP 2.6 (%) -26.5 16 2.01 1.67
Diff RCP 4.5 (%) -29.2 12.9 2.7 2.22
Diff RCP 6.0 (%) -31.3 8.5 2.7 2.33
Diff RCP 8.5 (%) -35.8 2 3.8 3.27
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Table 5- Parameters assessed in SWAT model
SWAT Jso s sl )b Comwlus Julowi -0 Jgan

Rate Parameter Name Definition Initial Range final Range
1 r__ CN2.mgt SCS runoff curve number f -0.2-0.2 -0.23-(-0.086)
2 v__SFTMP.bsn Snowfall temperature -20-20 -24.74-(-13.62)
3 V__SMTMP.bsn Snow melt base temperature -20-20 0.72-11.01
4 v__GW_REVAP.gw Groundwater "revap" coefficient 0-0.2 0.12-0.22
5 r__SOL_AWC(..).sol Available water capacity of the soil layer -0.2-04 0.41-0.65
6 v__CH_K2rte ;fltje\fitlz\rﬁ hydraulic conductivity in main channel 5-130 11.65-17.87
7 v__RCHRG_DP.gw Deep aquifer percolation fraction 0.3-0.45 0.37-0.44
8 v__HRU_SLP.hru Average slope steepness 0.8-1 0.44-0.61
9 r_ SOL_K(..).sol Saturated hydraulic conductivity -0.8-0.8 0.02-0.28
10 v__ALPHA BNKirte  Baseflow alpha factor for bank storage 0-1 0.2-04
11  v__ESCO.hru Soil evaporation compensation factor 0.8-1 0.85-0.93
1 WM e
13 r__SOL_BD(..).sol Moist bulk density. -0.5-0.6 -0.69-(-0.16)
14 v_ SMFMN.bsn (I;/rl]ic\ilmtjer?srgleslttigee\;e for snow during the year (occurs 0-20 3.41-11.27
15  v_REVAPMN.gw T:;'\’f;goig depth ‘(’:n"n‘:‘;‘ter In the shallow aquifer for 10-200 82.44-118.11
16 v__GW_DELAY.gw Groundwater delay (days) 30-450 234.98-502.69
17 v__SLSUBBSN.hru Average slope length 10-15 11.65-13.63
18 v__CH_N2.rte Manning's "n" value for the main channel 0-0.3 0.16-0.33
19 v_OV_Nhru Manning's "n" value for overland flow 0.05-0.12 0.09-0.12
20 v_ SMFMX.bsn x?g(r;]rzgr;;;:t?lcte;ate for snow during year (occurs on 0-20 -5.36-2.36
21 v_ALPHA BF.gw Baseflow alpha factor (days) 0-1 -0.55-(-0.05)

Table 6- Calibration (1955-1996) and validation (1997-2016) performance of Doosti River Basin
9D ﬁ).’i adg> 4> Slilg, (H‘W—Y» \F) WSO 893 g (\ﬂba—\ﬂﬁV) Sowly 093 gl —F Jous

Calibration
Validation

NS R2 P factor R factor
0.65 0.66 0.75 1.20
0.70 0.72 0.78 1.02

Table 7- Inflow of Salma and inter-basin in historic and future scenarios
aisl (glag Lw g (St U 293 )3 Adgn e g Lok w4 (63959 Gl -V Joua

Inflow to Salma

Inflow to Inter-basin

Historical Inflow(MCM/year)
RCP 2.6 Inflow(MCM/year)
RCP 4.5 Inflow(MCM/year)
RCP 6.0 Inflow(MCM/year)
RCP 8.5 Inflow(MCM/year)

1081 400
810 464
738 452
726 436
614 408

A ab oF o loss

@233l Jlw (o ! &1 @alio o

Volume 15, No. 3, Fall 2019 (IR-WRR)

vs



v
S

Tajan_Env_

Interbasin_

\

Salma_ Env_ Inflow of

Demand

\

Iran_
Agri_
Demand

Inflow of
Interbasin

-—

weq
rHRs

Demand Harirud

()

e

Demand

Fig. 7- Schematic model of water allocation in WEAP model
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+bTable 8- Vulnerability, resilience, reliability and sustainability index in current condition before and after
the construction of Salma dam
Lok s Sl l 31z g Jud (6510 9 (8 s lwabl (g Cul 1 g pdycunm] SBLRELS A Jgu
Reliability of Reliability of

Vulnerability Resilience time Volume Sustainability
(%) (%) (%) (%) (%)
(@) (b) (© (d) ((1-a)*b*c)*®
Iran Agriculture 15.9 51.9 84.8 84.1 718
Turkmenistan
Agriculture 15.9 51.9 84.8 84.1 718
Iran Municipal 0.0 100.0 100.0 100.0
Current Tork . tp 100
Condition ‘:\; menis Ia” 0.0 100.0 100.0 100.0 100
Without Salma : tumkchpz'i
Dam nter-basin
Demand 7.3 41.0 84.9 92.7 68.6
Salma
Environment 23 430 971 971 74.3
Tajan
Environment 16.0 51.4 74.3 84.0 685
Iran Agriculture 64.7 11.6 29.8 35.3 23.0
Salma 12 14.3 98.6 98.8 51.8
Agriculture
L 64.7 11.6 29.8 353 23.0
Agriculture
Current Iran Municipal 0.0 100.0 100.0 100.0 100.0
Condition With Turkmenistan
Salma Dam Municipal 0.0 100.0 100.0 100.0 100.0
Inter-basin 12 143 98.6 98.8 51.8
Demand
Salma 15.4 20 68.0 84.6 486
Environment
Tajan 36.2 114 28.7 63.8 215

Environment

Table 1- Vulnerability, resilience, reliability and sustainability index after the construction of Salma dam
under climate change scenarios

B9 ylaw Co Lodr s Slas! 51 s (g1l 9 (523 sl o6 32 MEES 12 (5 prdan] (S s L - Jgua

old] gt
Vulnerability Resilience Reliability of time Reliability of Sustainability
Volume
Demand (%) (%) (%) (%) (%)
(@) (o) (© (d) ((1-a)*b*c)1?
Iran 95.0-97.6 2138 3.8-5.38 2450 2748
Agriculture
Salma
: 39.4-515 13.5-15.7 36.2-38.8 48.5-60.6 28.7-33.3
Agriculture
Turkmenistan 95.0-97.6 2138 3858 2.4-50 2.7-4.8
Agriculture
Iran Municipal 4.8-15.1 11-13.7 84.2-95.0 84.9-95.2 42.9-49.9
Turkmenistan 48-15.1 11-13.7 84.2-95.0 84.9-95.2 42.9-49.9
Municipal
"ger'bas'” 38.8-51.1 15-17.6 41-46.4 48.9-61.2 31.1-36.9
emand
Salma 41.8-48.2 9.5-10.7 22.4-30.4 51.8-58.2 31.7-36.2
Environment
Tajan 88.4-93 2.3-37 3.9-57 7116 11.4-15.6

Environment

ITAA a0l oF 0 lowd (edd 33U Jlw ¢ !t O gl oliyios
Volume 15, No. 3, Fall 2019 (IR-WRR)
YA



100
90
80
70
60
50

40

Sustainability (%)

30

20

10

® Current Condition Without
Salma Dam

m Current Condition With Salma

Dam

RCP 2.6 + Salma Dam

RCP 4.5 + Salma Dam

m RCP6 + Salma Dam

® RCP 8.5 + Salma Dam

Fig. 8- Sustainability index in different situations
oo bl (6152 (5l (A Le A USW

S 4l g gz -F
93 s (a0 oyl Adg )3 Ol wlie dmwgi @l il dlie cpl
colio a0l SleMbl s86 o luslisl 198 5 ol sdes isu o
N oaoenl s Sl gidgsie gladds
5 Sgdorie s LS She sleell slaesh
125 ol 15 o3liel Sledb] (gilul (sly tins slacglad

xsly_e 4ly) B 3o o) 5

oal8l s olagyyliw Jloel b a8 s olis el ol ol obj))
Jlo b L twgd das (RCP 2.5 g lis) s o pilingiod >
b (o)) S ooy O 5l 2oyd 5o oppals 4 b sl 06 VFYD

2L 3l b i ol Sl g 230 2> A (spdlisabe]
Ol oo b Jlo p e o ppbe YYA b sas

Mashhad Water Demand

MCM/year

(A JS3) 595 Blod (535 0 ligelo]

1390 1395 1400

1405
year

1410

1415 1420

Fig. 9- Comparison of demand for Mashhad drinking water (green filled bars) and supplied water by Doosti
dam (dotted line) in the coming years
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