/ oln! O 3 6l oo (Sidgh oode 4 pii .
e VFeo bl sl 9 Jo ojlouds p2050 Jlw

Gblo o Sy ) ol Gblwg p a8l sy Calidko gy JUw il (wy
(oo 35 Cld 160 590 dxdllao) SLiS dod g Sl
Tobsde )T Jaiade (e MiaS (g yine wino
WAANNY: oyl G,
wwof/m:yﬁ.g &b

Ol 7 LGS (b 2ol ousiilo ‘}.y'qi w0 g pode Al y jo ul,l owlil )15 Aol bl 51 asd )5 llie

odS

AU slaaely 5 G5eS 5l 6xolz 5 sl Ll S0 sl 92 (sepes (50,5 sladae (o5 5l ool
oilly wloe g p9p0 Siaag 5 Sis 3ble oy 4 BptemsST dan 53 (e ol e 69y 2 peldl et
Ao oz bl ad ol glo S s goejny ol gl Sllogs p @aldl ss SIS gy Ban byl oo
RCP4.5 RCP2.6 Ll slag b cxi SDSM4A.2 38ls 5 g CANESM2 o 31 Jow 51 ST sloo,g0 50 ouldl s
2l Joe s )8 solatul le,S s suejp; ol (S (gile]ae sl GMS10.0.5 13816 5 5l s ¢ RCP8.5 4
SOl el sl le; aE Y+ 0 FAIIITAY (ela Jlo 45 ool b gl YYAVYYAY o Lo ooy ;5 o augs
599 1 comeldl slogs i 3 Lol gl b5 5 iy 090 zmimcioms <l sl PV NFRE Sloj o5l 1o
YAITS 912 AFER e 4 byl 5 oL T il 4300 VFY 5 WYY ONY olie 4 Loo a5 ol lis (VF+ -1 YAD) ST
Judo as a5 ol plid el slags s Jlas! zuli sl oo 2l;3l RCP8.5 s RCP4.5 RCP2.6 slag \liw 1o ooy
S ey50 ,0 RCP8.5 g RCPA5 RCP2.6 slag )l 1o (o)) ol w515 lawgie 0,90 cpl ;o (S5,b al58l
sogaze JS ;3 e VIFY 5 VIYS 5 VIV flpae s i 40 SWAVIYAY Jlo yo o] b 5 4 o (VF+ 321 TD)
oot 5 ol Sl ol sler e, b ablie 31y Slingod oalyims 38,5 o lgiing 14 o ialS
ipled Sl ()l g8 sloigy et 58l Dol B3 5l (e 2 @bio 5o 1 i

GMS Juo ¢ couddl (s gy sLaw cylo ) cios CANESM2 Juw 1 guuds’ slaole

-+ AYAAYYAATA tobed Al a5 o8l ¢ samds pulie 00SLiils ( SliwdgS § St Gblio bl 09,5 (sl cwiige g pgle o) swl;.:;)lf\
Meysam.jafary@ut.ac.ir

(Jo5us oaiuy ) Salajegh@ut.ac.ir «yl,e5 olXisls ¢ grmbs mlie 0aSiils o SliwasS § Sz 3bls sl 05,5 olivl !

Malekian@ut.ac.ir « )l ,45 oKisls ¢ crds miline 0uSiils o gliwsS 5 iz 5blis sl 05,5 ‘)L:_x;'bv


mailto:Salajegh@ut.ac.ir

Il ST 9 63kl (cwien cidgfy sole 4y pitd
Voo glansli ke 9 Jox oplods @230 Jlw

Ol ) (Slail Jelse 5 (JlSas (Jls plgre @)
Wl a2 1 (lises glaise ;o ol alss ( Jle
Sl sl Bblie (n Fplas 5l (S bl 0l
G5 g e & Comd ()1 95005 o 4 s
Huangetal., 2016; ) aiil oo Sluil slacdles o
pas g o5 L5,b 4 axg5 L (Simmons et al., 2010
ST sl eablio ol Glesel U5 5 conlio aydis
Slosls ollys 5 0591 44335 5ee 51 i 0,0
iy 2l o pslie 2l 3blie ()3 0 plox
Slesd 586 D)) lple Sl a5 & e
b w lgiee eipy ol mle n lesol
Emam ) s S Ol e Copan 4 (6 puSeii
pll ey ol )0 (gourie wliiass (et al., 2015

g o0 0,Ll Ll 51 (60 lg0 ar 13 50 4 el oals

Sl gy 5o (Y0 V) ol Kea 4 Scibek

2 i 5 e ol Ol (59, 1 ealdl ois
oo Kl Kettle 3 Grand slaailsog, Job
Sy oaims L wulBl i slagy liws a8 azils
oo gy Sloy gl 5l 5093 oy, sl (29 )0 et
Slr St Gl 5 25bie JSy Jsb 5o o Sy
SV PR R 2L S IPSISNETICT SR RN SF0 27 L WA
S 50 ead gileans O maw usmes il
gdyrkama .o, 5 515 e /0 5l i ailsog,
GA a8l Dl S0 o (V00 Y) LS
2 Grand 4oy, vl 059> suejp; slao]
2lgrgo] Ol 4l jo aS aaly o 1S ]

5 b oo Ll ey Jad o &)l a0 e
O g0 Gl Juad 13 By ojlee o 093 T (250
Oy JF 4 (s O 0gd oo Cel 45 5,5 e
Sl ey sl adss (o JLss 4 g oS 39
2 a8l s SISV Y e g Al il o
g gy |y Wl Cgiz 5o (e o wlie
sodBl o oo gaen Lu,ws aS ol ol mls

3 eeed8l Ol SIS samolas saled

Oied Wil oo (e g ladhie (Sl L
J b lal glacudled oS conl ouls asine
Slpgol Sl ad 5 g o dxwg p (3,b b
Jlo b a5 098 o (smpiem ool alils b
Faaz 0V 5 Sk sles lawgio Ol s VY - -
O b )0 awgie s g by o8l ol 5 csluas o
European) ol YL e +/0% B </\A

Environment Agency et al.,, 2008; IPCC,
x5 (2013; IPCC, 2007; Kazmi et al., 2014

oS aten Lol S e g0 Slail slaclas 5 oldl
3 e g W3 o0y |y O a5 2 glas 8
2l b a gy Sl S 5 Gloj mje o
5 ol @l @iyl o 5o Jolse 5l 5 wigd oo
Zhang et al.,) aiib e ldbhie (s5505,000
Jodo a4y ey slool 4dss san T ol s (2012
bz Suple s 4 g (ool Dl 5 95
ol sloaalice slaools pase g 5L slaasl,d
Sl g 95 (Green et al, 2011) osb
QB 36 B b s 5 ol 53, 5 sasl
eiias (5 50 5l0sl (Easterling et al., 2000) <!
5 ol Sllug s @ gejp; glac] wds
sy (Kinzelbach, 2002) col Ses
sl slozel LB g padins e (B9, S0 Sajelg e
Jayakody et al., ) ;) o] adss o5l ,
sl G35y el i S Ll s (2014
Sle oanl )0 @il o sleg b ilale
moslitl 5 (55,588 ol mlie Cupoe 5 55,000
Liuetal., 2011; ) coul gl &1 5l oS
S Siddes g i bl (Fu et al., 2013
39505 S5 5l g wited ol sl Sl o2
bl (Basheer et al., 2016) w0 &5, 5L
b BYs 4 Ol gl wad oyl Sisaes


http://www.sciencedirect.com/science/article/pii/S1462901116309017#bib0135
http://www.sciencedirect.com/science/article/pii/S1462901116309017#bib0135
http://www.sciencedirect.com/science/article/pii/S1462901116309017#bib0135
http://www.sciencedirect.com/science/article/pii/S1462901116309017#bib0150
http://www.sciencedirect.com/science/article/pii/S1462901116309017#bib0150

2

Sl s g i

Wl yo 9 b cnl o OleyS el S cle
Ol 3 iy 2 @l jlas 5l G syl
SOl CueS p wlll ess oy 56 o) n
Wl oo (oo ol W abbios 65908 (o))
9 Olpe 4 Seap 3 o glabi>dle jo3 0SS
ol 8l g oalll jois b axlge 1o Ol wlie ol 4l
Ol ez slaaciar e | Sl Gl )3 (e
4 GMS Jue collB obj,l -) o5l as e aslllas
b ooy Ebs (e ol b (e Hshate
Gl 0550 3 (oorldl Slilogi (qusyp Y (T 0590
=0y ‘_sﬂ Slyess byl coles ;o g (YoV =Y.+ 8)
mol St b o ol b (e Sl s
aib o GMS Jue g GCM oo 5l eolaznl b sleng

o9, 9 dlge.

axdllao 0,90 ddlaio
Ol 5o &ly (leyS Cebs oy p 890 dilaie
odgazte ;0 gl Luds )8 Lo po Loy &S (e S
5 Spb Jsb OVOYLTAT Looaso Y. as”
0as 5 wdly Jlod o,e Y+O VYV A" LY.C LT vy
i ol aVle )b g g Colaw .l
285 3Blss adeo VIV 9 e sleglsT VY
5 bl ilegs a8l gunanl  ulul
335 A Sidaas 5 Si5 olil sanail
olel 5 00905 ool ,o (Choobin et al, 2018)
e ol £ olaas VYA0 Jlo ,o gyl bl o 5]
O,le Bgzg b (pl ,0 Buees o> VAV 5 Gaee
@ argi b olo,S cs (1TA0 L Ken 5 (5 he)
5 Gk 038 5 ol g Sl el Ll
Sl g il by, 050 5 g slo JluSis
Cl gl 4 Comer oSl Gl 55 ol e
@ yol Jlo 5o aSsgbar ol wly (o0

7 Southeast Asia Climate Analysis & Modelling
8 Canadian Earth System Model

ol 2! ST 5 kel (owaigw Shdgly oole sy
VFoolwsl sl 9 Joex oyl po3L Jlw

Yove Jlo slp |, Sisgp,S lango! GCMF
2 seins ol g Geizmen 5 Wlos S (i
L) ey als g cdlay g, 095 (S )b wg, asldl
Sl olyr @ilwand Lo (Y410) ol Ken 5 Qui
oo ;0 (nz )3 (b ailbog; ade> (sejn)
i adlaie 5l ils p jlaie axidl ;o GMS® 33le 5
(YY) o, e g GEMILZI (yioan .ol 43355 5]
2 iy Sl (o Wy, o5 wals ol
Jlo b Lg ,o VOSVOZIS a0y, jsul asg>
0diSS S e 7 5 Slacgazms loslainl LYY -
b Yl 4,355 45 0ms o lii o 2l 5 T &l ris
g & Ol s wilhee GRG0 )8 Ll
ole « (VYA o )Ken 4 Salem ol o 2als
o Jlod )5 ai s ol s (Sl o5 szl
chle Sl galw aw o BIS
« RCP8.5 4 RCP4.5 RCP2.6 _x . (RCP)
VYA G +/00 (e VA B +/FO o3gamme 15 ol
Pholkern .cool asls zals 2o YIVY G /Y8 g e
Sy 058l Ol sy j0 c (Y2 VA) oL,
039> 30 (e 2SS 5SS p lsmgl
ooliiwl b ol B,4 Jls ,o Huai Luang jsol
sl ,, CanESM2' 3 SEACAMY Jus g0
s o] Jlo ¥ b aS sl ol (PR b
2 9 sil3¥ CaNESM2 Jow covs ol (o o]
Sgas ledl g o b o ials SEACAM o
S Il eSSl ool Condy 4 az g L oS
Wil slapglss 5 ad b gl JlSas L plgs
saste (Sojlgiigaee sl JlSas eV
gl babal; ;5 (69,15 Slaiss ploxil pg 3l il o
Gazg b Bb il 6500 60l (Gen o
S desi g St adhaie o oS Cdo (85 )18

4 General Circulation Model
> Groundwater Modeling System
6 Representative Concentration Pathways

Yof



Yoh

ol ! &1 5 6kl (owaigw (Sidgly oole s pi
Voo il sl 3 Ja o5l 0235b Lo

Ole)s il 9,585 30 lo)S Cedd CoaBge 09 o0
sl 0 ) (V) JSb o

el s e

3 el ol g mbce cpl 5l g, o sy cle

Cgeite HedS )8 dcgies a5l S o

4400I00 4500I00 4800?0 5000?0 5200.00

3320000 3340000 3360000 3380000

O e Km
10 20 40 60 80

T T T

3320000 3340000 3360000 3380000

T T T T 7 )
440000 460000 480000 500000 520000

a2l
O Usiin
DS S g ol

ol s culs ol,éqi 0dguso (V) Sl

oS ot Caridg (o)
OlayS s (35l Sless bl g cslis ol
Syl lgie 4 SDSMA.2 Jow 5l eass] slaans b
sl Joe (29,5 595 s bl G105 elidess ) sl
bug Sl o YooY Jls ,0 SDSMA4.2 5L
ol cdl amwg (Yo0V) oL,kea 4 Wilby
Ol blojl s obgl Jole Slo 5 ubidey,
@‘MLM oli......ﬂ u»l...n.o o GA-JS| (5L®)—;-*-°
S92z b S5 Gl psie 5 (owiad (o)
Wilby & Dawson, ) el (eoasS oo i)

i Jels g9 i 5 sleesls (2013

G (59
alis, sleo 9 o)l sleesls Gdms opl yo
S ey oy Sz Ol Segtew oSl
olobe 51 (V-+0-Y48Y)  gloy oy90 (b ol
Sideres oldbl 5 LS pll owlidles
§ ol cess sl calidine; s OTAF-IFAY)
W3,5 4w (led) lpl ©f mlie copoe sl
Oy oy 2 sl 4 Sl (g5l aez 5
Sl 5 oo 2l il e 5 (ol
ol a 45 05 00li] GMS10.0.5 5 SDSM4.2

Wb oe g A0 4 Ghegh el



2

Sl s g i

O simmed ot 5l s )0 A0 mlaw o oKl
Sl Bodiod (i by (e L) bosisS iy
3 ey e b esliiul S (Saen Julou
slddos I Jols mbs elul o Giegh ol
5 b Glp oS i (e (Ko
Jbo shele 2 58 0iie iz (ygem )5 S Glode
00,5 Sl le,s s Slaslis ol ¢l y g
) @ (S Gl Ol a2 2 Ol (nl 0 S

KPRV PES S GOV SLIN WAV TR T Wt

ol 2! ST 5 kel (owaigw Shdgly oole sy
VFoolwsl sl 9 Joex oyl po3L Jlw

Sbodss wlie 0,90 ,0 NCEPY 35,0 slacass
Slde Sn Joe ol 5 (Te-0-128)
wline 0,98 ;0 39290 g ,lw e CaNESM2
les,B 5 (VY=Y e #) ool 0,90 0 9 Sboass
gl g & jao a0 oLl o ulBl 5ss slaosls 35 0
O SleoaisS o e 5 (1 J52) W8S
Slaalie 0,99 e Blyzil g (S0l 4 Cns Joe
5 alolis gz wins,S oslley (Y--0-)48Y)
regd sl g el soaisS oo yian Sl
o hlis sl 5 Gk b s logiee bl

Miao et al.,) SDSM4.2 ,l381s 55 659,9 oylge & (w yiwd 0 CANESM2 52 wgos (0,5 Jow wlasine :() J9o=

e el cablolg g yLew SO @ yud
RS a1 g0 (w/m?) a0 4 Sl
51 8 Fa- Ppm Yool lads las RCP2.6  Y/A\YO%Y/VA-#

PARRRNLH 9 &roran Sy
AR ahoe Aol

b o
Slom g £ PPM g mjeyie p ol $/6  RCP4ADS
b Yy Jle Yoo Jloslas

G AYY- Ppm s Olg MO 5l e RCP8.5S
e gl J 53 aeyeyie
Yy

&z IPCC S Joe

IPCC-AR5  CanESM2

s glaosls 35 e

NELPW]

Y

J.\.A \))SJ-Q.C ‘LSQ'JB‘ uLCg.og.A xR B

L oaly, slo 5 o)l i ,o CanESM2
GASSLo i g (R?) TSN RO S = P A DY 3| PEDY

° National Centers for Environmental Prediction

YoF



Il ST 9 63kl (cwien cidgfy sole 4y pitd
Voo glansli ke 9 Jox oplods @230 Jlw

RZ

Z?:l(xobs,t - fobs) * (ymodel,t - }_}model) M)

. — 2105 . — 2105
[Zi=1(xobs,t - xobs) ] * [Zi=1(ymodel,t - ymodel) ]

2
NSE =1 — 2?:1(xobs,t - ymodel,t)

2?:1(xobs,t - JZobs)2

(V- 0-033Y) bl Sley ey90 S 5o AL

M

5 Shalie sloosls polie Xops r Ll jo a5

a>ly 50 ead (gilwand loesls polie Yippger ¢
e 55 4 55 Ymoder s Xobs 3t b
5 Lo ouls (giluas 5 Slaalie slecsls ,olae

(Moriasi et al., 2007) <ol pé (oudeid d9a2 g Juwo U 55l ol s :(Y) Jooz

" st il s b))
(R?) trons G5l 56
(NSE)
0.866< R2<1 0.75< NS<I1 cob s
0.733< R2<0.866 0.65< NS<0.75 s
0. 6< R2<0.733 0. 5< NS<65 ARIRTE
R2<0.6 NS<0.5 " Jsed puc

03325 2 §3lw s
5 Olsul gl slaglog bawgis o)y jslaton,
Sl (g pSo3lil g St 9 o po (lao 90 (s
ey g9 dewle 4 ool aldle g (sloygo
sk ol cbs deiny ol Sl SlSsue
ol VY LTl eoliisl L (VFRAE-VYAY) (sla Lo
@ pladl gam a5 jo (Y JS8) el 00l slodalin
Sl a8 ileand w0 S Gl Jae 4w
B ;0 MODFLOW gous oS lawg o)y
Jow wgdae oS opl cd 5 e GMS 3316 5
Gt gilwans SUly a5 col sgame Jolas

10 Evaluation Criteria
11 Satisfactory
12 Unsatisfactory

O3Sy 5 Gl S¥olas @ azgi b coled o
oo Sy SlrodisS i w00l oyndlS
laslice sLos 5 bl slo ol b L NCEP 556
Jow sanl lasols (59, p ol wlibes, anl s
3 RCP4.5 RCP2.6 slag s oxs CanESM2
&y P! wbae ;o Lo g 3,L ailyg, slaosls
Feyissa et ) waus,5 odgi g gslwands ST 6,90
.@l., 2018



2

Sl s g i

hpdy Syge ol 59y 2

P
365

(Mlday) Sai,b 5l cob adss R ol 0 a8

x )

5 ool 4dss a0 a (Mlyears) a4 aVls )L P
olae polie suwly A 00 e L SW)L
Gl e U ogd oo Mol slaigSar (g yunn
9 oo bawgs oud dslone (Sdgyoem Jb polie o
Hlade 0,5 lnlzd‘ Slosalin Slool> ;o ous cvalive
Cus slailate O (555 4 azgi Loy (ool 4yl
)5 Ll 0 0o, 0 hugie jsbas (VWWAY) oS
Baile byl sl 5o Bale e lali o 0l
sPEST 5355 (A9, 99 5| (o5 5 alomges (il
acjﬁe sbdu] )Jél.n.c 9 IR ‘DL?U‘ “51.“:0 LgUa;- 9 ™
Gilwdae oogazs mhaw lp (Sgue colus
edse 9,5 0 dS sl ol 0wl il
oz Jolie by plprear S g e ()
& et S Jae oyl s5lepls
Sy gl dlS o o oolannl Ko (g5lwans
Ol ds polie o i b jll Sl j3 VAN 4
b @liosl o Bl SHgpee calas 5 (hes )
e Gizmen 5 Joo sl BLbl (n e 4 o)
Solae polie jo s b Llall a6l (YYAN
3 ek oy Bl dalol w038 g o g (Sdg 0
WA Jlo o dihie slaol> o mhaw Sledbl
G Gezen.dd oolaiul glaalin gleosls lgica
-\ya¥ (_.;LQJL.: (_gl.m:o‘.) ‘JM (T e )9.5.1.4;
L Joe el S cds wings 5 Ol 1YA)
s> mp Sk ady; bl byl
5S5le 9 (MAE) Gl sl S5l (RMSE)

F LY aaly) o gy (ME) s

ol 2! ST 5 kel (owaigw Shdgly oole sy
VFoolwsl sl 9 Joex oyl po3L Jlw

(El Yaouti., 2008) s ls I, Jlaub <> 8 oL,
L o9y Obz & ol > Sl Sl
ol o il ghe Sy e gl (2e5 ol
SedlS colls L GMS10.0.5 Jl53le 5 51 g,
A o oy Goamas gileand jslieay N
b Wlgce )5 58l 5 cnl po ol eolial laly
Ol Woles J> 5 (ga0aSd o ogpie Joo Sl
39)9 SR soorie Joe ;0 S osalin |) mll
VAN Sleey bl 51 (So3elsise e Jae 4 Sledlbl
wlosalice olx V¥ LT 515 g lopony ol
4 bgye Sledbl lasel (ghslsiss e Slogas
wibie (S S0s5 5 S Sw (535,5 o)y 55
bl Joeo Sojglyyams Sluogas 0305 oolinl
bslas slaie (pay aigd osls uled (650 Ll S
Shls 5 ol Ga by Syped (B (50
Joe ol a5 plas 1o Col 515 L e O jgod b
adgl 51y g adlase Bl S gre5 SleMbl (28,5 L5 50 b
o 5l Cales 0 S Izl i sl
ks> J> sl MODFLOW (e a5 s PCG2
ol b solatul (Ol Fmhaw s g e)p) ol
5 Silwderd allaz 1) SG3glg 000 LSl o e,
O lel gelan 50 9 dlone | Joho 12 50 b >
L sk olal celeisy ass obwl sl uled o
Ml g bl Glies 55 5 dihaie Gy & 4z g
olass g A lapygiw olass g o B+ 0+ s D940
Joe oy oole] 51 e o 48,5 Jas 10 1AY Lalas
Febl @iy slp Joe g el d2l ol
el Glotal dss 5 (Sdgyoee Colaa iy awl
(Sdyyien Colin adsl polie eass oly S
ol 515 laie » GIS sl 5 o Jlasl el jolie
O)ly (Sdgyien Colan polie G 9 oo o
3 ool Gdss oo adsl Jlade pioren 0l Jow
Poslanal b 59) 5o e ofoe s NPV plp (Swib

YOA



Ol ©T 9 6)ll (owiign (g (ool & i
voa | VFeroboml ke 9 Jo o lols moo3b Jlw

1 —n
e ME==> (hy—hd ()
RMSE = —Z(hm —hy)?2 (7 ‘
n n
i 1
MAE = —Z h
L .
- hs)li
VF ) 0)50 b yo sy ol e bl ahg shy (Slaalin gleol> slaws N )1 o a8
RCP2.6 o Lo cos sl 0,90 4 cons (VYA 00 (6 3lwduns 5 00 sadlive ol laws polie s 3
(¥ JSo).09 0 oy » RCP8.5 g RCP4.5 e 4

&2'.’5 @.w 7 . B3 .o e
ol g s lwg p eS| i U

03
Ol ol 3l wsF rwios Jow aS e
“doe slocodled Clél Bun aS ¢ s in sl

T d Ghegh el Jolie oy g olge Gl
SpS o B emin s S S50 2

Jow buwgi adlain gosls (o led (whilo sy
SDSM

b ol oY CANESM2 Juo ewls sl P2l i onl 5008 eoliiul Wil o bl
b )loged 5 bl o 515 loadds (M B
B L g5 o LesT 5l onliial L aS 55 oo 4l
19 o0 a5l i wilizhe (gLl (slomus) 2l Lol G Bblie lyl Jloto anmys
5055 Joe sl Il slaesite lsie 4y (F) Jso L ST sledls (b glsel conss (b mlaw
it asld lo,S ol )3 sonldl ke g0 ! 2 o8l yeds S gl delal o g0 (s

b b1y Bls,l o iy o5 cwlide S5 slo st
Gazg b .aigdh bl wsyls ddlaie o alyg, sled o



2

ol 2! ST 5 kel (owaigw Shdgly oole sy

Sy T VFeoplwali ke 9 e o los 2050 JLu
fgaalil glaasla s dsl g glasala 5 DEM <) gl § ja
ks g o el | Sy S
ol g o il sk GMS (2 H TR
dads (GIS) 2 A
R 2

Wl pal g ' nsda i
) Sl s

MODFLOW (Jas (Ss2

(380 ¢ i) 4583 ¢ 5

g b O pad pulie
PEST

9 iy e g i P g el Aeda
. iz ¥
b it o ua h; a # Sl afla o e LSV
3
3
| e o e
| -] Jr
SAIRIE
"':) ", o =
achile
3 2 2
3 Y “ h g
Y 1=
_________

RCP (sbgs ylow e (S5 @l (g5lw o :(Y) JsCio




Ol ST 5 6ylel (owiipe (Lidghy (oode 4 2l
voy | Ve obawsl ke 9 o oylods g3l Jlw

4iliey slod 9 GhHb (30,5 Jue 50 AL (gl ko (V) Jgu>

e SIS (265 ey 5L piiko oW (295 ey Sl pile il 9,

RV ISl siSa B+ + o5y Cughs, Ncepp500g|.dat ok \

JYYY PEVCE BENE Ncepprepgl.dat Y

- IAY JSul S 00+ 059 Cugb, Nceps500g].dat y

RN JSul S Ve v e ohyg Casb, Ncepshumgl.dat ¥

A o g0 gl o Les (. Silee Nceptempgl.dat Lo N

¥y JSulgzSa Ve v ISy Ncepplzhgl.dat s

. IbF ISl Ad il g3 Ncepp850g|.dat v

_ %A ISl S Ad - 15T Ncepp8zhgl.dat A

R ISl B0+ os Cush, Nceps500gl.dat q

5o o8 il az o NA Gl 4y sualei ole jo Lo CanESM2 Juaw LIS o bojlre obj,l b
olws olo jo Lo 2alS yizen RCP2.6 4 L ol 5l S ali, by o)L S 5o
@ ol il az o /oY g /oY )oY Gl olas (F) Jgaz slalxa ol plis wislb o R? g NSE
RCP8.5 jRCP4.5 RCP2.6 slags L ;o s 5 sled 5 )b miim 5 e opl 2l eaims
Jbo Jgad (ooles o Lo (Bl (55l 4 cadly oo Sk Sl (1) S8 50 fizras ol o 4l
gils gloole o o, ralS yuies .l ools & RCP4.5 RCP2.6 slag luw cox ddlaie slos g
A8l o 3] g )l a2 50 polud g wjle ey 8 el Sl bl .ol sals ools Lis RCP8.5 4

Lod 9 (b (St 30 CANESM2 Juo b 551 (sl slare & o gL :(F) Jgur

Ll bz Aol
R?) (e o (NSE) LS5l 2L
120 -/9f ot
AL “/AA Lo

mOBS (1961-2005) ®mRCP2.6 RCP4.5 mRCP8.5 mOBS (1961-2005) ®RCP2.6 RCP4.5 mRCP8.5

H 30 40
3w 33
% 2 :J 25
Y s _1) 20
10 15
’% :1 10
" 5 O s
0 0
a > > X
~ s‘bQ Q&? Q&‘D‘ VS‘ @‘bﬁ 360 AN vﬁ’gfg 09&é04 Qﬁc' 3‘}0 Qéo é@‘ V’Q‘ @‘bﬁ SQQ A4 V”\}% %@Q v QOA Qﬁe
olo oo

‘SLEQJ)LL& oy ‘Ub 0j90 A (M (Y’Y”—Y”;) 099 o adlio aibble (u) ‘;s\d)b 9 (sﬂJ‘) Lo u‘x.u -b.»)’.o.o (Y’) J&&
RCP



2

ol 2! ST 5 kel (owaigw Shdgly oole sy

Ry e pbomali sl 9 o o)losd w03k JUo
KIRVIRET IRCH JUUPS IR WY (o) B PRESIR W P PR WY SV )bl 0,90 (b CANESM2 Jow b
s e plis a¥le 5 lad &jso ar ) )L sl s Qliwey Jad jo (5L Gials Kby (V- -7
Al yolio 4y Comd ouid (g ilwdand ()l e Wil 1 Slae Wl il w059 :(8) Jgu
aYlw ""')"*"" QU'“"“} )-"’l’ Ql:"‘“'?u )LQ'.‘ 9'.‘.)l""“’
VF/Ea SARlal IRAAR! YYFIAS OA/YY RCP2.6
V4 -Yo/-# YYYIYY VYV \RAR RCP4.5
Ya/vse -VFT Y- YIFY YYAIYY 0/+A RCP8.5
5 Slojgd Dlpsd spSojlul 5 S 5 osb e 0323 21 31 Ol (5l Jue
iy 2l SlF ST Hrizes 5 alble or @l daghy, g olye slapls Gl

(F) UKo o allo VF o,50 b aslllas o0 dibais o35 et 5 Oyl gl glaplug Lawgie

el 00 00l QL..MJ

—@— (i) g
1695

—i 1690
= 1

). 685

' 1680

2

‘s’ 1675

13 1670

fi 1380 1385 1390 1395
2 Jlu

OYAFIYAY) 0588 (b (oo ) @1 315 G159 00 o ged :(F) JSb

oobol (S yae colaa el s (0) UK 5o raw Cdl as s co Lis (¥ loged) Bl T 0.0
3 59y 5 o YIAY jlade o 2eS (o ooiwly gl oo 5o Jle o e VO g jebay Sl
DOl oo yurio Jgy 50y TV/Y Jlade oy iy aS Cewl ools Z, AYANIYAY Jlojy o5L jo LS

Oeed ol Sl Glesul yog 631)79 JUERARENY

Y&y



FEPoore  PPBesss  F¥Veoon

F¥Yoroe

Ol ST 5 6ylel (owiipe (Lidghy (oode 4 2l

Y&y

[ FSrere

Fhooos Desore

VPoe i 5l 3 o 0slads 02036 Jlu

BYsses

1 1 1 1 1
.
b
- 3
:
>
3
- _,’
.
:
- - 3
:
g
3
- | -
.
:
- e
:
3~
3
- -”
.
a L <
.
pe
2
3~
T T T T T 3~

Flores 7 20N

FAsose Qosese

DY eree

() Laial

SRR

YIAY - e[Y$
VoIYF - WYIFE
WIFY - YF/-¥

O rrif-vrivy

O ryivy-viy

380 2 e Sl Sl

(<) Lairly
CRoossiom O30
0 Al Gy paa

ety oy 08
DRVEDR (N
o -vv--1-y S
o -0 O

(c) Wl

sl

I35 Fadgds
ofses¥ — ofes¥y C_3 efeveetY — oferee$y

elrses$) — o osstA
elesshA = sfees¥D
fere ¥ — ofeesdY

ofsss Y = s]sseB)

PP oree  PYBeros  FYVeroo

FY¥Yeoes

FPVooor  F¥Dooss  F¥Voroo

F¥Yeoen

FSorer

1

Fhooos

Beeass

~

AYsses

)

Aelisle e

. )

.

Y.

T
Fhooer
[N

T
[T 200
[T 200N

T
R
FhAooos

Brwees
Dosore

A evoe
N

1 1 1 1 1
1C
A sl
‘\.('-, \,
o ;
1 @ &
i
4 R i e
- ¢ . i i
\._a"\-. \"\ !’ Y
\: —"\\ 2 N
il g D e - b4 1
\ b
i \
{ s
7 -y " /
< R & i_ (,
i \'\._ - N
al e e Y f. S
T T T T T

Flooes

[T

FhAooos

Devors

OYeeee

T 90 ol JISCBl 33 i 41 gl (5l e ikl g A3 0y oy 1(8) S

PPFoore  PPBoess  F¥Voron

F¥Yores

FEVorer  F¥Deerr  F¥Vrror

FPYoore



(yoo) las ylado

A

B9 @l 4 4z b (P JSL) WS aulxe e
3 B <8 5l eats iy Jas S ol
Lulyd g9 @ Slgiee (o2, Jae 5 005 0,55
Sl ) loyS <o plysel @Sl xnb
Siluodd Sur oo onl 5l Glgiee nalple oS
2 i 2l g Sblog @l i 50
Cordy bl uizren 0,5 colatul ST sleo,ge
oads oals Hlas lal cdls o (V) USG50 e ieg jus

ol 2! ST 5 kel (owaigw Shdgly oole sy
Voo plimal 5l 9 o o5lods 03 Jlw

oleyS s gzl Slalllas 5l sael s gl

5l ax ME s MAE .RMSE  ,,0lis a5 ols oylas
fele Ve plp sy Bal cdb o ornly
Jod LB cds saimoylis aS abl oo e o[- F0 4
polde e il oo Buile cll> o g5lldas
Sloy o3l b Ve bl (oinly al> e o e
o Y g ANVE NF s 4 OYAI-IYR)
s Jl) i Cors al> yo o Las ) el Gy
<AV g YA XIYP L Ll e (IYAN-ITAY

= Meaan Error a5
= Mean Absolute Error 40
= R0Ot mean Squared Error 35
30
50 :3
40 .
3 20
30 —~
3 15
20 T 10
10 \
o 0
10 L—1 2 3 4 5 L1 2 3 4 5 6 7 8 9
S)lwands o5 Sl o5
&l <
50
40
ERE
2
3 20
4, 10
0
1 2 3 4 5 6 7 8 9 10
-10
Slwdands o5

G OYAYAYAY) Hlouly 090 50 Al oxiuwlg 0,90 4o alidko (g1 ,ST 40 S0y} ol b g ilwand s pmolio :(F) JSCi
AF-IYY) meweame  (FN-1FAY) Gl LG

i



Ol ST 5 6ylel (owiipe (Lidghy (oode 4 2l

veo | VP obuwl ke 9 o oylods g3l Jlw

34 -

33 _ {'4:
RIS
X 33 ¥
" _ }
<
n
>

33

3.3

440 450 460 470

500 510 520 53

180 . 49
X-axis (¥107)

GMS Lz o ol Cdls (o b fegin Cardg (V) S0

YA JL 55 (i 558 Lamgie 5 o s 5
30 Gl oael s @ S yie ek -AY/0 8
WA Jlo jo G35 s S e g5ledoe ;5 oS>
el o] sy CaSo yie Gygubheo —AFIVED L ol
et OF+3 JLo) s3loin Jlo bl 53 izmas
gl —AF/F 9 Voo /D VYVIA e 4 lesol
RCP2.6 oyl cov iy a4 oSyt
(Fo los Jga) 03,5 5,91, RCP8.5 ¢ RCP4.5

Sl o 50 (o 13 T e
Jbs G0 Joe o @l alie jlate o
S S b 0TI (gl
OIS 3 3 (Dl oleS s gl
el 00 ol oylo S Silalllas o3g0mme T (Dl
ol e il VYEATA el by &S
33 &y FegkS VoY (N e3gaone Cobae 8155



2

Sl s g i

ol 2! ST 5 kel (owaigw Shdgly oole sy
VFoolwsl sl 9 Joex oyl po3L Jlw

Ol Dy 50 (ol slags sluw 3 Jolo (55,b 51 (U Adds g Cadls yr (F93S Wigy asldl 13U i les (F) Jgur
ooy cls

Jw

ra.
)
ray
ay
Yar
LT
was
ray
LY
744
\Foo
1P+
VFe¥
VFey
VFo¥
1P+
VFo5
VP
VFeA
1F+4

byl (mm) ),k

csleSy  RCP26  RCP45  RCP8S5

Sl 0 pe
(MM?3)
~QFIVY \¥U0 Vo0 Y04/
~QFIVY Ay VO WA/
~QFIVY VYEIY RV V-4Uf
~QFIVY VAVY Vors AY/S
~QFIVY vy VFY/A Y-
-AFIVE 88 VEY/A VAAID
-AFIVE VE-/) VWEY VYV
-AFIVE Y1000 AVIY \RR 2
-AFIVE YAY/S V-0IF Y- AF
-AFIVE V40/¥f Y.5If ¥EVIA
-AFIVE v/t VAA/A VEVIA
-AFIVE VORIV S V\oIF
-AFIVE RV VY VYEA
-AFIVE VAP VY F YAAIY
-AFIVE VY- VYV VY
~AFIVE VWF Y0 VOAIY
-AFIVE AYIY VY T/
-AFIVE Y55 ya/ VYA
-QFIVY FYAA YYSIA VWY
-QFIVY \YY/O Yo 100/

(MM?®) Sy 5 (b iz el
RCP2.

6 RCP4.5 RCP8.5 RCP2.6 RCP4.5

-z -ary
-y -Y#I0 -UN -av/A
N A -\-YIY -V/A
-NY -YIY Al SARINIA
Y4 AATA -\ 0/A -ay/A
-+ -YIY EYZAl -%/A
-v/4 -FIY -v/Y -44/y
=Yy \2a -AN -14/0
V4 A -y -1f/4
ARYAS \O/F -AAIG -AFIO
-+/A EARIAl -\ Py -V
YIA -fiv -Ad/A -AQ
-YIY YIY EARAl4 -\
EARIAS Yo/t -AAJY -V AIY
EAl EARIAS -aANf -1y
ARSI -\ -\ YIY -Y&IY
-\5 -fio -4y -V\YY
-a/0 Y/f -AYIY -\-2IY
\# --1# EATAl A
=YY Y/¥ -\YV/A SRR

MM?) s e oy

RCP8.5

-ary
-\YYY
-a0/F
-14/6
-AYIA
-49/4
KAl
-AAA
YAl
-MIY
-y
EARRIAS
-a¥/7
-M¥
RS
-AAIY
EARAIAS
-af/¥
-avI¥
-q¥/f

Oyeizmer b co ialS oogue JST ;0 RCP8S 4
Ol s 5o ol s 515 Gl liee oy
Al g cul a8 5 o0 iz glaoly o 4
g YEIVA e 0 Ol laws iol38l 5STlas 5 zalS
RCP4.5 3 RCP8.5 o L jo cuip a4 yie +/AY
Sz 4 2L VYA Lo 4 s VEAR L o

] 00 00l uL..M.s \) JS.MJ 5o UT C"L"’ as

e (1090 50 lgtul Cuxdy 3l
oeelBl Ol pods 56

e ile i (5,3 L weuldl i 31 s
Lwge aS ol las Slo,90 ;0 baol> 51 55l 00 00
gl 515 4 S 090 onl ) (e o el 51
S VIYE o YN ol 4 \WAVIYAY Lo o O]
RCP4.5 RCP2.6 gl Cd i 5 4y oo VITY

\i2s



Yoy

FEYorre FrFoers  PYSoren

FEAN o oeee

FEFoers F¥Seees

FY¥Yoene

Florene

Sl 9 olal (wiige (dghy (ole 4 2l
VFoo lawnl . SO g e oylods o0 Jlw ol !

LS \ G
Any .
x| 3 =r = &
= b 7 &
<, 3~
i £ - |
L e & b
.‘ N, - > ) \\l
o e /'"w-\.\_“ e L "\ L 3
i 1 1 &
"'/’ "-\ t
ol Laal, ST N L il
2 " ~\ \i g _‘if .
C2Royssisn @ -viss--sn LT osadl 5 Of AT Lo
. . . i .«a . . . { =g >
) ) cdl “ 51\ = =AIDO ) ) ) “ =YY - -YA/£Q t
“ Yy ol —FI8Y - V) I
o8 A00--" mrwr——w—KM [ RN Km
AR ¥4 R Y. v | —SI5Y - —\F/AA v o8 Ve Y. Y. L3
H | N i i _ ] 1 H : ! t
&
3
3~
'
3~
P 1 E
b { iy . % — } B
Ll L A Laialy N N R /
oy e N ‘\" i ¢ e » A Y "~--~-»—-“ 5
| (LS Oedd o “ -IW/A - VYV S J """“ﬂ | ('.4--}' Olsd e “ CVEIYE - —YVBR S - s
s oswrey Brit T T S g S >
iy ol &l O vy -varsy el el ) [ PRI SRV r
—S1BY - JAY H1 —$IAR = +/FD B
[ S (2 S — O -rARF--vrva e KM
—$1BY - -AY/4. v B hs Ma i —$1A8 = ZYF/YF S8y Y. v Lt

[ T

Fheoer FHeree FAeoer Devose AYeess [ 0N FHeeee FAsoss Devese BYsees

(6 o w0 «illl) i 3 4VF+4 Jlus ;o RCPB.5 3 RCPA.5 RCP2.6 g9yl ATAF Jlus (5in) iomopr ol il :(A) JSa

iy 2l sz ez JB U St Jd 4 e bz et

Slhbl s ol Glagl > cde e 4y g atils L bwge glo piacw b oawslio o Slsmsl
beb‘f&m‘ow;}woéjmw‘mﬂ Q)J).».A.e(c \.\J)ju’.a )‘).9 )—A—)L’MM‘S‘M
@l el ol GBlope Lulyd o (il 0 97 bz Gt S oS Cewl (pl 4
CyaiTro Ml)‘jae R T R R l; J._»‘).g 3T -‘5045%\.)5\: ).ulA =Ry ) 6&9] J.QLU)JJJBJ
b geiny ol e phe 438 i s gl cel gy JB b 4 Wiy
470 ) 5955 o0 D)o Slsl sl e ol 5l pleyS o e sl @ aly slaptesSl)
b a8 5 Ol g Sk s e jl adas a0 Gub g 0l S des § Sz Gblo 0 pgas>
b 45 3l LS b (pizeen b o (B pas ol | @ by Sgues colse lde ol s
MlJGA)-HO O/« A¥ U‘?’UT cal hwj...a alw oo 0,92 uLA)S S u‘g.?u] g.)).c 9 ;).o )‘ ‘sul.bu.o.m&
5 e VYY 5l e ol 5l cdl JBlas &S Sy lacend a4y byye o] yeS a5 aib e
Sl e VY g o] Sl 4 (B S 2 Gl sleolx ol 38 s abb e s



2

Sl s g i

0)99 Jsb )0 (o) 2 gl i 1alS i
Syl Ciyllas g oo adlaie pl o (5L
Oyl e p melBl i ossay 75U gy 50
O SpaS Gliee 45 0l Glid @l pleST 2o
Slog L ;3 (5350 S g Sl 039 (e Lo
2y w5 4 RCP85 4 RCP45 RCP2.6
Ul 55 e o (yseee ~AF/F 5 -1+ - /8 ) YV/A
OTA0) o )San 5 ol lomcs gl b 45 ol ey
g Sllogh g oeldl joss 36 (o) b B3I o
as sl sy (S leeygs o s py &l
Ol 33l 00 )0 VY awsgie jsbo 4y T o500 (Sail
0399 ;0 (§udgi b Ly 20,0 Silgtran wls lis
OMS toj; ol Joo & i plyie cow S
Sl e pyaely jelate 4 ol 5 )lg ouls asle
E25 b 10 205 aelol g )l ds ¢ o5 o e
Olidlas, o Yo bV b og)ls o g0 dalol g 09250
RECPCTIRCAPCEI SNITRNNS PRVNE 2% TUNURNIN
o8l s 8 s gl gyl Jlasl o ol
o390 39 lgpel 038 4 caSe jta (ygebee YITD
Jleel 51 4o g oads adlol \FNVTAY o o
oS e geken I o 5 4 pon 5 p9d sl L
sl o5 (lgFal 0 p33 5l caSe e ol VAT
2 QYY) Gl5en 5 033, o b uizren 0l
Shoslenal b (fumj o @lin Cundy (o) 4
as Modflow Jow Lwg lesol [Ls, osloas
5SSl @jei 4 azgs b assls (la
@SBl y el (oS 5 4S50 po e slaoly
cdl By el Jloy laylpd j0 aeye VO ls
SlassysS 55 L5 )3 LS 8 e il o
Eymae 5 g i o8l sl (oo
Wb ashie o bl e ol cels ol oo

Syl callas

ol 2! ST 5 kel (owaigw Shdgly oole sy
VFoolwsl sl 9 Joex oyl po3L Jlw

iy 2l e Ny gy 0 (VA oK
aS ol ol 5l Sl Le o &8l Volta alssg, o
S Mo A Gl o aVle e o] mlaw
Jho o3l 50 Joe o o)l cillae aidl zals
S3ligee e b OYNITA) (g5ludas
buogie b awslio ((VY20) Hlo,S cuns lgsol
Ok =V AV Sl 0 P S
ol e s b e el odal s 4y S o
bRl WY Jlo s o35 s e g5lado
el o] sy caaSe yio ygude —AEIVED
‘_SJT 0,99 50 (souldl (slagy Liw 5l Lol mls
VIYY ONY e a bes a8 ols 5Las (VF-2-1YAD)
RCP2.6 slag b ;o of 5 6l az,0 VYV 4
5 oyl polae b o iul38 RCP8.5 s RCP4.5
Ol 4 cuiy 4 al al a4 cad ST oyg0
RCP2.6 slag L ;0 0uo,0 YAIYF 512 N F/PQ
0,99 (yired b so il RCP8.5 4 RCP4.5
Jad o o)l s 5l Sl (W YAL-YF- ) gLl
g BuS @l b &5 wibee ke bl 5 ol
Ol j0 09,40 55 aildog, abe> 0 (1YAY) ),
Oebiore pl aSy ek ol cilas ¢ ubub)oT
0,90y Lyl g oo Sl s o s a5 aaile oyl
3 s Laalidl g cenl ools &, bl Jad o e
ol plos o o, F Bl a0 VY L -/Y0
ol CuiS Gl e g ol odalive
e o9 <ull (2,8 (T0y50 55 99 (5 4o,
L g o awlgss gob) Ol s bgstiws eaiY]
S e alals 4y (109 Soo3 o 4 i o2 aSLh
cusls ..\Q‘}? @b.?u Ja.:‘;w ddxio (_gLao..uY—l 9959 9
2 (YA o )SKen g Salem zls b cpien
2 iy S0l ) eeldl s S5l s
Aol ol as ey Gl (oML oy Jleds

YZA



Y54

S 9 63kl (it gy sole 4 i
Voo Ll (S0 9 Joz o)l o0 JLo o 2]

o i il aig, 45 ol s V-4 B 1D (gla Lo
A cdl e iulidl g cuile salgs aolsl lises
ol 558 0 ddlaie § s Cow

3y bawgie a5 olo las w8l o SIS cw )
gl Sl S 0)90 (nl o (i) o e
SVIVS o YA Glime 4 WWAVAYAY Lo o
RCP4.5 RCP2.6 ¢ lew o ol 5 4 yio VIYY
a1 ab e ials eogaze IS ,0 RCPBS 4
00,5 law molidl cus ol o ‘_sﬂ 0,99 ;o Syl
ol )33 T Wiy, Los Ayl 4 azgs b Jg
29 35 9 e SRl A e Les GRaldl cpl 1)
208 o0 SNl me pleFel 485 als colys
iS5l edady Gl b allie 6l edgins 5 ()laoe 3
izl oalinl )kl (g slo g 5 polie slaaisS

Soldpope &5 o9 oledl plEiee Cules o
Sl s 2 (ol (S Sl s Sl s
aS 0l aeles sansl 0,90 sl Gyl w5l e
JLis & 5 dibate lac] o 5l iy ol H5d o
aS 05 8 o0 adhais phas (o Canniiig 8 ol o
oleyS wls oy eliobls 3S d93 355 4
Ol g e M 4 Az LI clsls sl o o
55 Ol o alle S8l pliee o ule bl
Lagas Loyl Koo By 315 s ol 25T,
335 (o0 iy (nlple s Lol Jow 5 53505
b 50,5 eslizal oLl o Jlasiul slag, 5l 5
b eimod 5955 05 (a5 2l @lie 53, 2 )Lid
s S alS cgr @bl (pl il 4 4z
Jed 5l Y slaiSal, 5l lsiige 0y 23l g o8
ssbite 4 alahs) syl pllas PMlal gz (5l
g0d ool (2eiS all 2ol g e LialS

delse 51 sweiny 2l ojhe 28l g ol s

5 000,5 o0 Cgato ALLAS ABS Wiz [0 (55 Lol
» ryat & (RLS Gibe g S oS sl
iS5 yeb 4 el oo Siddar g Sis blie
Sl T s 2 5 Les aal38 L bl s Jale
435 pae el (Sal pals 5§ g eSS
uT W‘J)J o)‘s,o.b 9 09‘..4‘50 0‘5’”] QSSK 9 WLA
O 0 65pslaS g (Siao (s et liSee Bl
<l gl pglae Sl 5 00g 40035 e 5l i 3blLie
A 3aios onl 5o gyl ol a8 5 &g (s )
Slr ol cds (feminy 2l Sl g el e
@l 208 cwmiie (1FA-1T20) Sooj sas]
ol aslllas 5 50 ailate )3 ol (D (g 5l ol
8Ll CaSo ye Gpekes AFIVED sgam 4Vl oS ol
RSy b pleyS cubs po Ol (295 g 50959 &S
50 a8 Gl (Bl e ol a4l g 0l Slgten
Bl e VIO ol 4y AVl g pud dall ddlaie
2l liae (o) @S (rizmes 0 pS 0 D90
ool S5 oyl sdims BLES VFAE B IYAY elo Lo
Oygo Cabd alizee bl [0 ey ol Cdl aS
Gl Sglate alizes 3bln ;o ol o Lol 0,5 o
il p e oylgul sauzn JLSle Jdo 4 cplaS
Jle jo 0l o ddlaie ;o (5515 o o slrol> ST 4
8l e g yiniion 3 S iaST bl 51 AYAY
W ol cundS L Ll casl ool 7, o,¢ la sy 4o

5O Cld Ly} gJ Gt SIS VRTINS

&lw

w))a)uidl&o)wijda)fmb‘)mu‘f‘sm)).'\Yﬂaumﬁigéswm‘ﬁgd)ﬁp

Y e ol ol&ails aslibl (e, i (60,50 axllao)

S8 gilwancs 5l eolatwl b s ol polie Cumdy (gwyp AYAY L a5 5 g T LSk w5 (5353,
Y e ol oBiils aalibl L opmslyg Cus (63,90 anlllas : MOAFIOW Jow Lawgs lgso]



/ ol 2! ST 5 kel (owaigw Shdgly oole sy

Sy T VFeoplwali ke 9 e o los 2050 JLu

o5l 035> el slaosgame ol alie by (63boplSigs Slidllas 3,155 AYAY |l S laihare LT o5 5
bl g yenilyo sl oS

43[505) &Sy90 dslllas ) LS‘T L.SLQ 0,99 4 gsﬁ.la...u u] u...a..S).» w..b‘).»...u f..ula Ayay LS"?" CL......A 85 T 5lDL»S
Y e ol oails asli )Ll (o4, 4 y;

S5 e S ey 2l O el 5esS SB YR 6 il 0lez v 5 £ oSl gl ) Sl lons
JYY-YFY e v o)Lo...Z Y o9 ‘(5')’9]9)5\,'&:55‘ L‘:"T ‘_thbo)sc B

Ahmadi, S. H and Sedghamiz, A. 2007. Geostatistical analysis of spatial and temporal
variations of groundwater level. Environmental monitoring and assessment, 129(1-3), 277-294.

Ali, R., McFarlane, D., Varma, S., Dawes, W., Emelyanova, I., Hodgson, G and Charles, S.
2012. Potential climate change impacts on groundwater resources of south-western Australia.
Journal of Hydrology, 475, 456-472.

Basheer, A. K., Lu, H., Omer, A., Ali, A. B and Abdelgader, A. 2016. Impacts of climate
change under CMIP5 RCP scenarios on the streamflow in the Dinder River and ecosystem
habitats in Dinder National Park, Sudan. Hydrology and Earth System Sciences, 20(4), 1331-
1353.

Choubin, B., Zehtabian, G., Azareh, A., Rafiei-Sardooi, E., Sajedi-Hosseini, F and Kisi, O.
2018. Precipitation forecasting using classification and regression trees (CART) model: a
comparative study of different approaches. Environmental Earth Sciences, 77(8), 314.

Easterling, D. R., Meehl, G. A., Parmesan, C., Changnon, S. A., Karl, T. R and Mearns, L. O.
2000. Climate extremes: observations, modeling, and impacts. Science, 289(5487), 2068-2074.

El Yaouti, F., El Mandour, A., Khattach, D and Kaufmann, O. 2008. Modelling groundwater
flow and advective contaminant transport in the Bou-Areg unconfined aquifer (NE
Morocco). Journal of Hydro-environment Research, 2(3), 192-209.

Emam, A. R., Kappas, M and Hosseini, S. Z. 2015. Assessing the impact of climate change on
water resources, crop production and land degradation in a semi-arid river basin. Hydrology
Research, 46(6), 854-870.

European Environment Agency, European Commission, World Health Organization (Eds.).
2008. Impacts of Europe's Changing Climate: 2008 Indicator-Based Assessment: Joint EEA-JRC-
WHO Report. Office for Official Publications of the European Communities, Copenhagen:
Luxembourg.

Feyissa, G., Zeleke, G., Bewket, W and Gebremariam, E. 2018. Downscaling of future
temperature and precipitation extremes in Addis Ababa under climate change. Climate, 6(3), 58.

Fu, G., Charles, S. P., Chiew, F. H., Teng, J., Zheng, H., Frost, A. J., Liu, W and Kirshner, S.
2013. Modelling runoff with statistically downscaled daily site, gridded and catchment rainfall
series. Journal of Hydrology, 492, 254-265.

Gemitzi, A., Ajami, H and Richnow, H. H. 2017. Developing empirical monthly groundwater
recharge equations based on modeling and remote sensing data—Modeling future groundwater
recharge to predict potential climate change impacts. Journal of Hydrology, 546, 1-13.

Gibrilla, A., Anornu, G and Adomako, D. 2018. Trend analysis and ARIMA modelling of
recent groundwater levels in the White Volta River basin of Ghana. Groundwater for Sustainable
Development, 6, 150-163.

Green, T. R., Taniguchi, M., Kooi, H., Gurdak, J. J., Allen, D. M., Hiscock, K. M and Aureli,
A. 2011. Beneath the surface of global change: Impacts of climate change on groundwater.
Journal of Hydrology, 405(3-4), 532-560.




YV

Ol 9 6oll (owiign (Shg}s (oole 49 i
Voo Ll (S0 9 Joz o)l o0 JLo o 2]

Huang, J., Yu, H., Guan, X., Wang, G and Guo, R. 2016. Accelerated dryland expansion under
climate change. Nature Climate Change, 6(2), 166-171.

IPCC- TGCIA. 2007. Guidelines on the Use of Scenario Data for Climate impact and Adaption
Assessment. Version 2. Prepared by Carter, T. R. Hulme, M. and Lal, M. Intergovermental Panel
on Climate change, Task Group on Scenarios for Climate Impact Assessment, 66 PP.

IPCC. 2013. Summary for policymakers. In: Stocker, T.F., Qin, D., Plattner, G.-K., Tignor,
M., Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., Midgley, P.M. Climate Change: The
Physical Science Basis, Contribution of Working Group | to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA.

IPCC. 2007. Climate Change 2007: the physical science basis. In: Solomon, S., Qin, D.,
Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M., Miller H.L. (Eds), Contribution
of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge.

Jayakody, P., Parajuli, P. B., Sassenrath, G. F and Ouyang, Y. 2014. Relationships between
water table and model simulated ET. Groundwater, 52(2), 303-310.

Jyrkama, M. | and Sykes, J. F. 2007. The impact of climate change on spatially varying
groundwater recharge in the Grand River watershed (Ontario). Journal of Hydrology, 338(3-4),
237-250.

Kazmi, D. H., Rasul, G., Li, J and Cheema, S. B. 2014. Comparative study for ECHAM5 and
SDSM in downscaling temperature for a geo-climatically diversified region, Pakistan. Applied
Mathematics, 5(1), 137.

Kinzelbach, W. 2002. A survey of methods for analysing groundwater recharge in arid and
semi-arid regions, Division of Early Warning and Assessment. United Nations Environmental
Program. UNEP/DEWAV/RS. 02-2.

Liu, Z., Xu, Z., Charles, S. P., Fu, G and Liu, L. 2011. Evaluation of two statistical
downscaling models for daily precipitation over an arid basin in China. International Journal of
Climatology, 31(13), 2006-2020.

Miao, C., Duan, Q., Sun, Q., Huang, Y., Kong, D., Yang, T and Gong, W. 2014. Assessment
of CMIP5 climate models and projected temperature changes over Northern
Eurasia. Environmental Research Letters, 9 (5), 055007.

Moriasi, D. N., Arnold, J. G., Van Liew, M. W., Bingner, R. L., Harmel, R. D and Veith, T.
L. 2007. Model evaluation guidelines for systematic quantification of accuracy in watershed
simulations. Transactions of the ASABE, 50(3), 885-900.

Pholkern, K., Saraphirom, P and Srisuk, K. 2018. Potential impact of climate change on
groundwater resources in the Central Huai Luang Basin, Northeast Thailand. Science of the Total
Environment, 633, 1518-1535.

Qiu, S., Liang, X., Xiao, C., Huang, H., Fang, Z and Lv, F. 2015. Numerical simulation of
groundwater flow in a river valley basin in Jilin urban area, China. Water, 7(10), 5768-5787.

Salem, G. S. A., Kazama, S., Shahid, S and Dey, N. C. 2018. Impacts of climate change on
groundwater level and irrigation cost in a groundwater dependent irrigated region. Agricultural
Water Management, 208, 33-42.

Scibek, J., Allen, D. M., Cannon, A. J and Whitfield, P. H. 2007. Groundwater—surface water
interaction under scenarios of climate change using a high-resolution transient groundwater
model. Journal of Hydrology, 333(2-4), 165-181.

Simmons, C., Bauer-Gottwein, P., Graf, T., Kinzelbach, W., Kooi, H., Li, L and Ward, J. 2010.
Variable density groundwater flow: From modelling to applications (Doctoral dissertation,
Cambridge University Press).

Wilby, R. L and Dawson, C. W. 2013. The statistical downscaling model: insights from one
decade of application. International Journal of Climatology, 33(7), 1707-1719.



( ol T 9 @bl (s (Shargy pole 4 i
Ry e pbomali sl 9 o o)losd w03k JUo

Yvy

Wilby, R. L., Dawson, C. W and Barrow, E. M. 2002. SDSM—a decision support tool for the
assessment of regional climate change impacts. Environmental Modelling and Software, 17(2),
145-157.

Zhang, A., Zhang, C., Fu, G., Wang, B., Bao, Z and Zheng, H. 2012. Assessments of impacts
of climate change and human activities on runoff with SWAT for the Huifa River Basin.
Northeast China, Water Resources Management, 26(8), 2199-2217.



Yvy

Ol 9 6oll (owiign (Shg}s (oole 49 i
Voo Ll (S0 9 Joz o)l o0 JLo o 2]

Investigating the Impact of Different Climate Change Scenarios on
Groundwater Fluctuations in Arid and Semi-Arid Regions (Case
Study: Kerman Plain)
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Abstract

Use the output of atmospheric general circulation models to understand the weather conditions
and to prevent the spread and consequences of climate change on groundwater resources in all
ecosystems, especially in arid and semi-arid regions is necessary. The present study was
conducted to investigate the impacts of climate change on groundwater level fluctuations in
Kerman plain, Iran. In order to investigate the impact of climate change in future periods, the
CanESM?2 climate model and SDSM4.2 software were used under RCP2.6, RCP4.5 and RCP8.5
emission scenarios. Then, GMS10.0.5 was used for quantitative modeling of groundwater in
Kerman plain. The mathematical model prepared for the steady state in 2002-2003 was calibrated
over 2002-2012 in 120 steps for the unsteady state condition and the 2012-2015 period for the
calibration. The results of climate scenarios in the upcoming period (2006-2030) showed that
temperature will increase by 1.12, 1.23 and 1.37 degrees Celsius while rainfall will increase by
14.69, 19 and 26.29 percent in RCP2.6, RCP4.5 and RCP8.5 scenarios, respectively. The results
of climate scenarios showed that in spite of increased rainfall and the assumption of constant
utilization of groundwater, the average groundwater level in RCP2.6, RCP4.5 and RCP8.5
scenarios in the upcoming period would be lower than the water level compared with the base
year (2002-2003), by 7.19 and 7.26, and 7.33 meter in the whole region, respectively. It is
recommended that measures to deal with global warming resulting from climate change and over-
exploitation of groundwater resources by reforming cropping patterns, irrigation new methods.

Keywords: CanESM2 model, Kerman plain, Climate scenarios, GMS model
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Investigating the Impact of Different Climate Change Scenarios on
Groundwater Fluctuations in Arid and Semi-Arid Regions (Case
Study: Kerman Plain)

Meysam Jafary Godeneh!, Ali Salajeghe?, Arash Malekiyan?
Introduction:

The evidence shows the impacts of climate change on global, regional and local scales. It has also
been documented that human activities have already significantly accelerated natural climate
change. It is estimated that the average global temperature will change from 1.8 degrees to 4
degrees Celsius while the average sea level rises between 0.18 to 0.59 meters by 2100. Climate
change and human activities are two main driving factors of the water cycle processes and cause
changes in the temporal and spatial distribution of access to water resources and play effective
role in regional water resources planning and management. Groundwater is the main sources of
drinking water, irrigation and food production in many countries, especially in arid and semi-arid
regions. Climate change over recent years has led to significant changes in various parts of the
ecosystem, especially water resources. Application of the outputs of general circulation models
to understand climate conditions and the effect of climate change on groundwater resources is
very important and necessary to prevent the consequences of climate change on this valuable
resources. Therefore, the present study was conducted to investigate the impacts of climate change
on groundwater level fluctuations in the Kerman plain, Iran.

Materials and methods:

First, CanESM2 climate model and SDSM4.2 software under RCP2.6, RCP4.5 and RCP8.5
emission scenarios and then GMS10.0.5 software for quantitative modeling of groundwater in
Kerman plain were used to study the effect of climate change in future periods, The mathematical
model prepared in October of the water year 2002-2003 for steady state, in the years 2002-2012
in 120 time steps for unsteady state and in the period 2012-2015 for validation mode was
calibrated. Once the model has been validated, it can be used for forecasting, which is the goal of
most modeling activities. The effects of climate change on groundwater level fluctuations during
the period “2015-2030” was compared with the base period under three RCP2.6, RCP4.5 and
RCP8.5 scenarios.

Results:

The results of climate emission scenarios in the future period (2006-2030) showed that the
temperature increases 1.45, 1.21 and 1.16 ° C while precipitation also increases 14.69, 19 and
29.26% in RCP2.6 , RCP4.5 and RCP8.5 scenarios, respectively. The results of climatic scenarios
showed that due to the increase in rainfall over this period, the average groundwater level in the
scenarios RCP2.6, RCP4.5 and RCP8.5 in the future period (2015-2030) compared to the
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groundwater level in 2002- 2003 will decreases by 7.19, 7.26 and 7.33 meters in the whole region,
respectively. Then the estimated rainfall in the simulated period was entered into the GMS
groundwater model as the recharge amount. In order to better plan for groundwater resources,
three scenarios of continued operation with the current situation and continued operation with a
10 to 20% increased discharge in the period 2015-2030 were considered. The results showed that
by applying the first scenario of climate change, 2.35 million cubic meters will be added to the
aquifer in the next future period compared to the period 2012-2013 while 6.3 and 10.94 million
cubic meter of aquifer storage will be reduced due to the application of the second and third
scenarios, respectively.

Conclusion:

The study of water balance in the study area showed that about 96.745 million cubic meter of
overdraft is done annually from the area, which means that water inflow and outflow in the
Kerman plain are not compatible with each other and the result is a significant drop in the
groundwater level which is 1.45 meter per year. Also, the results of the study on the rate of
drawdown in the years 2002 to 2015 show that the decreasing level of groundwater occurs in
different parts of the plain. However, its intensity varies in different regions, which is due to the
complex structure of the aquifer, the amount of exploitation and the density of pumping wells in
the region. In 2015 and in terms of spatial distribution, the greatest decline occurred in the western
parts, but over time has been extended to the east, center and south of the region. Also, the forecast
of groundwater drawdown in the plain in the years 2016 to 2030 showed that the trend of aquifer
decline will continue and the increase in the slope of decline to the east of the region is
accelerating. Finally, it can be acknowledged that the continuous exploitation of groundwater
resources of the plain, will cause a further decline of the aquifer for the future period, which will
cause excessive salinization of water as well as land subsidence in the region. This will lead to
the expansion of desertification in the Kerman plain as well.
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