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Detailed water resource balance reports are very important in promoting sustainable
watershed management programs. The main purpose of this study is to evaluate and
use the SWAT+ model as a new version of the SWAT model in simulating
hydrological processes and determining the role of effective factors in the changes of
water balance components in Tashk Bakhtegan basin. In this regard, after preparing
the required information and entering them into the SWAT+ model, the steps of
calibration and validation of the model for river flow in 10 hydrometric stations, base
flow in three upstream stations, as well as calibration of the underground water level,
evapotranspiration and yield of major cultivated crops was done at the basin level
during the period (1980-2014). The evaluation of the model calibration results in
most of the stations shows the index values of (R2>0.5) and (NSE>0.2) that the
results were favorable and acceptable. Comparing the results of the water balance
obtained from SWAT+ with the results of other studies shows that the final values of
the evaporation-transpiration parameter were higher and the surface currents were
lower than the results of other researches, so that only compared to the results of the
SWAT model, the three mentioned components increased by 17. 0, 1.13 and showed
a decrease of 0.06 billion cubic meters per year. Examining the spatial and temporal
changes of the balance components also showed that the changes in precipitation and
evapotranspiration decrease from north to south of the basin, and in areas with high
rainfall, their fluctuations are more proportionate and congruent. The most important
factor in the decrease of water flow (74.7 percent) and the increase of evaporation-
transpiration (80.3 percent) of the basin is related to non-climatic and human factors
such as land use change, construction of dams, etc. and the effect of climatic factors
on water flow changes and evaporation-transpiration is 25.3 percent and 19.7 percent
respectively. Evaluation of SWAT+ model calibration results and comparison of its
results with other studies conducted in the basin indicate the acceptable performance
of this model in simulating and separating the contribution of different climatic and
human factors in the hydrological conditions of the studied basin. Therefore,
according to the new capabilities of this model and the improvement of the
simulation processes of underground water and its exchange with the river compared
to the SWAT model, it is recommended to use this model in order to estimate and
verify the water balance components of basins.
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Figure 1. Location of the Tashk-Bakhtegan basin, 22 study regions
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Table 1. Data description and sources

Input data Resolution/Characteristics Reference

Advanced Space borne Thermal Emission and Reflection Radiomete

DEM 30m (ASTER GDEM2), http://gdex.cr. usgs.gov/gdex/

Soil 1 km Harmonized world soil database ;
http://www.fao.org/nr/land/soils/digital-soil-map-of-the-world/en/

Land use 30m Iran Water research institute

Climate 26 station Iranian Meteorological Organization

River discharge 11 stations Ministry of Energy

Crop yield Major cropping pattern Iranian Ministry of Jahade-Agriculture (MOJA)

Agricultural . - Iranian Ministry of Jahade-Agriculture (MOJA) Iran National Water

management and Water fertlijlliir;ttliz%-tr)]ﬁjr:iigtggr ’use Document (INWD)

resources Iran Comprehensive Water Management Plan

Dam characteristic and - Iran water management company

operation

2 AS o ol didg i N> & (8 S ae wlely |y ases QSWATH L 13 (gilw Jde pB 4ol ;o SWAT+
(SIB0g) aSud Al Ly A o] Adg 5 OF g pawy Ade> (lajye s DEM aias | eslatwl b olwl oyl
Jo adg ) oAb By Jho s dldg) 5 (5058 Cledbl Mg e It 9 (609 (laolSis] Cusdye
) e ossly 5 a5 05 2 Jolas |, (LSU) slulpier oy 2 Jao gl s mondd ket doly a2 b 6
o2 2 9 FAO Sb 4t b alS (il (o) &Y Slbgen [l 9o pB )3 25 hyai jlileder (slasoly Jolaa
oS SB g6 e 4 A lenin dnly o a0 syl adgl T HRU @ses DEM aiss b bl
Slopste Gilodnd Lulyd o jdate cpl 4 e Ngd(e mand (Sjglorke Gl doly a4 cud g ()
GV 4 5 o (5ygltS Sl lacs )l sl 5o (g blpd 4 1o 0 g LS Sidgynn
s & 1b Cage 5 ol s Blo ol g w3 gl Glasp)lS g A e (458 slasp)8) Sess ol)
S5Pgren Gl dly VOV sl yo pl donit 13298 Jlasl Jdo )3 s Sl oS 2 (sl ddp 13 39290 i
Sgyien Gl doly SWATH Jao Slusba doly o 5Se oS o Sl I3 jl cap cpdy 0 sbn] b9 o
O o Ablae yoluly (S399,00 48 > <HRU ja (¢l SWAT [ (slaastus siles 55 Jde opl 3 .ol (HRU)
D5 o il (V) daly 3
SWi=SWo + X1 (Raay = Qsurr = Ea = Waeep — (V aal,
’ ’ 0w

i 4 Qgw 5 Weep €@ Qsur Raay « S 53 Ol adgl jlade SWo d )loj jo S > Ol Hlade SWi o) j5 oS
slocl 15y Ol g glblud Ol &Y 4 adbdeis Ol (5= poes  odaw Gy, ((SH)b e ;) w5)ke
Lol ) wein)

ol ) ol il S dlip] o bl 035 9 SWATH Juo (Siiglgpan (gjlodnd (IS 52 (V) S
A2 0

0SSl 4 bgyye SleMbl g (Bl g ks slod (o)L) 4iljg, Sledbl g ] bl (gjluJao pow pB5
Olojle 4 laie (S5olpledls’ 5 Sipginm (SloolKium] S o p g (s Cugby Bl L (sla el Cstosily
DB op50 5 Gagleer 55 ©)lig iy g (Pl (Slooli] Cledbl izen o 50 wlidlg
G dog b (98 aslye (V) JSS @) (owliilon olSiasl V¥ 4 byypo 0ledbl (oles slasagen I w185
5 (g oMbl izen 035 (Byee Jao 4 gl Sloj 50 53 o8 SIS 3929 5 cnlio (55lol 0)93 5o
JHo & el ol B 13 gl (5)la oy CleMbl g 0 dugd adg> 53 d9290 du dw & bgnje (gl 0
ol 04 0Ll A g pdaw jd dg3g0 sladu IS Clasuin 4y pj Jeda )0 .4 3l



VoWV eV e g (B9800 (el y | dolps (i i s SWATH o il 03ldisw] b ] 3 Mer g adlfo ek oy 0

OVB
SUR + LAT

Figure 2. Hydrological cycle between the spatial components of SWAT+ (Bailey et al., 2020)

Table 2. Information on operated dams in the Task Bakhtegan basin

Dam Con Location Lat Operation date Volume (MCM)
Dorodzan 52° 25' 06” 30° 12’ 20" 1351 993
Molasadra 52° 04' 55" 52° 04' 55" 1386 440

Sivand 30° 08’ 23" 53° 05’ 01" 1388 150
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Table 3. Cropping pattern and filed management information in the Task Bakhtegan basin

Date of Date of Type of fertilizer Water Yield
Type Plant planting harvesting Area N P M requirement (ton/ha)
Apple - Nov 2.1 200 150 25000 880 3.4-25
Plum - June-oct 1 200 150 25000 744 4.5-25
Almonds - oct 4.2 200 200 - 1022 0.2-2.5
Fig - Aug-oct 0.1 200 200 - 300 0.8-4
Olive - Nov 5.4 250 200 20000 1266 0.6-16
Wheat Oct June 49.2 200 100 25000 476 1-5.8
Barley Oct June 4.4 200 100 25000 410 0.4-4.5
Irrigated Sunflower June Oct 6.3 70 45 28000 577 1-8.8
farming canola May Nov 1.8 100 100 - 916 1.4-4.2
Beet April Oct 34 170 260 1900 1168 3.2-44.1
Tomato May Sep 2.6 80 100 10000 772 6-70
Potato April Oct 0.9 150 100 853 16-36
Onions April Sep 05 100 80 30000 861 7-89
Alfalfa April May-oct 33 100 100 21000 1123 4-66
Beans May Sep 8.2 100 150 10000 729 1-25
Rice June Oct 6.3 205 25 - 772 3-5
Peas April August 6.2 - 18 - - 0.3-0.5
Barley Oct June 5.9 200 100 25000 - 0.4-4.5
Dry Wheat Oct June 13.2 200 100 25000 - 1-5.8
farming Almond - Oct 20.4 200 200 - - 0.2-35
Fig - Aug-oct 34.9 200 200 - - 0.8-4
grape - dec 19.3 - - 25000 - 1-4.2
Table 4. Results of model sensitivity analysis
Row Name Group Description Sensitivity
1 cn2 hru Slyy (oo o lod 0.886589
2 bd sol sk o35 S 0.768848
3 esco hru SB s ol oy 0.723245
4 z sol S Ldgy Bos 0.635962
5 perco hru g8 g o 0.632458
6 epco hru oS T Cda gl oy 0.562356
7 alpha gw ab ol S8 el 0.433562
8 awc sol S cugb) (6)lS cud )b 0.405967
9 lat_ttime hru b ol Jsl ol 0.372659
10 sp_yld gw Gos 05 Gojs ol oy (o] 0.232896
11 k sol SE (SIgpae colas oy 0.226122
12 revap_min gw OV 3 55 68 U (sl oe o5 el o990 JBl> 0.105321
13 flo_min gw G5k ol gl Ges o8 el o O jlinyse il Gas 0.100121
14 cn3_swf hru SB gk cups 0.033034
15 chk rte Fye Sds)n ol 0.011125
16 revap_co gw gy 3 s 0.008461
17 chn rte sbol JUI (sl Sisle 0.002634
18 bf_max gw AS (o0 SeS aly by 4 adlale JS &8 Sl 4l by 25 0.001089
19 canmax hru [ gryene 0.001012
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Figure 3. SWAT+ Model Calibration Process Framework
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Table 3. The results of calibration and validation of discharge in the hydrometric stations

. . . Calibration Validation
Station Subbasin Period RZ___NSE___RMSE(m¥s) R’ _NSE___ RMSE (ms)
Dehkade Sefid 1 1980-2014 0.53 0.238 2.75 0.51 0.362 2.775
Jamalbaig-Shirin 6 1980-2014 0.6 0.293 8.8 0.55 0.32 5.632
Chamriz 12 1980-2014 0.54 0.497 16.95 0.50 0.56 16.12
Abas abad 16 2010-2014 - - - 0.57 0.55 12.13
Tang belagi 21 1985-2014 0.73 0.32 411 0.6 0.288 4.2
Dourodzan Dam 23 1982-2014 0.41 0.373 20.01 0.35 0.231 19.01
Rahmat abad 26 1991-2014 0.63 0.391 6.21 0.51 041 6.27
Dashtbal 31 1980-2014 0.61 0.30 5.0 0.55 0.491 5.53
Pol khan 34 1980-2014 0.45 0.44 30.02 0.44 0.42 23.5
Hasan abad-kharame 43 1997-2014 0.75 0.56 9.87 0.63 0.41 20.156

By byl elylze 4 a5 bl +/Y 5w NSE [adls 5 +/0 j1 5 i ol 381 0 R? (asls yolie

GBS 5 JpB B 10 3 S R poli Ygams S slomsls obuly (Soidaten csloie (orinly
485 L5 5 S B 3Slas ol olsieer IS bt Ko g ko o lie polis NSE (a5ls 5 Ssdeo
Moriasi et al., 2007; ) Cuol yigy bl S35 yao 4y 5 JpS jlde aya RMSE asls (sly cpinpd Vb oo



)f'r’,,o)te.ga)w.,,a.:ﬂajja,‘_;)l:g@yfcy)gm VeAY

e Lol ST 0 R? (a3l ¢y sdalcwnda polie wloly (Santhi et al., 2001; Van Liew et al., 2003
» ks NSE jadlis gl .l Jod BB Jio gols g +/0 j 5 i (Stumed jldo o5 1 5 (50950 do (slaolSius)
033993 S ol8g] > s Job B 55 molSig] s 5 At oyl ) o3gime 1 Ul elis g 5202 o] 93
SWAT+ Juo 13 s (295 Sloj (50 (25 0)ls (Sl pas oty 8y st o 86 o6 5 iy ol 5
Ao Ol 085 lime b Sloj Lalys bl 48lis <oty du ya (clp a5 b Jods ol 1) Famenas Jolis 33,53,l5 9
FeS Slanlie sloodd 5 Juo sl 2y b ilas bt 5 (298 ol bl el (Pediee e ol (2S Jlde
2 owly 0y ) RMSE adlis wloly e o Ui 1) gycams gl b asls jlde a0 5 odd
ol el Jg8 b8 2ol olSiu] plo )3 9 Cums wgllas sdelcunsds polie (B s g 01599, S o yer (glrolSians]
lnolKinn] ol 13 g 039 Chumo guls ol g B b 6y59950 dw bl wle 3 pen (slaolKinn] )3  Srwcoms oy9
2 SWATH o lawgs s gilwamis by olpeday Slalio by dlale Sloj sy (F) K& 5wl Jod 1B

ol 0 03l U5 By Sl dnb)> (6399 5 4ol —3bT Cpaes (6 5209 yaut o] oo

[
c

Discharge (m*/s)
[+
<

- -~ ~AND A SO ~ONe ~A10 ~n19 ~A1 A ~A1E

month

Figure 4. Observed and simulation values of the river flow at Hasan Abad-Kharameh station
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Table 4. Results of evaluation of basic flows

Station Calibration Validation
R? NSE R? NSE
Dehkade Sefid 0.51 0.28 0.53 0.26
Jamalbaig-Shirin 0.63 0.46 0.49 0.37

Tangblagi 0.8 0.6 0.43 0.38
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Figure 5. Spatial display of R2 , NSE indices values between observed and simulated values of changes in the level
of aquifers in the study area
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Figure 6. Comparing observed values of (a) ET reported in the national water document and the average ET
simulated (b) yield reported in the national water document and the average yield simulated by the SWAT+ model
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Table 5. Comparison of the estimation results of the water balance components obtained from the SWAT+ model
with the SWAT model and water resources balance reports

Study SWAT+ SWAT Comprehensive Water
model model water plan Resources Atlas
Variable (1985-2014) (1985-2014) (1967-2011) (1967-2006)
Precipitation Volume (mcm/yr) 11.08 10.51 9.55 10.01
Actual Evapotranspiration Volume (mcm/yr) 10.1 8.99 5.94 5.37
Basin Outflow (mcm/yr) 0.66 0.72 - -
Ground water Change (mcm/yr) -0.23 -0.24 0.00 -0.32
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Figure 7. Spatial distribution of annual mean (a) ET (b) Precipitation (c) Aquifer storage (d) surface runoff (mm) in Tashk-
Bakhtegan basin
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Figure 8. Annual changes in the components of evaporation, transpiration, precipitation and runoff of the basin
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Figure 9. The sensitivity outflow from the basin to a) precipitation changes and b) temperature changes.
The sensitivity actual evapotranspiration to c) precipitation changes and d) temperature changes
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