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Climate change is a phenomenon that affects many natural processes, including the
hydrological cycle. Evapotranspiration is also an important part of the hydrological cycle,
which is crucial in water resource management and agricultural planning. Since the estimation
of evapotranspiration is always associated with uncertainties, this study examines the effects
of climate change on the evapotranspiration process at the Crumbed station in Preston
province. The study uses the SAP1-2.6, SAP2-4.5, SAP3-7.0, and SAP5-8.5 scenarios
according to the Sixth Assessment Report (AR6) in three future time periods: near future
(2023-2048), mid future (2049-2074), and far future (2075-2100). The reference
evapotranspiration for the base period and future periods is calculated using the Hargreaves
method. The results show that the maximum temperature at the Crumbed station will increase
by an average of 0.26 to 6.3 degrees Celsius by the year 2100, compared to the base period
(1988-2014). The minimum temperature will also increase by an average of 0.32 to 4.9 degrees
Celsius during the same period. Additionally, the average evaporation-transpiration in all
periods will increase compared to the base period. The average evaporation-transpiration in
the near future will range from 4.69 to 4.82, in the mid-term future from 4.7 to 4.94, and in the
far future, from 4.72 to 5.04

Cite this article: Karimi, S, R., Nasrolahi, A. H., & Iranshahi, M. (2024). Investigating The Effects of Climate Change on Reference
Evaporation and Transpiration Based on The Scenarios of The Sixth Climate Change Report, Iranian Journal of Soil

ISNN: 2423-7833

and Water Research, 54 (11), 1759-1777. https://doi.org/10.22059/ijswr.2023.358697.669493

© The Author(s). Publisher: The University of Tehran Press.
BY NC

DOI: https://doi.org/10.22059/ijswr.2023.358697.669493



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:karimi.r415@gmail.com
mailto:aliheidar200@gmail.com
mailto:Moeinir73@gmail.com
https://doi.org/10.22059/ijswr.2023.358697.669493
https://doi.org/10.22059/ijswr.2023.358697.669493
https://orcid.org/0000-0001-7072-4459
https://orcid.org/0000-0002-6142-9527
https://orcid.org/0000-0002-1171-9374
https://creativecommons.org/licenses/by-nc/4.0/

11 0,50 BF 0490 oyl 1 S g 0T Wliixns dloro

Homepage: http://ijswr.ut.ac.ir

YAFY—YETY bl

o8]y oabins (51355 (SUdgs yluw (bl 2 @ p0 (585 9 B 2 oSl et O 5T (o 2
(3Ll ol 2.55,90 4x)lisa)

Y s . Xy . 3 .
AUl oare [T (1 pa ju (e | 7 o055 43 0w
karimi.r415@gmail.com :asbll, .\l pl ¢ ylsen diss e g oSl ¢ 659l 018utils «o] (pwdins g pole 09,5 .)

aliheidar200@gmail.com :asbbl, .l blp 3 ¢yl ) oKl ¢ 6 5y9LiS 01Kl T it 5 pole 093 ¢ gtume o g3 .Y

Moeinir73@gmail.com :asbll, . )yl ¢lod diws gy olEutils ¢(55)9lisS” 0aStils o] wdigeo 5 pole 09,5 ¥

odwSS> Jlio ol

» 4

3 B s ol (S3dgphen sy Alax ] b sBALLS | (Sl 2 S8 (sl oalBl s
ighS a5 o o Cape 10 45 3550 Cguime Lied S5 2 1 pre SlaLR I S
Oty ol 0 11 sl elyan placusladpie b ojlsan 5y 5 25l &Sl 4 a2 b ol aliun Cenl
3ol b glis)) il 53 @y sUles oSl 3 g2pe Gy Wy 2 el e ]
o] iloj 090 & 3 (ARB) ik 5,155 5ub SSP5-8.5 5 SSP3-7.0 SSP2-4.5 SSP1-2.6 (clagy L
iee yokaie ol sl 28,5 1,5 adllan 3y90 (YV+ o =Y+ V0) 00 o (Y-VE-Y-FR) o (Y FA-Y-YY) o355

g5y Alie 1o £od

VYV el s g U
VEY/AN 36,5050 b
VEY/ANE 5y g,

9 VEYAN/Y 2 Wil g,
595 gy 3)5 dule )5l hg, Sl edliel b (ST slaTo)93 g b 0y9d (clp am e (5ymi— s
Cans o Sl S Eutigo yois gy 5l odlitwl aS” Jaslyd (5 58 alpwgay &5 Cunl (slosle hgy (Slobu

u“’l-‘ 9 19‘“ sl )‘SI"\> 9 J§L\> ‘US"L“’ U“’L“")i’ &y By S J)Q]ﬁ ‘UP9) O’nl » sl 01 dpog :6'\'&]5 (.5“"“55'9
S ol i Jols ol o)l dgng owlidlen saolKiul 81 50 o1 5L 550 CleMbl a5 wib o o)l b oblp s olSau!
5 ol 33 ke 4 BIY B /Y8 (o9Mee YV Jlo b blp 3 oSl )3 iSlis (slod Lawgie yobods elSl s
Oncren Cubld algd (Yo VF=VAA) 4l )90 4 Cans Gil381 0,8 ol a0 F/A L /¥Y oy 35 JBlas glod (Pt i e
G55 e o GRGE (lanlie al 0y93 4y Caad Laojg> (ool 13 @ p0 3y o Lagie e il

SPE S

2 yiocdee) O/F B YIVY (o y93 03] 9 ¥/AF B ¥IV 1 Sl oas] FIAY B F/5R 0 Sodj55 o] )3 g pe

Dy dnlgs e (59,

i (3135 (gl olisl o a2 po (355 g e g alBl i L a2 (VF4Y) e oLl 5 Sy e Rliad 148 osius on 8 1Sy izl
sy adlas)  mll
https://doi.org/10.22059/ijswr.2023.358697.669493

AVOAIWYY (W) Y sl SBE o clidy alxe llps oS

Ol o&uisly el )Ll duwe 1yl
DOI: https://doi.org/10.22059/ijswr.2023.358697.669493



mailto:karimi.r415@gmail.com
mailto:aliheidar200@gmail.com
mailto:Moeinir73@gmail.com
https://doi.org/10.22059/ijswr.2023.358697.669493
https://doi.org/10.22059/ijswr.2023.358697.669493
https://creativecommons.org/licenses/by-nc/4.0/

WY . G385 g g g9 ol gt 151 w3 20y R0 9 (o055 (ig3s — sole)

-

LY R
Sboyiite S S5y 0yt 4 e & Cuwl 4Bl (il Copo 4 S lajlS cdale Sl (1 Kle (93 VA - s ]
oile)S L9y 5 LlOblS ajl5 clale 5ol58] 4 a5 b .(Almazroui et al.,2020) s 0 s> (sladligy yidus £o89 5 (ol
(Kimetal., 2021) 338, ;36 3 pl slaadss S5elgynm sl Shg g ol @lio p (coaldl i o 29800 nping (Sl
Aryal) 358 o s Ol (352 o yiand 5 g Mo 4o )3 5,5 oo )8 Gk @3 e 9 Lod LtalEl b s g (ol hen
Ao 2 5 2)li5 bpiuawsST 5 drels p (g0 u]).ul., Blgs oo S yob s )] s g (oulBl 0l dlgs (et al., 2019
Uil 4 (ARG) 393 5135 o inas 5 (IPCC) wull yuis 9o 0 ciun buoly oo p3 3590 5L a1y (o3l (oolwaiil il jlus
ol 0313 laidin g 60,8 0Ll g Dbl @l s ames > Cuwl Sew 4 O 9 JSiid gmmen b Ol jlad S
e 580l 5 (535l (sl (SeSsdgrlem ) ) Slyedd 0oy & o] ety 1ok e b latupin onlple
Aad &l o )B ke bl 1) a8y CleMbl b cwl (6900

cnsite GCM sla Jsa g5 o 030zl (GEM) a8l (sl Jie 5| Jyons yobar wldl yuuis 3l 3)90 15  al5T oS s
sl yiall 25,56 9 0392 (sms dw a Jio cpl A3l oo (Sufolgyen 4352 layiall 69y 2 el s oy SIS oy (6l 13
Mg g iledse s slagy )l (8,5 5l )3 by slo)B b Sl olide )> Gaejld 090 S gl |y sl 5 o>
o9es (;193,5 gbb Jdo paid iy 5 0dd joy 4 slaass (CMIPE) puis 51 ol cus (sld Juo (Chen et al., 2019)as ks
Sl chls Ol slag )l jl (sie degeme ol jon &y 45 1l oo (ARB) wuldl 15 b)) wied 3155 sl > (GCM)
Qg b ilonyd )3 pisio (60Mee VoYY U YA cla Jlo 4 50 (SSP) (oolasdl- clain] S yiio (glo o (sliwly )0 gl
i (slacuslis y itee dawss < (SSPLYL dawss ol 3,509, zxiz bl 21y (o1 Ll (sSSP O'Neill (2017) g
LSSP 1S o Ciogs (SSP5) s (clocigus 3,118 dnusgi 5 (SSPA) syl (SSP3) cladlaio culb, byiuS (SSP2)
Ol (585 o o b eloirbigolaill slagy luw 5| (2dls @8ly 53 5 0352 i) 4 (ARS) ety 1515 RCP (slagyliw & s
Joaes o332 )aitly o (WIM2) ssyasio 1 ly D g /5 1D VI slapdan 13 BRCP slas b cdudygs odils (65,0 ol
e VYo w Jlo Uy (6,8 Jos (CMIPB) 25 56 (coud i slaJde b S 5 )3 SSP (slagy )l (V) (S0
S5 Om BT Gloa &lg )3 sy (o (51 Cudbly plise | yglate il o pll 4 (conldl o aily Blaal plgis 4
SSP1-SSP2-4.5 syl i Jolis Lo bSSP ¢ lab Loyl s 13 48 sl 5 4 ¥ el (3005 6055 52 §1 s> 9 699
il o SSP3-7.0 4 SSP4-3.4 .SSP4-6.0 SSP5-8.5 SSP1-1.9 2.6

3lge alox 5l Ol s o walBl s 13T oy ol 0] )3 lisaeliy 9 e 420 o e Ol dlus a5 bl
lgiedr (55 = e 255 1 50 L ol ol b dblie (glaely (8lg (lobo gl Of gl diej 53 st o &S ol
@l ey o i8] lebs i (a0t orldl (glopial)ly b ot 355 4 35 0 g (SS5lgynem 52 )3 oae el S
3l 0diiS s ol o5 lsieds 505 = s (B 5 00 ek ol Bz ey dI ) 15 0y g ol ey
H815 5 35S 1> o Gy Mol Ly 41 &S sl S 3 L5 ko o 43S 3 M50 cson] (GOYAL., 2004) s iy lSel o nlS
oA Bpan oy 3S )5s e Byan O Sl hopd Ar 2500 Brme b (65)5liS S gy )l (sgm Sl 0ab ke Lol pulusly 29
ol s 8 85 5 55 gy el ol ilie (53058l WSy o S g el (] 2 2ion ogmime ol 3
003 ol 3 dm 3y = e (MY () em g (sls (LB)ags amlis jlzsl oS5 (el (ol (ol Sl g 505 — s
3 5o & S (oo pasdie | olS 5l 0,90 O liee ol 385 3,915 9 3500 03 )08 (Sujelgsin 5482 ol Lais (sl oje
3 3o S ol Lial38l (Granger., 1999)aib o dilaio ya 1> Bpas Ol lodl) dguo 9 Cawyd (S iyhalip (sl slST Jolge
£98g Jloinl S gl alS L S0 w1 g amd e (il Sl p)F Jguad 13 Loguad 1y 003 (gl Ol o2 g,
Sidorp &2 Bkl Sl @l > labasMo LB GEE 35— p5S (i > dalgd I3l glize (sla Jlusuis
U b (Sl )lS (plb g Jpame 3Skes e «Sllyy npta 2 ok GBI Gl 55 g 035
P ye obS 55 = s & are g bl GEB 4 a2 L) cal JLOTRY ()lSen 5 (65,095 )l 4l O o 5 (5l
5 Skl Sloptans Copte 5 2k ol Mo & baye lagingsy 0 ol 308 55 5 olalS ol b 5 5 = 5 e



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 “’,‘).3“ Jlégui oludss Yy

332 2590wl s g8 51 o s pdy Tl (6900 )1 O ke e g (5500000 52 9 Jgarme (S3lodnd sla o ¢ iSa
Gisee gble » (ob; lallle ‘u.;.l}m 9 g..»i slradlge ol x5 &l kg)'LuuAf sly ol o3 sl Jlo b 0y 8
39255 )18 Loy dw jlodlatwl b1y o)yl 3 5ym5 — psed jlade (Yo +5) DINPashon.sgus o 43> byl 950 40 a8 slosls plosl oles
28 Moy 1y Slobw 52,5l B9y )5S ©p2 Jlod 5 )8 sl g 31 )13 ddlllae 350 00 Ml Culy )55 5 Sl (Slol
5 HAadCM3 Juo jl oslitwl b oy j9ulS 13 g ailidg) dbes (65e09,0moS| p maldl i @lydl 4 (Y+)F) Guo et al
sl g PBlas Loy a5 o s ol guls .adlsyy A2 9 B2 (g9 )liw 90 3o Y+ L Y+ V2090 0 SDSM b3 yolioss,
Rahman et b aeles &) A2 (gl 9 VoA Ve 0500 10 5y oo Olpus o iy bolKiwn] plod )0 (puizmen b
CMIPS glaols segacre (plos obiiniy) 5l eolital b ol 1o Lulyis o a0 35 = 5 53, (s Y VAR
g RCP8.5 (g,liw 3oz yo 5y — s Jlde (it &S 0b lis 3uins (ol ol g Aidlyy (oMK > SDSM dluws
=355 ol s 3l oy (WWAA)gudes 5 (6)0 Db Jaled F) gy jlus plw g 4l 090 4 Cond (Y+AR=Y+5Y) 0,90 )
T Opyig > LS idet pul sy ] Oy cotie oKl K > AVl 5 Juad Sloj sl yolide > g e ol 5y
St b ddlaie S50 g 4Vlo 5 ad sla sl olod 3 Al 0)90 b dunliio )3 T (glaoyd g ye 5y s Ll3H)
degyl (sanbyd jsol casgs 5 1y 5y s e (WAY) L Ken g (65,365 b aalgd Fy ¥V o=Y+VY 590 ;> RCPB.5
ol s Ll o ciliie (sl 093 (sl ok (i crizmen g Slol S )5 )la g, Sl ool b (Luad g alale 90 4
B o/ e ST glod o YI¥ U /Y (o ades pdaw o JBlis (glod )15 cpl (bl a8 00,87 cwy o ooty ()15 5 oolasil b
olod 3 oad dnlne §ymi— ped liwe Cpien g Cdl Jalgd ioliEl a0l (60,95 4 cuns T (slboygd 3 35 Sle (can s YA
w233 751 5 o 35 i (ARS) G ol (slo e (g S b i 5 bl (sl il b  Lawgie glojes
.(Konapala et al ,2020) 13b o (oaial33l & jgum pns g 53b lpss K9y e 0,5 89y (2o 9 ol la
359l RCP8.5 §RCP 4.5 RCP 2.6 ¢lags jlw subo g CANESM2 Juo 5l odlatol b (Yo A==Y++5) o] 0,95 wlislen la
oS )3 a2 0 55 g e syt 205 Aol ] (sloy9d (gl 2 p0 55 9 e e 2lsm g Ol sla el jleolatl b g 1
S g oy g &S Cawl pusio Aoy YOIV B =VE/Y o calises (slaole (3 3ya5 g yuded Olpasd o yd oS 0 lis cocin o
Cal o)lo g ST (slrole )3 Cu 5 A i@ §p 9 SRS Ol 0

i g o] (olmoygn p3 slemec @lpss Jlaisl 156 Slobw —540,5 )l 59, 3l edlatwl b ((VFe o))l Kon § (s oo
26 Gl Jouily (35 9 s Gl (lie 9 83)5° (215 CCM g2 (ages (835 gla e jl odlitul b ] Jeusly 3,05 9 poes
UAF A/ Slo 0ai] 590 ;0 o> YN+ g V/ o0 SI¥Y Cus jas Kb 5 0ais] 095 ,> RCPB.5 g RCP4.5 (RCP2.6 (clangy ,luw
2 2 9 L3 (ol gy oind (Ui 3uid ol & WSy p)lea IS Bk olnl 50 o g g ble 3 By g p
BV o calises gloolKiu] j3 YA Jlo U 500 = 550 o Ol puuss a5 g5k & 039 uj (50380 33 Gy s i34 OT
canly aalgs yiolidl ey 30 yie Jue YYIY

2 o> Gl el pol ()8 (Jase Cun; )i sl IS plyis 4 puldl 5 &5 oo Lt alise @lie 90
4 olpl @blie 5l (5)lomn > &5 2Ll 5l 358 0 ST (sl g3 13 GalS (585 g s BRI O g 53 9 e 08 bl I (gl
3 sy L ol dg3g 4 wulll Oy S o o) paye slasdl g Jlidl > (Soyp B (50l pE sl jogas
2 ol 2 0gde bl ga 3T p 3 olSil 13 ST (slmojgd (cl gy 355 5 355 2 O B g g g ol Dl 090 4 litaod



WY o (555 9 s 2 o] i O1 1 oy 2 201000 9 (02 )5 (g3 — sole)

3 pol Gimggy 53 Lol ccunl o odlitl ool 15 (ARS)eaxy b (AR4)p e ()15 sla e jl oad plxl slaiagsy 551
D9 o0 03l dilaie (orlll 1o (o) p (sl (ARG) @i (2)1S (oyiws ) slade (i (29,5

Ly g 91ge

axllao 390 atlaio

DeSn el 53,5 ly ol Gl 5053 45 315 8 o STy 503 gl 3 e ask Y-+ 333 iy b bl s
apsle g walll o0t gy sl S 250 (ulilgn Ml g el el yio e 0-9 dg0 dihaie ) Wl )l ggecne
il (ye 5 4B YV g a2 FA oldlie Jsb cuBge b able s Sitpginns oSl jlebngsy cnl 53 gye obS 5y pses
0,90 b adlllas 390 adlais ;3 ailale S5l g Lod lawgio () JSb)ad dps byd o 3l o VIYA glas)l g 4@ YR g a5 )0 YY
slo ) iyl i Hdges Gillae wawl odalie BB Y S5 13 g odd and Sunyigpmel Hl3ges j3 (YAY+=YNF) Al ¥F o)Ll
238 b (e85 (35) Yo laole 3 Lod (i (hg0 0 B 33 )3) yuslives U (595 slole 53 ()1 (2 a8 (idwsl) o)le
ol awgn £989 4 (VAV-=Y+\VF) ()bl 090 Job )3 (63) 4935 olo

---------

B s s e

M S
axlllan 5,90 3gu5%0 Cordge .Y S

95 =@=Pr =—=@=Tave 35
30 ~
e 8 Q
= 25 2
e 6 =
<} 20 ©
2 5
g ¥ 15 2
o
5 B =
L
o 20 5
5 0
-10 -5
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

3Ll 05 olumn] Ko g paol (gimie .Y JSCud
lodwlio
Sl puiio (o it (o5 Ll 1 g ASbge Sgmw )y gy o &Sl JUal wlg ) ekl (oles ey (g, op 5 glte
oSy kil 3ok 5l (02sd dnia) Slalie edldl glayiite g (o4LS nbn) b S)i el SleMbl 05 )S 55
0L9d (dnasbay 9 OMIS (il O Now s p9ate & (Soiae was (ASLD (lad pd 5 S g5y (sl 0)b 4SS
4 led ooy b9y 2 e ANN Gl ol 5LOTAF () Sen 5 (6 polistanl)cusl ond a5 IS o] 2 oS Ly,

el wlidog )l Al 0358 (63 0) 0digd (i 9 oIS i o (S pf bailgy (3905 palyd 3 YL SUlg L)



(i — code) VEY plopoga VY 0,lowd O 2493 ¢yl ) S o O Ol VY
295 Ok 5 9% <Ol 9

GCM (slo 1o (295 (alos ol yolaio 2 (o0 45 Casl o9, 1 (ANN) e giime ae aSid Juo 2 (iteo (o)l
5 £399 codly 58,0 SDSM o &y Cannd ANN e o IS5 1 S5 23505 odlisl (CMIPB) s 6 (gons i
Sy o plonil 1y (aled oldoga) sl lis) &g 4 Ladd SDSM Juo &5 Jlo )5 cansl Sloj olido 10 10 i ol plos
#GOM Jio ciclio & byise il 5 il slod 85Tas (slos slargss o] (alasimliiogsy Jolye (poles (b 53
odld yojgel sl 5 (VoVO-YVeog Yo¥A-Y oV ( VoYY=V-FA) T claoygs ;5 oo cpl polie (6,55 jiw oblp 3 oSt
Opzxen 33,5 Sloj (slacs yw (il e 5 (oalil (slopiie (dnse 9 iludnnd 53 oolaisl LB s 4 oxie Mg oo (BP) s
& Jo Ghigel el (LM) )58 e — 5 i) sl iy 51 ANN a4 Jso iS00 4 (ol i |
CR> 4 3 AdgeSw ol b ol 0sMe (Haykin., 1996; Ghorbani et al., 2018).,5,5 oslasl gYL ol Sed e s
L ANN 4 55900 B9y o o3litl s sloaSid Llad pé kit i 4 5 slats 4Y 4 (23955 4Y 5l Sledbl cuslss
ot 5 4255 BB ggdge .l Cunts ygajl Ao s cloodls o)l 5o s je JBlao 457 20,8 (oo it Jloj )L Vo 1SS Sl
Conl ojgel S5 3w e g ey Y 50 bayg s ol ales jl Jde ol canlie Hi3 o s ANN e h590] cou p
s A il 5 oleiy &Y oy Sl 3l el |y s g (pgeil (o) (el Bl iy 4 (it Cop & ISy
dy e Je oy o8b Cas a4 Olasle g5 Ye dae ST U g o 5lel oS

MRI-ESM2 Jao Q& (gLaosiss cw ybuy 5G]

Soliw ke 3 AOCCEM (agas (835 Jiho (2955 jlaualdl juis sl 3 lale (51 g Lo (codldl (logy i M55 j5laio &,
5 ool slasesl 5l oslizul b 3,5 oslizul SSP5-8.5 5 SSP3-7.0 SSP2-4.5 SSP1-2.6 ¢ alis o )liS e L]
G ag b oply wlidler Glidss duwse ) MRI-EESM2 Jas ( oges (53,5 sl i (VAV=Y+V¥) Slaalie 0)90 (wyp
S e gt 4 g cudliS Lsles 4 sUlpd Sitginn clolSiug 4y Cani |y oYU Sliggen (LIXLL) ] g5n S5 03
sl o 5l g5l o | cuslio Glusguas b ouiiS o yius (sl yusiio Sl « GCM o 1y pcuwlio cpons 1 dm 90,5 Gls!
Sl MS (553 Jae w5 onl 4 98 o0 Bl oled plidiessy Jolye cn Fare 5 (S glpiedr GEM s 3 39250 (ol
@ A glosiS dwie ) Jods 100,5 eolatwl (juxie V¥ ) odiiS” i ol Gl I Ll goniS o e bl
Ay e L |y WEKA l33le 5 LIMB e (S glyscul (g, buwgs ool cawd

il slos 5 551 slod Bl Sl I SossS s ) Jga

Model The most dominant predictors
Tmin Tmax precipitation
hfss, hurs(Relative humidity), huss, rlus, hurs, rlds, rsuscs, rlus, cl, prw, Clivi, hurs, rldscs, psl, rlut, sfcWin,
MRI-ESM2 rsds, tas, sfcWind, prc, tasmax, hfls prc, ts, tas, tasmin clw, cl, prc, tasmax, tas, prw

o ¥ Jeda 50 s Ol by g iyl e L;)LJ s olde iy mas Jdo (63959 sl pusio p e o 4
Lo CJ).M») )La.’.'.">‘ & )J.o'l:> 9.&7:.» ) Lgl.mox..;f

<) glegasle
3590 (RMSE) s clayye u55ke g (PCC) (Simer (sloojlol bowg Jao iw i @18 5 5,Shas b)) Gidgi oyl 5
g o il ¥ gV blyy bl i 4 Lo Lol (.28 8 )15 ot

(% - %), - V) (O




VA0 e §y85 g 8 2 ool ued ST (w2 20000 9 (o005

(ig3s — sole)

(v da,

Maws N odd Jde g Slalin pilie WShe cuwiy a4 J 5 X w0l Sl 5 Slaline polie Cuip & Yp 9 Xy gy opl o a8

Al bl 990 slaosls

owdei w53 o3l dya0 (GWBOALS S i Y Jgan

dpog dpoy et
oo Catsho Relative humidity hurs
ool g, Specific humidity huss
o ) (S p dils o oxdaw L Surface upwelling longwave flux in air rlus
Glo ol (513 L lgn 53 (63955 4ib zge (i HLi Surface downwelling longwave flux in air rldscs
assuming clear sky
s 33 (6395 olisS zge (oo LS Surface downwelling longwave flux in air rlds
8l )3 olisS zse jli Downwelling shortwave flux rsds
lsn slo Air temperature tas
s s yus Wind speed sfcwind
hyen ik Convective precipitation prc
Sl glam (glos Maximum air temperature tasmax
Jolas slon slos Minimum air temperature tasmin
S 1 b i )y LS Surface upward latent heat flux hfls
Sy SV daw (Sl )L Surface upward sensible heat flux hfss
Gl ool Ll 13 2555, olisS zge il Surface Upwelling Clear-Sky Shortwave Radiation rsuscs
2 Gidey Lo Percentage Cloud Cover cl
JENR P R Atmosphere water vapor content prw
by daw (slod Sea surface temperature ts
S P slas e lge Atmosphere mass content of cloud ice clivi
by e Lis Sea level pressure psl
el ol dop Mass Fraction of Cloud Liquid Water clw
&0 3%y

o 2 0y oS OYolre g Lue — il 5 Lue -lod V¥olee Jolis da yig; glail 5l (gl aioly dbgsye Ylae pulins s ybg) 53
OO o3 3 9 (92 w5 S 4 @aldl o (Slagy )l 30 Bl g 4l 0j93 ) @ pe 3y S dlore sl oSl 3 0,5
odlazwl (Hargreaves and Samani., 1982) * jlolw 54,5, g, 5| SLbl sl g oLl py3 cusd pdaws 1> blas adS )3 laosls
(VA=Y -¥) (g)lol 0,93 ¢ 13,5 ool dilale jguns bawgio clodg Jlis (clod (piSTus (glos SleMbl 5 F alal,y gollas .0

b 4B)S 5las 3 b 0yed plgie &

ET0=0.0023(T,, +17.8)x/(T_. —T.. ) xRa (¥ da,

(C7) wlalo la (slod 2SaTimay € )lsa o> SikeTave 95 1 soideo o 1 @ p0 (555 9 455 ETO (] 3 o8

B Gilises Lilie (sl oe g laols sl ¥ g IR e ol (sibyss il RA (C°) wlale lgn (slod 125l Tuim

21 pB b gl sy 9y )3 oo sy Lyl medlss ST sl oy g1 o lo () e R Ll et
Db s dnslre jg) )3 yia ke s 2 35 BTO )0 (] )3 4 08 wendls OA/D

1 Hargreaves Samani



(i3 — code) VE+Y dloyoga VY 8ylowd OF 0,93 ¢yl ! S o ol Wlids YT
295 Ok 5 9% <Ol 9

(14 o1 32le) adllnn 3,90 aiio 512 g 59 sio o o 5t (Ra) (s g G2 elio ¥ Jgan

e . Y
\EIY Julay Ab January
VO/¥ August Vo0 February
W0 September WYY March
WY October VE/A April
a/y November \$ May
v/a December Y June

(ANN) (o ghuno (uas aSms Sy (oo (¥ 9 bod G yaiio (g bl crled (wlidas
leipliog) jolate & g &bl ©jg0 4 (FENN) )63 iy (a4l Jae 93 dooslS duaiie cny e S5l I
3,5 oslizal (3Up 3 olSiyl) lanlie oliuy) slide ;3 (VAVe=YVF) i)k 5 Ld cloyioll alls ¥F alale bawgio polis
ANN Jse b5 9050 jolaie dy (Yoo V=Y VF) laodly 2o )3 YO 5 iige] yol (glys (Yoo e=3AV) laodld doys VOl )3 bLs
Seidarien ol d sl Jue 4 bgsye Sl 1 gl 3 (903l 5 GBigel i 9 41 ool (Suiypurndl s SNy
ol 03y plorl 4y (Al) o giams Gogn p itse (glaua Jl edlatl baylpd cow Gy, = o)l w0, dex ]

Voo S5 3t Luylyd Cood yod iy (S gimn s 45 plai peliiosy Jde (YL 3,Skos 4 5l Lis ANN o gl
15 3390 (RMSE) s clagyo :Sle s g (PCC) cypmspst (oSisod > (g ylol (slopasls pyolio ol 0833, i 430
S oness MO (8135 iy e bawgs 003 (ynnd 0018 oy sl juite (325 390 38 LANN Jao a8 ams oo (L ¥ Jga
Slply yine 3 Sas ANN Juo F Jodo ollae o5 Canl 5 & p3Y .l odls &3l (YoVF=3AV ) b 0yd (gl |y Joud JB
5 FpP ¢ Fismobn KB sy (il Gloj sl B Lo loj sl (g el 03l (LS ()l b dglie p syt
Dibike Alietal., 2018 5\¥-) (), Ken g ,bas odljde) 55 ueds 385 Sygo 4 g oy |y ol olos o 11 605> o9l
9 WO (2li3 o (Ba)o)ls (o)l By (g Fdolad A dos &y Cad ()l Sloj (5w o5 L uillg (et al., 2006,
3 8es cunl Jladd (g pol pledpliions) Suld 53 0k w5y e G Sy s 503 (s | (Nourani et al., 2020
(2020) Nourani et al .50 zols b dod g i)k e (gyle] oled oldefny cou 13 g yols 3aid > 4k 093 (b ANN Ju
ol allas )

SUle y8 ol ¢ tlod (wlidio 3y waTy8 (b (YAV =Y+ YE) il 0,90 13 (oo ouas aSud Juo 5 ,Shos byl £ Joua

Model Station Tmin Tmax Precipitation
RMSE(C-) PCC RMSE(C-) PCC RMSE(mm) PCC
MRI-ESM2 Khoramabad VA NAY S /-y A% Y -Iv¥

1 52 y93 )3 Lod Ol puds (o 2
g ST (clod wmd o i 2Ll 3 oK) y3 (Yo FA=Y YY) 055 oaisl 090 (b Lod dilale il yuis gy p o il IS5 ollae
& G Al ST glod  Lin]i8l Ol s o yidin 39 oo (6,0 iy )l ol 38l b 090 4 Cand dole plad jd JBlis (slod
slos &l puss iul33l K9y cp yieS w0395 SSP5-8.5 (cgs b b 51,5 ilos a3 )3 0+ 0 50 4 (L]) yols olo yd il 090
Gk S il s IVF liee 4 (1) Y oo )3 i 4 ol (il 53l 090 4 s e o] )9 3 55 ST
o] dilalo Lawgio J8las (clod | aain 8l ol puis oy yitin « S0 0] 3 F all JSb b pimes b0 SSP5-8.5 (g9 yliws
I s 515 3 SSPEBE (gl 3 3 o €5 VIRV (l5zm & (p8) el sle > 4l 0399 2 s e 5
2y SSP1-2.6 (sgs b 3ab 51,8 il a > + /¥R 30 4 (1) sV g2 olo 0 4l 090 4y Cod o] ol pd wilale JSlas slod

1 Deterministic
2 Smoother



WAV . 3555 9 p8d 2 oSl S O1J1 (o 2 101,000 9 (02 )5 (g3 — (oole)

2l dalgs

Conl (G ygo 4 3Llp 3 ol (V-VF=Y-F) Slo o] j alale yiSTus (clod il 395 0 (6,55 i Yo JSb ollas
oyl 3 oS Blo a0 £ lie 4y (L) el elo 50wl )90 b s wlale ST (glod (Ll Sy (it oS
iy ol o Wb oyed 4 s Jleo 0] 0,93 ) 5 S (clod @l s sl 33l Agy oy iaS ] 0395 SSP5-8.5
Ch s slon 032] 3 P US55 (g A3k s SSPL2.6 (551 (3 38 s > Y lizn & () s olo
e 21,5 Bl a3 )3 Y/AA e d (592 ,008) pelims olo 50 b 093 4 s dblp 3 ol dilale JBlis (clod | oisljdl ol s
Sise 4 () o2 oo > b 0393 & Cams oSt (il 3 Alale oo (slod pilj8l lyess 3 5aS 5 SSP5B5 (5
S aalgs &) SSP1-2.6 (o5l (b 51,5 il any> +/0]

Ot e oS5 (VYD) 0] 95 o o lale Lo s gt 3950 6, ¥ 2 S s
SSP3- (55 ki B 25 ilu an 0 FIY liee 4 (Cuiiguud)l) (o0 olo pd il )80 4y Cund dilale JiS s (glod ]38l ol s
olo 1> iy d o] cpl 3 Al 0y9d Ay Cand g0 0] 0y90 ;3 0 Sl (glod Clpss uli8l Wgy oy ieS cCunl 034 7.0
Sy Gy 099 03521 53 F @ JSS 3o (paimem a3l g0 SSP1-2.6 (g5l 31l o5 b 423 +I¥Y 50 1 (1) Y2
SSP5- ¢4yl 3ab 3,5 les a3 )3 FIAS a0 1 (oee) ST olo p3 als 095 s o 3Ll 3 ol ailale JBlas (clod i3]
)3 ol dm IV l5ae 4y (313 5) 305 ol 1> Al 090 dy Caunass 0olSs] (] )0 wilale JBlas (glod ain]38l Ol s o 568 5 8.5
b salgs 5, SSP1-2.6 (ol b

SSP lagjluw ¢ MRI-ESM2 Jas 3k 1) Blas o pSTas Loy bawgio &lyoss (6,55 iy jl Juols ol ¥ S 4 ¥ IS
b glej Job )3 g ilale ulbide ;0 Led lypuss aS0I L 0 )l88 o ioled 4 (Yo VF-VAM) Clialie (sadlls V8 bwgio 4 Cus |
g ST clod bawgio) 39y anlgd ol 38l MalS™ Al 090 4 s 0] (sloygd ;> 4Vl (glod bawgio (b opl b sl Sblwgs
ST glod Lawgia (Yo ¥A=Y YY) oo 5 o] )3 (il oo MOD § YE/IVY s y5 4 ablp 3 o] 0l 093 j> Slimlie Jslas
ke AYle Gl culy salgs (ili8l oS ol as > o VY UV JBles slod lawgie 5 0,3 ole do )0 Y/E U V/E 0
YIS B VA o ey puiid ()l 55 (slangylw gabo  Slamliie 090 4 Cass (V-VF=Y+¥) Slo oai] j3 JBlis ¢ Shis (ol
593 oail 3 Jilis g il clod Sl Ve ol puss .cubly salgd ialdl 51,5 olo as )3 YIY B VD o g 5,5 ol 4y
Blas glod lawgio g 31,8 Bl ax )3 ¥ U VA (g sy d ol (555 (slagyyliw 3o (Slialie 0)9d 4y Cows (VYo=Y VD)
(VW) ) Sen g (Lol yimghs b ouldl o 130 Cod Lod Lol j8l gadge puls .cudly salgs iol58l ol )5 ol an VALY 0
2 calls (Y )+ ) Sabziparvar and Tabari § (VWaY¥) ), Ken ¢ ols! (YY) en g (5,995 (AYAY) ] Ko g ;3] o0

1 5o y93 )3 (9,1 Ol i (w2
53 s cilisce glaols ;> (Y- FA=Y YY) (K455 il (gl ailale i)l Laussio 45 33,5 oo oanlie b il IS5 zols aillas
csloolo ) yio Lo YO o V& (e 4 e Gl (talBl 5 ol ooty ollp 5 ol 53 Al po (alS @0 4y it
4l o) laalie 4Vl gar jolis auglio b Cuslosd (6,555 SSPL-2.6 (ol ik 9 (0reke) 4ss® 9 (0229:8) Joog]
a (Yo¥A-Y-YY) ST clalo ;5 SSP (clags b olos 3ub Slallas odgime j3 i)k Lials (o)l Jblse zuli b (Y )F=VAAA)
53 cuils dalgd Lials 0oy FIV B VA oy dblp 3 oK) 5o S oanl 3 5)b 989 45 claS 4 93,5 o aSuie Fau
Gilio cloolo 3 ailale 5,k Lawgio 45 33,5 oo oanlie d o JS5 llas 55 (Yo V=Y +¥R) o 0us] )3 iyl &yl ooy
0di] 0)9d A Comd (> b oygd poogde b e Sle oan] (coy93 yd Mibe il Gyge a4 i g 3)b ey
Sk YV 5 ¥R (i 4 & ol ol 8l g Shals oy sblp 3 oSl )3 bl o il & 9 o (V- FASY YY) S35
o plie duglio 35 anls SSPL-2.6 (65l 3ib (0peke) 42098 9 SSP3-T.0 (o)l 3 (02)9,8) Juol slelo o
b Slllas o3game p3 y5)b ials (YoVF-Y-¥Q) e oun] 3 o] Jblie gl b (V) F=Y3AA) b 0y9 Slualin 4Vl
Soa5 03] 3 Byl E58g 45 3905 blitl iz (lsiee ke 41235 o asulie £adg 4 e 0)93 19 SSP (slagy s eles
(VYo=Y VD) 593 oai] ;5 )b ol iy pd wobld Salgd b 0,93 4 Capnd 20l 2o )3 VA B V/Y 0 3Ll 3 o] 5
& ydas 9 5 oy Sle 9 05 slasyed Jio calisie slaols ;3 dilale i)l bawgio a5 30,5 o odalin B g JSb Bllas 35



(U.wuhgj,g— ‘:OJ‘) V€Y slogyona V) D)Lo.n.:v ©F 8,95 ¢yl ) Jl&’yi oludss VYA

4598 9 (0229:8) sl slole )3 o ko YY 9 0% liee 4 o 4 Byl (taljBl g GialST iy sllp 3 oSl ) Al oo
2 ol blie ks b (Y- VF-)AA) 4l o) lanlie 6Yls pes ol duglio by .3 snlss SSP5-8.5 (coy ki 3:b (yate)
ol 34 gl e bl o IPCC Lianldl closusypr 5 55 he Ol gl b gllas gl el cudls anlgs )l oy90 4

Sl aollay adly g ] HedS > )b Cumdg awyp 4 IPCC w5155 5l eolawl b as” (V) )6 o (0Ll

45
40 | 7 .
35
30 .
R, 25 g
", 20 . r
n
O 15 . .
N’
10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
v@++ Observed ESSP 1-2.6 OSSP 2-4.5 OSSP 3-70 @SSP 5-85
45 4l

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

vo@++ Observed HESSP 1-2.6 @SSP 2-4.5 OSSP 3-7.0 @SSP 5-85

45
40 |€ .
35

?25 .
), 20 . )
215 . .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

159 8T (& ¢ (Yo £2=Y+¥E) ilho oisl (0 oY+ Y¥=Y+ £A) 335 aisl (W1 3L 0 )3 olitat] y5 T (slod wilalo (puilue Y JSUU5
(YAAA-T + 1 €) aly 51l 450 s Commad (Yo ¥O-TY 4 +)



WA e (5,85 9 i g3 oalBl pundd 1,51 oy 39 10,0 g (00 )5 (ig3s — sole)

25 | Wi

20

=
(¢, ]

(R

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

+ «@ »+ Observed

= N N
(8] o ()]
C

(C)315 ik

(]

ESSP 1-2.6 @SSP 2-4.5 OSSP 3-7.0 mSSP 5-8.5

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

=N N
o o o
A

(C)31,5 sk

@SSP 1-2.6 @SSP 2-4.5 OSSP 3-7.0 mSSP 5-85

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

e+ Observed @SSP 1-26 OSSP 2-45 OSSP 3-7.0 WESSP 5-85

YV o o) yod ouia (g ¢ (P £2-Y+¥E) Slo 0yl (0 ¥+ Y=Y+ £A) S35 ouig (G 3T 0 )5 olKkuany] JSlas (glod willo (puSilio € S5

(VAT + Y £)ayly 1o 8,5 4 Cannnd (T V0



(i — oode) VE+Y blocyora V) 8 ko OF 8,93 el ol SK- 9 O olidios VY

<

100

E 80
£ 0 i
S 60 / /
: ) |
=3 i m |
40 i
o / il 1
o : i q 1 =
i i (I T 1 1
0 ! !I 0 - :I: !

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Bobserved(26 Years) OSSP 1.2.6 mSSP 2.4.5 mSSP 3.7.0 @SSP 5.8.5

100 | <&

— 80 y

£ " /

= 1]

= 60 f "

.g [ : l

g . / o

o

g E Al 7

L P ¥ ]

e 1k o ol

1 (W Al il ¢

0 Il | ol Il I

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Flobserved(26 Years) OSSP 1.2.6 @SSP 2.4.5 mSSP 3.7.0 @SSP 5.8.5

ﬂ

Jin Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

100 | ¢

B D o]
o o o

precipitation(mm)

N
o

o

dobserved(26 Years) OSSP 1.2.6 mSSP2.45 mSSP3.7.0 @OSSP5.85

“Y+¥0) 493 oisl (g ¢ (Yo VE-Y + £3) oo 0isl (@ (Yo EA-T+ YF) S35 s (G LT 045 liang] (15,1 ilale peilio 0 IS0
(Yo V£ 1AMl Tolioe 0,9 4y Canand (TY 00

15093 )3 385 — e OlyedS (w2
able s olKiwl ;5 (YoFA-Y-YY) o5 oai] )9 (b avpe 35 — pus ilale bwgio clpsd wyp & il S5 gollao
OnyieS 9 SSP2-4.5 (655l Bibo 5y p yreslee /Y (lie s (Cadignd)l) oo olo )3 ily 0)93 &y Copnad (a8 Sy oyl
Geb 9y 2 pegshee 10 (i 4 () sV ol )3l 0)93 4 s o]l > wlale @2 ye 355 T (Sl Ol
&Sl (Jygo 4 NAPSEQALEIN (Vo V¥F=Y-¥a) slo oaul ;5 ailale bawgie Eyo 38— o Oluss & O USG5 Billes
SSP3- (o)l 3bo 5oy 3 pecshen V (e 4 (Cudignd)l) oo olo 3 Al 0)93 4 Cannd @y 359 5 (ol Bl S (it
Fogshes <[V i 4 (35) sV 52 olo 3 Al 0)9 & S o] (pl 13 wlale @2 jo (Byag ped (Ll i (308 5 7.0



YWY e 3595 9 5o 2 ool yeadS 151 (o 2 2001 S0 g (05 (g3 — (oole)

o)l Bib jg) 32 pieisden /¥ Gl 4 () sV o2 olo olo )3 Al 093 &y s olanl el 53 Alale @2 yo 359 e (ol 8]
2l salgs &, SSP1-2.6

D Base
9 |l mSSP 1-2.6
8 mSSP 2-4.5
: N OSSP 3-7.0
7 Tl : mSSP 5-8.5
NIRRT
= N N D
y
o 5 Y Iy y
£ TR
E*4 VIRIR
3 MITRITR
w Y y
2 Y N
NIRRT
1 : N y
0 2 N h !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
10 O Base
< mSSP 1-2.6
8 mSSP 2-4.5
= OSSP 3-7.0
3 6
£
=4
t
2
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

ETO(mm/day)
O FRP N W P 0l O N O ©

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

599 08T (z ¢ (Yo VE-Y+£2) Floo oy T (@ (Y EA-Y+ ¥Y) S35 oy (A1 LT 0,5 0lims] @ po G305 — e dilale (il 1 JSD
(Yo Y€ YAM) AL (Slanlin 2,93 43 Comni (VY ++-Y+V0)

2 SSP (s )lumslag 3o S 0y9 4w 3wl 0y90 b dulia 3 1) Jlo Juad Yoz sl e 355 = 5 (ke ¥ USS

ailye opl Sl Sloj (3190 55 @ ye (5 ywim e Jhad Ol o)l ol ol el md e Lt blp B oSy
SSP5- 4 SSP3-7.0 SSP2-4.5 SSPL-2.6 (sl )l 5o g yo 3yeim s yialBl w1 o (5 sl s 589 Ll 31,
oblp 3 olSiw] 13 @ ye 5y s Ol sl 4 do g b D9 o odliie b 090 4 Cuns 0a] Sloj (slaoygd Jguad plod 1> 8.5



(i — ode) VE+Y ologyore V) 8 louss O 8493 el pal SB- 9 O Colidios VYYY

S o9 el 99l 0y9d 4 Cumd 3Bl Sl b plaliue; aald (ol 5 Jlor Jpad p ogde ST gl s b
0,5 o)Ll L8 sl jisy )0 oS Ml e Juad pl slrole (glod il 38l snia flis

) 9| 7
8 8
- ‘ 57| o
L £
£ S o
b=t =
-4 w4
w
3
2 2
1
0 0
Spring  Summer Autumn  Winter Spring  Summer Autumn  Winter
9 al
8
=7 _ i
>
S 6
Es
£ 4
w
3
2
1
0

Spring  Summer Autumn  Winter

BO0bserved mSSP 1246 mSSP 245 @mSSP3.70 OSSP 585
195 0T (& ¢ (Yo E-Y+ £3) o oigl (& ¥+ EA-T+ YY) S35 oig (1 LT 0 )5 olhann] & yo 3555 — guesd Shad (uilon Y JSUS
(Y YEYM) sl G1aalin 2595 4y Cumnd (VY + +-T+V0)

Sy o b VoYYV FAICGD 5 0] 090 (b b lawgio o yo §ym5 = ped Olyds oy 8l V S gollas
Ol (5508 9 SSPS-B.S (o)l i (soishes ¥+)jgy 32 pogsee /¥ (fim v Jlae Juad )3 il 0)9> 4 s o138
b (eisen V2 )39y 3 stecshe VY (lie 4 lianls Juad ) auly 093 4 s o] (] 53 dllale a2 yo 3555y 38l
Wb 0,93 4 Cas (ool 33] s o (Vo FA=Y V) Slo 0] 090 50« ¥V S olkas 30> salgd &, SSP5-8.5 ¢4 L
&re By p55 el Slyis (a8 9 SSP3T.0 ()l 3k (oo FA)joy 32 poislen +IVF Gl 4 e b
& SSPL2.6 (sayliw b (e ke W)joy 2 sokee +/NF (lje 4 (il Juad ) ol 095 4 s ol (il > alale
Y lise 4 sley Juad p3 b 0y93 dr s (ol 3Bl Ol pei s iz VS5 gollas (YoVA=Y Yo+ )y93 oal 090 b g ol sales
@ S o] cpl )3 lalo @2 ye (55 e (I8l s (o pieS 9 SSP3-7.0 (g )lw Bib (e oo )39y 32 yio e
2> dalgs ¢y SSPL-2.6 (555l 3o (3o e V¥)i9) 2 yiocde 1N Gliee d il Juab 53 4l 090



IVVY e G325 9 g 39 ol gt 151 w30 20y R0 9 (o055 (ig3s — sole)

5

=

43

S~

€

£ 46

=3

£ a4 ?
42 %

aly 0,99 S35 iyl o o] 599 o]
SSP1-2.6 mSSP2-45 mSSP3-7.0 = SSP5-8.5

(Y+YE-YAAA) Flanlio 0595 4y Comd 0] jd &2 30 G385 — e ai¥ L Lawwgiio A JS0

Iy SSP (slag liw s MRI-ESM2 Juo 5o 4Vl 2oy 5y — s bawgio Ol i 5l Jeol> ols A S
oolio ) age §yad — ol Glyews a1 L S Billas )18 o Gisled 4 (Y VF-VAM) Glialie gdlls VY8 lwgie 4 Cowd
S dled ol 38l MalS” asly 090 4y G 04i] (slaoyed ;3 AVl lawgio (Jbb pl b sl GUlog sy loj Job o g slale
o3] 3 A JSs 5 05 Gillao (A3lise 55, 5 yrede FIFY Sl 3 oSl auly 09 3 (laalie 2 po (3,55 = s bawsie)
Gy% = o (1Sl ¥l Olyuss by lgd iol38l o )3 VIVY B ONY s g o 305 — ju5es bawgio (Vo FA=Y YY) S0 38
anlgs (a5l oy Ve /FA B O/ A f s )55 (slovgy i o Slamlie 093 4y s (Yo VE-Y+FR) Sl oii] )3 gy
s )5S (slgy )l B (Shmlite 0)93 & S (VN2 =Y+ YD) 593 00l )3 2 po (5,5 = e (il VLo s el
Gdn ((VWAY) g5kaus ouSs (V) ol ed g (g8 Ollllas b yiso cpl ols sl aalss ol 381 as 3 VWA B O/FD (0
o3l 5 ouga 0al )3 1y 5y = e el & ddly Jlssan 55 (WAA) s 5 29,5430 54 9 (IYR0) oS 5 035
iloald ylis 295 Cldudsd > 40

ozl ;3 SSP (glagy L 9 dsly 093 13 &2 po (5,55 — ;e bawgile -0 Jgo>

40 . MRS s - . & o "
) Connnd ] gt S0 )3 Sbw 39,5, og, 92w 2,99
a4l 0y92 (mm/day)
e A SSP1-2.6
S5 o]
BIM ¥/VE SSP3-7.0
(Y- FA=Y-YY)
VIVY ¥/AY SSP5-8.5
IO \iA% SSP1-2.6
IV ¥V SSP2-4.5 T
o 0ai]
a/vy ¥/AQ SSP3-7.0
(Y-VF-v-¥)
V. /EA ¥/a¥ SSP5-8.5
o0 ¥/VY SSP1-2.6
vI¥ ¥/AN SSP2-4.5 i
D ol
WA NE SSP3-7.0 o
(VY- =Y-Vd)
WY a/-Y SSP5-8.5

S 5 And
a0 F B VA e ) Jlo & Cand (0o YV r Jlo U Sles slod awgio &5 Cunl odds dw i ARG 5155 5.b
3 ol wlie Ol 4 IS 4 g o owo; pdaw pd (slod S Sl el lod il ol cél dales iliEl oS sl
Sl calis 1 s o i3l doyd Yo 3gas B 1y co)lol OF 5L ol 5 blo 4 3 Y lise 4 Lod il38l 5 Slea inle,S ety
w3 ARB)elSl 15 )15 (e Gl GiagR crl 2 )b Sl ©ygps Slailaie 1B (S5l 45 j2  walEl S
)5 it LTS oSl 53 SSPelag s tare (3ib @20 55— e 09 0kl g e 0a] (S35 0] 090
SSPS- (sgajliw Bab Ly s oo (LS 395 iy 09 & S |) (65wl G381 592050l B9 Bl @2 p0 (5% — pBed Ol



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB c,L«& 14 8,9 ‘G‘).ﬂ Jlégui oludsy YYYE

P ey §y5 S AVl Gl bugie Bl Olpnss (5268 SSPL1-2.6 (su)liw 3k 5 (ol Sl (i 8.5
@ Cans (YoFA=Y YY) Son 5 0di] 090 53 bawgio jobo 4 xonpe 3ym5 = e i8] olie 01> dalgd &) Al 0)9d 4 Cns o]
203 VYIEA g OIFD (YN ++=Y VD) )95 0] g 2o yd Vo/FA g /<A (Yo VF=Y+¥Q) Slo o] cho)d VIVY 9 O/VF ol ab 09
4 ol odaliie 0B« Lod jlas jl 05 0ds quuldl pons slasely €5 g7 0 odo] Cawdds o 4 g b il ales ilsél
Jbo 350 Jgad 3 gl cnl Gl 33l )SSle SSPslagy lw plos gl a2 ye (5,95 = poes (had Clyuss oy Billae &5 (590
oMol g o wlio e ool aln)lSaly Jio 4 b (505 = s oliee Gl 5o Lo 85 13 10 Ly ol ol 2l 0
s oal ps Ol ey wjgr i ) (65yolisS Lise aSl 4 dagi b g (65,5liS (i )3 okg 4 ol ()l 000 (slasb,

3905wl (Flyass ddlate CuiS oS 5 a8 b blib b (e copgy 3 a0l il salgs 4o

3,18 3929 (Mg (o @l 2l WS "

&b

Cgizisdyge allas)osbyog oS Laulpdyd =y il s 86 (1Y) ucme grlidien 5 obe ((Som (1B aible )

&8l ol )_,)j slases o)l g led Sluss gy wyy (V) o851 s 758 5 2lgn dosro ¢yl )l € s o ldnd € ol (3Ll ()Ll
I¥-1 2(\)\; ‘UL’J/UZ(J“Q})" 417(.4 .CMIP6 LglmJ.u .)‘JJB)J d;lwl » o..\;...)‘] JL» Y.

oMo Cubd (godes WY guae d)lﬁi 0B 5L lade w8l yux 3l ey (VYAF) Jddllel ¢ siclue § dosro (Fow (SUS ymon <)le3
NO-S5: (£) 1Y oS 5 ] cbilis olo ying alzo LARS-WG _olios, Jbo gl 5l oslizl |l

09y 090 ke 35 13 eaian s aSd o 25 L(WWAY) axn deze S bl SBU 5 ol ¢ Slg i ¢ piah ¢ s puol (g0
N BV XY BVA (ST 5 o Aol s 4 3 ok ot gl GCM s (clasls

o cligs. Olisle bl jd mape 5y e ealdl ss S (VWAR) Lo yule (oolos g (o dooro (oS0t (oM ¢ e ¢ oSl Ol
FOYAY (VIO oo/ SE

2 &Vl 5 (Lad glagubie )3 @2pe 5)5 = o G St Gaote 5 Silepsal (W) s i 5 4kl 05 43l 5)0

bl ys o6 olul 5 o5aaly (ol pAS 5% = 55 Syl o (V1) s <G5S Lo 1 pyuane pote 82108 £59 08 00 140 85
INOYYA (VY o clanl dewss o Lblpis dloeo qould] yuss

adlas (IPCC aosy Uo))5 ool 1 S 31 malil st 3l il (VEe ) agll e SlaiS b o atlis <ol o Jazel liso,
NY-AY (WY SE 5 o plo cblis o) s (6390

5 pole i wyoms AB3g) 3oyl ad9> 3 RDP Jaa bawg ()b (6801 ol 5lidy oy (VYA pteome (S35 g dool 85

S35y o ol Sl getio oy g (o Dl 52,008 Sidarn Jsel ITV) el codlle

295 bl syl o sed o] (5L g led cosedily Sl puis i (VFe + ) dedosme ¢ b3 g Juslowsl o sl 9Mo yl3a 035 e
g bamo 5 il glio jl Cleo o )il pazmy 5 (oS st ph8S 1090 « CMIPE. Jose

b plie cady > Jowily 35 — e Ol waldl e SIS L5 (VWAR) 655395 dgmne g (Lo dingyy S e cs5lis (56
AUV N ol g pto g pwligo  iing o=, ale 4,0l RCPS (clavg, L

.4.».69)‘ 4>L\).) )»DU] 809> u.o.alﬁl ul)u.v l) ]oLa)l PGy )a?bj u‘).».o .))9])4 .(\YJQV)_\&»‘ Jaw ¢ > g Jlog p ‘L;>>’La D grune “_g)).);
MYV (IIWNY ol oo pwdigog pole dlzo

A5 3, S0t > (55,5045 i ol S gyt (WAVIALS s asns  dpam < o L3l ol e Hl 3]0
DAY (Y)Y oy lof wtigo g pole 40,5 IPCC s b)) U5y155 AOGCM (¢l Jso cxha pas 5

» RCP (g b cov alale Jrusly 3595 = 5 olie ot (VT IS allis 5 g ol 1o jnammodin (s o
Y=Y 0 AN ) sialpbeasST dppnis (LS 50l Lo 163,90 dalllas) ST (slme,g0



YVVO o 55585 9 pfed 2 oSl e OI 1 (o 2 10,000 9 (02 )5 (g3 — (oole)

ot ylwjed bl )3 (65)9liS SV game 585 — p5ud g ()b Sl Glise (o) (659l SV gase WAV LSy e «(gjlad cous
AYANYY (SN0 (SE 5 o cblis slo ying s i wuldl s 130

Slapaldl )> @2 y0 olS" 3555 e walll i U () (VTAD) Lo phome (il g 8 e (sl fnlie (S (2B o B (ol
NENY e (YN ol iS5 oyl dlxo il

P 2 By Sl B9y 5 el e P (VTAD )l s paie (Bl g e ccandiiogy fopmine (g0l { e wdljgin
OYY=ON (¥ o gipalits” )5 o ing s 4,0l AOGCM (gla Jse 3l oliil b wed g o £)l50 lalS A5, 09

REFERENCES

Ahmadibaseri, N., Shirvani, A., & Nazemosadat, M. J. (2015). The Application of ANN for Downscaling
GCMs Outputs for Prediction of Precipitation in Across Southern Iran. Water and Soil, 28(5), 1037-1047.
(In Persian)

Akhavan, S., Ghobaei Sugh, M., & Mosaedi, A. (2016). Investigation of the effect of climate change on net
irrigation requirement of main crops of Hamadan-Bahar plain using LARS-WG downscaling model.
Journal of Water and Soil Conservation, 22(4), 25-46. (In Persian)

Ali N M S, Given A. & Al-Juboori A M. (2018). Statistical Downscaling of Precipitation and Temperature
Using Gene Expression Programming. Journal of Advanced Physics, 7, 518-521.

Alizadeh, Amin (2012). Principles of applied hydrology, 35th edition, Mashhad, Astan Quds Razavi
Publications. (In Persian)

Alizadeh Jabehdar, A., Asadi, E. & Ghorbani, M A. (2021). Selection of the most appropriate GCM models of
IPCC fourth, fifth and sixth assessment reports (Case Study: Ardabil synoptic station). Second
International Conference and Fifth National Conference on Natural Resources and Environment. (In
Persian)

Almazroui, M., Saeed, F., Saeed, S., Islam, MN., Ismail, M., Klutse, NAB. & Siddiqui, MH. (2020). Projected
change in temperature and precipitation over Africa from CMIP6. Earth Systems and Environment, 4,
455 475.

Ansari, S., Dehban, H., Zareian, M., & Farokhnia, A. (2022). Investigation of temperature and precipitation
changes in the Iran's basins in the next 20 years based on the output of CMIP6 model. Iranian Water
Researches Journal, 16(1), 11-24. (In Persian)

Arfa, A., Khashei siuki, A. & hamidianpoor, M. (2021). The effect of climate change on evapotranspiration in
warm and humid conditions (Case study: South and Southeast of Iran). Journal of Rainwater Catchment
Systems, 8, 37-50. (In Persian)

Aryal, A., Shrestha, S. & Babel, MS. (2019). Quantifying the sources of uncertainty in an ensemble of
hydrological climate-impact projections. Theoretical and Applied Climatology, 135, 193-2009.

Babolhekami, A., Gholami Sefidkouhi, M. A., & Emadi, A. (2020). The Impact of Climate Change on
Reference Evapotranspiration in Mazandaran Province. Iranian Journal of Soil and Water Research, 51(2),
387-401. (In Persian)

Bhattacharya, B. & Solomatine, D. P. (2006). Machine learning in sedimentation modelling. Neural Networks,
19, 208-214.

Chen, C., Kalra A. & Ahmad, S. (2019). Hydrologic responses to climate change using downscaled GCM data
on awatershed scale. Journal of Water and Climate Change, 10, 63-77.

Dibike, BY. Coulibaly, P. (2006). Temporal neural networks for downscaling climate variability and extremes.
Journal of the International Neural Network Society, 19,135-144.

Dinpashoh, Y. (2006). Study of Reference Crop Evapotranspiration in I.R. of Iran. Agricultural Water
Management, 84, 123-129.

Fazeli khiavi, A., Salahi, B., Goodarzi, M. (2020). Assessment effects of climate change on changes in
potential evapotranspiration in the Moghan Plain by RCPs. Watershed Engineering and Management,
12, 977-993. (In Persian)

Ghorbani, M A., Deo, R C., Karimi, V., Yaseen, Z M. & Terzi, O. (2018). Implementation of a hybrid MLP-
FFA model for water level prediction of Lake Egirdir, Turkey. Stochastic Environmental Research and
Risk Assessment, 32, 1683-1697.

Goudarzi, M., Salahi, B. & Hosseini, S A. (2018). Estimation of Evapotranspiration Rate Due to Climate
Change in the Urmia Lake Basin. Iran-Watershed Management Science & Engineering, 12, 1-12. (In
Persian)

Granger, R J. (1999). Satellite-derived estimation of evapotranspiration in Gedis basin. Journal of Hydrology,
229, 70-76.



(‘:w.é,}'— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 ‘&b.:‘ Jlégui oludss YV

Garcia-Garcia, A., Cuesta-Valero, F J., Beltrami, H. & Smerdon, J E. (2019). Characterization of air and
ground temperature relationships within the CMIP5 historical and future climate simulations: Journal of
Geophysical Research: Atmospheres, 124, 3903-3929.

Goyal, R K. (2004). Sensitivity of evapotranspiration to global warming: a case study of arid zone of Rajasthan
(India). Agricultural Water Management, 69, 1-11.

Guo, B., Zhang, J., Gong, H. & Cheng, X .(2014) .Future climate change impacts on the ecohydrology of
Guishui River Basin China, Ecohydrology & Hydrobiology, 14, 55-67.

Hadi, F., Khashei Siuki, A., Shahidi, A. & Farzaneh, M R. (2016). Examination the Effect of Climate Change
on Potential Evapotranspiration in Different Climates. Iranian Journal of Irrigation and Drainage, 10,
230-240. (In Persian)

Hargreaves, G H. & Samani, Z. (1985). Reference crop evapotranspiration from ambient air tempraturer.
Meeting American Society of Agricultural Engineers, Chicago,12p.

Haykin, S. (1996). Neural networks expand SP's horizons. IEEE Signal Processing Magazine, 13, 24-49.

Heydari Tasheh Kaboud, S. & Khoshkhoo, Y. (2019). Projection and prediction of the annual and seasonal
future reference evapotranspiration time scales in the West of Iran under RCP emission scenarios. Journal
title 2019; 19 (53) :157-176. (In Persian)

Kim, J H., Sung, J H., Chung, E S., Kim, S U., Son, M. & Shiru, M S .(2021). Comparison of projection in
meteorological and hydrological droughts in the Cheongmicheon Watershed for RCP4. 5 and SSP2-4.5.
Sustainability, 13, 2066.

Kheyri, R., Mojarrad, F., Farhadi, B., & Masompour Samakoosh, J. (2022). Investigation of
Evapotranspiration Changes of Autumn Irrigated Wheat in Iran under Climate Change Conditions.
Journal of Geography and Regional Development, 20(1), 248-215. (In Persian)

Konapala, G., Mishra, A K., Wada, Y. & Mann, M. E. (2020). Climate change will affect global water
availability through compounding changes in seasonal precipitation and evaporation. Nature
communications, 11, 1-10.

Mehrazar, A., Massah Bavani, A., Mashal, M., & Rahimikhoob, H. (2018). Assessment of Climate Change
Impacts on Agriculture of the Hashtgerd Plain with Emphasis of AR5 Models Uncertainty. Irrigation
Sciences and Engineering, 41,45-59. (In Persian)

Mirhosseiny, S M R., Ghasemieh, H. & Abdollahi, K. (2021). Prediction of Monthly Potential
Evapotranspiration under RCP Scenarios in Future Periods (Case Study: Golpayegan Basin), Iranian
journal of Ecohydrology, 8, pp. 205-220. (In Persian)

Nikbkht Shahbazi, A. (2019). Investigation of Crop Evapotranspiration and Precipitation changes under
Climate Change RCPs Scenarios in Khouzestan province. Journal of Water and Soil Conservation, 25(6),
123-139. (In Persian)

Nourani, V., Rouzegari, N., Molajou, A. & Baghanam, A H. (2020). An integrated simulation-optimization
framework to optimize the reservoir operation adapted to climate change scenarios. Journal of Hydrology.
587,125018.

O’Neill, B C., Kriegler, E., Ebi, K L., Kemp-Benedict, E., Riahi, K., Rothman, D S. & Solecki, W. (2017).
The roads ahead: Narratives for shared socioeconomic pathways describing world futures in the 21st
century. Global Environmental Change, 42, 169-180.

Quinlan, J R. (1992). Learning with continuous classes. In 5th Australian joint conference on artificial
intelligence, Vol. 92, 343-348.

Rahman, M A., Yunsheng, L., Sultana, N. & Ongoma, V. (2018). Analysis of reference evapotranspiration
(ETO) trends under climate change in Bangladesh using observed and CMIP5 data sets. Meteorology and
Atmospheric Physics. 1-17.

Ramezani Etedali H, Khodabakhshi F, Kanani E. (2022). Outlook for the effects of climate change on drought
according to the fifth IPCC report (case study: llam). Journal of Water and Soil Resources Conservation,
12, 87-107. (In Persian)

Sabziparvar, A.A. & Tabari, H. (2010). Regional estimation of reference evapotranspiration in arid and semi-
arid regions. Journal of Irrigation and Drainage Engineering.

Sharafti, A., & Khazaei, M. R. (2017). Exploration of Randomness Characteristic of Rainfall Pattern Using
RDP Model in Symareh Catchment. Journal of Environmental Science and Technology, 19(1), 1-14. (In
Persian

Yaghoubzade)h, M., Ahmadee, M., Boroomad Nasab, S., & Haghayghi Moghaddam, A. (2016). Impact of Climate Change
on Changing Trend of Evapotranspiration during the Growth Period of Irrigated and Rainfed Field Crops by
AOGCM Models. Journal of Water Research in Agriculture, 30(4), 511-523. (In Persian)



YWVY o 5555 9 p8d 32 oSl e O1 1 (o 2 20,000 9 (02 )5 (g3 — (oole)

Investigating the effects of climate change on reference evapotranspiration
based on the SSP scenarios

EXTENDED ABSTRACT

Introduction

Studies show that climate change can pose a threat to food security, the environment, and economic
activities. It can also alter temperature and precipitation patterns in different regions, thereby affecting the
hydrological cycle. Evapotranspiration is also an important part of the hydrological cycle, which holds
significant importance in water resource management and agricultural planning. Therefore, studying the
impact of climate change on the important parameter of reference Evapotranspiration (ETo) plays a crucial
role in improving water consumption management on farms and agricultural planning.

Materials and Methods

In this study, climate data from Khorramabad station for the time range of 1988-2014 was used. Among
the GCM models, the MRI-ESM2 from the Japan Meteorological Research Institute was selected as the top
model due to its high resolution matching with the synoptic stations in Khorramabad. Using the climate data
from this model and the SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5 scenarios under the sixth IPCC report
(CMIP6), they were downscaled for the period of 2100-2023 for Khorramabad station. For this purpose, the
most effective predictors for temperature and precipitation parameters were first identified using the Weka
software, and then, using the neural network model, the monthly average values of 44 years of temperature
and precipitation parameters (1970-2014) were separately used for downscaling in the observational station
scale (Khorramabad station). It is worth mentioning that 75% of the observational data were used for model
training and 25% of the data were used for model testing. Then, using the observational climate data and
downscaled minimum and maximum temperature data, reference evaporation and transpiration were calculated
for the base period and future period using the Hargreaves-Samani method.

Results

In this study, three time periods were examined: near future (2023-2048), middle (2049-2074), and far
(2075-2100). For this purpose, the reference evapotranspiration was calculated for the base period and future
periods using the Hargreaves method. The results showed that on average, the maximum temperature in
Khorramabad station will increase by 0.26 to 6.3 degrees Celsius and the minimum temperature will increase
by 0.32 to 4.9 degrees Celsius compared to the base period (1988-2014) by the year 2100. Also, the average
amount of reference evapotranspiration will increase in all periods compared to the observational base period.
The amount of reference evapotranspiration in the near future will vary between 4.69 to 4.82 millimeters per
day, in the middle future between 4.7 to 4.94 millimeters per day, and in the far future between 4.72 to 5.04
millimeters per day, with the SSP1-2.6 scenario predicting the lowest amount and the SSP5-8.5 scenario

predicting the highest amount of reference Evapotranspiration in different time periods.

Conclusion

Based on the results, it can be said that the consequences of climate change, especially in terms of
temperature, are observable. According to the seasonal changes in reference evapotranspiration, the results of
all SSP scenarios indicate an increase in this parameter during the cold seasons. Therefore, considering the
temperature in the increase of evaporation and transpiration, we need to look for solutions for better water
resource management and improve water utilization methods, especially in the agricultural sector.

Keywords: Khorramabad Station, Climate Change, Reference Evapotranspiration, Sixth Report, Hargreaves.



