YAY N W c\i"' )‘41 c(i" ‘glﬁ') \ EJ‘A-:' c\“ EJ"é

w‘ J\.@.? 6\#d~\n .h.wj}'.c CSL“ fﬁfwf” u.’;.h\s
&Mo-"" JLL'»AJD

iw MMVLL;@LAZ}\ Loy lee *L‘_g.,\.w\ @”\M\‘ugs) ) s

VEY/ VA B s '@)\; AR VAR VAV, QG PP '@)ls

e A~

.

< -

(S O3 53 35 ey SLa L e 3 a0l (S5 5 s lame Cilin (gla s OF 5 o8l s
Sla s A Sl oo oadil (Slais S ehist oSl Slatass 03 2 sm g Cordad g Jalse n Sete S S o
2 O VL & 5 5 (2l) (2055 Ol e L 25008 L S5 GbLe &Téuw ol Bl e slada
A Smalad oo Ulge (G ol 5 s Sles (Gx 5 el 5o Jots ele o Sege larl g (G5 5 )
Jaoe slas sl s 2 Sl iw il sl ol cladds s 4 Kist bl 53 GCM gladds laws 5o (gles
03wl RCP 85 5Ll (6 s s il (T2 £0_Y++1) iyl 5 (Y22 00047T11) 23S (glao 53 s 333 ool (51 s CANESM2
s 3 8 ealizud SDSM i b5 e 5 NBC (LS (sl 3ol (sl o5 31 3 Laoals el (sllast =5l (51, ki
5,595 Olgeas YeVe Yoot g 0 (o ol 3 555 0 55 Laesls (glhas Tl comsn pled el Al 5o SDSM
) el clsesls 5 Ut =Sl (sla sy s o ookl (61 b sl s 5ol (sl sy 25 o3 )
LS gy sler o bwg ot o C‘;Lp\ sles glaesls sls OLES C:L; L anslis Al TV Y0500 55y S s
s 5 dien s B 3 (s (St s ol alie slaesls L SDSM LS .S 5 o5, 5 NBC SDSM
48 313 LS IS e S5 bbb O3l s el s s la gyl (sl /AT 5+ /AT8 AT G ARA s

el Slsliae 201581 g, (5l oyl 5 42338 6,9 3 anlllas 550 adkaie 53 1sa AV Lo gt (gles

NBC (Lot bl cualsd pute ¢ glad plido sy cdaw sio (slos (0Bl i ot Sl ilae ] gukdS

Ol 33 33 ol (1l nkign 5 poke Adl oilid IS 4 ol (2315 )
amin.asadi@yazd.ac.ir <0l .l x5 w5 oKy (ol 2 S 5 mnb mlie 0aSSls Lsleal Y
Olnl a3 ol ¢ ulid 58 5 (ands wlis ouSils laul ¥
Ol e a5 ol&ils (ol p S 5 and e 0Tl et 3l Slsleul £
Doi: 10.22052/deej.2024.254094.1038



T ol dFY (b)) o)louds o s Jlo (bl pitmgST (st (g (oole alomo \AS

Bl i Jolie s bl 3L IPCC 218 b
Slagslwd e bl 4S5y sba 5t il
U i Ok Voo LAY Sl iy il sl diae s IPCC
soas S a5 las WS s ae s Yeor Jlo
) Aol o e EALS 5 e 5 gl
ol 5l Gil5S ) el cpaman (V) OHLSn
2 (Ol ader s Sl 5 0l lao 0 00 Josis
53 el 3adly gl S Sl ol | ats Ol
b Bl s e ST o e Sl WA s
ol 3 3l U Sl e Ol 5538 s bl e
&3dxze Slallas (IPCC, 2013) 5 5 doal 5 O gz oy
el el O ) il 3Bl 53 (B i g 85 5l S
el s G bl il Jlal el s s 3l s
bl 53 o554 Ol 3 el sy Lol 5 el 5
YV LS 5 el pde) A sl = &;:,4”,?

Slnd L Gl Dl is BT 5 oo Bl is sy
S SU A 5 osh) (2ol des Gla pine Joes 5 (gl
Sedaas e il 1 oo Bl ok Sy Sl (6 Sy b
ol am a5 L romen Sl 1355 ol el
A g Ol e LLE 3 0 i) ss L) 05
cvf.x_})ng Les m_L}\ sl el e Codeal s
(Y10 Ol San 5 L) ol i bt o5,
Sl Al o e O geas (GEMSY (Bl Jler (glade
GlasblS gLyl c bl an Sl ol Sy (g5luan
o3l sl e dadde ol (YA ¢ Sl 5 JSl5) A
o sl bl 1 edul (Les 5 3k (laesls akes30)
S il Gl Gt O gt IS la 38 Ll
LS o (Sl (e

S el s s S 5 addlae (sl O sl b
Al diss L (AOGCM  sladucs ile) el Jubo ki
53 535 e eslinad (S5, 5 AL sladus w5b)
LS il sla g ybew asile) baas 3 dadite ol Sl eslinad

9. Shawank
1 . @bal Climate Model 0

-

asdie
5ol VT ¢ b (lacst o 51 055805, sl
el 58 s 5 s of e a1y GlOlS gla 38 L
5 col ey Sl Bl i 5 a6 5 gles
bl 3 Los il el plonil lalllas (Y0 T+ 01l
G Slie Az les S (6 K0k 1y e 65 il
OLLSan §lw) s s iie ol 3 Les 2l
L asdy o0 Los il ol Ll @Bl ons (YHIV
S5 Slas Sk e Gler UL A 3 e
2 T Vel S Sash) s e 20k sl Sl
e Jsllope Sten SIS 0 0l iz (sla sl (slis
U L VAVe Jle ) e ol sles (IPCCY 3
53 Pl badllor Gy slasil K3 4 o (5
#5535 (IPCC, 2022) ol )3l i 55 S Jlo i3
2 ool Slo gt 3 ks Sl GBI i s
oS5 G 5 JLaSis p 55 ol Ol 5 lde
Sl 0l G805 2 Ule 03 i 5 Sy bl dane
e 3 S Al (T LS sl S05)
0353 55 5 Las s ome Rl (Bl i sla S
Mol S (S oS g 5 e Jule S ol AL
(V0 OLKes 9/ Ky mw“p)M

2348 L e Wl e bl B oy ol e Slas
s Aile gr.(uc,mﬁ Q}ﬁﬁélﬁﬂf.).i.k@} Jole o> 0
aly plae Bl s sy s S 35S ((Glatn o
(IPCC, 2007) coul 0315 oliamt s

Rl o S oo ph5 Al 5 (el gl it (o Bl S L
IPCC, ) 55-d o0 baailn gy a3 53 il crge D otS
S b @il ss S Sler slos Sl yiman (2013
s o al g e L sl a5l s 4 a iy
1) 15 05 55 1y S5 sk

Fanzy

3nde

Ahikari & Nejadhashemi
Intergovernmental Panel on Climate Change
Rlgado

Rmm

Vg

Hnnah

PN NE DN



Az it 3blo 40 pddl Sl b Joo bwgin slod 29,5 Cosbid pus Lials

Sl ol alS g s Aol e a2 LS
5o b pbeimbdes, glahs, 25 55 GEM ladae
3 Sebios ol palidess s 38 el atd 93 4 S b
505l YT OLLSen 5 ) (bl olad ol
Sl pay (Y Ol San 515,55 S o) oL Sen
el s la s 4 ol olal ales pibia
(Ve oV OLLSGan  J58) dls (g iy 3 LS (Sl

Sy 4SS Aoy LS s 5 (YY) O B s

(VOS5 500) 355 o0 e 30 Calad s
b ool R e GRS a3
53 GHUS SLag e 5 LSl Sty 003 s
SOUNPYEY P REE gt S Coalsd oo Jul e ol
4S5 izaly Gl gt e IPCC 0487 JLa s
SlollS slajls il (S8 Sl ke ¢l ol s
03 Jeime Ol iS5l g dals Lo g sl ) 1y s
@uwfu&‘&:)&>)‘(.sé&ﬂ)ﬂ)w_ﬂ

dk_i)‘)\ (S‘ﬂ Y/\ Z}e_w; l_; (_;)\J_ﬁlrj Q)j_.pd\.: b SDS'\/IW Yé) g:,_..,u\ GCM (5LAJJ.A C)‘)L&? gaJJ.J V.:l.;‘ LSLALSJ‘{’J;'.&

O ¥ sl 515 s 5 LS 4y (sladlate (31 s
sl ol U ol ol s 30 syl e (TY)
5 Sl slaesls 3l Laol .zstls , CMIPS gl 5 >
e S Ll sl wlale 5L 5 dlale gles Bl
o3l ol b Lol .63 S bzl e 55 5 S3u0S o8l
Wdezys V-0 Sliae 4 sl g Uast C>L.o\ Sy <SSl
SELSan 5 o s alS 1y e sla s & gllast
laosls j5 5590 gl oy a4y glasllas 53 (Y4Y4)
By a0 Ol s ; GCM ol ot ol
S el Glmey s 53 5w b33 53 et PSlol &S
el Ao
ol i 5l da m,\_.zcjlu Sl a5 L
NBC"™ (LS'gl Lo Ol sla sy s ol
pls ialS 3LS 5SDSM sladis S 5 5 SDSM
Gble ;5 CanESM2"VJus (slas slas S e Cinlad
laalllas s Selowl wlio 550 el ol St
LS 3 edde il gladde oL anslis 5 b5l sk
il St bl ke (slos (sla s 2 Cnlal pe
}&i&&bjsmb\ﬁawwwl@&jl{.w

o=l 0 ol Sl sladis o s & Candad ple als

9. Gfierrez

1 . Fower 0

1 . Wilby 1

1 . Satistical DownScaling Mode2

1 . Nwvarro-Racines 3

1 . Qupled Model Intercomparisdn Project
1 . Llinear Scaling 5

1 Nsting Bias Correction 6

1 Gnadian Earth System Model7

Sl g opalad pie s S (Y S
sla e ol Jrle fol- S el o8l b
i s Ll o 5 ol (s 5 20k ahaz 3 a8l
pde St ol S5 OLLS sl o e Coald oo Lol
2y oS S 55 3l sk Jlesl s > Coahad
Ozl (gl SO sy Jdis SOl eslieal ol ol
ol 1 63,08 8l 5 das s |y age ol Ll e
N gl 5 Ell) A5 o

OOol a8 dns b 3 wsdll glaiss ples OLe
ol i U Sl 5 Jadll syl SO o L
o3l (lBl i sl Lau 5 48 bOles ol 0l LS
Ld,:«_m;_wtwuhj_iw&_it_b}-@&_.p\ YR
Sl Sa (oylse i 3 les 5 550) V..:lé\ Jde la e
b sldpmomnal sla e slaslal 3l 5 1 & dipd o s
YWY OLLSes F Sl pw) il azils ciillas Sldalis
TS 5 35m) o3l (58 S0k 5l et Sl (sla s
ol la i, LS (VY 0Ll 5o oY g
OLLSes S 05bke 7V OLer 5 Slanrl) [ a5
iy g Sk (Y2VY

L GCMs I sl C‘)Lw\ Lgl.adi:jjjf.p)'l

;i_.&/\.é.? ‘J,:.Q“\JJ\ J_fbjw S Liea &L&Jw‘.«i‘j‘) 6&&‘5‘)

Nguez

Ky

s Correction
Swnitanek
Rrvez & Henbry
Qen

Rjczak

Naun

PHNAN B DD =



T ol dFY (b)) o)louds o s Jlo (bl pitmgST (st (g (oole alomo e

35 A Sy g o] SENB! (V) gt

Table (1): The information of Yazd synoptic station
: J G, Jl ;
PF b a2, ‘ & e
bl | ol () e &l
%o 05°\Y g Vdor Sty gt 53

GRS )
e ot a3zl 0313 05 8 dos 31 ako ol >
8395 53 35 S g oyl W3y Glos slaesls @
e 55iS il Sloslu 51 YeYe 14T

Sl 0

PS5 e et e S 5l g gl e
5,55 sl (NCEPINCAR) (s s> sla jiass e
S ESTe

55,5 Je ¥l 5 wlale Law gt Glos (la s iy @
Yerl-Yes0 8,55 g, s CanESM2 5 > s s
RCPB5" izl 5 e ol

CanESM2 Jue s sie (los (gla 5 & canlllae il 53
L RCP85 [l b oo 35 St g oSl (5
oLl oman 5 SDSM NBC LS 555 a5l 3l
sl SDSM Jus sl 5 5+ (535 LS (sl Ul
Sl e U Jal &S cnd g b RCPBS 0 Lo
b ol gl s el ails | Gl o i GllS b8
O S dls2) 553 4 S a5 55 gl op e
ol SLa s LS Olier oo Sl adlsl s (VY
oKl Slualie (glaesls L odd S3 gla iy, s clbs
890 et Aol VY Yoo Sl asl 5o 5 St g
Glos Sl i K55 0As yasie (glp 50 YeEO Y Ys
.@f)ljéobuzﬂ\bjjaengduo)ﬁ):w\halﬁaa

Ll S o 5ol et s e ) ke
jogg;.i).l_k]) Sl s iodalie JibL}.& L.: o.k.::c?uaj J.ibl.ia

1. Ntional Centers for Environmental Prediction
2. National Center for Atmospheric Research

3. Rpresentative Concentration Pathway

4. Shwalm

5. Lenderink

(] e e e (gl (sl slaiens Slalllas

NG| 4\:\9;)(]5 oalanal S0

CR- TIPS

andllas 5 5 g0 i

a5 Y4 mdfﬂjl:s\/i'\m e Sl Ls gy Ol
a3 0F 5 Jad 50 diB Y 5 ax YT L aids EA
3,3 B s dyb Agis Y a0l adds to
5 eS s il s 5 0Ll S e s Ol ol () JS2)
315 Slre S e 5 8l slre S 5 G Sh o UL
Jeol58 o Fmalial 80558 5 5 Sl s e S )
el i Lite ol Ol 8 50 36 5 e
Lt e s 65 Sl asb e a0l = Okl (sla Sk
o gyl s B obeOLT bl Sl o gze ) sbas 5 ole A
oo 3 o o 3 lesdis L2308 S0 ol e
S 5538 3 )ly Nl 5l 0 5 s s &l e by
Sty Jlods 5 8,5 Caw 31 (99,0 L 0 Ol o
035538 ol 5 (SASL Oe o i i 5 s
23S Ao Qlid (655 Gblis 534S (slas S 355 0
ke 00 a3 (SASL Olse ) K s 0 Sel

s M e

= 1:3.000.000

nUE0 40N, a2
m o s oo

H o Tom oo

(55 Olawl) andllas 5 9o dalats 225 : (1) K&
Figure (1): Map of the study area (Yazd Province)

bj_’ “gt::’.j"?""" OK:_‘WJ_‘\ C)L—P%‘ S g:,_w\ JSJ uliL.Jl

sl (\) J}J}- Cf; @ L;LJJUQA aK:,w.s‘ ub&@



1) it 3blo 40 pddl Sl b Joo bwgin slod 29,5 Cosbid pus Lials

5 5lale laasls 3" (g3l gin s Aol 3L alss, gla SL
@Sl slal a8 55 Lol Okl b s ol L
Sl ol W 53k ceddedalin SUHL AVl 5 dlale
o3l (Yo V) UL 5 SOl by 50 (gilwgiyn g il b
Dliss b sl s ilegsns S O s e S1aas
Glgdy has o S el Glale o 53 g3 il 5
53 el 3550 el 534S (Y VY Plo,ls 5 & gl
s o an s 1Vl 3 el S5 gla gy Gl (ol 4 S
Slsasl sl LEEM ik slagssbuans 5l (555 Wl
S o oslizul Jad

sl St 3lde Ol g Pijiy oo crl o3
53 Ua Aol gl s 5 a8l e 612 GCCM Lo 5
el ok osls DL K b 5] olad 55y sl €l ol
Ol |y dlale jolis macr Py 5 4155, poli — Pj 1oy
Slams s SL P 5 Slaalis stasolis PJ s
el el e 5 bmel 53 8 sy 5l G sdE s
ol ddde gl s 2 LS Gl 6,50, sl (o
DLy Ls el @ O s acS o Wl P o ~PI 1 8
Sl 5 s sl Sis Olaa P oS5, sba cdas
Al b s el 3yy o JLa3 sla e 3 1, P
L bad s s eyl (5,5 L as o 0L33 (3l sipo g
Jsbor 58 55 Sl Ll Jits IS i3] 4t glay S
S Sl Gl s bl JEs sba K3 S
Gl oo Gl glacs o (S5l gisn g o) sl
Bl 0L 15 ot Ol o ) e Sloy gl ik

Py = 9i (Pl jio PGy Py 81 ) )
Pl = 9; (Pl Py .6 ) \p
PRy = gi (Plio| 8 ) )

la.:]f LSLA):‘“JL’. 9 JJA Jde slaasOLis 90 jgo cuT B S

(Do 5 ole 3ay) o 3550 Slos slaulie 51 S (gl

NG|

7. Nsting
8. HBhnson & Sharma

Lgl_ﬁ:o.}\) Sy 4n u,“:\ )J) fk} E) slodalin dl.ho.:‘.) O Q)w
503 01 ihaly a5 A4S o fee (BCM digluecs ol
rd ol &
M

T(cor,m,d) = T(Taw,m,d) + .u-(T(obs,m)) - M(T(raw,m))
d Jeoyam ols 3 oM@M él.a.) ‘T(cor,m,d) Ol BH S
Uosd 555 sm sl ;3L es rL;'— slaesls ‘T(raw,m,d)
sles J:il.:ﬁ Sl sasglis oS ol sl Shas siasolis
H(T(raw,m)) E) .U(T(obs,m)) el M ol 3 s ldedalin
B Joe €k_> B sldodalie Lgtﬁ) d:i‘lnﬁ skasOlis g,\:;jﬁ
33,5 ol (Y210 O LSan & SUB) M ols
¢¢k_> Lgl_ha.}\) el 0 dﬂfc)\.ka‘ Q_M:Lw?‘_}ﬁ ﬁli.:_nm-i‘
sl GCM - Lo 5 05 5Lt (laosls
NBC"las- e s
9 Sl Cal_> vﬁks EJ\J\;\M U"'}) Ui‘ .\.ay& @a.é.: u.’LA)

aadaze by sla ulide 2 sy b sl s
Gis palad Sl A g sladis (69, 45 Sliime
- &YH\YJQKU_WJ}S Byd penly LA S
L by e 35 Ol o Of Lo a5 das o 1)) JS s,
55 Lol Olbl B3 8 S 5 1 Ssbize il sl obiie
Skl a8 s L85 SaSG Loesls (5w 35 &S
WJAs U_~'~\ BE .\_‘.S& ;L:—.A_}s ‘)-\_93).3_55 L;.'Zéqj.} Je &:’.
oslzul l; Ls(ed;-sz Jv..:‘).? “gi J\ oslaiul L: d..':b'_}) u"LJL \JJI;‘
5 S50k s iledde sl sl &5 0 B Sl s

Feng

Nsted Bias Correction
Nsted times series
Kutsoyiannis
Sikanthan & Pegram
anested two-part model

QW=



T ol dFY (b)) o)louds o s Jlo (bl pitmgST (st (g (oole alomo \td

:(4)

Pl = rhﬁfﬁ-n + m(p(k)/—r( pn(ll;zl)>
LoaVlw olg Slay g sloml ad> o o 51
LY 5kl Sl b Sibe Bstee (6 IS ulide
sl 0 s dalie
Py = Plos™ +m" ()
Sl a0l 54 5 )ls 3505 Sla (5 Ll 055
doal bl (P i) GCM st e (slags o pmmens
S S (Piigy) oAl Clale Loy (g 0w sl
Slmers Jlas (6 (Plgy) i3l 555 5 alale
(PR ekl 55555 AV Sloj (5, 5 (PRy) YL
osban Ol ey VL 5 ol e > DL
! S L, s Jlasl el Sl slags o 53 Olejen
@S 5 QIS ) 55 sl 5 o lal oS
(Y09

o\ (T
& _ (26K (k)
T(Tir,lj.k) - <Tm > <T > T(l Jok) )
3U.k) (k)

5ol dodalin gla bl 5l 5T glse,s gl —

Jioe b POsl gl e slpa st (6l 5 s sladate
Pl aS s, 8 b o b amD s 530 e eslinad oul
OS5 ool 5555 (gl Slalie 5555 53 Jdbe (gla el )l
S st e by ISl plas il s 5 dal 5
b Sl el sla S S sl a5 55
2335 sn sl gyl sla S5, ) 53)
i Ol B ol s o sl ol gl (Lo S5ty
Lot ialy 45 S o 5 Lol S o a3 oyl 3 1 bl
syl ol Bl 5 ol Slagsluand sl Jie il oy
O iler) ol Slaalin 5 ed slagilaans o s A5k

Y eyl

SDSM

e 58 o 5l 3 eolinad 558 baesls 05 5 lde sy il 3

6. Rscaling

Sl 5 e & ged x:SSbe b Py wlale S g gecns
JSJ ut{.u k;a_w\ ngk) Jl>;l\ LS‘J’ (J) aLd jA d\j J‘)‘JUL';.»:‘
O3l VLS (gl P S S b Sl i ol 3 &S
el ol eslana J—" BE) eJ\..i:J‘J.;LLA‘ ji:LE.a
Pl = mg (©)
S0y
@L:.S 534S (r(]"}))\ VL éu&uzf o

ol Gl el jllid Slaj (slag 3l ls 355 Je

Pl =

ol IS5 0l s 4 5 o Jlasl Py SMde ;s

eV UL sl O g S s Jie Sl

p(} k) — r(l)p(l -1 T m/p(] 2 U)p(] 1k)\ R
\ fi-e )

syl Uil sl Sedalie sla Sols L 0 58]
a3 5535 s s U355 0 Sy ol o
Ay g alale
PG = DS +ma) N\

WV s 3 0581 (Bl 5555 islale y3Lis
Vo Gles oS (sl ailale dyl 5 0655 0 ez (PRy)
Lo oY labe Jobe e 8 sl cl L a3 e IS
s ol o Gl Gl sba Jae sla bl Alone
g Slend 03

Sl U (g3l e L (P VL Sloj 6o
oolte o e el 550 ol ae slmadl il 5 4 sad
2l K Jlo (6l as g sbas 5 o 5 plilud @l
s

m _ Pio—m" )
Py = " gm

k_‘ﬁJ.Jio.l_.\;JJJw \ j}i—: L: ‘-S:..MJ‘)P- ‘Ujfﬁ e
Jlasfoltoalin) ol L Sansss 535 3 o0
sdldodalie ) ot L sla Siens = Sbuilsl 553 e

il 4 e S 5 sbay oo ol IS S s Lo gos

lag 1 autocorrelations
dandard autoregressive lag 1 model
Sasonality
nadeled lag 1 autocorrelations
. te observed lag 1 autocorrelations

el NS

()}



vy S Gblo )0 mlSl Gl e bwgio slod (29,5 Cunlad pus pals

st 3 e Al e s s By, SIS S S
e SN e (R kB e 53 e (St
e 53 e et LU Ol el 5 el 650
S Sl o 5 ol Bl 3 S S Seslul

Bl S e e 4 Ol e 4 ST Al e

J.,Sdﬁ 6;0)(.)4(

_ - 0DGi—-y) an
VEG— D2y — §)?

R2=SSR/SST QAD)

JIAS— e 9031

o Sl Sl O a3l S IS e (sloslel O g0
O3 Bolas Q}ﬂﬂji.p P Celiosls 55 gy s
—dl lie 55 55 ls SIS Laesls (g 55 Ligy 358
dal o b Sl gl ) Cawlaosls (6w 53 Ly 49
YWY O R EE R UIEPW

Cou g @L’b
by e slayls a0 Excel SRl 5 4 les (glaesls 5555 5 Ay
>)HL§JL‘T;)}‘=)J M‘yl_wjbl.ﬁlﬂ c@\jj) L;LA) JAL:?LA))

.,b\e.,\.&: 43\)‘ (Y) Jg.i)b S LS r..w) A;JUm

35 Ognsl 5 s Ja gy Y/ s owi 4Ll SDSM
slaul ldds ol 51 Ga s b me QLIS 3 YooY Jle
GCMS il 1 5 (Aoe Conds L 5l adil (glaesls
FlasS Cdl o a il 5 ol sy paaS 5 sbas
el 15 558 sl Sy o il 55 (gl e
55 b 5 Gl b5 (615 i gei JISel, S SDSM Juks
Sl e el 4 S (g ity 253 o plaeil 4> o
Lo s 7 s NCEP (slosesls sy 0 s5 S5 5
el > Ly lie gy o gmas 305 Sladis
sl les 83 53 0k s St La iie (3l
Cedn ol oMot ) sots Jdos ploll ol e 330 55
LS 5S35 J xS )N il Kl jle S 358 0 d> e
VI gy FE IO B LgLAa.,\_;Séﬁ&ﬁ O S Y dlaesls
Jds 5 s 2 0 sl a3k o3 el (glaesls sl £ ¢Jke
Votdds x5 i BT Slaalin glaesls (5 bl
PR U O] VL o I PS5 PR ¢ L PP OV Pl
e Lol B 33l 5 53 sdans slaasy 5SS
Ver B s d ol sl e a5 1) Laesls &l 5 0 SDSM

LS (bt L

L SDSM wldes; sl s 5> (sbtas 2ol
LS Js 5 salizu

ol e 5 W 53 oS (LS) et sl s eand il o
SDSM Jude Lows 5 e sl oo 15 (slaesls (635 e d
A Jasl

salaiwl >0 lek’.' C)L.o‘ 6\&&}) dkj)‘
sl Cy\—'*’\ Sl oy Oy g adllas ol 51 s
sl (Lo gty Copalad ol 2l (s eslind 3,50
Sl g gl ulwl , CanESM2 Jus (YA s+ Y+ +)
aam g b g .ol anlas 5540 2idae )3 RCP8S
s oMalie glaosls o VeV Yoo Slogasl 055 S 2l
IS s Sisen 0l il el slresls
8595 55 Sl ie glmesls Ly Ll C)A_ ol sla B,

S8 bl 550 (R s o i 5leslinad L Yo Y_Ye 1



YA

g 1 ol dlomo

YPo¥ 5ke «(FY (b)) o5loss o s Jlw (bl o5 cuwdien

50

S n o
—

0202/1/1
810¢/1/1
910z/1/1
pE0C/T/T
c1oz/1/1
0t0zZ/T/1
BO0C/1/1

900¢/1/1

w
s

T002/T/1
866T/1/1
766T/T/T
066T/T/T
986T/1/1
¢86T/T/1

a3/ 61/1/T

7/6T/T/T
0L6T/T/1

996T/1/1

o =
\n

—— Shalie &y gled

Shalie dljg) slod

—_—

)

(@

(<

40

35

30
25
— 20
— 15

10

61120
8T+Inf

LT-1dy
9T-uer
¥T-10
€T-INr

Z1-dy
TT-uer
60120
80-Inf

L0-1dy
90-uef

n o uwn

z0-das
66-AeIN

96-uer

z6-das

68-AeIN
9g-uer

78-das
6L-Aein

o 9/-uer

+—o 7/-dag

69-Aeln
99-uer

Shnlis slbls 5Sike b

—_—

Sl

—— Shalis sbale led

()

@

22.00

0.0598x +20.21

y:

21.50

0.0129x + 19.284

y:

21.00

(30)

20.50

20.00

23

22

21

17

20062008201020122014201620182020

19.50

S00¢
¢00¢
6661
9661
€661
0661
L86T
7861
1861
8L6T
SL6T
cL61
6961
9961

—— Shelic 4Vl 1,:Ske slos

—— Shelic 4Vl (1,Ske slos

»)

()




va it 3blo 40 puldl il b e bwgio slod 529 ,5 Canbd pus Jials

40
30 i
20
5 ’
@) L N M
10
01 ﬁ
0ld v ® g o U o N0 & o
A RO i S A N A
WESSE8 558558

—+— CanESM2 sl «led u.i)L/a

Sl b5 53 CanESM2 Jubo &labs (glos Jaw g2 sl 1(F) Ko
YerooV4

Figure (3): Monthly mean temperature simulations of CanESM2
model during the period 1966-2005
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Figure (4): Monthly mean temperature projections of CanESM2
model for the time period 2006-2045

(l sdalie LB (€) 5 () sla K5 55 &5 5 5b0kes

St g o] Slalin los a0 b g o (glals 303 Silas
So I CaNESM2 (sla 5 5 sles Ol is Ay, o3
53 dle e 8 A o S5 i Bl s 5 S0
e 5 SY s ola Y20 Y00 5 Y0 a0 VAT (glae g
583 3 eddgiluands slas Slus .l a5l ol Ol
amjyn Ye/A0 laze LYAAE (Y g obe s by e Yrr 04T
Siie LVAAY Jle il ole s by e OF Blus 551 8 sl
o Sle TeE0_ Yoo 850 55 o oS Slw iy
osls 4y by s CANESM2 Jus Lo g5 oJ.,.ZéJi}uiﬁ.; sles
OF cpr2aS 5318 Bla i3 Yo/ A Jliis LYooV ags)

S Sl iz /A s LY A Jle a il oo a0 bgs 1

Slaesls was o Ol (0 5 W) Y IKs oS 4 580kea
635 (s 55 St g oKl gl il a3l
Js e s ey il e B g
0 4y Sy gl Sl gla by 33,5 0 6 Sk
s Sy Jad W T SIS Lo 25l ol canlllas
i stalie 16 (5 5 ) (1) JS8 53 8 biles
allas 3550 o8l j3 a0lale Slas el s bos w
slos Sl .Ut;ru;ai;,.;w,;,,, By LSS 5ol
56V oo 4y by e (soll 5555 sladle ST s saaes
Yoo 04T Jles 33 el i sl3 4 by e OF il
Slas 5 op i AN Jlu 5o ol S sla a3 YV oo
Slos Slie (s meS VAW Jlw s 515 sl i s V/80
FaYe Y Sl sl ps cmal sld o wlable b ge
=Yl 5 i YOVl s ol 8 Sl & 5 YO gles
Lo 6las a8 Yo oA Jlo 53 ol S ke G
B (b 5a) (1) i s o bolen ol el o slale
Yoo 14T Sles 5k s eVl b sie (gles el salie
S el S5 0L el sy e il iy,
S AVY 1AV 1414 gladl DL Lo gze (slos
Ot s o Sl sddesls il 8595 dsb s |y Lslie
aalsl VL o e (glos 2ol 3l gy Yo Ya Yoo, 5s
o=l o eVl b g glos O oid &S sl bl e
L ek 555 oy 5 ol S (36555 4 il 09
u:i’k—:" Slos il Fo Ve Voo, 55 das e &)
538 Bl iy TV/0 e LY Ul 4 by e YL
o Y Gluie LYY Jlw as ba e O s o %S

e 3 S 5

Jdes gles fL—’ sl mo F — b}_gja @L_:a

CanESM2
0 by e V¥l 5 Glale Lo gmo glos (glals sai ¢ jisu opl 3
(Yr80 Yo o) ol 5 (Y2201 23S slas slwans
RCP85 izl s ks il CANESM2 (131 Sl Jute
w8 51,5 01 53 55 St g ool & 5 S 4 by o

C,.u:‘ ol ‘Gb‘ (-\) U (\"') 6[.&&&.;1 L



VP 5l «(FY (lu) V ojlosds o juw Jlw (bl ot oS (oo (g 3y sode dlxo Y.

LS gy 3 eslazwl b eMC)Lo‘ b sl
S esliiad b sl (slos sl dA) 5 (V) o IS5
Sl 55 53 AV 5 slale slaibie 53 LS s,
islas (V) Ji_.; PRIV T SR L} 10 SN
LS Loy 0 o st 5ol 5 ailale sl Sike slos

s e OLE [ VoYY ol Sley s s

C°)
N N W
o U O
>4
—
Tt ———3

15 | T
10 |
5
0
O O N U OO N U ON U O
O O +d 1 4 N N N M n n <
E > b & > a4 ¢ >4 ¢ > o
© ©®© v ® ©®© o © ©®© Vv © O o
— S ke sled (1Kl
()
40
35 y=1.0171x-0.2168
o ;g R2=0.94
1 L )
3 <
3 20 (ﬁ
[ ]
g 15
Y 10
’3 5®
0
10 50 10 20 30 40

Shalie glbs(C)

(&)

Gla JSd 3 5 Yego Y e e 5 Y04 e glae oo

Lo osls UL:.J (-\) 9 (O)

16 y = 0.0517x + 12.908
15.5
15 R2 = 0,501
~ 145
£ u
13.5
13
12.5
Vo] o < [e0] o [(e} o < 00 o
[(e) ~ ~ ~ 0 o (o) )] a O
[e)] ()] ()] ()] ()] a ()] ()] [e)] o
i i i i i i i - i o

—+— CanESM2 sYls glos (,S5ks

18.5 y=0.0694x + 14.711
17.5 R2=0.623
3“16'5
)
~ 15.5
14.5
135
W O < 00 N VW O < 0 o
O o d d o &N O o0 on <
©O O O O O O o O O o
N N N N N N N N & N

—+— CanESM2 a¥Yls slos (:Sike

l sdalize LB (1) 5 (0) sla S5 3 oS 5 5b0kes

CanESM2 Juis Lo g5 ol g sl VL ke (Lo
YD) eyl 5 (Yer 004 wsiS 6,55 93 aa by e
o gl 1B 5l S, glls (Ye g0
VATV G5 3 55 S s oK) Slalin slaesls
sdi g slwans palie 4 Cond |y (G S ol g, (Yevo



AN S Gblo 50 sl Gl e buwgio slod (29,5 Cunlad pus pals

40
35 y =1.0077x + 0.3527

i

—~ 30
q R2=0.968 /ud
< 25 “‘
) %
o o20 %
% 15 5 ;o.y.a e

S L ‘;‘ :

o 5 ° / *%

0o/
10 50 10 20 30 40
Shalie <ls(C)
o)

U:'-’J 40l s C)Lﬁ‘ Ll dhb u._‘;a\.:a J;buﬁ (@) JS-:
Slalis 5 Kike glos Al (0 S¥180-Y 10\ Sl 5,5 53 NBC
YeYo Yoo\ élﬂ} ZJ".} ).}NBC Q‘&‘,) “ e.\.:»lh"- C)\-ﬁ“, slale

Figure (9): (A): Average monthly temperature values corrected by
NBC method in the period of 2006-2045, (B): Comparison of
observational average monthly temperature and bias corrected
temperatures by NBC method during 2006-2020
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Figure (10): Average annual temperature values corrected by NBC
method during 2006-2045
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Figure (15): Observed and simulated temperature by models during the evaluation period (2006-2020)
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Extended Abstract

Introduction: The increased use of fossil fuels has resulted in the production of pollutants and the release of
greenhouse gases, leading to a global rise in temperature and climate change. On the other hand, climate change
significantly influences temperature, precipitation, humidity, and cloud cover in local and regional variations.
Therefore, considering the varying trends of climate change across different regions, it is crucially important to
investigate the long-term trends of key climate parameters, including temperature and precipitation.

Global Climate Models (GCMs) are reliable tools for simulating the global climate response to greenhouse
gas concentrations. Performing based on greenhouse gas emission scenarios, the models can project the data of
future climate variables such as precipitation and temperature for the entire Earth in three dimensions. On the
other hand, the temperature is expected to rise in different parts of the world by varying degrees, although the
exact amount is uncertain. In this regard, climate change not only raises temperature but also affects the
hydrological cycle by accelerating ocean surface evaporation.

It is important to acknowledge the uncertainty of GCM outputs in investigations, as its ignorance may reduce
the reliability of the results. It should be noted that the raw data obtained from GCMs may not adequately
resolve this problem and can diminish the precision of the results. Bias-correction methods have become
increasingly common in climate change impact studies over the past decade, ranging from simple averaging
methods to complex ones. Therefore, this study sought to investigate the efficiency of LS, NBC, and SDSM
bias-correction methods and the combination of SDSM and LS models in reducing the uncertainty of CanESM2
temperature predictions in dry areas.

Material and methods: covering an area of approximately 74,650 square kilometers, Yazd province is located
in the center of Iran between 29 degrees 48 minutes to 33 degrees 30 minutes north latitude and 52 degrees 45
minutes to 56 degrees 30 minutes east longitude, being characterized by the most unfavorable natural factors that
dominate Iran’s central plateau.

This study used three groups of data: 1) daily temperature data collected from Yazd synoptic station from
1966 to 2020, provided by the National Meteorological Organization; 2) Atmospheric statistics obtained from
the National Center for Environmental Prediction and the National Center for Atmospheric Research
(NCEP/NCAR) for the same period; 3) CanESM2 general circulation model of temperature simulations used for
the periods of 1966-2005 and 2006-2045, based on the RCP8.5 emission scenario. The study applied three bias-
correction methods, including LS, NBC, and SDSM, and performed LS on the outputs of the SDSM model to
correct the temperature outputs of the CanESM2 model under the RCP8.5 emission scenario. To assess the
efficiency of the methods used, the outputs of each bias-correction method were compared with observational
data during the 2006-2020 period.

Results: The results revealed a consistent sinusoidal trend in the daily and monthly temperature data. The
highest and lowest monthly average temperature rates were found to have been typically recorded in July and
January, respectively. Moreover, the average annual temperature indicated an increasing trend from 1966 to
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2005, which was found to have continued from 2006 to 2020, but with fewer variations. On the other hand, the
results of the CanESM2 temperature simulations based on the RCP8.5 emission scenario suggested that the
variations followed a pattern relatively similar to that of the observations. The average annual temperature
simulated by the model for both the past (1966-2005) and future (2006-2045) showed a significant increasing
trend. However, observational data for the 1966-2005 period indicated a slower increasing trend than the
simulated values during the same period. As predicted, compared to the raw model values, the bias-corrected
values obtained via the LS method better matched the actual data found for the evaluation period (2006-2020).
As for the NBC application, the results suggested that the method improved the accuracy of future average
temperature projections of CanESM2. It was also found that SDSM and LS offered relatively acceptable
accuracy in terms of SDSM outputs. The results also revealed that the temperature data corrected by all four
methods, including LS, SDSM, NBC, and the combination of LS and SDSM agreed well with observational data
collected from the synoptic station, whose coefficients of determination were found to be 0.948, 0.968, 0.969,
and 0.969, respectively. Moreover, the non-parametric Kendall test revealed a significant increasing trend in the
average annual air temperature for both past and future periods in the study area.

Discussion and conclusion: the comparison of the coefficients of determination of the average monthly
temperature rates corrected by the above-mentioned methods and the ones found for the observational data
during the evaluation period indicated that all four bias-correction methods performed acceptably in the study
area. It is worth noting that the LS method showed a slightly poorer performance than the other error correction
methods. Based on the results of this study, it can be concluded that since the efficiency of methods used for
reducing the uncertainty of temperature outputs in dry areas was relatively acceptable, it seems that investigating
suitable methods for reducing the uncertainty of precipitation outputs in dry areas would be of greater
importance.

Keywords: Arid Regions, Bias-Correction, Climate Change, Mean Temperature, NBC, Uncertainty.



