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Abstract

Climate change forecasting plays a significant role in environmental planning and
risk assessment. Therefore, this study focused on forecasting future temperature and
precipitation changes in Iran. For this purpose, data from temperature and
precipitation of 60 synoptic stations with appropriate distribution across the country,
as well as data from eight CMIP6 models under three Shared Socioeconomic
Pathways (SSP1-2.6, SSP3-7.0, SSP5-8.5) scenarios, were used, applying the Linear
Scaling Bias Correction (LSBC) method. After evaluating the models using RMSE,
MAE, and R2 metrics and selecting the optimal model, the temperature and
precipitation changes for the future period (2031-2050) compared to the baseline
period (1992-2022) were forecasted. The results showed that the LSBC method has
the necessary capability to simulate temperature and precipitation changes in the
studied region. Among the various CMIP6 models analyzed, the MPI-ESM1-2-LR
and MRI-ESM2-0 models showed the best performance in simulating precipitation
and temperature in the country, respectively. The results of the temperature and
precipitation forecasting indicated that the temperature in the studied region will
increase between 1.1 to 1.2 degrees Celsius, with the greatest changes occurring in the
eastern, southern, and central regions of the country. The smallest changes were
observed in the cold regions in the west and northwest. However, according to the
results, precipitation in the studied region will decrease by 12 to 28 percent, with the
greatest changes occurring in the eastern and central parts, and the least changes in the
western and northwestern regions. Overall, the results indicate that precipitation will
decrease by an average of 18.5% and temperature will increase by 1.4°C during the
future period compared to the baseline.

Keywords: Climate change, Tilt correction, Iran, CMIP6, SSP.

1. Corresponding Author. Assistant Professor in Geography Department, Faculty of
Basic  Sciences, Imam Ali (AS) Military  University, Tehran, Iran
rezaei_hasan63@yahoo.com

2. Assistant Professor in Geography Department, Faculty of Basic Sciences, Imam Ali
(AS) Military University, Tehran, Iran geo.pashpour@yahoo.com

3. PhD Graduate in Meteorology, Faculty of Humanities, Tarbiat Modares University,
Tehran, Iran sadeghi.f@gmail.com



65 2ly A osedy] asliluas
VEY Bl )¢ oyl cp g Jlu
¥ oV i 51 Jgl e

Sl gl sl Sl iyl g Lod Of gk (5 St 9 CMIPE sl S & ;o (S 5 5
il 39 (SSP) o shiio (g3Laid! — oeloin| yous b1

“L;;Ju JCAAJBLV)}{L::L{ @lwc‘dlﬁp}y

VEX/ Y s b VBV o3l gyl

oWS>

A4

o= o el sy g5 603 el 31 las ol bl 5 Lags o sael 53 el Sl ks 6K i
£r ol 5 Les lmesls Sl 5 s lata iy 4ty 01l 53 o5k 5 bos et o] (6,8 2 4 2803
Sl t S CMIPE (5 S s (glaosls cpiman 5 5558 o 3 bie (23515 L sy o ol
— e ) 2ol sy SIS | (SSPB-T.0 SSP5-8.5, SSP1-26) oS it (sslatl - el o L
5R2 s MAE RMSE (slaaor 3l esla ol U La s S b5l 51 e 5 A 4 8 6 0 (LSBC) s (g
SYOYY) 4l 053 dm o (ToTN=T000) ol )53 55 ok 5 bos Sl e (6,0 iy 4 g 558 b
adliie 3 55l 5 W Skl (S5l g p3Y 215 LSBC g, o8 sl 0Lt sl A3 aastls ; (144Y
MPI-ESML-2- (sLads ¢ s 3550 CMIPE 3,515 ,8 (sloslo s oy 51 s ol 3f3 1 aallans 5o
S ol gl il 5528 5o bes 5 b (leand e 2 ) 5 Shes o 2 o 4 MRI-ESM2-0 5 LR
a5l o sads a3 YN BNy Les candlans ) go adbaie 3 45 313 OLES 55 2oL 5 bes &l uis (6 5 o
S Ll 55 S S3S e s iy e 3 B GBbe L pe O Dk e 5 55 Al g
adlaie 53 Al Olgee s ool Lol oal 5528 02 b 5 08 03 s (Al 4 b e 0 Ol s
CrS 5 Brb 5 by ye O Sk op 2o 45 55 dal g iy 2als dsys YA B AY o aalllans 5o
e gl ol fgmammass Sl 5528 08 dled 5 258 (s b pn 50 Skl (0S5 0528
VI Olye amy Las 5 28l o y3 WO Ol 4 5538 53 Jawrgio 5 gbas asly 0593 4 Comd sl 0593 55 304
S el g Rl e 4
5 30 Jgals’

SSP (CMIP6 0l ) « sl 5ol o3

(U ok 3) 010 O (@Dlade) e plol (5 mdl o ils gl poke aSiils dSlar 05,8 Sbskul )
rezaei_hasan63@yahoo.com

geo.pashpour@yahoo.com ol ;| (O & (pOldiale) e plol (gl AL by psls 0 Ails Ll a0 S SLskial Y
sadeghi.F@gMAIl.COM 0l 1 045« pske Sy 3 oS5 ¢ SLasl pske 0aSils (uliilpn 5 T (555 ¥



) VEF Oliecl e ole fy_)u@xﬁn,fjkwmw

FPRVH
53 O St (6,0t 5 oaaBl (s a5 andllas (L5 s oaldl oS oy O 5 b
YAV OLSan 5 (55,555) sl 4B S 513 ax 5 5550 los 28 Sy pon o] glao s
Rl el Jame pile ald s Com n Sege 0L 5 Ld Dl o Bl i )
Slodl 33 Ceal 51 (olozml —g3lal 5 e 1) OF (63,008 5 ke sl Jdsas sduy
Jlal 5 oo (535518 d5le ol jobie & ainly Sl Glagioew STz (ol i, 55
QYA OLen 5 0503) dled o foe 5 0dd b ol (5ll 5 Ol Gluep O
Oy o il Llp e sl gbadle 55 5L 5 s Sluss sy oplpl
e 3 oil) il Jamecin s slacs 59 5 5l el (GLSU o (ISl
Sl eslinal Wl o5 pine 6 5503 350y S0l plil (sl tlien sl s, (OYA Ol 5
sskien lnl S8 el Jl s oS Az (GCM) 5> JS 23 5 clagla K1 slaesls
L O PR PR [ P PN B I P C [y PV
IPCC, ) w8 o olwdand cpos 05 sl (6l 1) odol adBl glag sl 55 5 glalbdS
Sl 5 adie ol bl Cslis Wsa 5 Sl 4Bl ane 5 (g32aze GCM (sl 81 (2013
OLSS Lesl st Sl o LT ml Wsd e 1) O cos o ladsl sl
Sheslaal b adae ol g 2 ol r)'Y ladkie Sldlas 5 el gl 5 1 ol @ slas
LSl ol slars = Sls 2 (Kay et al,2009) s5i Sl S el cmlin Sy S
ol S 13 eslital 3)5n aodten 5sbas o Sope 3 I Anes nl GG S35 Gl
e iy sl baesls ol S a2l gl sk anay 553 q,,*la:a(s,\.o el 3
Beecham ) &isi o s [Soolis 5 bl Glaba, 4 o 5ph g eslinal Jls S alidesy s
S i 3l e edBl gbeesls SIs 3 plde s ssknea b oLl (et al, 2014
3, Shes o S ol 5l eslizal LY 51 S .(Wilks and wilby, 1999) wS e eslizal (g bl
Dibike & Coulibaly, 2005, Kilsby et al, ) el la 55, ple 4 S ool 0L 5 =
sl Odelle 5 Ddedils Sla s s w53 ey Ol ) slaaas s (2007
Slallas Sl Jol bl ol S (shsba ol ol plil Olgr e BLE s ik

jg_.)TJ}.:.aSju::‘)Lj u.fﬁ.hls‘}l.a; U.Z.:\Jﬁtdyc\.lm\) 5)?'} M‘ﬂ.\.ﬁ LS".’.)" wjﬁ-).} (’T‘G‘ﬂ?’:



O lSan 5 ol i [ plazn] ot gla gl o L350 5 Loy Sk 6550 s CMIPE slade s Sles L3yl Ve

(Panol and Loret, 1998) coul sow; Uil @ aibe la K (655w 25T ot 2l
23l ams X 3 5 s 03 e sl Cel Bl i e 518 G iaen
St s W olar Gl o 3 el GOl 2 5 Sk &S Gl S el Ol e
Ol ile o il (i Slasld ) b agrlpe Jlazml 5ol S sl gl b0 5o 5 iy
L3l 53l 5 OF mbe Sy e sl (63l slacln 3Ll Slaane LS e 50U
S (VY1) O aa 5 oS 3503 3550 L ¥l SoL o 0ke il 58l Ls gl
OLE gl cizls s CMIPE (6 5801 gty 5l el b o g8 ot 53 ool 5 Las Sl
Sy Ol 5 e s i S golwans S50L 51 xe 1) L al g e CMIPG sl SIS sl
5 80es oLl (YOVY) 0L en 5 (6 K 58 dalyst g Jilsdl 3l 5 b o Sle oS
s s U 3T dlad 5wl st adlae 3 3L Sl ks (6 S5 5 CMIPE (sla Sl
0 s e o e MPI-ESM1-2-HR Ry (o) n D5 SN s oS sl ol
5 CMIPE la Sl 5 Shas oLl 4 (T0YY) O Ken 5 Kly ools andllas 5,50 ailaise
aS sl olas cl.u f.l;:;'—\sﬁ\&l.«a_du Wbts gy 4o o ol Ol s gileans ;5 CMIPS
S o Joe CMIPS ay J3 sla s 51z boss) sk (s3loans 3 CMIPE (sla S
O 5 doms s o Ol 555 3 e s Sas (500 S a L oaslie 3 Ll
oS 5 b eslizad b W 31 Jled 5 wlia sl ailae 3 (500 5 os i (6,55 5 4 (Y4YY)
ool s 5 s il gl S @l:.} elzstls 5y SSP (g5 )bew 35 &5 CMIP6 &Yy
ailaie sla S Lyl (sl OF 5 Ol o & K55 sl Lyl g, CMIPE (sls S
53 eVl Sl Sl Ol el Ol is 30 (YY) 0L 5 15k 5 S eslinad
Sl5S Olesia 53 SRl oS sl 0L gl s S ey b Wlaud 3B s ol ol
i) e SV b AVl sSlas il ) i Ve Sl sTus (Cele 31 S)

1. Hanjiang



AR VET 0Ll ) led o g Jln (3 815 25 ekl sl

S Lo glaslh gy rames sl YoYY B4RV Il 51 UL al Sl s (Cele S
Sl ses o500 (V%) 0L 5 3 ol 4l il 5 S lasli gy 5z 530
RCP) b cossly oyl 5 SDSM (5,81 5l aslizal b Ol (slatagiolr el
53 ke Yoo 5l i (R VA=YV 0 ss s s Ol oS sls DL s sl
Sheslizad b Jleas 6 K he 4 O0F0)) 0LKan 5 8,8 55 dalyt was | Jl
s sl 08 sl b= 53 (SSP) S rie (slasl — slazr| v b gla gl
P 5 i U0l wbm b s o pdled ek bl skl o553 53 oS sl 0L
Caw )8 L CMIPE (oSl s (VF0Y) OKan 5 e il Ll ) 3 S Lal 5
i) S5 e Ol g 53 ik 5 bes Ol i (ileand )3 |, SDSM 8l ulide (5551
Lala S0 5o 4y ol (5 20 35 51 MPI-ESML-2-HR (5,801 48 sls OLiS b sisls 13
4 OFY) O 5 homes oal Jla) 55 2 anlllae 5550 adlae 55 0L 5 Lod (g3luand )3
Ol o dled 53 YY) 03 OLL B CMIPE (sla 81 5l eslizad b 2oL Sl ais (6,5 5
OB OLL G i,k Olse SSP5-8.55 SSP3-7.0 (sla s sl pulul S 5ls LA b . itls
2,8 dale iy a8 Ao s Y78 VY0 S 54 Y

e bt glag b Sl ssE bl eid B1S sk D3 Bl i Jsdlln cas
(ool St am LSS s 5 45 Lilyn B3 S eslizud (SSP) S jxie (gsluasil - elazs|
o3l S el a5 LIS g 1 0T ST 2l 5 6850 dags pdicand
Gl dw S a0 5 Loy Sl 6, e 5 CMIPE (sla 801 bl a Saass cnl o3
A axls ol ) s SSP
S Sl

ol ki (Saol g (ol Slast

S Lz oleey S op Slates 5 op e L (SO il glasl wlul sl LSS
Wl gn b3 Gl 5 Bl i 5 10,8 e 3 Sl b S U o i sba
okle gl Ol @ by e Loslee s ol S el dex 3l odae iy OOSCie
(Crowe, 2009) Jles sla!l 5L, sladases deli o5 9a

1. Shared Socioeconomic Pathways



OylSen 5 ol o [ olazm) e bt (sl gyl S (2L 5 s i (6,55 s CMIPE sladie s Sthee L3, VY

sl S sl s SeS sl Gl e Dl b ke SR
Lo Gl Rl Gl Al e s s A el (pl s S s S YD
Sl g 3l > 5 @b S s (ol S ol S (S35l S e LS
Sl 5 0SLS Sl s Yl Sl ol (VFY (Sls, 5 ) sy
S\ A 53 381 Gl o 5 agrlse Dl Ik 5 e canelr 513 6 pdic il
Cmsbs GRIBIL o ea ples Rl el o dalir Dol ples Dl b A5
Iy o smies 5alS ol o La b 5 (LS o 50) dady S| JIsie 505 oy sl Lo
5 LS (Y0 OLKes 5 k) s dalst skiiS osldlBsd LS L agrlse (LSS
5,0 by a3 S e Gl el Wl e OF 4 dbge sla e 2l
LS Loagrlse Jsb 5o 0 hes slos JRulidl e 00,5 (558 S5 28 b als
Abbiss, ) 533 L3 5l 30 slagolbes 5 (20l @ Ml Sy Rl Eel Ll o
.( Peiffe &2013

o5l s el Sl lrle b Ol 5 2ol Sl dauls 4 p3 50 5l 55k
S D mmnl s e e 5 ol bl 2l 4 Olleeliy sl s Lisd e
LSS 5 bailay 3 &S ol Lasgie olsnsol sdialy LT o L oleasol Saaly
3 ol Sler Gl ol il ot 63 1 OF 51 ol Jhdlim Gsi 53 S5 355000 LB w
alsl 53,8 daly sl ) 558 gm0 b Al Sler amelr 8 alil 5 oge Sloyige
VAo VFe O 5 oly) cal dals

plril Lo, 528 aan (555 ' b 5 3Ll Jler ame b Y014 Jlu 3 S (glandlas
s 1S3 50581 sdate sladidg L Ol 5 le, sl oS sls OLES (ol ol

cilite glaysiS glp Tedded SINSI Gty el 4 earls adlas ol s
SO S ol st i L Ol 5558 Y s 53 Ol cdas e OLAS &S Gl s lld iy a0
sl sl aal VG sue ol as s cl Sl Ol sl Gestla plo el sl Sl
OFF o OFrn OLea 5 Dl Sl i 5538 S 6l o (55551

1. Institute for Economics and Peace (IEP)
2. Ecological Threat Register (ETR)


https://www.visionofhumanity.org/wp-content/uploads/2020/10/ETR_2020_web-1.pdf

VY VET 0Ll ) led o g Jln (3 815 25 ekl sl

BE &.,\..ZCBU L Ol ol aziils o e sladaly Ol 53 axidS ansaw 55 el Ol s
(e ol LA s S5 Ol ((JlacSlast L 28 ans s 53 Oler S A S
ol axlge 5 boie (glo 5 Ollidy sl (il Gbo S i shas S g S
ol oS Olgiol 55 350 duls Csladle Jy il atnls 35500005 4 Olgaol 53 (S5 .ol
sl oo Saslm baobial 5 la el 5l o0l andor po 50 My ol 4 L
alS 5 w0l Olgee Slais Lol 58S 51 3y g0 b bl (Il (gl
AU o | ol wls Wl 4 8 e 5 Sl Gl S S5 bt s,y Of oo
i s 5 30kals Sl Siloprenal (V) Lo OTAF OLas 5 s 8) ol o315 513
Sl O 5 b e 0SS5k 5 S SO ol S s O & sl (slaelS S
Jlowaslgr ool (Sosper ol b il Jlo slsd (o)) Ol A
et il Ss UK 5 les a5l i Wl s ol (s Olghol 5 Ol ok
Coppbe a5 58 5o LK b alls ol ol 5 Jlecslas 3k 250 et Sl
OF) o A Fr e ULl 5 ol el i 5 ot leSS

29 ol

Ll olpl s S gl S el sl Gbel @ Osls IS 53 agedl
S Sl s Oy 055, (Mao et al, 2020, p. 2) ool wgr Sl 3550 0 Olie
Slaibs oS el b assednl o 4 5 008 sae ekl 5wt wmetle
2 detie psmednl (Y o ATAY Oes oREA) Sl sy A3l e ol (g lars
L ess Jelse s La Sl QGDM} a2 Sleslaal L as ol L;J;.a<=l.lé_'z sl S5O0 4 sazme
o2 ATV OLGan 5 glS) 51 0 LT ln a0l 5 o5l sl s & (LS
s by 5l S boeanl laag 5 oo jasiis Lo asgednl (M
5 SOkl olad s 0T e cupde 5 Sl glas s 5l ese cidb glasliazal
Sl ¢ sl (FY Lo ATAA DL 5 sl3 i) A o35 1 sl okl (S 5L
sl il e S a0 S s 383wl STy ol (el g el L
G3SB pess il S5 53 Lol G 5wl o Cu b 5l wadS (35 s 8

oy Lol LOT (6,550 &S plaed) 61 ep g 558U 5 oyl 51 Bls (G3llator (s



Q\)&A)&L‘EJW /...V(oLA:qlf__ﬂJa;'-5uﬁ)m\;zjdi)\{jbag;lﬁ:i;é)f}u;ﬁjcl\/llps‘5LAJJA:J§LQ;JLJ_)‘J\ V¥

A dal g

SSPs sl g sl slgis S (15290l Of gk i g sl

Sl s 2550 53 Gladesd amslr S Sl il il Sl Ay SSPsla sl
s gl ol SIE LS s 5 g Ll b 08 361 o]
Slacras! oo S i 5N ulul p SSP slacnS A8 g 1y OF ST 28 5 (6,50
T 3 B3 a5 samme 5 ol IS Sl ahde s oS il s W TAM 5 TAV
SSP ool axce 55 (gl jous ool (la S35 Waolials Lot les S jaseie |, SSPolkuls Last
Olisls ol (SlaceS anun g5 gl (3l S cilises (Glaslpl 51 0155 o oS IS o0 o5 1,
35 oslizal (55 Grme 5 ol 6 (olaBl anuy (amex Al elge dlex
.(Nazarenko et al, 2022, p.3)

el amnio Lo s 45 30l 52y il g 5 Rmexr Gl SO SSP s ol
old g (NCAR) (gr Dlids o S50 5 (IHASA) (63,08 lagions Jdosi 5 428
Sen Olosle lags Lo SSP 1 sl ks ans (s (alil W5 sl o
5 (NASA) (3,55 slanioge o 5 &35 el 4o « (OECD)anws 55 5 (55l
OV O 5 (b)) ol s a5 (PIK) 1a 0T 50 Sliios (sl plied s acso
SISSP Slils byhs ds 5l Salos Slos be 5 i Jtls (albtl s i
At Sslie a0 il 5 s 4w b bl Lol ssladl asy ol Lelse
S s pall ad g il gla o b e il Conlar Gt Glp 2580 e
.(Doelman et al, 2018, p. 121) 5335 eslial Jtls G2ItU ad o ols oo i
9 H L)

38 Gaiw S (G 5 ) 5 Sl (bl — sl wale 5 51 tags ol
0533 b bl pn glaolKansl Sledbl 5 bl 5l aslizal o 2y ool Glu s 30 0 o pmme
SlaelKansl 0L 5 bes slaesls 51 tagsy cpl 55 Al e &l S pon Sdaddy bl
el o bzl (144Y=Y0 YY) Lo g8l wl oy5n b conlize LY (g bl 050 b (gbtes

e 2Bl as o g A S sl H4iS bl s Olasla 31 eslazal 55 50 (slaesls

1. Potsdam



40°0'0°N

35°0'0"N

30°0'0"N

25°0'0"N

VEY Sl O sl i Jl (630815 Aokl aaldad

S b gt oKl #o el oS il sl 03,51 (V) ISE 5 anlllaes e wliilge

AL e JL T @wwgébuwﬁsc&.ﬁ,;wu

L 14Y Jlw 51 CMIPB (sla U1 gl e s o553 cacdl i s 512 3Y Sl

Olosles 31 bl oSaus! Slaalin glaesls s ESGF (slai,b 1 el o) Ol geas YoYY
CMIPE (sla Sl 5 Shee oLyl w0 lanl Jiass cpl 55 s 8 oy 5piS wliilys
SR 4 e 2,8 LSS bl Sl ey 5 el ol el B s s
5 ki sy SSP Cilises (gla g sl s (YoTN=Y000) ol 055 53 a0 5 Loy Ol ks

03 o 25 SR ba sl 53l el o0 4 S 5L 5 Les Dl i

40°0'0E 45°0'0"E 50°0'0"E 55°0'0"E 60°0'0"E
z
ST - N -g
o o o
A d \ =3
i
% i .JJ)' A
K <4 ..‘v). ek Z T ”.'m-(
¢ s I R 57
s . Sis - Al 9 e e
= . [ o .
> " .y o
{ T . U o e Sy P4
™ Ohialy . § LS
& -~ . ~ S
‘:m_p_,..“; iy i S 2
o301 Sagt o ‘_,_»
s
.; .:U.':" Olgio! P
_ .Jvﬁ D
Jlaat .J’
o 9
. ey b i . .
Laia) - o 2 g
x § s S e otaat B
o8 ) e " [ " L ¢ 8
. bl oliu! - a . \
b v \\— .n-d'
400 -
T 9 by Y il i gt
=S oot el
o33 3 30 _—
[t
- et z
Ty N o
B
Km &
0 125 250 500 750 1,000
40“6‘0"5 45"(;'0"5 50"(;'0"5 55’0"0'E GD"C;‘O"E
.o & a : - a &
axlllan 8590 (Lwlblgn ol ! oLl r Caxdgo (1) JSCb
<33 9390 CMIPGE sla o5t

du;ﬂ 3ol s s Ly laesls ngiu;ﬁ ERPCSrT BRIy OB ol
EPNTRT L;Lajfjl CMIP6 Cilzs 6u,§n O S oske feads S ekl CMIPE Calises



Q\)&A)&L‘EJW /...V(oLA:qlf__ﬂJa;'-5uﬁ)m\;zjdi)\{jbag;lﬁ:i;é)f}u;ﬁjcl\/llps‘5LAJJA:J§LQ;JLJ_)‘J\ \ 7

Slasie s S eslial ctxils Slasl 5o b ) age Gaobin 4w a8 YL S8
&l CMIPE (cla Sl il (slaesls ol ol 03,51 (V) Jsdr 3wy 5550 (sla S
ESGF  (httpsi/fesgf- S e 51 (Ye¥1=Ye00) il o35 5 (VA4Y=YYY) S0 b o5

&3 8 sl s node.linl.gov/search/cmip6/)

G835 ol 53 sz 3538 CMIPE gladis Slasis (V) Jyis

PR _
- S S i)
/A% /4 OLIT (S Sbe dns 3o MPI-ESM1-2-LR A
/1% 215 G Slids A g MRI-ESM2-0 v
WVl Salys 5 S5 585 oK le]
V/YOx) ncl GFDL-ESM4 v
VEVY | a5 ol 531 g Sliiod 3o MIROC6 ¥
Y/AXY/A b5 s Olallas e MIROC-ES2L o
V) O e S A 3o FGOALS-g3 #
/1 x) /) [P S W PR WES S CanESM5 v
VAVOINY | o lidlgn Ol (oS0 wlidqddl S e BCC_CSM2_MR A

alllas 350 Slaelian] gl b 5 slalie slamebl uslie daesls by 51 e
b oss5 53 CMIPE (slaosls astly o 15055 3l elil L MATLAB Jaoe 55 asl 5 angs L
5308 ol baasls sl 3ol s 5l eslizal b e i3 S 25zl (144Y-TH YY)
Cilisen laamcn 5 oslial b b 5 lalie lo sl e on Ol all
L CMIPE il sl sl s bl 5 (aminions 5l 3 S L5l amialla
Js s 8 6k stal ey 3 0l s bes Sl is CMIPE (6801 o 2 Sl eslinad
5 U bl 335 s 53 5 S5 Ll CMIPE sl iK1 a5 sams 51 55k sla sSI1 Clss|
el andllae gz 5L, 50 sl sl

o THe!

MLSBO) ot (st ol 3,555, 3 CMIPE (sloasls sl 2ol g sy cnl 53

1. Linear Scaling Bias Correction




'Y VET 0Ll ) led o g Jln (3 815 25 ekl sl

saslale sl dedaliie Jlaj slacs mw o Sols Sle bl sl POl A o3linad
ol sl Sodalie Slej (6w 5l ey Oles ;3 GEM/IRCM 5 )b 6555 o slags ,m
OLLSan 5 ki) Wk o Jlesl ol giluans olansl glaosls (gl sl ol s
et 3 el alale sl iMool slis L (LSBC) o sy pubide 5,55, (Y010
Comd bl oo o L ulidlpn glaesls A8 o fes sldigiluand 5 Slialie ol
bs Il cpl e dipd e ool S glaesls 5 Slaalie slaesls wlale Statiy (Sl
Sl et Osk 8 STl sl o beas s edidles) el Cal s S Sl ol

(T Y 4&‘)&@
IJ'(Pobs,m)
Plfsotfm,dz Phst,m,d X H(P—)] M)
hst,m
+[ u(Tobs,m) _Tlggill:m,dz Thst,m,d (Y)
IJ'(Tobs,m) ]

Sl oSl (slos b a5k Oles €O ol slem 5 555d e T ek P YL Lals 3
Uy A3l e Slalie oy 5 G Sl ey 5oL L L sdiasOlis 5 5 4 0bs s hst
Slaesls 55 ) ol oy Jlasl L L e ol ool ety 0 Sl
Aol e il sl slie a4 el e ety (3l 53 S s Shae o5l
A OLa 5 5Y)

2 8390 S sl

£ (SSP) S rie (gsliasdl — eleir! o Lot Ulgie s CMIPE & bgs s (sla gy sl
Oyt 3590 5 Slidos amelr a5 Gl (Gd gl 5l 25y SSPSgla s b Ll
PSP VO S C P Ve PR W SV e v T FRCOU B (P I VNP
Slacrs! o S i 2 bl p SSP lacaS a8 Lgud 1 of ST 2al8 5 6,850
T 3l Gosdme w5 peme 5 0l IS Sl dide S s S il ai L TAM 5 TAV
sl are g Gla s Jol gla S5y daolals Lot Wiles S Laseis |, SSPokuls lax
) sliaS an s Gl gl S il glaglpl ) Ol o &S LS 0 iy |, SSP

eslitul (655 O me 5 2l (6 (gilal ann s (Camer dbe el pe a5 Okl




OSan 5 ol i [ plazn] o st gla gl o L350 5 Loy Sk 6,555 s CMIPE slade s Sles JL3,1 YA

c)Mn ab )l ‘)v\.f AMJQL\L} v:.jjsmd\sbjlb )j?-} SSPS USSPl )‘ SSP 6ﬁ)L~.ﬂ c‘i JJS

LSLA}.;)L.A (W"\‘\ 4M 9 é(ﬁ)) Sl a\ﬁ)ﬁ rw\ 9 a.,l..;r,:wi; nb ‘L>‘<'.‘“ ob cob h.w)
S ol SSP5-85 5 SSP3-7.0 SSPL-2.6 (g5 b 4w Jold LEasi ol o axllae 5550

At o] HLED) (YU d 5 wlie e Jast ol HLES] e Jas 0l U sdiasilis S S

Y Jyae)
S ol 5o ealiial 500 S e ol - slaixl e st gla g5l (Y) Jgae
e i <als) ok
S gl oS Sl oS SHE) o o bt 035 R 53— ol SSPL26
Skl (85l 5 2als
3 e sl YL Sl VL b ) Gl e Sloslr —(gladkas ol
s T SSP3-7.0
oS el V| sl ) ol S5 085 03— hed S5 s L an s SSP5.85
G5k ¢l (5l sl oS sla by (2als sl VL
CMIP6 (glagSH1 & Skt 3L 3 !

3 Sas Glatmn 5 Lo a2t (o) 350 SbasSl s Shas Lo 5 L35 g
Ol o3 eslials e Glaamiw i aarl) (e b 5 4 aslsl 3 4S 3515 Sy e
Db 4 s
S (1) adaly asl o Gl OF e o 2 5 dn o oliae (R2) s o
S 5 gdims die ey YAV (L San 5 1 SE3100) das s OLES |y O delous
it plin e 8] 05l OLES (5l el Ol ity oS el (RMSE) st Sl
Olyss 558 o i o (F) aaly Oy sots &S Jle ol 355 00 S84 (6 So3lll alie 5l el
Lo 3 las Sl (Y00 f O 5 o)) 55, 0 SIS0 ool 25 Ls DA s
— 05 S o3l sl 4 ax 5 b odd(gluand pslis s slax anulis gl 55 (MAE)

.(Y"\ 4le§.¢.ﬁ)ﬁ) Jé;gjﬁ 4:‘)‘(0)4.2.") Q)ﬂ‘\{‘\sbj)&)[s




‘4 VET 0Ll ) led o g Jln (3 815 25 ekl sl

STX,X,
R2 — i=1

3%, 3 x.?
)

Z(xo - xs)z
RMSE = |[1=
) N

N

2 1Xo =X
MAE='=1—
©) N

AL o Waesls sluad N 5 ol (g3laand glaesls Xg ¢ Slaaline glaesls X, G356 Laily, 5o
o3 sbasl

b e e el S Llize o35, 3l GCMs (oSl s rass opl 52
s Sbas sl @ LSBC s, 4 (sl ool Sl g 5 25,8 13 ksl 2, 5s (CMIPB)
Sl pes s atlsy (VAAD=YVE) LSl al oyss 55 ik 5 bes (iluand L3 La S
ol 0 03,51 (F 5 ) (gla IS 53 5T e oKl (300 5 Los slaesls (55 0 on) el
Jos el Il (ols caalabpde Dy 0L slaesls 35l e edalin &S 5b0Les
2 ok stetl leand a1 S Sles (90l Olgeea ol il ol 2L
L Jol- glaslssas s LolKaal 505 sldwd @ a5 b das ol 5l andlaes ) ge o)

ol ol 1 ase s e gl O, sl e oSal 35U 5 Loy s >



OSen 5 ol o [ gelazm) o ot sl gyl o (2L 5 b Ot S5 s CMIPE (slads s See b3yl Yo

&
ook
70
60
— 50
£
E 40
= —— Obs
€ 30
K] — Raw
20
—— Corrected
10
0
N N O ™ M O N OO ™ M VLN~ OO ™M
0 0 0 O O 6O O O © © © © © ™ T
O O O O O O O O © O © © O © o
™ ¥ " " Y Y ™ ™ N N N N N N N
e e e e e e T e e T e e e e ]
bl D D D D D D D D D D D D D =
O O O O O ©O O O O © 0 ©0 0 © ©
~ N SN SN SN S S OSSOSO OSSNSO~
™ Y Y T Y Y Y Y ™Y ™ ™ - - T -
1 Z I L g -
QHAJJ:)AJU#A&;@|J>‘}:JQo-\.ﬁcﬂaﬂgﬂjbu@‘ML&eﬁ:L«u.\'J&i’r
Loa
40
30
O 9
= Obs
S
= —— Raw
gm
o ‘ —— Corrected
Eo |
@ Iy
ol N~ O p O v~ ™
.......'--.....
Do O O O 6O 6O O O 0 ©O O 0o ©'o
M- =T T T T T T o Ao
Dl D D D D D D D D D D D D =
O ©O O O ©O O ©O O 0O 000 0o 9 ©
N~ N N SN SN N N N NS N N =
20\—1—\—\—1—\—\—\—\—1—\—\—1—\—\—

b 0535 53 3bT e ol 55 los Jaw gio szl 5 (S )b Flaalin palie ¥ S
2 el Glaazi 5 il sla S L5 S ol S 4 ) POl 51 e
MPI-ESM1-2-LR d}ﬁ MAE s RMSE R2 ,.slae julul s aitls ,y aslllaes ) s adlain
Oljpe el 13555 1 0L (3ot shatoay (6 i 35 51 andllans s go (glaelSanl i 3
Lol andlansyge aidate 3 Sltalie (2,0 glaesls b oSl cpl sosl slaesls R2 Lo se



Y VET 0Ll ) led o g Jln (3 815 25 ekl sl

390 Sl w5 e VO 5VAA L Ll 5 4 5 Ol MAE 5 RMSE Ol 5 +/4)
ailae 53 Loy (gilwand 55 CMIPE sla S 5 Sles bl Lol aslaes ;4o adlate 53 550
£g i 3 MRI-ESM2-0 < MAE s RMSE olie glas o aS sls Olis andlass ) ge
(b ol Dsmen ol /A4 L ol 55 OIR2 e 5 VY S Y00 L a5 w
sla S O o3 by s Shee pgcans #VY Ll RMSE L MIROC-ESL2 Ry
DL LBy du;{” JTSl 3 QJ«ak?- GL’& u"’l"’"\f .J)l.) Les 6)@4?.& LS‘J" IR
3Ly Oluis 58S 0l Olg o 5 ol [Kos bl I S andllassyse ailie 5oL, 5
Ut 58l LYs O_US(..@,«)'\ u,ﬁ\gf,wujméﬁéuauu‘g\;ﬁj: (b
Oloy Jdsay by (gslaans s L S ST Lol el anlans ;g blie 5 LaolSaos 03
MRI- sl Sl ok ol o Faoma 3 Aiea ool 4 Sl (5SS gl (gl QTJL»S
oS ul?;’l;‘ oJ\.«J SELIBE u:u)\.n} Les LSJi'u"":i LS\J" s S MPI-ESM1-2-L , ESM2-0
sl giluand s Cile gl Sl eslixal b w5550 6@,@ s Sdes bl C,LJ

RGO P aJJJ‘ (Yl) dj.,\zjéjj.is CE.N)J k);,)b
2358 53 preallar Lk b o bl p 0L 5 b (s5land 53 CMIPE b Q1 o550 ¥ o

R2 RMSE MAE _
S 3
Ls | Ak | e b bes At
A4 | Ay | V4/4 Y/4A YO MPI-ESM1-2-LR |
A4 | As | YO0 | YYAY | Y Ya/rF MRI-ESM2-0 v
/AN JAO | Y/OY Yo/8 Y/NY WYY BCC_CSM2_MR v
A0 | A0 | oY | Yo £V Yo GFDL-ESM4 ¥
AV | AY | oAY | YARD | oY | YYAA FGOALS-g3 o
JAD | s | osYE | oYVYAY | oMy Y4/A¥ CanESM5 4
a4 | ovor | s YSON | S/0F | YAAQ MIROCS6 v
a4 | /00 SV \ETAR s/OF | YYNVE MIROC-ES2L A

S (YToTV=Y000) ol 0,53 53 5L 5 bes (6,5 e 4 v oSl Ol 51




OylSen 5 ol o [ gelazm) e bt (sl gyl S (2L 5 s i 6,55 s CMIPE sladie s Sthee L3, YY

Ligme ulul p QA=Y VE) Wl o3 4 Cad O Skl 5 s 350 Sl an
C,:u“a.x.;.ﬂe)yqu.; 095 53 yeiS 55 ley b g b2 w8 e A ey La g sl
a3 YA Y w)j'ischw‘)bd.:lic)}b‘)blﬁbhw}lﬁésb‘b OLES sy 2 ose Sseobw 4w
D 5 s S s I b O palie e o el Ol 53 e s
P b VL Gles gt slis (g 2eS Ll SIS S 0 (HIE e s 28
slial )53 3 Lo Jamgte Sl oldd iy Sl 5028 38 dled s g8 g dled
Loa Oljes ey 12550 Sotoliow o o8 (ol 4 s g0 OGS 55 ilises (gla gy sl (ol
oy al gt gedi 4y YA B VYA w5 5 S dale iy 5l Al ey 4 S
5SSPL2.6 (sla syl bl s od 5 & 35 4l 0555 & S Lo i oy i 5 o eS

(f JS8) Ll sl (6 55 iy SSP3-7.0

avovE ad souvE ssovE ororE wove o0 soove ssove oove

o

b
3 |4 z| M 01-138 £
3 8 3 2
1 4] g] B 1s7-171 g
172-208
I 20.7- 241
5 2 . 2:2-276
¢ £ £
2l I km 2
0 252 50 7 1000
wSve = wove wioE e
wove are sore ssove wove w o v sove wove

won

=dow

SSP3-7.0

SSP5-8.5
z( W v2-147 £ B 1s-153 P
13 I 14s- 183 2] I 154187 £
: 184-219 [J1es-222

2254 I 223-256

552 W 57201

25700%

TEILE e e
0 12525% 500 750 1000

LT L Km
0 12525 50 7R 1000

wive wwooE wive so0e wove

s 4 )3 G e (5o g sl bl 0T 6503 5l 0593 55 Lo b gt ol w5 ¥ JSS
Slalie oy 4 s sdul oy 53 ( Sz S iy olely by Slass olisss
g 53 &S s e Ol adllleesse dilaie 53wy p3y9e Sl aw Ha bt Wil

Oyt i 38 Al Iy Aul58l sendir a4 53 V) BV/Y 0 Loy o g2 anllaes ) o



Yy VEY Sl O sl i Jl (630815 Aokl aslla

VIV L 535S G5 o 5 s e 3 b blie & by e ez CMIPE (o801 ulil Lo
I8 e Sl 5ES s e 8 b e 5 Ol pd eSSl e a5 YV
e 3 g g3 ol gl w3 VF B il 38 Ol 5 o Jled 2
e a3 VY age sibay il ey Cond el s 3 Les Olpe asllles e

ol 03,5l (O) 15 43 anllls 3440 dibie 33 O Ol a5 avje 4S 5 S dales U Sl
03 0 o5 > e B0 = e ol

N
40"9'0"E 45“0"0"E 50°q'O"E 55°q'0"E 60"0"0"E
z r 3
g m N is
g ﬁ e
- z
=4 o
£ B
3 2
z |  Lad St e z
o o
o Fo
g M- g
[ 14-18 \ ;
17-1.8 - \ i ‘
] | e B
o2 , o g 3 JJ/J
z A P i z
o { B ¢ o
£ EX
S B W I L TKm Q
0 125 250 500 750 1,000
40“0"0"E 45’0"0"E 50"6'0"E 55"(;'0"5 50"6'0"E

T R S PR GV R YRS AR L PR
C}a.-)2 Db Dy asls a5 sl OLLS 55 5508 55 Aol Dl olad w8 e
i e b e 0L pslie i Sl e e WYY GOV (o w053 53 5538
Ly i ol pale g teS el 530S O 5 S e S IS e s 0 Sk
o 3 o dee Yor BOY o oS sl 5538 350 s (18 e 5 Sl Gble &
b b 5588 e 5o L ST Ol Jeol S Gulal pseamens Al 500
G5 s S il Ol Bl 5508 B0 4 8 Sl oy 4 Jld Sl S

2 bl &8 M e 0L 5 il (e g sl bl ool 653 3 Ja0L Sl s L



Wan 5 oloy o /o slazm] e b gl g sl o 350 5 s iS5 K5 s CMIPE sladie 5 Shas L35

Y¥

ool 6.1.4:\5 Ol pns Ry 9 RS s .Lal‘,p'-):.adl?a\\\\/l:\? 4 S s Sl
ol 6&& SSP3-7.0 B SSP1-2.6 6[.&)&)[.“» LI"L“"J" u:SJS “ J:‘ Qtﬁ 0995 4 Coond

(F JK8) o

vove wove soovE sso0e eo00e rove v seove ssove a0
z z
N 1§ N {2
A ; A i
g z
SSP1-2.6 Rain-Sum
I 2161829 . 523
I 183-3442 B 235-416
[ 344.3-5055 z I 417 - 597 z
[ 5056-6668 H | 598779 1
[[7] e66.9-828.1 780 - 960
[ 828.2-989.4 [ 9s1-1.141
[ ss05- 11507 B 1.142-1323
3 [
2 8
[ ey W oy [V} 2 Km a
0 125 250 500 750 1,000 0 125 250 500 750 1,000
rooE wive e sstve wive ooe tve sooe P wive
vo0e aso0e sove ssovE 00vE ove asove scove ssovt wove
£
N 5 N |E
t 9 A g
é
SSP5-8.5 ~ SSP3-7.0 °
I 241827 W 65-1738
I 1828-3414 B 1739-3312
[ 341.5 - 500.1 z ) 331.3-4885 z
g
[ 500.2- 658.8 2 4886-6458 1
_ ]6589-8176 ] 645.9-8032
[ e17.7- 9763 [ e03:3- 9605
B 97641135 [ oc06- 11179
£ £
B ;
(2 Y e B re | ® r Km ®
0 125 250 500 750 1,000 0 125 250 500 750 1,000
b= o= s = = e Yove wive wooe wovE i

Lo ys g ihiten gl g sl el p okl )53 5wl 0593 5 AL S mis PSS

olis MJUQAJJ‘)A 4.5)9.1&)3 L;U.Auw 09> 4 ngw.’ Ov\:\.lT 6,93 > ULJL Q‘J::JG 6}[5‘)

YA GNY o O Oljee 45 Sl sl 2alS (50 Olse andllans ;ge ailane IS 3 45 s e

Vo LosS G e s S I8 a b POL Al Dl it o el s

3 o dled (Al e s o s b 0 SR geS Sl Ao YA L

o)j:):ui‘)lf&l},awUm:)fd]a;»):C)w): Sl Lo 3 VA B VY L 508 305 Jlls

\{ﬂlj)j.iscla,ﬂ):la.w}:»)jla@(ﬂ()lkﬂ6>;M\?\%JASQQ°))>@M5JQT

(V JK2) 55 dal gt a5 VAO



Yo VEY Sl O sl i Jl (630815 Aokl aslla

40°00°E 4500 50°00°E 55°00°E 60°00°E
£ £
o =3
(=0 o
5 b
- -
£ z
o °
S =
w w
«© «
z | Gl Sl st a0 z
o o
o Fo
2| M 2s8--24 3

[ -23--20

-19--16 )

[ 1] N

B sz ,
g = g
21 3 =
& I | | I 1Km ]

0 125 250 500 750 1,000

v : . v T

40°00°E 45°00"E 50°0'0"E 55°0'0"E 60°00°E

(\f\ suﬁc\"’*\ ‘&buj)‘yb-ﬁ‘}blg})M)AW,:Q‘:B;}JQ%J e.\;gje)Jé).ag;r)\fQ‘x.‘deij.VJQ
Slgni 3 (535 0
oS s sl 53 Ol Oy Olse 3l C}Uo\ Slr b s by Sl (6 K
Shesslas s e sl Ol 51 b e Sl L gl oY Slgas
alooyes 53 Sl oo by gilaand 5o Lol s Ses oUssl & LSBC i e o)l C)LA
“g e 3 MPI-ESM1-2-LR (S« Jol> b bl Al sl (VAAR-Y YY)
el s b it S LSl 4 Sl gt By 5 adllaes g
emed el VA L ol 55 O RMSE Olsse 5 +/4Y) 0T R2 v gie Olsme 4S5, 5ba
s Shes o2 YY) 5 0/44 /00 L ol o MAE sR2 RMSE L MRI-ESM2-0 (5ls ;S
s (g3lwand 53 CMIPE (gla Sl 5 Shas b Lol anlans 9o adleio 5 Lo (g3loand <l
L ol @L‘J LS o gsleans 2OL 5L e |, s CMIP6 sl SIS sl Ol ook s
Sl S s Ses oLl 5 OVFY) 0L 5 gdame 5 (Y0TY) 0Ks 5 (6K Slalllas



Ol 5 ol o [ gelazm) o ot sl gyl o 2L 5 b Ol S5 s CMIPE slads s Shee L3yt Y7

cillas W 3l Jled 5 ol sl ailane 5 01l 53 (506 5 Loy Sl eis (5leans 5> CMIPG
w5 4 sl 0L o andllaesyse adlie 5 eSOl o S ks Sl @l ol
e 8 35 dalet Ly RIBl s 4m5 YY) BV s dewgte anlllass s
55 Sk eS el IS (S5 e 5 o e 5 B Bl 4 by O] Sk
ol 0553 53 Lo Ol anlllans go ailain 53 sazmess ol 538 s ol by e
bt bl bals S dal g Rl 531 seds 4055 V/E o st sbas by o0 4 o
e 45 58 Aaly Iy 2l Aoys YA BT o asdlaes e adlae s 3L Ol
G 15 b Dk S 5 S S e Gt 8 4 b O D
s 4l oy a4 el el )55 3 L Ol el bl il 528 52 Jled
e e oY S JEI RN C SN VY ST RS E SR S
OFY) DL 5 e 5 (T0YY) OLKan 5 (6 Ko (Y4YY) OLKen 5 (e Slallas
e Ol eisa 5 W 3T Jlad 5 wloysls adlee 53 55l 28 5 Ly Ll 5
el 58 5ok s Gl bes asllles pe ailais o bl gl ell g samass 313
5 G Sl S (T mle SRalS (B s GBI LS e Dl S 5L
5 oS N pams dd) 0y53 SRS imen 5 Wl 5 @SS Glaiol Sl
Ll o Il s opl fseme AL anils Jlisa allais 3 1) Jseame 5 Sles JalS 4t
St 53 Jsie Olppaely ol o3 alple A8 ond Sl 1) e Bl Lal 2
ok ol gl Sl Anled BT dder ll s b Bl 6ln e la sl 0SS
G Sunde praes 5 SLSU el (JlaSis Dmen (Dldne b dilis s Ol

EP I I S T PR SY |



Yv

VFoY Oleslb Ve ol P Jle (g5l Ja}};u;.ﬂuzl 2b

&b Cuw g8

w6 @b (W1

Sln s Olgisl Ol s Al (glaclad  oolBl s Uy o (V) e (ol 53515
B8 PV (alll G558 5 ke Ao sl (Sl o 5 3 ks a5t

Slaadolr ma §) s Dl o ol s IO ) SSb l5eel 5 i a2
INNAYO OV WY i Lomn (555 5 sl Ol

allas) (g, 03 gm 2 b 3 asnedinl (VVAA) 5 o o in o 5 da] ety g § oy 0l peil
TA=00 ((V08) YA lil iz ledlb] ingy ale aslilad (O, 654 adais « S 4L 16550
a8 el L (50l 5 Las Sl 6 K0 (V50 e oaly 5 15 e sl s ¢
Olo3ls @Bl i Ml ol &S ppetia 5w Ol g2 53 SDSM a8 ke (¢ S o S 5 CMIPE
MY o s 5iS alidlsn

s Sl as 53 SWAT Jit 3 ,1)lS (1WA Lo e« Jlprrloe 5 Lo sdema (535558 43k 0
YDA Y 5\ o el (sla ia gt 4 i ol i 36 o ST slae 53 3

S8zl sl S5 s sladaly 5 JSlea Jiule § LOYAA) dams Ol 5 5 ST ¢ il
e g3

P itasl 5 Ll Ol 53 JSos BTy gl el (OYAV) al il 1 5 o s Seslus
B8 VE (1))

s sl b a8l i o e (VFAP) sl s (i 5 3 gmt (835055 gy (Do
V-0V (PN AJQ/L;J/_%@/’W.LWJ'»}L& FIREA PR R TS B PR

GladiEn 3lasliad L (2L codedily it (OFAD) il (6508, 5 b ¢ iliday tdama 40 IS
M2 O Dlpes gmbign Hall o S ronin (850 e Glaad 58 bl

o JlasSir Candy o o Bl s S0 b a3 sk 5 el Ol g e S (a8
A=W INA Ol ol e (536 25, 5 e3linal L SSP5 5 SSP3 (sla p s

Lacde oY o 3,5 b (5 slaessn Sl nsiednl OWAA) i o omud 5 shgo IS
MAD-VA4 (VB Yr o pile s ok aolilas

Seslial Uy G35l 5 bos s ST 3t (OYAY) dad e ¢ imm 5 a1 ¢ Do 83 3mmn (S35 55
FAm S0 DA (ol i (slds aolilas (am syl alys ol o35 165,50 anllles) (bl s Sy Jobe
CMIP6 (gladis 3l aslinul b 5k (s SOk (VF0T) wdla wslinin 5 55,8« ol t o cghoms
IV=XN ()N ames il pblois 5 Ll iz .05l 8 Jlads 53 VY 03 0LL G

e ol C

e Beecham, S., Rashid, M., Chowdhury R.K. (2014). Statistical downscaling of
multi-site daily rainfall in a South Australian catchment using a Generalized



o‘)&&h}‘;‘u)‘)‘) /...fLA:?lﬂL}Lél—hﬁ)bﬂ&}tjﬁ)k{ju)&lﬂ;é;u:ﬁjCMlps‘5LAJ./\.¢3J§L¢;&'L;)‘J\ YA

Linear Model. International Journal of Climatology, 34(14): 3654-3670.

e Crowe J, de Joode BvW, Wesseling C. (2009). A pilot field evaluation on heat
stress in sugarcane workers in Costa Rica: What to do next? Global Health Act.
2.

e Dibike Y.B, Coulibaly P. (2005). Hydrologic impact of climate change in the
Saguenay Watershed: Comparison of downscaling methods and hydrologic
models, J Hydro, 145-163.

e Doelman, J. C., Stehfest, E., Tabeau, A., van Meijl, H., Lassaletta, L., Gernaat,
D. E., ... & van Vuuren, D. P. (2018). Exploring SSP land-use dynamics using
the IMAGE model: Regional and gridded scenarios of land-use change and land-
based climate change mitigation. Global Environmental Change, 48, 119-135.

e Hardy, J.T. (2003). Climate Change: Causes, Effects, and Solutions. John Wiley
& Sons, Ltd. 247.

e |PCC. (2013). Summary for Policymakers. In: Climate Change 2013: The
Physical Sceince Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovenmental Panel on Climate Change.

e Jayaweera, L., Wasko, C., Nathan, R., Johnson, F. (2023). Non-stationarity in
extreme rainfalls across Australia, Journal of Hydrology, 624, 129872.

e Jiang, J., Zhou, T., Chen, X., Zhang, L. (2020). Future changes in precipitation
over Central Asia based on CMIP6 projections, Environ. Res. Lett, 15: 1-4.

o Kay, AL., Davies, HN., Bell, VA., Jones, RG. (2009). Comparison of
uncertainty sources for climate change impactsL flood frequency in England.
Climate Change, 92: 41-63.

e Kilshy, C.G., Jones, P.D., Burton, A, Ford , A.C., Fowler, H.J., Harpham, C.,
James, P., Smith, A., Wilby, R.L. (2007). A daily weather generator for use in
climate change studies. Environmental Modelling & Software, 22: 1705-17109.

e Lane, M. E,, Kirshen, P. H., Vogel, R. M.. (1999). Indicators of impact of global
climate change on U.S. water resources. ASCE, Journal of Water Resources
Planning and Managment, 125(4): 194-204.

e Luo,M. Liu, T. Meng, F. Duan, Y. Frankl,A.B. Maeyer,P.D. (2018). Comparing
Bias Correction Methods Used in Downscaling Precipitation and Temperature
from Regional Climate Models: A Case Study from the Kaidu River Basin in
Western China. Water, 10, 1046.

e Majdi, F., Hosseini, S.A., Karbalaee, A., Kaseri, M., Marjanian, S. (2022).
Future projection of precipitation and temperature changes in the Middle East
and North Africa (MENA) region based on CMIP6. Theoretical and Applied
Climatology, 147: 1249-1262.

e Mao,Caixia; Koide, Ryu; Brem,Alexander,(2020), Technology foresight for
social good: Social implications of technological innovation by 2050 from a
Global Expert Survey, Technological Forecasting and Social Change,VVolume
153(8),pp.2-13.

e Nazarenko, L. S., Tausnev, N., Russell, G. L., Rind, D., Miller, R. L., Schmidt,
G. A, ... & Yao, M. S. (2022). Future climate change under SSP emission
scenarios with GISS-E2. 1. Journal of Advances in Modeling Earth Systems,
14(7), e2021MS002871.



Y4

VFoY Oleslb Ve ol P Jle (g5l Ja}j.a.),ﬂ PRI

Palmer, T. E., McSweeney, C. F., Booth, B. B. B., Priestley, M. D. K., Davini,
P., Brunner, L., Borchert, L., Menary, M. B. (2023). Performance-based sub-
selection of CMIP6 models for impact assessments in Europe, Earth Syst.
Dynam., 14, 457—-483.

Panol, T.J., Loret, F. (1998). Climatic warning hazard and wildfire occurrence in
coastal eastern Spain. Climate Change, 38. 345-357.

Peiffer J, Abbiss C. (2013). Thermal stress in North Western Australian iron ore
mining staff. Ann Occup Hyg. 57(4):519-27.

Shrestha, S., Shrestha, M., Babel, M.S. (2016). Modelling the potential impacts
of climate change on hydrology and water resources in the Indrawati River
Basin, Nepal. Environ Earth Sci, 75, 280

Teutschbein, C., Seibert, J. (2012). Bias correction of regional climate model
simulation for hydrological climate-change impact studies: Review and
evaluation of different methods. J. Hydrology, 456: 12-29

Wang, D., Liu, J., Wang, H., Shao, W., Mei, M., Ding, X. (2022). Performance
evaluations of CMIP6 and CMIP5 models for precipitation simulation over the
Hanjiang River Basin, China. Journal of Water and Climate Change; 13 (5):
2089-2106.

Wilks, D.S., Wilby, R.L. (1999). The weather generation game: a review of
stochastic weather models. Progress in Physical Geography, 23: 329-357.



OSen 5 ol o [ gelazm) o ot sl gyl o (2L 5 b Ot S5 s CMIPE slads s See b3yl Yo




Journal of Strategic Futures Studies
Vol. 3, No. 10, Summer 2024
pp. 31-52

Reading the Emerging Global Order: The Transformation
of the United Arab Emirates’ Role in the Global Oil Market
After the Ukraine Crisis

Saeed Pirmohammadi’
Received: 21-02-2024 Accepted: 18-05-2024

Abstract

Since the onset of the Ukraine war, significant changes have occurred in the
global oil market. In response to the sanctions imposed by the United States and
European countries, Russia has sought to maintain its foreign trade flow,
particularly in oil, by exploring new markets in both East and West Asia. The
main research question of this study is: "How has the reading of the emerging
global order influenced the transformation of the United Arab Emirates' role,
specifically, and the global oil equations in the period following the start of the
Ukraine war?" The findings of this article show that the different readings of key
actors in the global oil market, especially China, Russia, India, the United Arab
Emirates, and Saudi Arabia, have led to various approaches. Abu Dhabi's specific
interpretation of the need for strategic diversification has shaped a pragmatic
foreign policy approach based on flexible cooperation in the global energy
market. Furthermore, the data reviewed confirm the notion of a shift in the
economic orientation of key market players towards the East and Asia. This
article is descriptive-analytical, and the required information has been collected
through library research and referencing credible online sources.

Keywords: Emerging world order, Ukraine crisis, United Arab Emirates, Russia,
Global oil market.
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Abstract

The influence and social base of the clergy is a topic that has always been
debated. Throughout various historical events, scholars have discussed the role
and influence of the clergy in achieving important goals. Unlike other studies that
examine the clergy's influence in past events, this research takes a future-oriented
approach, aiming to explore the clergy's influence and social base in the future.
To address this issue, the study first identified the key drivers by reviewing the
literature, and after seven rounds of the Delphi method, the most important
drivers were identified. In the next step, using the cross-impact analysis method
and the MicMac software, key drivers were identified. Finally, scenarios for the
future were examined using Scenario Wizard software. By consulting experts, six
key drivers out of fifteen were identified, and based on expert opinions, four
possible scenarios were designed: one desirable scenario, one disastrous scenario,
and two middle-ground scenarios. Among the scenarios, the most probable one is
the "ideal clergy scenario,” which, with changes in educational, training, and
social policies, as mentioned in the policy section, could strengthen the position
of the clergy in society even more than today.

Keywords: Ideal clergy, Seminary, Scenario wizard, Spiritual influence, Future, Social
capital.
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Abstract

The contemporary world is facing rapid changes, filled with instability,
uncertainty, complexity, and ambiguity, and these transformations create great
surprises over time. In such conditions, strategic understanding and timely
engagement with realities provide the potential for creating opportunities, while
neglect and passivity lead to facing various threats. One of the ways to address this
is through futures studies and the domain of watching. Conventional watching has
limitations, and failing to address them can lead to threats. Artificial intelligence, as
one of the most influential emerging technologies in the world, is a driving force
for extensive changes across various fields, including the watching domain. This
research focuses on the capabilities of artificial intelligence and considers its
limitations, examining how to enhance watching. The study is applied and
qualitative in nature, initially gathering data through literature review and library
research. Then, to finalize and prioritize the limitations of conventional watching,
the Delphi method was applied in two phases. Finally, using the collective opinions
of experts in a panel, the "Rohrbeck" model was selected as the base model, and the
results were completed and confirmed. An enhanced model, integrating artificial
intelligence, was proposed. The time scope of the research is 10 years, and the
spatial scope focuses on the domain of futures studies in Iran.

Keywords: Futures studies, Scanning, Monitoring, Watching, Artificial intelligence.
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1. Volatile, Uncertain, Complex, Ambiguous
2. Horizon scan



Ql)&w}wmcj)/@l{u\i;ej?ﬁﬁjdh:f}kaJ;iT):JT:JSJLS)JGM_;}A YA

ol Bl oSS 5 i b s Ol sk s S o AU sy o e
5 op  Asmednl e S SO e s SIS Glacs i 5 baed b
Sl g el s SIS 51 S o san ian i asn cnl 03 S o
2SN o 20
©39.50 g Cund
1S Ol e s onl Saeal 0L s
oaEa psnekal ey n SHS S (e pean s Julss batasn e el L -
o i s
0o Pl Sladss Slasiona @lp 018 o Jask ol s s el I -
S oo VB o 3050 O )8 5 2 game an Gyl 5 e b -
O ST sbataly 5 (sman s o5 00 Sl Dl b sl (S5 ¢l -
g 3 paly GenS 5 G roael
el K 33,5 el ols a3 o ST S Ol oo Doy ,mo Ols 53 Cyuizean
22,8 8B o sian ipn b agrlse 52 ponednloim -
LL S g aspedal las SH ol Sl s ogmas jiss ST Sl blis 3,50 53 -
05585 OIS s
5 S AR Sl an GEsn OV 5 Ol iednl e ol JulsS pas Joay -
‘MS;J.& VM)L ails 039 ol o
3OS G Dk e b psese punednl ssas ias oism SV -
Ales Jylse 1 OF oS
29 Jlgw g Sua
(GG e SLdus )3 e game iga S, 1 ol G
@550 SLbass 53 glas S8 o gime Ssan i Jol Jl 5w
S Se
SE G0 g Ry
A slaans (bosess Gl Sl dm s glagosls 5l (S Olpea o san 5 ss



va VET Okl OV osled cp s Sl (63 8Ly 2 s pet] aslial

1S 33,5 o e $slb ST i Slaes s I S Olgea 5 adls o3l slacd iy
Ohcalo i bl agls 1y 0l Suuy cadises sl 5 iy sloel b b
H(ﬂc&bb}&uwtjw}wbUd)bﬁmb)‘ u\ju&.ﬁj}:_}&)}ﬂTUdA;Jw
YOV O 5 I3l (52) i dal g 055 85 o ymae opn slacd iy

4 S 3 e Glaalg 5 ot 5 (A Ol licolo AST s o game i sl
O i Saics e 51 L 5 Sl (555 ol S 51 el s b 5L aST ) o
)UJ}:—W.})J JM ui:}-h}.})‘.) STy JL?JEJCLV‘&‘LAG& Jl‘)‘Jb‘JJ‘*’
oslllr dins SO osime Jian s o 0L ol &S il @ S 13 Ml S0 sl oS
g3 A WY =2l = s .(..:_.M)\JSJJP'-)[S)):M:);\)QTJ%QV_ALAASQMN\ sl
Aol AT Eaoe nl 3 Aoy VY laib oS S e oslinal o gume bam Lol 5l Olex
M)JYVMY'\O de)JM))\' )\6@‘6‘)f‘;§{‘4)lsh?w)3 QT)‘ b)LLM\W
(\‘f'\ ‘rmw) S bJ%.w) \EAR! de DL

ol § e JAK_:;.;‘J slaais,y 50,059, slas )8 0SLS Sl o g sa
ol B 0L gl 48 gl im0 o g p3 5 (YooY Gila 5 ) 5jls ileses
;l.x_yu'Sw\oﬁrje.iap@dcw&ﬁSCMlAJJBQLﬁ(Y'\V)JSf.le,\.?:ﬁ}.ual.:
aile 85 5 ogan ea SL; ol (e (s Oleslee dile atli 3 oL
CE_Ajséajfw}ngfali WSos aly il col (o6 oS anils L;)l)_é\f;}jdjb_élw

SF g igh

Sl M 3 sy o pean (ha i pa 3)se 3 GBS s 45 Zoals nl o8 le
O.c«_,:_.mu‘::_,.aw_,.?;&»ckwmwo\j&jwl#JﬁnJ@f)jbpu;)mdi}a

1. Artificial narrow Intelligence (ANI)
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1. Arificial General Intelligence(AGI)
2. Artificial Super Intelligence(ASI)

3. Deep Blue

4. Watson

5. AlphaGo

6. High-Frequency Trading Algorithms
7. Futures Studies
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1. Monitoring
2. Scanning
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1. Wildcards

2. Heat Map

3. Visualization

4. Outlier

5. Potential shocks
6. Horizon scanning
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1. Tacit Knowledge

2. Unconscious Knowledge
3. Mihlroth and Grottke

4. Boysen
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Abstract

The origin, dynamism, and avoidance of stagnation in any civilization depend
on a flow (material or spiritual) around which it develops. In the modern view,
what creates and advances civilization and human history is the focus on
materialism, which gradually, through human innovation and cultural creativity
emerging from nature, instinct, and human heritage, creates its own spiritual,
intellectual, and cultural components. Ultimately, these immaterial structures
form the essence and framework of civilization. However, from a religious
perspective, first, the beginning of history is marked by a divine flow, and the
history ends with the perfect human; secondly, this flow has a central element
called Sharia, which is the origin and driving force of civilization. Sharia refers to
a divine flow set by God for the prophets or communities, manifested through a
set of rules, beliefs, and laws. Thus, Sharia in this context is not merely a set of
legal rulings or figh laws but, in its broader sense, also encompasses the realm of
reality and natural laws, including tools and technologies. This situation directs
the quality of human interaction with the real world. The dynamic, historical
nature of legislation, suited to each prophet and community, indicates that this
goal is gradual and historical, with different Sharias tasked with achieving parts of
this objective. Given the finality of prophethood, the Muhammadiyah Sharia
(PBUH) represents the last phase of this realization, and the promise of
establishing religion will occur within this Sharia.

Keywords: Civilization, Origin of civilization, Flow, Material flow, Shariat flow.
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Abstract

The issue of corruption in societies is a complex and multifaceted challenge,
requiring an understanding of its roots and various layers to develop effective
countermeasures for each aspect. This exploratory qualitative study is based on
Letter 53 of Nahj al-Balagha (the Covenant of Malik al-Ashtar) with a futures
studies approach, aiming to uncover the layers of corruption using the method of
layered analysis to envision the future of combating corruption. In this regard, 15
key themes explicitly or implicitly related to corruption were selected from the
text of Imam Ali's statements and analyzed at four levels: objective/formal,
objective/deep, subjective/formal, and subjective/deep. The findings indicate that
manifestations of corruption can be evaluated across these four levels, where what
appears at the objective/formal level is rooted in the objective/deep level. Its
necessity or prohibition is articulated at the subjective/formal level, and its
underlying causes are addressed at the subjective/deep level. The envisioned
future presented by this study regarding the layers of corruption offers a hopeful,
feasible, and probable outlook for all societies, enabling them to take appropriate
actions to achieve the benefits of combating corruption or preventing its
consequences. This is because many societal corruptions share similar roots, and
their countermeasures have been tested.

Keywords: Envisioning, Corruption, Future, Stratified analysis, Nahj al-Balagha, Malik
Ashtar's Covenant.
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Envisioning the Future of Combating Corruption Based on
Letter 53 of Nahj al-Balagha

Azimollah Nabilou?!

Abstract

The issue of corruption in societies is a complex and multifaceted challenge,
requiring an understanding of its roots and various layers to develop effective
countermeasures for each aspect. This exploratory qualitative study is based on
Letter 53 of Nahj al-Balagha (the Covenant of Malik al-Ashtar) with a futures
studies approach, aiming to uncover the layers of corruption using the method
of layered analysis to envision the future of combating corruption. In this
regard, 15 key themes explicitly or implicitly related to corruption were selected
from the text of Imam Ali's statements and analyzed at four levels:
objective/formal, objective/deep, subjective/formal, and subjective/deep. The
findings indicate that manifestations of corruption can be evaluated across these
four levels, where what appears at the objective/formal level is rooted in the
objective/deep level. Its necessity or prohibition is articulated at the
subjective/formal level, and its underlying causes are addressed at the
subjective/deep level. The envisioned future presented by this study regarding
the layers of corruption offers a hopeful, feasible, and probable outlook for all
societies, enabling them to take appropriate actions to achieve the benefits of
combating corruption or preventing its consequences. This is because many
societal corruptions share similar roots, and their countermeasures have been
tested.

Key Words: Envisioning, Corruption, Future, Stratified analysis, Nahj al-Balagha,
Malik Ashtar's Covenant.

1. Assistant Professor in Theology Department, Faculty of Humanities, Islamic Azad
University, Arak Branch, Arak, Iran az.nabilu@iau.ac.ir



An Approach to the Idea of Civilization in the Holy Quran

with a Focus on the Concept of Shariah
Majid Mohammadlou'?

Abstract

The origin, dynamism, and avoidance of stagnation in any civilization
depend on a flow (material or spiritual) around which it develops. In the modern
view, what creates and advances civilization and human history is the focus on
materialism, which gradually, through human innovation and cultural creativity
emerging from nature, instinct, and human heritage, creates its own spiritual,
intellectual, and cultural components. Ultimately, these immaterial structures
form the essence and framework of civilization. However, from a religious
perspective, first, the beginning of history is marked by a divine flow, and the
history ends with the perfect human; secondly, this flow has a central element
called Sharia, which is the origin and driving force of civilization. Sharia refers
to a divine flow set by God for the prophets or communities, manifested
through a set of rules, beliefs, and laws. Thus, Sharia in this context is not
merely a set of legal rulings or figh laws but, in its broader sense, also
encompasses the realm of reality and natural laws, including tools and
technologies. This situation directs the quality of human interaction with the
real world. The dynamic, historical nature of legislation, suited to each prophet
and community, indicates that this goal is gradual and historical, with different
Sharias tasked with achieving parts of this objective. Given the finality of
prophethood, the Muhammadiyah Sharia (PBUH) represents the last phase of
this realization, and the promise of establishing religion will occur within this
Sharia.

Key Words: Civilization, Origin of civilization, Flow, Material flow, Shariat flow.

1. Researcher in Future Studies Center, Supereme National Defense University, Tehran,
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Artificial Intelligence and Its Function in Futures Studies:
Focusing on the Domain of Watching (Scanning and
Monitoring)

Homayuon Hariri?, Roohollah Zeighami?, Mohammad Rahim Eivazi®

Abstract

The contemporary world is facing rapid changes, filled with instability,
uncertainty, complexity, and ambiguity, and these transformations create great
surprises over time. In such conditions, strategic understanding and timely
engagement with realities provide the potential for creating opportunities, while
neglect and passivity lead to facing various threats. One of the ways to address
this is through futures studies and the domain of watching. Conventional
watching has limitations, and failing to address them can lead to threats.
Artificial intelligence, as one of the most influential emerging technologies in
the world, is a driving force for extensive changes across various fields,
including the watching domain. This research focuses on the capabilities of
artificial intelligence and considers its limitations, examining how to enhance
watching. The study is applied and qualitative in nature, initially gathering data
through literature review and library research. Then, to finalize and prioritize
the limitations of conventional watching, the Delphi method was applied in two
phases. Finally, using the collective opinions of experts in a panel, the
"Rohrbeck” model was selected as the base model, and the results were
completed and confirmed. An enhanced model, integrating artificial
intelligence, was proposed. The time scope of the research is 10 years, and the
spatial scope focuses on the domain of futures studies in Iran..

Key Words: Futures studies, Scanning, Monitoring, Watching, Artificial intelligence.
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Scenarios of Spiritual Influence and Social Capital of the
Clergy with a Future-oriented Approach

Ali Karami?, Ibrahim Hajiani?

Abstract

The influence and social base of the clergy is a topic that has always been
debated. Throughout various historical events, scholars have discussed the role
and influence of the clergy in achieving important goals. Unlike other studies
that examine the clergy's influence in past events, this research takes a future-
oriented approach, aiming to explore the clergy's influence and social base in
the future. To address this issue, the study first identified the key drivers by
reviewing the literature, and after seven rounds of the Delphi method, the most
important drivers were identified. In the next step, using the cross-impact
analysis method and the MicMac software, key drivers were identified. Finally,
scenarios for the future were examined using Scenario Wizard software. By
consulting experts, six key drivers out of fifteen were identified, and based on
expert opinions, four possible scenarios were designed: one desirable scenario,
one disastrous scenario, and two middle-ground scenarios. Among the
scenarios, the most probable one is the "ideal clergy scenario,”" which, with
changes in educational, training, and social policies, as mentioned in the policy
section, could strengthen the position of the clergy in society even more than
today.

Key Words: Ideal clergy, Seminary, Scenario wizard, Spiritual influence, Future,
Social capital..
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Reading the Emerging Global Order: The Transformation of
the United Arab Emirates' Role in the Global Oil Market
After the Ukraine Crisis

Saeed Pirmohammadi !

Abstract

Since the onset of the Ukraine war, significant changes have occurred in the
global oil market. In response to the sanctions imposed by the United States and
European countries, Russia has sought to maintain its foreign trade flow,
particularly in oil, by exploring new markets in both East and West Asia. The
main research question of this study is: "How has the reading of the emerging
global order influenced the transformation of the United Arab Emirates' role,
specifically, and the global oil equations in the period following the start of the
Ukraine war?" The findings of this article show that the different readings of
key actors in the global oil market, especially China, Russia, India, the United
Arab Emirates, and Saudi Arabia, have led to various approaches. Abu Dhabi's
specific interpretation of the need for strategic diversification has shaped a
pragmatic foreign policy approach based on flexible cooperation in the global
energy market. Furthermore, the data reviewed confirm the notion of a shift in
the economic orientation of key market players towards the East and Asia. This
article is descriptive-analytical, and the required information has been collected
through library research and referencing credible online sources"

Key Words: Emerging world order, Ukraine crisis, United Arab Emirates, Russia,
Global oil market.
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Performance Evaluation of CMIP6 Models and Forecasting
of Temperature and Precipitation Changes under Shared

Socioeconomic Pathways (SSP) Scenarios in Iran
Hassan Rezaei !, Hojatullah Pashapour?, Farshid Sadeghi®

Abstract

The present article examines the perspectives related to artificial intelligence
and its impact on human life. The research design adopts a mixed qualitative
approach. The collection phase includes a systematic review of literature,
interviews, and case studies. In this regard, an extensive literature review of
scientific articles, industry reports, and conference papers was initially
conducted. Following this, interviews were carried out with specialists in the
field of artificial intelligence, including researchers, policymakers, and business
owners from various industries. Additionally, the data analysis involved
thematic analysis based on the interviews and literature review. The findings of
this research are summarized in the form of scenarios of the impact of artificial
intelligence on the future of human life, categorized through the lens of value-
based desirability (positive) and undesirability (negative). Moreover, issues and
topics with ambiguity in direction or final outcomes are included under
uncertain scenarios in this article.

Key Words: Artificial intelligence, Human life, Scenario, Consequence Thinking,
Influence.
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