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Artificial intelligence, Climate ~ \nereduction:

Meteorology is affected by climate change in many ways. Climate changes are a

topic of great importance and long-term forecasting of climatic variables is crucial

Taybad to understanding their changes. As a result, General Circulation Models have been
developed to simulate climate parameters on a large scale. However, to perform these
simulations on smaller scales, the output of these models needs to be downscaled
using various techniques, commonly referred to as downscaling. Some of the most
widely used downscaling models include: SDSM, CLIMGEN, LARS-WG and
USCLIMATE. These models have been extensively employed for the downscaling of
General Circulation Models in Iran and other the world. The current study was aimed
to evaluate the performance of SDSM, LARS-WG, and ANN methods in downscaling
temperature and precipitation data in Qouchan and Taybad.

Materials and Methods:

change, Qouchan, Model,

Recelved: The study areas were meteorological stations at Taybad and Qouchan in Khorasan
28 November 2023 Razavi province. To conduct this research, daily data on precipitation and minimum
and maximum temperature were analyzed. The data used were obtained from the

Iranian Meteorological Organization. In order to perform calibration and validation,

Revised: the data were divided into two categories (70% for calibration and 30% for validation).
19 Deccmber 2023 The LARS-WG model is a weather generator. This model simulates climate data by
using semi-empirical distributions and uses statistical techniques to generate climate

data. This model consists of three parts: calibration, evaluation, and generation of

future data. SDSM model is a combination of two non-deterministic weather data

Accepted: generation methods and the linear regression method developed. The artificial neural
28 Deccmber 2023 network model (ANN) is a model of the natural nervous system and, like the brain, it

can to learn by processing experimental data. This method is able finds the relationship
between the set of inputs and outputs without prior knowledge of the relationships
between the studied parameters. It predicts the output corresponding to the desired
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input.
Results and Discussion:

Comparing of climatic parameters in observed data and model data by SDSM model showed that
the accuracy of the model in estimating the maximum and minimum temperature in both Taybad
and Qouchan stations is higher than precipitation. The highest coefficient of the model was for the
smallest temperature parameter, which had values of 0.59 and 0.53 in Taybad and Qouchan stations,
respectively. The LARS-WG model estimated the maximum and minimum temperatures in Taybad
station better than Qouchan station. The ANN model was less accurate than the other two models.
The current results revealed that the accuracy of SDSM and LARS-WG methods is similar to each
other and both methods can be used for climate change studies. According to the obtained results
and statistical criteria in this research, the ANN model has a lower performance than other models
in forecasting. The results of this research are consistent with the results of similar studies by other
researchers in the field of downscaling.

Conclusions:

Precipitation and temperature are the most important parameters in climate change. In this regard,
the use of General Circulation Models is very effective. However, these models cannot simulate
climate parameters at local scales. Therefore, different downscaling methods should be used. For
this purpose, in the current study, three downscaling models namely SDSM, LARS-WG, and ANN
were compared in estimating the climatic parameters of daily precipitation as well as minimum and
maximum temperatures at two stations Taybad and Qouchan. By comparing all three investigated
models, the results showed that the LARS-WG and SDSM models have the least amount of error in
simulating the minimum and maximum temperature and the efficiency of these two models is higher
than the ANN method in climate simulation. According to the obtained results and statistical criteria,
the ANN model has a lower performance than other models in forecasting. Finally, the present
study showed that the presented methods can be used to predict other climate parameters in future
studies. It is suggested that future research evaluates the statistical downscaling methods based on
the combination of artificial intelligence models. Also, the presented downscaling methods can be
compared with other downscaling methods.

Journal of Drought and Climate change Research (JDCR)

Winter 2024, Vol.1, No.4, pp 105-118



(singy lio

dl=xo

ol ot 9 JLuSiis sl i g3

Vo0 — WA wlxdo Y ul.uw.o) ¥ @Lu ‘P)LQ"-.? c)me\’a ‘J5| 0399

10.22077/JDCR.2023.6996.1049

30 glaio mulBl 90 (5l 5L g oo (g 3lw wlido sy ;9 NNA g GW-SRAL MSDS gla yog, b3,

S92 olwly3 bl

Todljmgdn Ao TT001350LT ol (g ¢! g yg3Litnd <y 00ummw ' col> Sl

| PRECSIUPRUESIUPINL & Ko (e g pole 05,5 wl alie (655 (ggzmidls )
Ol iz o i o olSils ol wiige g pale 09,5 JLiils Y
Ol ez o i o olBidls ‘N.J.éb.u.u 5 SSis g 09,5 ¥

oS
Olalho )3 Laduo (1 569258 9 = Fieten 3| (K 9= (090 (20— Lo
oSl (5Lp ol )y (5l 45 Lz 31 i (gladibain (polodio )0 (mtonll Ol yd
o Loyl (293 g g0 plzil (omilo 9 (oil0 Sy 5y ol 30 LB Sty 30
Joms dw Elid Gty il 50100 75 (o0 Lo Sz o8 hLiso La g 5l ooliiul
945139y Syl (oaldl sLp yolsby (g 5Lwansis ;> ANN g LARS-WG SDSM (— Lod poldio 32
Ol 98 9 (S—iis 3055 (sla 3 ST L) Sl olimuns 30 )3 ailgy (§lond dbonmilns § dicnoS
Ot ol 0y Ay Lo (9 ) il 5 ylimssl 55 (Jiize 9 0y (519 9 T L)
ol asiljg; (gloos dlu—iian g a—naS g (o)L (SLpodld Al Cmun 0599 31 j9—taio
St 1 b ko EBd (ghmmlin (5l yms g 355 o0litasl AAF Yool sl Jlons ys
= o osliiwl L 3tlao (Sl g Ll Olm po £ 900 (ga—ile ) ¢t o 0
9 a—uoS (5 3—wannds yo Iy Ldas ol 5—wo (1 305 SDSM g LARS-WG L2 Juwo ol i
agoS olyly 51— SDSM Jumo glbas 3o (Silso jludio .asylo alg)y (sloos dp—ilan
ol ldas jladio ablgo oIV 3 /7Y i 5 4y Lz g8 g Sl ol 93 50 Lod

! [ FY g+ /50 i i am Lz g8 9 SLu i olSiews! 90 ;0 LARS-WG Ju—o 50 j9—Sdw

VYA SLul o] )0 Lawod dsieeS sltdas g—lhao (p—Kilw ANN Ju—o 30 (535 9= !
7 S PR TYNIE SN SDVIN NI P CHNY V% SYCOVCHRIN WY CRWRR 111 g IS BT S 0Y RO
Sl yolyly —olio (g5lwannds 53 (5 Yk <85 JILARS-WG 9SDSM (o Loi wlidio 12
Ol 9 9Ll (gbolli—uul ;5 Loos a—ineS )by (pg—asy g asiljy) Glod (—ouldl

mahtabhelmi@birjand.ac.ir :_ g5cweo ouiows gt

i gowls sLejly
Jo—o (ylzgd il a5 ol b

Bl yo b
VE-Y/- /Y

‘ol e g,b
VE-Y/-AUTA

0y &b
VEY/N -V


mailto:mahtabhelmi@birjand.ac.ir
https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://jdcr.birjand.ac.ir/
https://orcid.org/0009-0002-6355-9920
http://0000-0002-9190-7534

Joe Slag g ol (8ly L3, o (GBS S
2 OloSen P9y ml 50 00,5 (o0 slaml (agee 13,5
Sl ) mleioabideg; 0l e Loy o
a S I 00l ploil sl 6,90 iz o ol
ey Sysgame Ly Yy e o Sty sla b,
a5l Jdoas )bl (g, mal b g o 4z lse
ol B oYU Ce g 090 solaidl (o 5 Ol
3550y o pole (lwo )5 o (mlaipulido 5
Wilks and Wilby,) c.wla 3,8 |, 8 -\ bdmo 4 >
a S glal leimlibes, slaJow a Loz 5l (1999
sboaoe am (g5 o0 s S (o0 )13 ooliiul 35—
USCLIMATE 4 LARS-WG (CLIMGEN SDSM
PEEN IR S N ) IV PR S
bLis plw g o=l )9 52 (eoges 50,5 Lo o
Kundu et al., 2017; Ar-)ailazils gols 0,05 Lg>
tlert et al., 2013; Tao et al., 2015; Ashraf et al., 2011;

.(Ramezani Moghadam et al., 2018
sboyull gilwand 5 (mleabion,; jo—taten,
53l j5 S 4 sl o B s il 5 Lao
9o 3l (Zulkarnian et al., 2014) I o2 5 i, SJg;
2l o S3gei s3li_ul SDSM 5 LARS-WG Jos
S =Yb 0, Slae SDSM Jos (29,5 45 ol lis
asy 1S s Loy SIS LARS-WG oo ay S
LARS-WG | iy SDSM s ailys, il &l ypeis
bwgie gloss jolie ;o Jous 95 12 j0 g oSl
=iyl s el 000 )5 camlin  iauli8l usg, calyy,
GCM 3l ool ol L Ll 5 T adgm (503,b 5 Lao
Gulacha) 5 S5¥g0 g L>YS SDSM o les ywliios ) g
S las i SKile 45 a8 S a5 (and Mulungu, 2017
UM KUV P .| J-N W B Yy - | K
awolis 0SDSM - Joo o, Shae 7l 550 (glasllas
Hassan) )|, o2 g s lawgi LARS-WG Joo s
CaiSDSM Jos 5, Shas 45 ols Lot (et al, 1998
S oz, m e ol ;g LARS-WG o 4y
=il 38l as, Ll cais all Joaos 90 50 SLuSs mols
oo 99 2 (o295 o alyy) Ol am s (Sl
Bucchignani) ), o2 5 bz .00 5 caal_iw

A_vl.uo)sl} B o..\_Ll—‘ 6‘9_Q 9 u] V\_A.»o9 (Ct al., 2018

Journal of Drought and Climate change Research (JDCR)

Winter 2024, Vol.1, No.4, pp 105-118

Qb&gﬁjd@b—g\l&n VoA

doddo

ool amsg po Dol Slpis 4 o8l i
Ol LT Ly o ls o)l lgn ol LasS!
Sran Gl g (e ladls )5t 5 (e
3 g (I K ien (b Gl
Iy Ghl53l laldS clasls o ol 6,5 4o
meSilea il e Lagls 131 ol i S
Yoosefdoost et al.,) .cwl oo (o) 0,5 gl oo
655yt ot Sl Sl a8l s (2021
Wl o ppg—asas ol 45 2 ladile | 5l
ol (b QU SLs csb ) b iy
Lo sl (IS 5oy w5 ls 5,0 5 1 5 S5
5 ole S5t 5 lade )5 s cely o8l s
Helmi and Shahidi,) o¢—3 oo by JLuSis 59,
ol a5 5 Slez il S 00y (rizman (2023
—sleixl g ol adl oo ST Jds 4
L gy Ll il 00 (ool by Con
clie SLoladl o ale aslyz o ol clacd iy
asd)S 0 (glaslls slasls el inlidl byl,n o
(Refsgaard et al., 2013) o043

3 2T g ol lm pite Baeaily (i
355 o 3¥ (Tl (35 pal b 5 Lol ol i ol
a5 8 ol o o—ele plbme Sl b 4z
5= g (5,5 sladae (el e ol
oabiz sl Joo sl Jlo j0 alaisl aewgs
O ) (S 92 (seges (80,5 el — g L3
2l o ol 5 sl e a5 S L3
claysll o5l wams (Delghandi et al, 2023)
) 9 (S I el y3 oo (ml o (ol
ol ol sleslaiwl cga 9505 5100, 0 ol
Smaligr ;5SS Lol o 00b (gilwand
SzsS Glide laseuSs L Lo oo ol (o9 5
P N R e JE
Samadi et al.,) a5 oo )l wbieSesS Lo
bl 5 (Soelins (39, 59 4 (mleipliiienn, (2011
—bin B0 5l Salns sla Jas 00,5 oo plzl
=0k g sbay aige Jodoa Lol waiis ls )5
ssbr gslal (g, po 0gdsoe ;- licd o LagT 5100



V4

. »3ANN 3 SDSM LARS-WG sla s, bl

5 Jooe 3 Bl L (g g ol 5o AL
O)ﬂo&wu‘ﬁwjﬁ)j w_ﬁlﬁ‘l_sol_ub Oli»_u.\)‘
4235 s o ANN 3 LARS-WG SDSM (L a o
Golwdnds o Lz gla lee 85 a3 o L Jos
g, g olge

andllan 5590 Allaio

u>—“’l""“"9'¢’ ol Jol i ‘u>_'§laJUa.o (09930
o=l il jo logd 5 ol ol glog il
035 Jlol pyecaaBoVe ga >0 ¥F LS 3,0
S0 ol ol oS Ol SiS 50, S
e 53 5 592, gl > Jlod )5 (largd (b et
YV LS 8, Jeb 4 ido YWy a0 V8 Lélax
l_g el 00 H‘j G]Lo_w uo)_c d_wo i 9 42,0
A o=l o8l plar b GlwasS Ll b4 a oy
t.;LQUL‘—“‘"’L’ﬁo)—‘*’ ‘_ngul A)’l_}J\ "-1\30)_»:
C.‘a_..a)\) ‘) om‘sé U_" u_..idyc (\)JLMJML‘SA
cloadlie 3l oolan il jolaieds o, Sl i gl o
—lebden, il Gloos o =5 S
6[&0&_&5«.&‘ 6‘)—.’ )9_7.:\.0 L;L&v,‘l.a‘)l.; ANN 9 SDSM

Obzsd g ol (il 5 (olidoeldl (umien
Las 5 ool oanldl slmaile oy codlyys g 4y
Aolie g Lzl Voo O L VAAS o) oogasme o
) omanldl cLpailge aslale Sosaily o Sileo
oa—l g bl g (Slaal e (eS 5 a—ion sl
slwoysd (b (lzsd g slnl gomses ool

-0 ST )L..hcl o)joj(\‘\/\?)—(\‘\ﬂ"() ST ‘5
)5—<;\A LrﬁlsuuLuLo LgL&:J..\.o )‘ ool l_a (Yeoo)—

&b Cosmo-Clim Jo—s Lo |, Ly 31 Jl—is 4
Y o, rals g Lo i l58l o m sl oo ges
(il g bwed il Se oS gz (—tagh o o)
LARS-WG (g, al (65l SrsS s, dms osllS
i i Ll omé Jlem ;5 ANN 4 SDSM
=5 .0 aulie (Hosseini et al., 2020) ),S—on o
O 5% SDSM. Jae ¢ () (ot sl 0l s
e S s sl b L e o o 1) (2B

60U 0w A b —olil Lo psie (59, o ol
0,4+ SDSM  Ju ;I (Naderi et al., 2017) IS o2 4

slod 5 )l sl ey (gilwand ol s S
SDSM Jo—s —|,I5 (Rezaci et al., 2014) )|, 4
Bl g9 5o Loes sla il (cmled by 1=,
aS ol s mouls aoged oy S8 g SCis
Les (it = (ol S edo 5 590 o, Sl |
)9_2...4“\; LARS-WG J..\_n )| ool _ul .ol )IO)PJJ
Olimw e 5 (Sl 5 Lod (olil sl ey (s 2
Jafari) LK ep g 4508 g, de> L ug LS
ox il mols s )5 sloil (Godeneh et al., 2019
5 (Alizadeh and Zahraei, 2014) —l,0; o ool —le
>, Sloc (Goudarzi et al., 2016) |, g (5;,09—5
w—leiwbidoss; ;9 LARS-WG 4 SDSM 5L o o
BBl o Laadl 00,8 vy wliller sl s
30 Jae g0y g cBy L Sl Sisdes 9 0w

Aib oo Lo ol )by (g5lowas
g codel Sy gl g gl (o L Egeme
= e 6 mleipeliien ) sladoe 5l S—
el g sie go A Az L g o las ;s Ju
Ao u_")aLu RGP P ’al_79‘ TLNQ.«JL»JLA)J)
Lo slo il )b (o5l wbiaS>sS Bao Ly g, jin

woel8l s g JlSas glo ighy ddxe

VoO-VVA Lo NFHY s F by nolex ojled (Jol 00



38°00°N

30°00N

24°00°N

Olpl s FWlao sdguxo Caxdgo ) JSb

Fig 1. Location of study area in Iran

5 il glogy b (gl S o (63t |y 00T
o0t iy 5 o J51s 53 (ol L Jas 235
Al od 0ols oKL 4 (g3l Wos 9 Sl

SDSM oo

lso 5 ol loosls w39, 99 5l (S 3 Jos ]
by 4 adbioe (b P ) (he) 9 (kB
(Wilby et al., 2002) o_i ool s oy Ko 5 ulig
-V cwloa s LSl o Lz 5ISDSM Ju s
(Jome (Zrimnly - 0aiS (e La e s
slwosly gilwas -F 5 Jow iwioo -V
slwools Joli Joo oyl (635,9 slwosls . o lil
e wlainS )5 slwosls 5 sl Slaal _iw
sladas s 5 (NCEP) e oy iy Lo
odmsl Cemss (Sl A (1 F G035l 4S5 ol
iy 5 &5 Jlé 4l o 5 SDSM oo el
5 =5 ot ((Sion slage3] Jloel L
=) NCEP olie 555 slwosls g (oxig—is

oo gl |y 00isS i e (s e (00

1. National Centers for Environmental Prediction

Journal of Drought and Climate change Research (JDCR)

Winter 2024, Vol.1, No.4, pp 105-118

Do S 7l

LARS-WG oo
Sl Ay ()2 dod 298 5l 6 —S o L
Adgr jedate an (Joae ol 03ls 1 so (eudBl slrosls
soli ol 5,Lal sl oSS 5l a5 ol slaools
slwosls ay 5o (bl |, S0 JJoas g oS o
2l S 65 35 (Sl 5 05 539
Cooed 4w I LARS-WG (Wilks, 1992) 5 s La o
ol slaodls (65l L adgi g (bl e ominly
LSLQ‘;)J5 “J-'I.:‘ )9_'4,.0 u_v‘ Ls‘)-' ol 00 J.‘S_mj
Dg—b oo Jdo g (rad Sboass sLsmesls LS)L—"T
@ pladl Slaalin glaosls 1 oslaiwl Ly Jocs ¢ upw
slaosls (ol o lel Slawgas 00,5 Loyl adg;b
Sl Jome cad> 1o ol o s led oo et | e giian
lrodld ()25 g i Simled Sl (225 desd 2595
slwosls Jas (gam a5 0S oo ool Slaeliw
509, 3 JUT g Ll ;a5 5115 oo adgisl g Slonlie
00 gd—2n0 cd_uT To.».b‘ M&j d)Lﬁh’M 6[.._.»‘) 3o
sl Lzl glag w0, 5)lg Ly o Slalllas
A —olBl sla Jon 29,5 ol jon ay (gla SRS
M‘ Ol s 00l 3l L asl 0y90 (slmools



'\

. »3ANN 3 SDSM LARS-WG sla s, bl

X, o0 o lasliwl glsosls Nea Loy 0 o a S
odalin slaosls J3las X . tou s sdalin glacsls
Al oo b odal e glaosly ,iSTas X 500
2 slozs s JLisl gl o ras a3 o
ool ol S5 mme @l S legam aY Ay
&=ly 5l ol Limgh jo .(Maan et al., 2016) o5 o
oolaiul oz g aSgeSw Cilil S geS s S
Sl At Sl jlate dan (iaren 03 S
o, lastiwl 3l ey g oolaiwl R-studio ,l3-8ls 5 baoxe jo
Y9 Ghyeml sl ol oo Ve Jlacie dLaeols o4
D a8 )S L aasl (6l eailedl ao o
lebdoy s hg; (2 3)]

oy Sles awolie 5 laled
Shadllae ol pe (=l 8y (cmleiuliorn,
Sl (¥ ) R?) (e o yo Lo el )b
G—ho sl bz 5 (¥ alal)) RMSE) Llas &l pe
S oolaiwl (F alal)) (MAE) Sl

alize  sla s,

YwﬁooFLﬁ)_ﬁwu_ud\)_\_cu_u.uw)’a
ul_ujo u_.iwl.uo LP?‘A} o .oo)_fsa u‘j_..c \.\_.o)\)l_g
Cr—Soslal alg ((Sloo 3Alae gllas 5 Llas
A, 8 go00d Gleie s ,ge , el )b a4 =g Ly
Wil 5 SG0P ho A g 00g— oS la el ol

a—ib oo Jos = =)l eaums s
(L& -D0-1) M
Y X = X2, - )2

X, — Y|
MAE === 4 \i
N M

RZ

SDSM Jow 3l eolaw! b (o lod wlidio 3y
P SDSM Jae (bl slaarls ay s e il
5 d—eeS ool glo all (ol el ) (og—a>
5 aslllas 5 )50 (slaolliosl )5 (o)l 5 Loo (gaie—inn
dolie sl oo a1 (Y) 9 (V) slo Sl g (V) Jgozr
5 Sl in sloosls o o bl slo il )l Ol ss
ols 5Liai SDSM. Jus dawsgi oo wlodo), (slwosls
2 50 Led g4 tieS g Aoy 0)51 0 0 Jae cBs S

SCJUIR PN - N WS Y PR | P SO DU JUPS JR|
sbadoe 255 o Bl )80 L el 5o
Loy cabolxnl csias losly 5 ol
oob—ieny slwosls NCEP (sl oonisS o i
b_'{l.dUa.o 6390 O w..lﬁ‘ slo pxie gl oa i
(Kilsby et al., 2007) 53,5 o sl

ANN oo

3l loa—soole Joas sgian mac a5 Jo o
uo)‘oﬁl_:)_bo..\_uLo.bﬁooFHHLW
Sy p 008 6,50l e LB« 5 sLwosls (5,
0= Loosls (59 5l s (6 )50k ¢(oras A
)9 sLa ey (e basly; 51 (S Als (g9 b
2599, 4t gasma s dlasl) o STay a4y jol 8 casllas
Lo Blte (o295 (i $l— Loz g
aS—% (Erfanian et al., 2012) a—ib g0 olg—3do (5399
6)ld»w 9 Laocsls J_JJU (5‘)—’ 03—l ulJLu‘ s
5 ko «539,5 4 5l ISicte o —od8l sl il )l
olasd e ;o 0l oo i liZe slaay o Lacys )
W )15 ol 9 0 o g2 LaasY (Lo g5 el
0531 Gk Sl s smas a5 ;)5 ) Lge 5 4 2 4
sloosls les pldongy jodain a ,ol> gl o
¥ oz s eas A0S o 5l ulitlse
Yoz jo B oo a5 S a5 a0 )8 eola
Y SO g plai ¥ oz L S5 s8g,9 S b
a Laoals 99,9 )l J_J 4_1.‘>).A U_AJB‘ A_wbsn ‘_¢‘>3)>
AS.A_MJ th.) 9 & alal_‘> 59959 C;‘LQOO‘\) d@l}UT
AL A (699,5 slwools gwsl e oo ials |,
Jlo i jotaieds i mgh ol jo a8 5 ol
oolai—wl (V) adasl,y 51 /9 g o /) o Lsosls (0,5
INU

M)

woel8l s g JlSas glo ighy ddxe

VoO-VVA Lo NFHY s F by nolex ojled (Jol 00



o J.\_A 6L]a.‘> U‘)_"" 9 Ca od_)..))f J_»ol} < 1OY 9
ROU EYP S UON. SN 9% ) PR [ U

Ol el L 51 YL lars g ol oSl 9o

450\55_3[_9064_;?05)_?.0‘)[9: (5‘)_>J..\_Au_..u.:u_>)..a
10 yolie i 5 a lagd g ol ol sl jo

FWlhao ol o couddl b ol )b o,,Tﬁ 39 SDSM. s Loi wlsdio 33y Joo gl ) Jgu

Table 1. Results of SDSM downscaling model of climatic parameters in study stations

b Glho (Sl s Olupo jedmo dly )y wed o 0 ol ol |
(MAE) (RMSE) R Parameter Station
0.6 1.34 0.56 oo e
Max Temperature
0.61 1.29 0.59 Les 45 Lt
Min Temperature Taybad
1.20 1.74 0.43 ok
Precipitation
0.83 1.55 0.50 Les aipden
Max Temperature
0.71 1.69 0.53 Los a8 olzs
Min Temperature Ghouchan
1.06 1.75 0.46 Ak
Precipitation

Journal of Drought and Climate change Research (JDCR)

Winter 2024, Vol.1, No.4, pp 105-118

.>L,..»'L'f o | 30 SDSM @Luu»b.ﬂ.o)») Jow CJLM YOS
Fig 2. Results of SDSM downscaling model in Taybad station

uL?sé om| L SDSM @Luuul.o.ﬂ.o)’) JM @Lu By JS.&
Fig 3. Results of SDSM downscaling model in Ghouchan station



VY

. »3ANN 3 SDSM LARS-WG sla s, bl

Joa 3l ool al Ly i bidins ) gyl
LARS-WG

o as s sains s (0) 5 (F) JISl 5 () Jsos
OmeSilee g Las Slnypo j9dme aiy ) o om0
9 Led i g 4inaS glosls gl Loz 3 Mlae
i il Ly i 5 5Ll slanlSisl 5 3
g A 39l 40 Joe cBo 4l o LARS-WG
S Sl 5Vl ol oSl 5 L (giianS
LARS- Joce &8s j iyl el U alal, o
s 535 al o Ly )5 oS5l 39 , 2 s WG
SDSM  Jae L aslin jo Lol iy 35 T8 106
LARS-WG Jo—s s ()l (omledmliiorn ; (s1—
it ) s Ly g iy s
s9—laie 4y (Hashemi et al., 2011) IS on 5 co—islo
Lwogls adga )0 (leimlidesn ) lagts, 85 (b))
I,LARS-WG 4 SDSM g, 98 casidy joud g ;o a8lg
Sls Gl j5S 0 gy bl asols 8 () 2090
725l OlsSse 5 039 00Ky b By 93 SBs 45
2550 0 a8l it Slalllan (gl g 90

Do mmll ol i e slaasdl L g ven
(Asakare and Motalebizad, 2017) osl; e 50,5 e

—leiplidag ) 9 SDSM Ja o (o295 ol L
30 Az 2 dragyl S giuanw o] jo Los (slaoals
7=l Lol caiily oS glasy CaBly Ly Lvolo —aam
Dl oo (—28lg slmosls ay S0y ol g slwands
mlbien ) gy e B8 cgladllas ;o i
o3, 5,5— SVM 5 SDSM-DC .LARS-WG s,L]
o=l sl eS z—ls (Duan and Mei, 2014) =3,5 )|, 8
,SLARS 5 SDSM (sLs Jow cBs S sgy o ndly
YLSVM Jos 5l ead8l 0> slo am L s
i Olalllae 7ol Ly« g—don ool glaauil .ol
oo Lo (b mbidogn ) a9 O 5295 Lo
S99 Slalllas vl ool o .0l Slg> e SDSM
5 B eo—wlB g (Goudarzi et al., 2016) .,
Jo—e a5 ol jLzs (Ghasemifar et al., 2016) ), so
sl gilwas o bl Uy slils SDSM
O 50wk 5 oS e Vb g 00g— S-Sl

Db oo Los gaoS a4y by o 3 Joo sl

Wl gbelKiws! jo (ool gba yialyly :,,T,.g 39 LARS-WG 5o wldio gy Jowo guls .Y Joua
Table 2. Results of LARS-WG downscaling model of climatic parameters in study stations
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Table 3. Results of ANN downscaling model of climatic parameters in study stations
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