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Extended Abstract

Introduction: Surface runoff is one of the main reasons for erosion, sedimentation and reduction of river
water quality. Therefore, it is important to predict the watershed response to precipitation events. Selecting
an appropriate rainfall and runoff model for the basin is crucial for effectively planning and managing water
resources. Moreover, the increase in greenhouse gases can lead to numerous adverse effects on all systems
interacting with the climate. In this research, the effect of chandes in precipitation and temperature
investigated using BCSD downscaling method based on a combination of the output of AOGCM models of
the 6™ IPCC report under two emission scenarios of SSP245 and SSP585. This study projected future climate
change scenarios and investigated the simulation of runoff entering the reservoir based on these scenarios to
forecast river flow to the Dez Dam reservoir located in Khuzestan province, Iran.

Materials and methods: To examine the effects of climate change on streamflow in Dez dam station, the output
of six AOGCM models from the 6™ IPCC assessment report was utilized. The output of these models includes
temperature and precipitation data for the base period of 1991-2020 and the future period of 2030-2059 and
under SSP245 and SSP585 scenarios were extracted. Also, the simulation of the runoff entering the reservoir
is based on two future climate scenarios in order to produce the river flow to the Dez dam reservoir.

Results and Discussion: The results of current research showed that the combined global climate model
performs better than the other 6 individual models and also has a better fit with the observational data. Also,
rainfall reduction in most months in SS245 scenario is more than SSP585. Temperature increases are more
pronounced in the warmer months of the year than in the colder months. Furthermore, the results indicate
that the IHACRES model effectively simulates flow during wet periods, or high flow rates, whereas its
performance is less consistent during periods of low flow. The results indicate that the highest amount of
increase in runoff in both scenarios compared to the observation period is in February at the rate of 248.20
m?/s in the SSP585 scenario and the lowest amount in January at the amount of 194.26m?%/s in the SSP245
scenario.

Conclusions: In this research, the latest emission scenarios compiled in the 6™ report of the IPCC were used
and are more compatible with the climatic conditions of the planet. The results showed that the combined
model performs better than the other 6 individual models; Therefore, the combined model was used to
forecast the climate parameters of the study area under two emission scenarios of SSP245 and SSP585 in the
future period (2030-2059). The results showed that the highest amount of rainfall occurs in the winter months.
The temperature has increased in most months in both scenarios compared to the observation period.
Therefore, upon reviewing the results, it is evident that there is good agreement between the measured and
predicted values in the downscailing process. The BCSD model demonstrates strong performance in
simulating precipitation and temperature at the Dez Dam station, making it suitable for estimation purposes.
Also, based on the results, the IHACRES model has a good ability to simulate the flow in wet periods or, in
other words, high discharges, while in low discharges, this adaptation is less. Investigating the impact of
climate change on underground water resources and dam useful life is essential for water resources
management. The results of this research can be useful in analyzing droughts, controlling destructive floods,
allocating surface and underground water resources, increasing water regulation for drinking and agriculture,
drought analysis, and comprehensive management of water resources at the basin level.
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Figure 1- Geographical location of the study
area

o Kes g jgpsls

@l gilulaz (b)) BCSD? (5jlupuliies,
sldae (795 5l (o5 5 olel (o)) s
g0 o IPCC s )18 4 by e AOGCM
sl wlbide 43 SSPSBS 4 SSP245 Ll (ggs ,liw
izt 5 G ol s lag i oy g Sl
bl p OB A o9y Sy, (gleand
4 &lBog, 0551wy jelaiear ST ool slog Lo

Bl ge Gliwiet Gl 5o &dls 50 au (55

g, g olge

axfllaos ygo ddilaio

a0y, 69, p &S el By o an SO aw
olal wlasl Sl Jlods (6 50slS YY jo 50
B YYors' oldlas o, odgomme ,o ddlate
FACYQ' B FACYY' SLslas Job g Jled YYOFQ'
PP B Y G - ST | /A R VIR RS K JU B S
JFS 530 oot G5 g 9 o0 )kl |y Cesomly
Jeie laplbw s ol cawoYl slaodew
oyl J3 of Casormly 5o sleml 5 Zdad asds
il hel Baa windy oo 78U dw (nl (295 I
B om0l 30 dw i slaa olasl
Sz 2l el 5 ol S5 (3 g Sz
ailate Comdge (V) UK el slol Glas

polo g 30 0olaiuwld j90 CMIPE Juwo £ Cow pod —) Jou
Table 1- List of 6 CMIP6 models used in this research

S B I . 2948 :
Ui 35 yo o . . Joe P,
(4’,)->) [SEREL WPy
1.95x1.87 Australian community climate and earth system Ll ACCESS-CM2 1
simulator
2 81x2.81 Canadian Centre for Cllr_nate Modeling and sbls CanESM5 2
Analysis
1x1.25 NOAA Geophysical Fluid Dynamics Laboratory S 5! GFDL-ESM4 3
1.125%x2.5 Institute Pierre Simon Laplace ausl IPSLLCRM(SA' 4
Japan Agency for Marine-Earth Science and s
lax14 Technology (JAMSTEC) o MIROCS 5
1.125x1.125 Meteorological Research Institute ol MRI-ESM2-0 6

° Bias Corrected Spatial Disaggregation


https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D9%84%DB%8C%D8%AF_%D8%A8%D8%B1%D9%82

(59 % 16950 asdlas) CMIPE sl Jowo oS )5 (29,5 (bl o ol s ).».sl.: oS by S AR

lod g oyl slrosls a5 jiag ol o colaiwls g0
sl 00l ST (V) Jgdz )0 0098 (g yiwd o Laaoi
(SSP245) laugin 0> (g9 L 90 5l imgh cpl jo
(V) Jgo= ,o a5 ol oolaiwl (SSP585) ailisws 4
slp el oals plo Jlasly gl gle S5y
3,902 ;9 AOGCM sl Joe 5l eolazwl cdo ol 3!
oo ,2 ;0 v Jow cpl ¢ Sllllas olSg] jo )L g Leo
D (230 (b)) slegasls Wil
9 ok sl yell (riwcome Ly ol Shagl
408 lawgie 5l CMIPE suiobesl o Jow sled
Nl e slas lawgie ad, (MAE) V' las llas
& oolatwl (MBE) "z ol Lxe 3 (RMSE)

] 00 dj‘)‘ (V) Jsd.} o Jaa‘s)

S Slalllae o] 2 oelll yoss SIS (o) 2 S
iy 4y by 30 AOGCM Jowo £ 29,5 5l 30
<3l ,0 CMIPE slosls oL 5IIPCC oL, 3,158
ailio Sledbl ArcGIS10.8.2 5l solatwl b g ous
Sl ylne a8 plowl b unw .o ] Sl Jlais g
shls a8 Joo (KuSG a ced o b))
Caled 5o 5w QB ve celie 3 Shee
a8 b a3 S s s Jaw onl sl eanT slag, jliw
S ledae opl (Pu)b oy ol ouls &SIl anlsl s
el o ags Jlo ¥ Soea g VA=Y Y. L
Sl 03b ol Lo CMIPE sla Jow 5 )b 0,90 Judo
S o) gy cnl Saisjse ol ln G5z

sl Joas g ey jo skl o9 pl s (o

Table 2- Characteristics of emission scenarios (O'Neil et al., 2017)

Sl sy sl
SSP585 SSP245 SSP
n_S)SL“-é
& Slgeal gy cawgie A
YL Lasgie oS Al

wloass Jlis Jlad jsb 4y o3l

Y
loanyl® jsbay conds Sl wud 4
Cowl LS pe
(GES S gndg Bras (2l Sgobe
oSl (S8 213 o), oS o0

CuigS awgie B pan 00 488 dlge B pae

Fogome idnsg Slaal e )5 g
Slowl yal
&y 8T (sblze b (oo b 55 505
Sz DM b (o5 (5 o,
Sl ale s S5 oLl s S5 @

Lol pdyasaed gbags il o 5185 ake jus (5 )laie
hed GlacS g 4 polie SIS

&5 (5,9l S

Jyonl avsgie (@) ) 05,

odd Jloz bdes sladl O ler

RN PR P

ol 5 bl
Chrnds L edlirs 5 Kan

! )8 hwgine Coddge Lol loxo YRy sy &5 et ; Cuolw
Sl p x5 508 Cobow 655k

12 Mean Bias Error

10 Mean Absolute Error
11 Root Mean Square Error



YA

OhKen gy pol>

CMIP6 Lo g 4, gilwaand 9 Sloalic sesls byl sla,lae Y Joue
Table 3- Evaluation criteria of observed and simulated precipitation and temperature data CMIP6

b, bl 09945 u>lg 9y
DX =Y los 3llas a8 lawsg
L i i 0 ~ +oo <ol L D bl
MAE = i=1 N [ ) HR (MAE)
1 - =\2 . . . &
RMSE ={|:= N (RMSE)
2 (X =Yy) s ) e
L i i —00 ~ 400 - | L\ PPk
MBE =iz ( ) reUR (MBE)

ol by sleplEi g slaslin glaosls Yiwad gjlwans sbosls Xi daools S slawy N YU Lalg, jo a5

@ldd silulazr (Seelus by, 5l da e (ooles
aolsl )3 45 59 oo oolital (BCSD) ool eomecs
al> e g0 hls g, cpl ol aalgs coly muse
meoeal dl> ey el oold adgi g ool poseal
G55 Jaa lale s (6,5 nSilie polie o)
sosls Sloj 5w b asly 0,95 ;0 (GCM) oges
Sllgy -0,k g jlwamd

IHACRES oUlgy — byl Jow

Sl S —(oogeie 42l Joo o Jae
2 TSz by a5 ol Sllg, -3k (s5ledns
eiie a5 ey 4 Jote ol 2l dnwgs VA9 Lo
SHn sleass> 312l sl s o)l ks (el sl
Jowe op! (Croke & Jakeman., 2008) coul sl
S e ssesas i 33 ol (V) S5 il
Jas g olaly aile gl cod i 4y oS el oz g
Croke &) cool oo oy o Sllg, &0 S50 )b
.(Jakeman.2008., MclIntyre & Al-Qurashi., 2009

i pwldo 5 (w9
L eSS 95500 (ogee 93,5 laJas 51 (5l
(L) ol seadlie Slaalin ke 51 i
sl meai jglaiea Ayl (Lo JBlas 5 iSlas
0,99 4,0 Lo g o)L dilale cadgjlwass slrosls
6‘).3 9 LS:LJUQ.A om‘)o odv’..ﬂ 099 Lywanv § Ls?u)la
(SILA) o)j.b 9 ‘sllio L),.JLA.(LA )Q ‘_glch....u ol ‘S:l.m».\.)é
GCM (sl g 5luarcss s g oo dunlie alin
s sadplonl avglie uls bl 5 ozl 0,98 4o
o 0800 g gy 4 dily Wi oo el
st (Bolal (s, 4 ST el s, slacols Sl
"o 9 0Xigh (b gy (nl 5O Wgd o
L) Slej g Ko Lubidie it cdiind (S5 00
plil 51 o .(Brekke et al., 2013) ol calize
oo 1Al slign 59, » ol al>pe Dlwas
L wlgs oo BCSD (g, pgs al>yo «(sogee (33,5
slxil RStudio 3 ArcGIS (sla 53l 5 5l ooliciul

DS
u“)b ) Sy ook obz @
—nrECIDItALION (olah) ot e isy Effective precipitation (axly BT ue) s oo Flow
—) | NOD-linear part (losses) ’ Linear section (unit hydrograph)
Les
Temperatu (Littlewood et al., 1997) IHACRES &G j¢dg 0w Juwo jLslw -V JSC&

Figure 2- Structure of IHACRES hydrological model (Littlewood et al., 1997)
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Table 6 - Comparison of monthly average precipitation in the observation period and the future under

SSP245 and SSP585 scenarios
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Figure 3- Long-term average changes of precipitation parameters under SSP scenarios in the future
period (2030-2059) compared to the observation period (1991-2020)
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Table 8- The values of the optimal parameters obtained from the recalibration stage of the IHACRES
model in the Tale- Zang watershed
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Table 9- Performance results of the calibration and validation stage of the IHACRES model
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Figure 5- Observed and predicted runoff time series by the IHACRES model in the calibration period



(59 Qs 16950 aslllas) CMIPE slo Jow oS 5 29,5 wulwaS|Mﬁbmub)> e O
600
I obs " Mod
500
400
@
% E 300
(04
200
100
0
C > a2 535S 2 5SS 2 5SS 2 5SS 2552552855255 2
SERS~235°23°22°25°25°522325°2
b gl ol
Months of the year

(o 090 33 IHACRES Jow lawgi 0ol Lo st 9 (S lodline Ollgy Gloy (g —F JSCi
Figure 6- The observed and predicted runoff time series by the IHACRES model during the validation

b S o3l 0592 STy s e oaias LS
Ol g Jele g0 cpl gl sunlianoa lade .ol
O & S 455> (nl by 5 0392 05 s 4d9>
Lol cde oS was oo las (1S 655 Sy b
Slo it o JKiz by, 9529 50 lgiise Yool
Ol g o Pl sl a5 cudls ase
Ulg THACRES oo b olul 5 .08 oo
L cob o slaoyge jo b gileancd jo ol
cwl J o cplcwl el Y glo oo ke o
Lol yiaS Gillas pl b 1S sla 00 3,50 40 a5
@ el @3 e g oS mily al>pe )
5 (LT AL g0 ) ST olo 4o YASOMYS w5
(i ed el 03 oyl ole ,o AYA/NAMYs
SO VIAYMS oS 5 ar oais ] (08 o s g 0 yieS
al> 10,0 09 gl ole ;o A+ /Y -mM¥s g palgs olo
slo ;0 YONYMYS b 00 yieS ¢ oriwomo
osiz] (0 1S 5 (o A B ygyeed Vo) ol
(ap sl 03¢ ST ole o YANem¥s

“"’&J’)ST °L")~> OM—‘BA_,L, &S (R ssu_’
Sg FA/OFM3/s 5 O+ /0FM3s polie b s )5

period

Sl ol 1o «(?) Jsuz oleMbl 5l oalazul b
sanlin B ) sloas nolis
ool g slasdllas a5 (V499) o], g Motovilov
S as ailosges ol wisgs osls plxl sols Jlu V

Sibs b 555 Jie syl 55 RE 5 NS polie
Y e ol 4 5,00 5 g gl el /YO
sl o3 BB gjlond mls sl VO b
Joe 5 sl Jgd B ledllane ol gl el
s L am b1, ol > <ol anslss IHACRES
0,90 90 40 O,Sles @ dazgi L S (gilwas
OlFr F 9 0) St jo (wions 5 (s
2 by ilead 5o Joe o Sles a5 280
Cowl 009y Zimly al> o 5l gy rwions al> e
9 (Yo¥)) o, Sen g Muelchi gl b axs ol aS
V(S) yelyb oyls cillas (Y- YY) e g Asgari
ol ool o al b a8 lie s lis
odpaylid el cpl ol polie 5 cunl slaslsog,
b ez cnl ol sy, i b ol 0929
s Kheirfam 4 (Y-V+) ), Ko 4 Zareii gl
Cogb, p> C o)l cdlhae (Y41Y) ) Sen



\is

VEY o yloz oples

5elez Jlo gesal sbeojsm aal> Sy s

9o B 40 ‘S,‘A.\QLAAAA 0,99 uuj) .E.mg...a l.; LS’T 0,99
A aas oo Ol @l 285 18 (o) p0 90 gl
YeY--Y-084 0599 4O C)JA)")O aYlo ul.s‘ﬁj Ja.w}».a
Oliee 4 9 SSP245 63 L ;o VYA M3/S 150
0,99 4 Comwi SSPB585 (g4 liw ,o +/AMs

(Ve Jgoz) cél valgs uals slaalic

OHSe 5 5500l

30 s 3l asge sual (4l (S

el s Bl
sl@dl o by Gt jshiea a> e (pl o
(51.&0&‘& )" p.J3| ).ud.’ LSLasﬁ)L:.w o cd.bj

Sl oo 69959 Olyieay oads ulides,
(Wlo ¥) Saejlye Slly,y Jawgie g .o oolaiul

IHACRES oo ;o SSP585 5 SSP245 (clags jbow s (28 &i¥lw (g kol yiolyly —Vo Jguzr

Table 10- Annual statistical parameters of discharge under the SSP245 and SSP585 scenarios in the
IHACRES model
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Figure 7- Long-term average monthly runoff during the observation period and climate change periods of
SSP245 and SSP585 scenarios
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