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Abstract

Climate change directly affects the hydrological components
and water resources and plays an important role in
exacerbating potential hazards such as drought and flood.
Therefore, it is necessary to study the effects of climate change
on hydrological components such as runoff. In this study, the
runoff in Tashk-Bakhtegan basin, as one of the most important
ecological basins in the country, was investigated in terms of
climate change using the SWAT model. Simulation was
performed for the near future (2021-2050) by applying climate
change conditions in GFDL-ESM2M and IPSL_CMA5_LR
models under RCP2.6 and RCP8.5 scenarios and in GFDL-
ESM4 and IPSL_CMA6_LR models under SSP1-2.6 and
SSP5-8.5 scenarios. The calibration and validation results of
the SWAT model using R2, NSH and RMSE indices were in
the ranges of (0.70-0.99), (0.51-0.98) and (0.9-14.4 md/s),
respectively which indicated the high accuracy of calibration
and validation of the model. Examination of the status of
climatic variables of precipitation and minimum and maximum
temperature in the conditions of climate change showed an
increase in temperature (1.51-2.91 °C) for all models and
scenarios and a decrease in precipitation (0.05-11.15 percent)
in most models and scenarios. Simulation by SWAT
hydrological model in climate change conditions showed
runoff decline in all 4 stations under SSP scenarios and runoff
rise in 3 stations under RCP scenarios. Given that the climate
data of SSP scenarios have recently been made available, the
results of this study can be useful to extend the research to the
effects of these scenarios on important basins of the country
and as a result of policy and planning of water resources under
influence climate change.
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Table 1- Data description and sources (Delavar et al., 2020)
(Delavar et al., 2020) gl g Wodl> 7o puid Y Jgan

Data Type Resolution/Characteristics Source
DEM 30m Advanced Space borne Thermal Emission and Reflection Radiomete
(ASTER GDEM?2), 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 30 m for 12?175’ 2000 and Iran Water Research Institute
Climate 26 Stations Iranian Meteorological Organization
River discharge 11 Stations Ministry of Energy
Crop yield Major cropping pattern Iranian Ministry of Agriculture Jahad (MOJA)

Agricultural
management and
water resources
Population and
water use rate
Dam characteristic
and operation

Planting, harvesting,
fertilization-blue water use

Iranian Ministry of Agriculture Jahad (MOJA)

Iran National Water Document (INWD) (Alizadeh et al., 2007) Master

Plan

Iran Comprehensive Water Management Plan

Iran Water Management Company
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_ _ in=1(Qi,o_Qi,s)
NSH =1 [2{'=1(Qi,o—ﬁo)] ")

Table 2- Summary of sensitivity analysis and t-stat and p-value on the parameters of SWAT-FARS
model (Delavar et al., 2020)

(Delavar et al., 2020) SWAT-FARS Jao s kol )b (59, 2 p-Value gt-stat § Combues Julod aods Y Joua

Rank Parameter Definition t-Stat  p-value Initial range  Final range
CN2.mgt SCS runoff curve number 42.09 0.00 40-90 53-79
Threshold depth of water in the
2 GWQMN.gw shallow aquifer for return flow 25.21 0.00 100-2000 650-1250
3 SOL_Z(1).sol Thickness of first soil layer 4.16 0.00 (-0.5)-0.5 (-0.32)-0.05
4 SOL_Z(2).sol Thickness of second soil layer 2.20 0.03 (-0.5)-05 (-0.32)-0.05
5 ALPHA BF.gw Base flow alpha factor -2.16 0.03 0.01-1 0.04-0.42
6 TLAPS.sub Temperature gradient 1.45 0.15 (-8)-(-5) (-7.5)-(-5.8)
7 SOL_K (..) .sol Hydraulic conductivity of soil -0.83 0.41 (-0.5)-0.5 (-0.11)-0.24
8  SOL_AWC()sol Available Wate:;;g’rac'ty ofthesoll 575 045 (0505 (022037
9 GW_DELAY.gw Groundwater delay -0.73 0.46 1-60 12-47
10 SFTMP.bsn Threshold temperature of Snowfall -0.71 0.48 (-0.5)-3 0.2
11 SMTMP bsn Threshold temngglrtature of Snow 0.49 062 (-0.5)-3 05
12 PLAPS.sub Annual precipitation gradient 0.45 0.65 (-0.2)-0.2 (-0.03)-0.18
13 GW_REVAP.gw groundwater Evaporation 020 084 0-0.2 0.01-0.07
coefficient

14 REVAPMN.gw Threshold depth of water inthe 5 19 g5 1002000  700-1300

shallow aquifer for revap to occur
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https://esg.pik-potsdam.de/search/isimip/

Preference (&)
Peorrected = Poem X P
GCM
Tcorrected = TGCM X (Treference - TGCM) (F)

22)) b g (i) U0,k 5L Ty P f?) 9 (0) sl o
.(Jones and Hulme, 1996) cusl (s guomduo

oy g b -Y

SWAT Juae W)w.c‘ 9 Pomilg —)-Y

ol 03l drwgs Jdo | addllae (sl jo by, (gilwanss jolaieds
(Delavar et al., 2020) cusl oai odlazwl SWAT-FARS
S reg e oSl VY )3 ()l (mily sl ad S5 45 johailen
SWAT- ,l58ls 5 ;5 SUFI-2 svwly pioysSl 5l adgs pdaws 4o
by byl )b camlus Jlos yolul y .Casl ouis oalizwl CUP
sl 2mlei o il 1o 5 6l ol 5 oxbae Ollgy (5,5 IS0
b Jbo madald 0900 4 dog bV Jodo) Bud edlatel (oxiwlg
odly wyiod 0y9d 5 (wyiwd 3 (68 slbadd | solaiwl
BAAAL ladlo oy Jae (ilosend 0)93 ((S2iglg )i 5 (ol
TS 5 clsie 4 35 09> Jyl Jlo g 45 8,8 Ji5,5 Y10
(VOB Y +5) 0y90 slos! Jlo Ve g 8)S &g (Vo ]
S Canl D @ Y A edlaw] Jae 5 Sas i yliel (ol
iy alBlas jebdy calise (HRU (¢l byl oyl 5l
CandYU slrases yj (gl o yiol )l polie Lol jelaie .50
Oep 9 05 (xlwly D> pm 50 (6 pegyhen (glaolSil
sl Jloel b Coamd il sloadg 53 el )by (xiwly
Jro b)) @l ad pbol cundVl slaasgs ;) sla el
590 o] (gl (oxiw Jliel 5 oxiwlg 0)90 ;0 SWAT-FARS
aS o Ui ol (Cuwl oddd ST Jgds p0 dalllas opl p> s
Caol)ls Hla3 350 (olSimn] 0 1) (Jod bB > Slos oo

bug (ISEMIP) a5y o b sagSl o aslio o3y
oo 9 (HASA) (03,1)8" slapinms Jelod (llalline dunnse
b ol oygd oyl g 45 5Ll PIK) plawsgy olon 5 o cliiss
Jls bl B YV Jl sl 51 ISI-MIP Fast Track g
Sl oS il e 31 i o S5 e LYY
2 Sl pas (GiluseS wign ol plosl I Bum b plog
21y a8l s 31 A Canl 0390 paldl ok (sl Jie g gy liaw
03922 Ol ) it LS o oy o Gem il sla iy
ol 03y9) 23,5 SWAT 4 VIC® oman ks b Jse YA
ISI- 039y (oud8l sl Jio .(Warszawski et al., 2014) ol
bl Y Y Jlo 3 &S RCP slag )l 1 MIP Fast Track
GFDL-ESM2, HadGem-ES, IPSL-) :jl asjle «iloas
(CMA5-LR, MIROC-ESM-CHEM, and NorESM1-M
5 NAGMT) Sl slod lawgio @lpess wlol p s !
slJse YoV Jo o sl s Glsal (S6,b s clyuss
GFDL-ESM4, IPSL-CMAG-) SSP slag,lus (sly (soul!
LR, MPI-ESM1-2-HR, MRI-ESM2-0 and UKESM1-0-

ol 48,8 )18 oyt 1 g 0ad bl 059y (ol 4o o (LL

Yoomo 90 cdliy> GCM sly Jio 5l 45 o8l ol jite
9y cpl il aales Slialie (Su,l0)g0 & Cowd (Sl
3 95 plosl 7T oyl Mol daesls ol eslael ;I LS cul L
o5l asldl clayite 51 ookl b ISI-MIP 655, il yyan
0)93 54>, +/0 Sle SS&5 48 L WATCH Forcing Data
GCM elaJas (sl s> o) ool 1233145 calls ¥
59 owizen (Hempel et al,, 2013) cuwl ooy pbl 1,
Cosl ol sl g B (39 oo S5 GCM (slaJse codgioms
ki 8 Glaplie 4 (2 i slagg, Sl oaltul L &8
olel (215 olidio gy 5 ISI-MIP 0555 55 jlaieryyty g oo

ol 085 03l (5 9 0 (cloalarl)) i ol

Table 3- Results of calibration and validation of discharge in stations in this study (Delavar et al.,
2017)

(Delavar et al., 2017) axlas oyl 35 s15 5,90 GWB0Ks] 43 U &  Buuw lisl g (Suunly G -F Jgas

Station Calibration Validation
R?  RMSE (m%s) NSH R? RMSE (m¥s)  NSH
Molasadra Dam 0.78 9.93 0.60 0.88 14.14 0.52
Dorudzan Dam 0.99 5.94 0.98 0.98 9.46 0.98
Sivand Dam 0.81 9.28 0.59 0.71 10.32 0.55
Hasan abad (inflow 2, 1.04 0.58 0.70 0.90 0.51

into Bakhtegan Lake)
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cov dadlas cpl o edlaiwl 5y50 GCM (sla Jas &S b lis
e S I o wlails 38lg oa L RCP (g4l
45 s obody Cuwl o odalie gols > 38les ] SSP (slangy sluw
WA iliel RCP2.6 (64 liw ¢ GFDL-ESM2M Juo
Iy ol oy <[40 Lials RCP8.5 (54 )liw covi g (g0
Jre Lol amd o lis 4sdS 0y9 4 Cnd o] 0y
RCP8.5 4 RCP2.6 (gq,lus 4o y» cov IPSL-CMAS-LR
Cawd & ol o o s |y o)L ialS (as)> —0/5F 4 —A/AY)
cod IPSL-CMAS-LR 4 GFDL-ESM4 ¢la Jas (sl W
O 03T 0,93 )3 1y byl Bl gy 3)90 SSP (590l Y ya
RCP (slagy )l jl jide 0yl pialS ool &5 (J)ygody s 0

Cwl o.)%

ol et byl 53 SUlg) Sl oy V=T
SWAT- Juo )3 gy 3550 gloolSins] Sy (g5lodunds 5l g
o oal 0y glod g b (slaedls I eolizel L FARS
5 5YLs 5 wlalo blg, Lawsie olis SSP 4 RCP slagy b
sl S5 5> 4nBS 0y93 4 Cand 0] 0y93 3 ] Slpus o>
ol 03l LS ¥ o ¥ sl S 53 &S jslatlon sl oad &31) ¥ o ¥
gyl 33 waldl poss balyd )3 0ai] 0,93 )3 Cllgy b wunl
SSP5- 5 SSP1-2.6 (slags,lius ;3 5 )3l RCP8.5 y RCP2.6
ool clmodls gy Ll 53] ke o3 5Vl el il inlS' 8.5
5 VIS¥ £ LRCPB.S (g5 s s IPSL_CMAS_LR e
Jbo by ol Jube pppeS g B @l 4 9
» +[+5 5 L RCP8S5 (44w cov IPSL_CMAS_LR
Mo oYL (opzmen Cal 0ul SIS [haoMe (53959
o6 IPSL_CMAS_LR Jio oslil sloosls buwgs ,ials
9 OB sl yd 4 (639)9 3 —+/AY £ L SSPS-8.5 (g )l
opslios 2o IPSL_CMAB_LR o Lauwgs 5] o oy yieS
sl 035 55 3295 des 83909 1 —+1++¥ 5 |, RCP2.6

¥ Js3)

o8l et bl 53 A9 Copmadg ony 2 =T-Y

i bl g g3 b9 (Glod 9 (4851 Ol ek oy 2 =YY
AL

390 GEM (slajre (o)l gl g (2B polide I Jols b
&l yuite (6l SSP g RCP (slagy jliw oot aslllas ] 53 o3lizul
o3> s ¥ Jods 5o ()b 5 yiShs (gled ¢ JBlas (slod) ould]
5 Uk souldl sl yiite Sl gl dvglie (pioren (Cal 003
dy50 sl ¥ el @]yt lulpd o Slie g Bl gl
¥ ol cly odalcuws ls el oads @l ¥ IS 5>
0y93 » 1y yiSls g Jolas (slod Liulj8l ¢ wyy 3550 GCM Jao
b amd o b (VAAY=Y e V2 0)93 4y o (VY V=-Y -0+ ) o]
Slag )l gl g 1Slus 5lod SSP slag )l gl s 4 425
gyl ¢y (Cuwl dtily (g b iol58l 8l sled RCP
5 Jols clos )58l (SSP5-8.5 g RCP8.5) YL s b ailiysuy
omb o b slage Sl 4 Cew |y g S
Lo el 58l eyt IS psbods .canl azsls (SSP1-2.6 s RCP2.6)
Gt o6 IPSL-CMAB-LR Jas |, RCP (slagy b 5
oS g (osmdus ax> Y/AY) Jilas sles (¢l RCP8.5
o GFDL-ESM2M Jas RCP (elagy s 5 1y Led 2138l
U (g 43,3 VDY) ,iSlas (elo (gl RCP2.6 (g5 )l
J2o 1y SEP (clags ylw jo Lod yiul38l oy yiiig ¢ pizmad Gl 01
1 clod gl SSP5-8.5 (¢gy,lis s IPSL-CMAG-LR
SSP (slag i 3 1) Led ]38l s yieS” g (wgmunus 4 jd Y/VY)
s (clos glyy SSP1-2.6 (g5 s o5 GFDL-ESM4 Juo
Houshmand Kouchi et .cusl s3ly L (wgmdas 4> )5 V/5Y)
oy s oo |, IPSL-CMAS-LR Jus ;s al. (2019)
~Sutb dbg> s 3 45 L ddgs 5 |, RCP8.5 o RCP2.6
dalllas oyl ailon oS 5005 H1\8 )y D90 sl 0 #Bly ISl
¥/-¥)RCP8.5 (s )l 5 il slod (s oyt cslo Lyiul38l
VIYE)RCP2.6 (595l g ST (glod dy Cannd (yogumndio a3
Houshmand Kouchi et al., ) »_5 ssalis (wgmulo 45

s8] i Ly > R Sl adgs i)l oyt (2019

Table 4- Changes in the long-term average of annual climatic variables of GCM models used under

RCP and SSP scenarios in the future period (2050-2021) compared to the previous period (1980-2015)
33SSP g RCP (sWdgy luw &0 03! 390 GCM s Jiw (sai¥lw ol (o puiiio oy (a5l Ol pus —F Jgan
(YAAY-T+ Y +) ddiS 590 4 Cumnd (Yo ¥I-Y+ D+ ) onis] 2,93

. . GFDL-ESM2M IPSL-CMA5-LR GFDL-ESM4 IPSL-CMAG6-LR
Climate Variable
RCP2.6 RCP8.5 RCP2.6 RCP8.5 SSP1-2.6 SSP5-8.5 SSP1-2.6  SSP5-8.5
Minimum Temperature ('C) 2.12 2.58 2.59 291 1.62 2.03 2.19 2.52
Maximum Temperature ('C) 151 2.38 211 2.73 194 2.63 2.40 2.72
Precipitation (%) 1.19 0.05- -5.82 -7.66 -10.76 -11.15 -8.31 -9.62
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Fig. 2- Changes in the long-term average of climatic variables under RCP and SSP scenarios in the future
period (2050-2021) compared to the previous period (1980-2010)
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S5 0l g gazer ¥
Sl srs 6l ol looygy ol cadlie e
sobate e 4 .l O wlie Co e g (630)40b 0 (5 IS sl
1 85 —Sitb abg> > aslil Sl 3l adllas oyl
Je 5l skl b (VoY V=Y -0+ ) aan] g (VAAV-Y+ )+ ) 4258 69
1 (SWAT-FARS siiodlsanwg Jis) SWAT _Sy55ls,0n
srdse ly 485090 (2bj)l 85 L8 o)y 3590 Uy,
syl cov IPSL_CMAS_LR 4 GFDL_ESM2M
s GFDL_ESM4 <l Js 4 RCP85 4 RCP2.6
SSP5-8.5 4 SSP1-2.6 (slagy )l ¢ IPSL_CMAG_LR
g JB pj s 4 adlbae cpl | Jols gl .ol oad plos

SWAT- Jao  srwylisl 5 (sumly cumwlus Judoo mls -
sl @ 1) cuwlus pyde Jie o5 0 olis FARS

3,0 (CN) 500 0)led yomed ddg 4D u,;l}l” do.&.:.;fJ):.if
.(Delavar et al., 2017)

0D (pp 3)lge odes 3 ()l Bl g Led il 4 dag L
Sy b aS Jlo p3 il o sl 3,90 0as] 0,93 y3 Sy, Lials
0] 0,93 ;5 Gllgy RCP (glagy L y3 (y5,b el g o> yiuljél
o &)l 5,b 6o s 4 Wl e a5l 03 T ol
L 4 (sbdy il ol s sbagy b 5 b Joe Lawg
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adlas o il ash il wle 5 e acs > bl YL
o) e bl (o o Lisy > Abbaspour et al. (2009)
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Fig. 3- Monthly mean discharge status in the context of climate change for GCM models and scenarios under
consideration (a: discharge values in the past and future; b: percentage of Discharge changes in the future
compared to the previous period)
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Fig. 4- Annual mean discharge status in the context of climate change for GCM models and scenarios under
consideration (a: discharge values in the past and future; b: percentage of discharge changes in the future
compared to the previous period)
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claosls olizul L SWAT-FARS o b bl (6 5lodpsds —
cos GCM gl Jso (151> 5 oo o> 5 () (sodl
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Sl 5 ol (slod & i pSlis (glod iy I3 >
(Abbasi et al., 2020) aslae > .a3b o] 5l (5L 5y s
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Wl o 03> Ui () By — St 33 ]

2l oBl Gl (o 390 sdde 5 lagyliw) 3)lge sy )
adlles 5 looly i ALBIS 0yed A Cumd odb] 0y
Sleko 2w 3] (case 4> (Houshmand Kouchi et al., 2019)
el s Lulyd )3 ()b g Loy aljal ooyl il ) (o)l
Oy 2 gk ol gl b ool s RCP lagyyluw cov
9 ) @l G5k (e > Jy o)b e adlas ol b L
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Table 5- Correlation coefficient between runoff values calculated in the studied stations and

precipitation and minimum and maximum temperature values in the next period (2021-2050)
SLod 9 i, 723l g (w2 3590 (SR 43 b Ao CUly, 23lie (o (Sunrod G b —0 o>
(Yery-vede)owyloy90 45 pSlas g Jélas

% _ Molasadra Dam Dorudzan Dam Sivand Dam BaL%?:g\],:'Iiri\nlf%ke
= GCM Scenario
g OLag 1lag 2Lag OlLag 1llLag 2Lag OlLag 1lag 2Lag OLag 1llLag 2Lag
GFDL_ESM2M  RCP26 048 040 043 052 055 056 066 061 029 055 0.60 0.36
GFDL_ESM2M  RCP85 057 041 037 061 054 046 074 060 026 064 058 0.30
o GFDL_ESM4  SSP1-26 072 039 035 071 063 049 062 048 025 048 036 0.11
@
et GFDL_ESM4  SSP5-85 0.74 038 035 071 058 049 053 048 036 041 041 028
8 IPSL_CMA5_ LR RCP26 074 033 036 070 050 042 074 046 030 069 046 031
S IPSL_CMA5_LR RCP85 0.77 023 018 078 041 025 081 037 0.07 077 044 0.08
IPSL_CMA6_LR SSP1-26 0.67 047 038 0.67 0.68 052 048 046 030 040 037 0.20
IPSL_CMA6_LR SSP5-85 0.74 034 024 075 060 038 066 041 019 056 0.26 0.04
GFDL_ESM2M  RCP2.6 -0.10 -0.23 -0.32 -0.28 -043 -0.49 -024 -030 -0.30 -0.21 -0.28 -0.30
§,§< GFDL_ESM2M  RCP85 -0.19 -0.30 -0.33 -0.41 -051 -048 -0.23 -0.30 -0.28 -0.13 -0.16 -0.15
g GFDL_ESM4  SSP1-26 -0.19 -0.32 -0.34 -043 -055 -051 -0.25 -0.34 -031 -0.13 -0.18 -0.15
3 GFDL_ESM4  SSP5-85 -0.21 -0.35 -0.37 -044 -058 -0.54 -0.27 -034 -0.34 -015 -0.19 -0.18
3  IPSL_CMA5_LR RCP26 -020 -0.32 -0.35 -043 -055 -053 -0.26 -0.33 -0.32 -0.15 -0.18 -0.18
§ IPSL_CMA5_LR RCP85 -0.20 -0.33 -0.36 -0.43 -056 -0.53 -0.24 -0.34 -0.33 -0.14 -0.20 -0.18
g IPSL_CMA6_LR SSP1-2.6 -0.21 -0.32 -0.38 -043 -055 -054 -0.24 -033 -0.34 -0.14 -0.18 -0.20
® IPSL_CMA6_LR SSP5-85 -0.21 -0.35 -0.37 -044 -058 -0.54 -0.27 -0.34 -0.34 -0.15 -0.19 -0.18
GFDL_ESM2M  RCP2.6 -0.05 -0.19 -028 -0.21 -0.36 -0.44 -0.18 -0.25 -0.28 -0.15 -0.22 -0.27
% GFDL_ESM2M  RCP85 -0.03 -0.17 -0.27 -0.19 -0.36 -0.44 -0.18 -0.25 -0.26 -0.14 -0.23 -0.27
é GFDL_ESM4  SSP1-26 -0.02 -0.15 -0.24 -0.18 -0.34 -042 -0.17 -025 -0.27 -0.13 -0.22 -0.26
3 GFDL_ESM4  SSP5-85 -0.03 -0.17 -0.27 -0.19 -0.36 -0.44 -0.18 -0.27 -0.28 -0.14 -0.24 -0.27
S IPSL.CMA5 LR RCP26 -006 -0.18 -027 -021 -0.38 -045 -0.19 -026 -0.28 -0.15 -0.24 -0.27
g IPSL_CMA5_LR RCP85 -0.02 -0.15 -0.25 -0.17 -0.33 -042 -0.17 -0.26 -0.26 -0.13 -0.23 -0.25
S IPSL_CMA6_LR SSP1-26 -0.02 -0.17 -0.25 -0.18 -0.36 -043 -0.18 -0.27 -0.28 -0.14 -0.24 -0.28
i IPSL_CMA6_LR SSP5-85 -0.01 -0.15 -0.24 -0.17 -0.33 -041 -0.15 -0.23 -0.27 -0.11 -0.20 -0.26
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1- Intergovernmental Panel on Climate Change (IPCC)
2- IPCC Fifth Assessment Report (AR5)

3- Adaptation

4- Mitigation

5- Coupled Model Intercomparison Project-Phase 5
(CMIP5)

6- Representative Concentration Pathway (RCPs)

7- Coupled Model Intercomparison Project-Phase 6
(CMIP6)

8- Shared Socioeconomic Pathways (SSPs)

9- General Circulation Models

10- Downscaling

11- Statistical DownScaling Model (SDSM)

12- Soil and Water Assessment Tool (SWAT)

13- United States Department of Agriculture (USDA)
14- Hydrologic Response Unit (HRU)
15- Inter-Sectoral Impact Model
Project (ISIMIP) Fast Track

16- Earth System Grid Federation (ESGF)

17- Network Common Data Form (NetCDF)

18- International Institute for Applied Systems Analysis
(IASA)

19- Potsdam Institute for Climate Impact Research
(PIK)

20- Variable Infiltration Capacity (VIC)

21- Global Mean Temperature from Preindustrial Levels
(AGMT)

22- Bias Correction

23- Warm Up

Intercomparison
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