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In the 21st century, climate change, especially the change in the extreme values of climatic elements,
is considered as a great threat to human societies and the natural environment. The main goal of the
current research is to simulate and predict Iran's heat waves based on general circulation models. To
identify heat waves, the "Heat Wave Magnitude Index daily" (HWMId) was used based on the
maximum daily temperatures of 44 synoptic stations in the country in a 31-year period (1985 to
2015). Also, to predict the country's future heat waves with this index between 2015 and 2045, the
CanESM2 GCM data has been downscaled under the RCP4.5 scenario with SDSM. The results of
the research showed that, in general, there is a good match between observation and simulated maps.
The average frequency of predicted annual waves in different regions of the country is between 2
and 12 occurrences, the majority of which are located on Shiraz, Shahrekord and Omidiyeh stations.
The biggest and greatest heat waves in the future are predicted first for summer and then with a
significant difference for winter and spring. Different patterns of the spatial distribution of predicted
heat waves can be observed in Iran. In the spring and summer, as well as on an annual scale, the
maximum "magnitude" and "number" of the simulated heat waves are concentrated on the southwest
and the western half of Iran and Gorgan station. In the autumn, the center of the maximum is located
in the inner regions of Iran and it stretches in the form of an oval from the north-west to the south-
east of the country. In terms of the relationship with geographical factors, in summer, by moving to
higher latitudes and in spring, by moving towards the east of the country, we see a significant
decrease in heat waves. The number and magnitude of heat waves in the country will increase in
annual and seasonal scales until 2045, and the highest rate of increase belongs to summer. The
highest number of heat waves is predicted for 2043 with 10.5 events.

1. Introduction

Heat wave is an extremely important event related
to temperature and has a great impact on human
health. With the current trend of global warming,
heat waves are likely to appear in the future with
more frequency and intensity in most areas of the
world. Iran has always been exposed to heat waves
due to its special climatic conditions. Therefore,
forecasting the future heat waves of the country in
order to plan the environment and deal with
possible risks is essential. The main goal of the
current research is to simulate and predict Iran's
heat waves based on general circulation models.

*Corresponding Author.

2. Methodology

In this research, to identify heat waves, the "Heat
Wave Magnitude Index Daily" (HWMId) was used
based on the maximum daily temperatures of 44
synoptic stations in the country in a 31-year period
(1985 to 2015). Also, in order to simulate the daily
maximum temperature and predict the future heat
waves of the country with this index, the data of the
CanESM2 GCM under the RCP4.5 scenario
between the years 2015 to 2045 has been
downscaled with SDSM. The input data of SDSM
includes historical data of CanESM2 GCM (1961
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to 2005), NCEP reanalysis data (1961 to 2005) and
CanESM2 GCM data (2006 to 2100) under RCP4.5
scenario. Based on the HWMId, a heat wave is a
wave greater than or equal to three consecutive
days with a maximum temperature above the daily
threshold in the reference period. The magnitude of
the heat wave in each day is calculated based on the
maximum temperature of that day and the 25th and
75th percentiles of the annual maximum
temperature time series in the reference period, and
the magnitude of each heat wave is the sum of the
magnitude values of all days of that wave. The
waves were extracted in each season, based on the
separate percentile threshold of that season in each
station. Annual values of each station were also
obtained from seasonal values. Finally, annual and
seasonal maps of average "magnitude" and
"number" of observed and simulated heat waves of
the country with HWMId and their time trend
charts were prepared and analyzed.

3. Results

In general, there is a good agreement between
observation and simulated maps. The average
frequency of predicted annual waves in different
regions of the country is between 2 and 12
occurrences, most of which are located on Shiraz,
Shahrekord and Omidiyeh stations. The biggest
and greatest heat waves in the future are predicted
first for summer and then with a significant
difference for winter and spring. Different patterns
of the spatial distribution of predicted heat waves
can be observed in Iran. In spring and summer, as
well as on an annual scale, the maximum
"magnitude” and "number" of the simulated heat
waves are concentrated on the southwest and the
western half of Iran and Gorgan station. In autumn,
the center of the maximum is located in the inner
regions of Iran and it stretches in the form of an
oval from the north-west to the south-east of the
country. In terms of the relationship with
geographical factors, in summer by moving to
higher latitudes and in spring by moving to the east
of the country, we see a significant decrease in heat
waves. The number and magnitude of heat waves
in the country will increase in annual and seasonal
scales until 2045, and the highest rate of increase is
in summer. The most heat waves are predicted for
the year 2043 with the number of 10.5 events.
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4. Discussion

Normally, it is expected that the intensity and
frequency of heat waves will be higher in the
southern regions of the country. But according to
the output of the model used in this research,
different patterns of seasonal and annual
distribution of predicted heat waves can be
observed in Iran. This is related to the index used
to define heat waves in this research, that is, the
HWMId index, which has a percentage basis, and
for this reason, the distribution patterns of the
phenomenon in the country are out of the uniform
and expected state; In such a way that even in the
cold seasons of the year, heat waves occur in
different regions of the country. For example,
winter accounts for 23% of the total heat waves and
26% of the predicted severe heat waves.
Nevertheless, summer is still the leading number of
predicted heat waves in the country with 41%
frequency. Despite the relative concept of HWMId
in the definition of heat wave, the relationship
between the occurrence of heat waves and some
important geographical factors in the country is in
accordance with the expectation, so that in the
summer by moving to higher latitudes and in the
spring by moving to the east of the country, we see
a significant decrease in heat waves. Most likely,
this reflects the role of external factors in the
occurrence of heat waves in Iran, especially the
greater impact of the Azores high pressure on the
south-west and south of the country, which, of
course, requires more studies.

5. Conclusion

Although heat waves occur in most regions of the
country, in all maps, the cores of most heat waves
can be seen in the center and southwest of the
country around the provinces of Fars, Khuzestan
and Hormozgan, and in some cases in the west of
the country, which become more frequent and
intense in summer. It should be acknowledged that
the ability of all models, including the model used
in this research, to communicate between all the
factors and elements influencing Iran's heat waves,
both in terms of time and space, is limited.
Therefore, in order to achieve better results, it is
suggested to test the ability of other models and
scenarios in estimating the country's heat waves.



JPANAF AFY Hle (VY 2k) J9 ooled ey Jlo

l'@" AV=YEY S S gbls T—

( ..’J St sS Gblio oL i Slalltae doblilesd

e ss http://www.gsma.lu.ac.ir

ey R dlae

9> 0908 i 3 S0 4L 3 1 21 ST (o 3 T g0l (it 9 (5 3k
"9 b sgipgare yirc T8 oxo 39 pd {' (G Mg dumd
Ol colisle STecs 315 ol ¢ Sl pghe 5 Sl 38l (L3 05 5 i ol (6 57 (5 gty

Ol eolisle ST (s 31 ol ¢ Ll ke 5 Syl Ll (Wbl i 05,8 (sl ol Lt T

Ol colesle 87 (s 315 ol ¢ Glusl pske 5 Dyl uSCails Wbl i 05, ¢ pliboddl HLils "

Ao ol oS>
o SdL 50 Sl S5 NG < Olgiedy ol olis (Sus polao 30 il o g4 il il (W3 9 O B 5
AAAARAL Ol b5 Z19el (G 9 Skt ol i93 (ol B sl T o (b Lo 9 (5 s 20l92

QL L o T 523 B9) el Hl gl 5 Z 190l (ol Sy il (pg0e (3 5 SN 4
VELY/F/VE (10 6 13A8) dw ) 8355 53 33 15 Sl giaw ol ! FF B39 410> Sloled 3k » (HWMId)

Lt g b6 GY 10 Sl o el ol ad 5 800T sl 5 Zlgol u s (ST ool om [0S 03k |
R U il 008 _2led paliio 3 ySDSM Juko 42 gi RCPA5 (59 lias 6 CANESM2 Juo (lvoda o+ FO

ke 2,10 3929 0l (3l Al § Jbd (SBAL B g owv bo SUl (Egazmo 5O 457 S UL 5 aiod
S99 20T Bk B 457 Can 13105 1T BT g0 5908 Ciliko §bolio 38 4Vl 8 Sw s g0l 9l H

HEE A 1] i ! ' - b . i B
e Ol e E . Jed (8 g il o T 93 2lo 7 g0l o9 FET 53 9 o9 sis . 55 20 31 B Aol § 3 57 s ¢ 3l g (SLdOIChus
e oo st 1ol o 399 3 okt S5 355 o v g sl 9 i 03 St § STy o B Y s 9 i 6

Bl VWl oo 58 cpwicmod § (Ol 16 9 sle Joga 8 50850 poudlin Ol 50 0l Sw s (b5
OF 5 ol 9 Ol 2f (2 %08 § 2 £ 29 (595 2 @A it (2o 7 gl N> § « T3
N (o 50, 23504 9 555" 0 51 5 U1 2l (510 Fbobo (595 3 diaily 7 0 30k S 53 ol F7 00
H oS o b Ol fad 33 oWl s Jolae b LI 5 .30 0 ohS 1edf (8 4b Lgizr b0 2 Jlod
2l Z10l 515 S0 AT all (8T B yb Cww 4 o8 2 bole Jad 35 9 5V U i Sl o e
o 47 ol o S TBIY PO Lo L g 6YLo (o yelido 13 1955 o5 g0l T332 § SIS posiud
S G191 IO LYY Sl (815 oo gl S o il g | Ol sb fuad 4 3hio 911 & 5

R PR W

SDSM Ju. (CanESM2

1] gt Oy g8
{55 o I3 yare LC) j.mclimate27@gmail.com ¢(s 2w «.s) f_mojarrad@yah00.com ¢(s.5,1; «») Nasib.araban@yahoo.com 1O s 9 59 ST oy

@glkoum«M.,?@,&JJJ?L;LAJ»QQJ%olﬁ\z.\;ﬁ@ufdﬂ@ﬁﬁ}5)‘@4,;:.(\F~\‘),A.?gu:«;u.~m(,mg;ﬁsmﬁmwgs,\;”@:4!&@@.:&:..;!%:&
AFAF Lo dOV)) )l ooty b Sl 557 Lo

d Doi: 10.22034/GSMA.2024.714362



V¥ le OV ol) sl opled oy Jlo ¢ St o7 Gl (LI i Oldllan dolibad

3 e claglaie ulds )3 wsly Slaiie Olge 4y oo
(Abkaretal., 2014: 2) cul ,l gl (glabais 2~
A5l sl By ol mlide oy sl i) Obs S
(Kristviketal., 2018: 1641) wzus o jas 52057 Jlulows
O &S (6l 1 el ez et iz 2,0 53 U5 o0 5
- sy oS Yl ss ol plowil aas pdr b jaeie ofSaul b
ASHIaf ) s axlge Slos s gdoes LY sane _g,lui, <l
- ey e el T sbade alas i (et al, 2011 941
5 obT Gldis 5l oS 5 S ol (SDSMY LT Ll
ol (Wilby et al., 2007: 13) dib o Jast o sladuts
SIADI) sl godlBl Dol s b 551 (813 Aiad 5ol Jubo &S5 ke
OT 51 Olgr ol o 55 los 28 ,4b 4 5 (6T al., 20210 1
- s b (Hussain et al., 20150 271) 5 44 s oslinal
53 (2011) Samadi Neghab et al. (glaBlu> sla
GCM (slaosls ol pwlin sy !, SDSM Jus (6,5,
o 0> (2015) Rezael et al. ol 55 Ly 5 5L
(o 5 Ob S Sl p oy s Bl 53 55 gles (gle el

aeS slales g 5lwans 43 (2015) Sobhani Neghab et al.
gyl drl s 5 pT 85 g 55 a3, oL 5 &l e
SS M gles Ol ks oy 4 43 (2016) Abbasnia & Toros
(2016) Zehtabian et al. «y ) ool (& 5 45 0T
-4 ;3 CLIMGEN ;SDSM (sladue s Shas U550 53
Asakereh et al. 5 copsd Cds il sba e (g5l
oy wwS Gl gt g Sl bl s (2019)
o3lizul SDSM (g, LT sles wlida sy Jbe 51 03l olul
o ize 3557 5 53 de ol oL 4 ilS Kaa 503 S
Liles g Oledl anfllas 5540 bl 53 Les Lildl 5 wlislsn
33 gl sl esls so iy 5o 55 (2014) Abkar et al.
Jo 5 g agee 338 Je 93 b oSt ang 5 K5 ke
J;,{fg;m,\i,\,v@5”G:ﬁt};mu;,;bm.u},‘SDSM
03 roman Hles S st FONIE 5 S L s Al
sy 2 (2014) Mahmood & Babel )8 5 oo
Dibike et al. (ks polr Glos, do  gles s s
iy LT (b plie sy Conlsd pie (o) 53 (2008)

3General Circulation Model
4Statistical Downscaling Model

ARA

OlilCen 9 SNgle

dowio .
(IPCC: 2021 olsl i Mol Slos 5515 b
D ST NNY ) Glaeyss o Sler e (slos SSLa
Fronl & sl al s 8 Sl i 53 V) Ol 4 )4
b sler il momen Con 4§ Olid VAV was 31
s gyl lans a 555l 8 Slow o js /Y0 b 0/N0 &
Allenetal., 2018: 1; Morice etal., ) el osls Eo ey
85 0 p 8 Winy ) Yol &8 555 o o b (20200 1
(RCPY,) izl (gl g 5l ol S YV 03 Uk )5 e
3l el S zlsel (Abbasnia & Toros, 2016: 1) b aals|
Odip 5L o e ol s T Dl g o ST s dlar
AU s e 5 slal canslr (635 5 45 Les a5 S
3l 55 b 8 e (Keggenhoff, 2015: 308) w148
B 5 Cmles b Lo e (g 35yl 5 el ogn sl
S L ednT 53 a8 5l Jlaz! 5 5,05 Olusl Cds » (g5L 3
S5 oer 580 2B Oler (Al i 03 Ry DS
2 T S iS5 Gl a3l il n g ysbte o
Tl Lon i Gube 5 o 5 4 S o(doee il
Ll 535,65

Sl so e s Soleand Gy e bty

&S 505 3 r:lé\j:asj::;l:gﬁo_?-f laoygs 45 sl

T e 538 Jde gesls 1 eslizal WgT oy 5 e

sl (Rezael et al,, 2015: 118) wst . (GCM)
e S Jde glaesls (g5luand 4 536 s GCM
Sl @lsrsoT gbdas B o s o855 T 53
w8 45l 55 VL oSS Sy bodn T o i (ol
53 die ol Sl Jol ml (ol plbiep 4 5L s
Samadi et al., 20111) Cusls dal g 3 35 2 eyl ol
(Serlys 038 Sler 4 gl bl sl by, (741
Wilby et) 55 o guaid Jt w6 5 g LT (S g
Golin bl s ol ol JS Uyl 8l 2007: 8
0oshy) s o see 25 ladie s ke o LS|
Gk S ol ke 5 S i Ol gie 4 (g0l g HLis

lIntergovernmental Panel on Climate Change
2Representative Concentration Pathway



Olilon 9 Wil

HWMId by zoo0 &5 op 8y ol -

G155, paslin S ol S sl (lalis (sl G (ol )3
2L ol ol ok o3l (HWMIAY ke 8 - 50 555
Guaib [ shte 4 ailjg, ST labes o 5 4 2 4L
ol 4 bgs e gl 5 ool Sl sl (6 8 sl S zls
.ufo..451)1;.\;&”g,ym.\im&uf@u}@ﬁ\,m
Jsb b e (slaisle; 5 O 1315 gl 8 olal Ll 5 o 5
ol el ST e e b sl Sop s
555 A sl = 5 Sl (e 2L S zs HWMId
T 8093 03 wlisy ST 515V gles STl b s
Sl ol ply .Sl 4155y S s glales pldr Suo il
8315 (5 pl &S do Sl el Sole d Jadia sy 2 ol
Aqg

,;uﬁcymy@«f@};ﬂ(ﬁ&u;,);t.u:Jsl.\,.
AaL Sgline Calidee blie )3 Sl s 035 o 4 S LS
o etz Al eSS ol Jle ¢S gl HWMI dtons
uf)ﬁ@w,uﬁcygwmﬂwxummﬁg&uL;\
L;u;j)j,ﬁ@qu;\a;La,-.ﬂtL,a\s;MlHWMlddbu
Sis 3ph g b g S e S s ST I
RUSSO et al., ) 354 o awloes V &aly Loy 2 03 Sy

«

Ta—T30y25p

if T;>T
Md(Td) = T30y75p—T30y25p d 30y25p

)
if Ty < Tz0y25p

(2l zoo O Sas  Slsy Sl slos Ty 0T s o
G pVO 5 Y0 S a5 a T30y75p 5 T30y25p 5
6 VRAS) o 553 53 AVl ST slos B ¥ lej sl
O o s Mg (Ty) s Jldis e im0 Gab dizees (Y410
3550 aia T30y75p 3 T30y25p 23lis wlel o
sl Soglite Calises (Lol a5 T b a0 s 0T Hlida &7
Jad 2 53 7ol Al G opl 53 (B Db 5 L
s plonil o8l 55 b OT S o S BT bl

35d dnrl e 5 Cole 4 CANESM2 Jue glaesls 54b1s gl - ¥

http://climate-scenarios.canada.ca/?page=pred-canesm2
4 Heat Wave Magnitude Index daily

YVYY

VY Sl WY ale) Jsl ojlesd quomiy Jlo ¢ b gS Gble (2Ll 2a Olallle aolilad

Getachew & Manjunatha dsbls” Jles 53 556 5 o
Lo 4o ol sles Sl Oles g b s (2021)
s CanESM2 Jue b sl 558 (b &y,
5 ol e Gleand ) (2022) Eingriber & Korres
2 s Ab s 5 O 5 L gl AL g, Jlow
Gilwans 53 1, SDSM Sl plie 35 Je 3 Shes 0LT
Llesls 55 a5 g0 s
sskiie 4 SDSM (LT Sl pwlie 3y Jbe I eslizal
gro50 S 0l ple 28 55 b 8 el oo M) (g
e s 5 51 (65,18 alial SISl (sl LSl s
SOl ot T 55 Ol s ool 31 2S5 b (gl 1y ool
53 el S5 (ol s 3 g1 & LT b S ey
23 posee P08 e b gl S gl i A
oy T )52 50T slaesls w5 L ) ol ok 5 plnil 4 0|
GapE Ol Olpl 53 b8 Flal oy i
Rl Lablie 5 OT mlie 5 JLSlis o pite e 53 1) 655 2

s;..:-\)j LSE-LGJfC‘}A‘ J‘u\>.) ;}M)ET

e g 5 Y
Losls -

srosls e gl 8 claal glalis Gl ol G o
595 S5 5 5SSy gm0 | FF G55, S T (slales
ol dst| 5287 sl o Olale 51487 (Y410 5 14AD) JLu ¥
5 aley Sl b iluand ¢l 50 Sl odd el
YOO B YN0 Gladle o 5piS ST ol S lsal (o
St Cov CANESMZ Jue slaesls ¢ asls opl L
Towl ods ol wlisy, SDSM Jus Lus RCP4.5
Sub glesls s SDSM Jue (c35,5 sbeesls
NCEP o 3L slaesls «(¥++0 1 149Y) CaNESM2 o
Cow (YVer 5 Y $) CANESM2 slassls 5 (Y440 L 145)Y)
"cwl RCP4.5 ¢, st

1The second-generation Canadian Earth System Model
345 axrl e 3 ol 4 SDSM Jute s 4lils gl - ¥
https://sdsm.org.uk/sdsmmain.html



V¥ le OV ol) sl opled oy Jlo ¢ St o7 Gl (LI i Oldllan dolibad

ol o 0 il 55 SLaaisT b0l Sl 5 o sl (o
2011: 22897)

Ol o Lo 5 45 558 o Joli |y o lacsjluans CANESM2

sl b7 (Chylek et al,

S sie gl RCP gt 0 Gl s 08
S8 shte a4 e (6,08 et Ok SLl slacsluans
Hua et al, ) ol 515 5550 0l (655 2 e 6208 15!
.(2015: 3662
SDSM (kT (b (whio 35 Joho -
sl bin s 61,1, SDSM Jus (2002) Wilby et al

5 S &1y T e sy 3l eslizul bl 5 5oL Sledb|
Y oSS s b el Sledbl W5 Coda b e oy
sbdde laslins ggsluads laesls I (4l,)
“pll Gl iasy bl els 2l b s eses 205
s W 5l ol S5 oy g Olsie 4 SDSM ceus
ol o ai s ot B (g S5 gla gy 5 sn T
.(Koc 14: 562)

VAAD (sladl o (b3 ST slas (slaosls o a5 51 s
SNCEP lis o555 slaosls (jluosleT imman Y05 6
losls cuaS” J xS 1wl SDSM w5545 61, «CanESM2
«J4 Screenvariables al> ;5 5 45 plosil dute s 4
Y5 5 Glodalin (slaosls cp dlaly ¢ gsmw S Uslae jloslizal L
S b alyl b S awlees I, NCEP suis i el
5 U sd Ol iyls Slualie (glaosls by (Stuer o th
3 LS 5 eslial 3y4e e 03 S0 IS A e s
sdalie (glaosls b1y (Steer o i 7 ola telyl Olbes]
i o, IS @Yl Sl bl | cdute czils ool 2 ol
0313 gNCEP (glaesls o VU Gi:w okl 51 s s
Yor? NA8A 595 Gaesls b Jue  ewilonws (Glodalin la
Szl o CanESM2 s plal 2 s 123 5 ol
FF oY FOL Y # cladle o s STu 5 5lae RCP4.S

L3 8w by e Gaadd 5 ol elie s oKau!

4fourth version of the Canadian coupled ocean—atmosphere
general circulation model
5Canadian Earth Ecosystem Model

VY

OlilCen 9 SNgle

3 8 acalos Lz slie jloslizul b oS! a GV slie
M S jaseia (g mlsal Sl per & S S
S jaitie o b el pleS (S5 ke 5 VL el
Sz s s 8 55 ol8al p WYL sl 55 oSSl
g OT Gljss pls (S5 pbl goame (ol S mon
SV ol S el (55 e slaaidi st o83 .l
Sl ks s GbS gl el 6l
“ad 2l S el ol 80l Sk imen 5 (L 5
AN le s b eslial b st i el siS Slaalin g edigjle
Spline- s ob 5 Fld al LRIIR" ArcGIS
=0k Calides gla gy duslin 3l w15 S 4. TENSION
(ol LOLA" galad (sla ooy Ao 1 a8 okisl Bg; e gl
ol 2 15 (2bObe 5 305 g planil 1 (g5l gan Sl s«
o Aty g ) st 4 A OB s e plowil 815 6
okl Sl s i3y (o351 3 60 g et S o S o i

v\.&o.:La:..u‘u;E}Qwﬁ)@Y)&AJ‘@u;C‘}A‘J\M}

(CanESM2) 1861 a0 3 poiusaws o 98 o —
- i SISy el ol S Je oS CANESM2 e
o) T sk 4 CMIPS cladue (6 o 52 oS ol ok
WS (6551 I35 Gk 3l e gl 5 s g Jols Je
Sl ¢SS &y el CO2 wile SlaS™ sla€ 5 T
(sl a3 YA 550> CANESM2 5 5 (6 jhunall 6l 5>
VY L 0T sl (S bl oSS &yl 87 I o
Gl oWl a5, d s +/AF s L8l ae Jsb 4 s
5l S 5 CanESM2 Ju. (Hua et al., 2015: 3662)
LA hadl e gl esee 538 e piler B
e ST &L a2 S & 2 5 (CANCMAY 1L
Iy wadl= o) 2 S ol &S ol (CTEM)®LS™
Yyl g el CTEM Ju a8 o giledae
Syt bl 21 5 S0 S Ao Sl (sn g ST
G chle a8 e giledle ol ble 4 Susb

CMIP5 (ot 5 plul 5 (silid )55 (6 s ok 5 sl

1Radial Basis Functions
2Deterministic Methods
3Coupled Model Intercomparison Project Phase 5



Olilon 9 Wil

Ghie 5 LT O s 5,5 #¥°Y 6 FFT Y Ll e

(O JS) cl 4 515 wile 5l

VY Sl WY ale) Jsl ojlesd quomiy Jlo ¢ b gS Gble (2Ll 2a Olallle aolilad

axdllac 3 590 09 gm0 (B gro ) .Y
b oS ol Ol 328 (Gudims o 5 andllan 5 g0 55 3udoms
A5 Osdoa AV ()5 Comar 5 0 o sbST VPFAYAD o lie
Gdsb 5 Jled YOOV B YT Y LUl A s o e o

55‘: E 60‘|’ E 65‘|’ E

35°N

30°N

25°N

45° E 50° E
1 1
=
o |
0
™
=
o
o
®
\\«<¢—"» E
z /
00
0 S
N lo 125 250 375 500 % [
e Kilometers
T T
45° E 50° E

55° E 60° E

(Research findings, 2021) 4t 390 &k i (SO [ Cadgn ) S

Slaaiss fan JS 5k 4 el 85 15wl 535 40
Slp by b8 sl sl o i ol VL 5 (b
N S sS S 5,55 GLo3 Jolom o v po s
93 ik B S5 Ol 53 tas s OLLS 3587 (550 g
(Bl 5o phpe BLAL S e Gble 4 58 G adlel
SN o Sls s e 5 58S o pdled I bl
Aoy B ol Juad 53 s e b 03 5ds ol 5 OE S
2558 pdled 5 B b0 g a4 Ol o) (S5 GbLe 6,

5,8 lp

o9 R Sbasy Y
b5 Zlsol o Lad g 4Vl LSl > x 395 -
CanESM2 Jow Ay 4 00l S st

b gl slan G SasTt,y o K esys  te o
ool gais SDSM (LT Jie by ol g e
oo ¥ S 3 Y RO-Y N0 653 4 s e gl 8 2 gel slas
o T 55 (gle 8 el Sl 3 o i ( JS8 pl il
Sl ke ol 0 oy Oltns 3 5 Ol J gazb (51
WEY oo )5S il Gbla s ol i i &YW 21 sal

u‘_,:.& ‘_g\.hclilmi‘ S L@JT ;..:&:a Lown &S Sl .>‘J.>'J

S0°E 6’ E S0° E
L L L

60° E S0P E 60° E
L L i

40°N
L
T
40°N
40°N

I z||=
i re| |
b ==

30°N
T
30°N

25°N

N

5°N
1

250
2!

5-55 . = $
[} 300 0 Q00 [0 200 o0 4
- —

X0
Kilometers —— ) Kilomerers

a0°
L
T
40°N

<Yl

38N
1

30°N
L

N
9-10
ditg L n
e 10411 ‘¢’
~ 1712 s
0 300 600

900
Kilometers

T T T
S50°E 60°E S0°E

T T T
60° E SI°E 60° E




VEY e cOV ) Jislosted oy Jlo  Hliugs” Bolin (81 i lelao dolidd

30°N 35°N 40°N

25°N

200
Kilometers

25°N

OLlKos 9 Sigsle
SI°E 60°E S°E 60°E
! s Al ) A =
EI& E
z I
%1 Fe
4 4
o
z z|
&1 o 8
e T
0-05
05-1 o
1-15 )
S15-2 ¥ %
2-28

s
[ 300 0 900
) Kilometers

T T
50°E 60°E

T T
S0°E 60° E

(Research findings, 2021) (Y+£8-Y+10) CanESM2 Juw b gk 5~ lgo! «dlumis pulo Lad 9 4Vl z 395 ¥ <G

s IS sk a5 Oles Lo 5 b s ol ) F S0
densl s Sy Olden STl slaolanl > 4 528 o8
ol FaS, 6 S dilen 5 b b 55355 o0 olalie
st NF S5 Gl F gl e S Ol ) s 5
LS Ol B s 5 o pdled S el 53,8
o 53 Obwe 5 Dbl Jgu sl (pled) (S5 i oo
Sl s o 4 Jlo 5363, o JI3VP B pslie oy cailaie
S o5 Ll S8 Sl VY B o sl VR G sl sl
My K88 b (6 ey M o b o 3 sl Sy
subs s YF L woh«-"u‘).}‘\fdﬁ@‘($‘}§¢i)ﬁd

3,8 e EW B

W9 4 odd ) 2l Elgol T3 S9N -

CanESM2 fuw
S o oSl hab 5 Ve i S F Y la S
dbe b1y edd 2o iy &bf gl (L 5 el
gl s w55 68 das 0 0L SDSM g Lai olide s
slawi SaSTy 6 S S Il I plod 53 g S
s 0 pl ol B el 38 el e Lo B el
Lol 55 p b 5 5 Okl 5l Jpb 5 L
sopo s Ghle a4 T 105k eodis Ld 5 5l
S35 55 6, By Glas AS oy 128 Ok
)3 513 OIS 5 0,6 WS B by B Adled (o

ol ooy (5 5 ts ol S ol Ol )

S5°E 60°E

45°E 50°E 55°E 60°E

B

40°N

¢

0N

;

4S°E S50°E 55°E 60°E

SO°E 55°E 80°E

Research ) (Y+F8-Y+10) CanESM2 Juw b oud sw i b5 Z190! «ploin (533 xSl Lad § 4¥lo @395 1 S
(findings, 2021

\VvY



Olilon 9 Wil

VY Sl WY ale) Jsl ojlesd quomiy Jlo ¢ b gS Gble (2Ll 2a Olallle aolilad

35N

30°N

25°N

T T
S0°E GO°E

T T
S0°E 60° E

Research ) (Y- £8-Y+10) CaNESM2 oo b 0w st s (o~ Z1901 0y s (533 conlSiloo ld 9 4VLo 9395 .F IO
(findings, 2021

Il Ol k8 a5l 3 a8 (31 5 5 L Oba 5 5l
S5 s Ll (i 5090 pl b i S Y TP
.wa.g;_.Am_&.s”Tﬁ\O/OJ_@J_\L;L&C}ACLJ
S Sl god) o s 2l 8 sl wsluta) BV
el Il a3 n VF G SSe Rl s DL (G
YV b beglaal (8o dilen Okl fa oJ g o 5
Wl 313 b 53 1y (2l Ky i Sl )3 s
Vo0 e L YOPF o (sl gl 8 gl gal sl o 2

ol 0l LS‘?-"U:"-ﬁ 4&;‘_9

YVYA

b ondgwom by glee! Fax S Ny -

CanESM2 Juw
o gla s 505) (5550 Jd 5 AV gladig, 0 i
b5 Tl (G o sl 13 50) 5ltad 5 (i
SDSM Jue s CaNESM2 g Jue Lo 55 ok oo iy
Zlel BV (8550 das o 0L Yo FO-Y N0 5553 5 1,
Jb 55 +/00 ot b (Gl y G (sl 15 903) 01t ol &
Fr e BBV b b Ol b ol

Ol Jgad w5 & OT 3l 5 3013 b o 53 1) Gl I



OlilCen 9 SNgle

Sl

Yo
NN

)

V

s

& R

Ol )

JAVANN

A
I\v\/ \/ V\

0.0769x - 148.62
V

A

0.0536x - 99.603
0.0941x - 183.08
0.0855x - 168.98

y=

/

y=
y=
y=

L 2044 L 2044| - 2044 - 2044

: 2042 F2042) % F2042|| | - 2042
L 2040 - 2040 - 2040 L2040 | | - 2040

- - 2038 - 2038 < - 2038 - 2038 - 2038
- 2036 - 2036 - 2036 L2036 - 2036

L2034 |2 - 2034 - 2034|| |og | 5034 | | 09 < - 2034

v - 2032 L2032 - 2032 > 2032 - 2032

- 2030 - 2030 - 2030 - 2030 - 2030

- 2028 - 2028 - 2028 - 2028 - 2028

< 2026 O ] - 2026 § L2026 S 202¢/| | S 2026

- 2024 2024 - 2024 2024 HUUV 2024

4 L2022 - 2022 - 2022 Auuv 2022

- 2020 - 2020 - 2020 , < 2020

> 2018 Huv - 2018 - 2018 W f 2018

_ - 2016 > 2016 - 2016 R 2016
2014 2014 2014 : — 12014

0~ N O o vu < <t N O 0 O < o
— — =

o o
— —
LN KD L we 2 SF LA L

L 2044
2042
2040
2038
2036
2034
2032
2030/
2028

2026

2024

2022

2020
o

Yl

0.032x - 63.065
.0204x-39.72

0.0183x - 36.17

=0.1417x-280.32
Y
=0.0703x - 140.12
y =

Y
Y

Y

2018
2016
2014

L2044 I L2044 B | 2044 | ot

I s 3 I 3|
C 2042 F2042| |7 2042

- 2040 - 2040 - 2040

- 2038 £ - 2038 - 2038

- 2036 - 2036 - 2036

-2034| -2034| | 2034/ | |

- 2032 - 2032 - 2032

- 2030 - 2030 - 2030

-2028| 3 - 2028 - 2028

- 2026 - 2026 > L2026 >

”uv - 2024 - 2024 - 2024

2022 - 2022 L2022

2020 2020 k2020

- 2018 - 2018 L 2018

- 2016 - 2016 - 2016

2014 2014

2014 i o o

3
2.5
2

H (o] — o
o~ —
orie 2 S orie 2 S e 2 S orie #2 P i 2 S o?

V¥ le OV ol) sl opled oy Jlo ¢ St o7 Gl (LI i Oldllan dolibad

Wt sl o &b () ) A o3litul O g St
2 S 5,13 g Al il Jale b Ol o le S 21 ol

CanESM2 Juw b ot w _suw

P 5 dsb) oWl alse m LUl S ghte &

féj\ ol

Sb i Tlel § 2Ll i holge oo LIS (owy g -

—
yva

‘}‘.N
Wl p> Job g o0 9 EWL o (Fow s (Sumod il yo ) Jua

e

4 oS
&)

(fofo—f’ ‘A) Oﬁgss‘.'.‘.’ &-s' \5"'“;

St (S H18405) 1 § (Cawly Coows (S H10505) Ty e g VLo Wigy .0 KU

*ﬂw

€

,

(Research findings, 2021) (Y+16-Y+fd) CanESM2

—

by Zlee! (

&

RO

Jae boud

bole Jhed 2 5 5538 Jled Cn 4 &S b Ol Jod

BE) LS‘&: .MJ@ olis U"')gn :daa\) /D ck»).) LSiL:g‘J»
- lS gl 8 el sldas I paST

dsb Jole Lol (b 8 lsel 5 0/0) b 53 QUL 552
Tleol (Fop (Led 9 4Vl o b axfllae 3590 SO



Olilon 9 Wil

VY Sl WY ale) Jsl ojlesd quomiy Jlo ¢ b gS Gble (2Ll 2a Olallle aolilad

e Ol 3 Ol b GVl

NRY | vy RS 2% A S VAT N el
s | —ovar ALY SV Y | ol e Jeb
— /By — N0 VA 4 T IREVA T I VA S E (¥ PUpg

(Research findings, 2021) «./+5 e 5 s gas™ /0 e 03 Sl e

Tl i RS s pely e plenky (A il

gl i bl S o e Ol o |y s
51 CANESM2 Jue 5 5 ool odi g i 2L S
4l 5o oKl ¥ Okl s oSl YV oKl PP o
s bl mlsel iy Ol 5o oSyt MY 5 gy 53 e
e gk 5 ans)) SelSal (sl S sl a0
5 0BT Ole 5 )lg Jomb 53 o (Ssls Hsb 4 Ll 21l
Joad 93 G oLTe 2 5 cOle 5 Ol Jozb 93 o lglr
~o8l fep (6l 355 o sy 55 o 23T 2l 5 Ol

s f By 4 Ol Joad )3 mlssl o S Jle gla

Sl pdo s

41
40 36
30 27
25 26,
20 14
10 8
0 — - 14 I L
e Sl e s

b odd sy b gleel 3 Jb Job o -
CanESM2 fuw
e CANESMZ Ju o 2 b ST Usbe
Joab 53 oL S Tl (oS 5 (e SR Lo
SAAs Gl Ol g Hle Jsweb e Ll e W) Ol
F e o 2505 35 b b ol ($ben Loy 2l
op 03 (7 JSE) Cwlyls mlael o Sl B APIRNE,
WSyl FF S 51 ool S sl el S35 A&
V Okl 53 oS! ¥ ol 8 2l 585 doys o i
Il slaolSasl ol Sl 53 ot B g Ol 5 oSt

Wl s Bl sl g saze

(Research findings, 2021) (Y- £8-Y+10) oud sw st (b5 190! « 93 F0Ab» § «Egosmor Sl woyd & <o

Gl S5 A3 Bty S 0 S5 5 65 5 ) G
30548 S adled Gl (g Sandy G55 g Ol Juab )3
SIS o5 p bl b 53 5 5SS Jled omen
sl Geate 08 8 dilate 5 Jst1s bl o) 458
I R S W P g ATt I NC o
el O 8 s 5 01l B s 5 g s Grate
Joab 535558 o b e ys e i ilead Lo S sl S5
Mo 555,558 pposr 2 0T e s Sl 2l

Gbus Jolow p aid ol Oltas o 55 5,05 15 08 8

A 9 GFbud (gl Zlgel Sl S9N Aulin -
oS w

Shbs 2l 8 sl slin (il L slaazs v S
YA LY s Sljéyss 5o 1, SDSM Ju susgjluans 5
i g b (SadE o awlie BUl ¢ IS 3 s e Ol
2153 gl 8 el Sl dity )l sy sdi sl
Wyt e pdled 5 el Gbla 51 (& 69y 5 Ol Joad
b S35 p N Jod 55 Gap Ko Jld 5 S i
olisle S 3UTp 5 ool Jold 5528 0% 5l (5350



V¥ le OV ol) sl opled oy Jlo ¢ St o7 Gl (LI i Oldllan dolibad

P15 latand 4 bs o b 55 sl 8 sl sl o i
old anwlST LGT sl 3l 4l 5 03 28 ol bl 4y &5 ol 01!

Ll

OlilCen 9 SNgle

dv\.ﬂ ! &.;’Jd"‘ ULQ-G 6\-1)5 9 w)bc:l:- J’"}"‘ 9 Jj'ﬁ-
Sl 1y Y0 6 Y f sl b8 215l slas SDSM

.C,..w\a:;:J)TﬁaU'wbﬂ)ij{)r‘S;ﬂ:ipéLh&

3N

N

=N

JEN

T
28N

4

3N

3N

IEN

=N

»
N
4N

ISR
3N
IEN 3N

JEN
IEN

T
28N

=N
21N

GO7E

GTE

3N

005

. N
=BT TR ¥

aobbnl

=N

154 ’

4

| S

3L 4= Ol ¥

4N

(t.
3N
3N

IEN

005

~LIT T :

28N
=N
1N

SE

GO7E

S°F

[0k

S0 F GO7E S°F W E

(Research findings, 2021) (Y+10-Y++#) Jhad i S iludnd 9 Slaalin ok & zlgof Slus Slo (Sl oIl dulio .Y ICh

@b S glal slans S b 4 A S Sl gl il p

Sz sedle uo /N CB LY PO B Slej b5k s Ol !

YA

o 9 (Slalin b 5 Zlael Slo) w9y dwlie -
O

LS zlsel sl Sy S Loy delin hte 4

~0333 53 2l 8 el BYL (8le ot o o 5 Salis

(A JSK8) 013 OLas 13 303 (695 p s e 5 (S1aline sla



y = 0/0312x - 53/951

VPRl 0V () Il esbe ey Jlo ¢ Sl g™ 3olin (o LS1 s Sladlan dolidad

OllCon 9 SNl

4 13 &P P 12 y =0/1076x - 210/9 sloss

g 1 3 10

CRET) i

310 3 8

\"0 9 a6

5, 8 3,

w7 \'u 4

\

o 3 2

Y 5 +—r—T—T—————————— 3 0 7T
P PR R NNNNNNDNNRNNINIRNN P P P RPN NNMNNMNNMNNNNNDNNDNN
FEEEEEECENNEEREY  pBEEBEUEEERBEEEE

(Research findings, 2021) (Y- £8-13A0) Olpl 2k 5~ lsel (o3 9 dlowd wigy A JCh
22 @Bl e Jelse (5 s gl S glael Bl o S5 i g L F

b Okl Juad 53 &7 (g sb 4ol Szl b Gillae 528
Lole b 5o 5 SYL oUlse Gla b e 4 OS5
Tloel o gme 2alS dald )i G 8 G 4 &S >~
SaS oS ol gl b bl 4 pzes ol S
Py Olpl gl S plal sl 53 S Jelse
230337 Gloylia 5L slaaily I il s 5
plnil Wajl 4l ST Sl 5528 sy O Eo s
Ll (6 s Dl

aiin ol S 7l gel ity lacin daaid plad 3
(ol gladbal Jl 538 o 5 S e s
- o o halie 38T Ok (63,158 53 5 O e g 5 Ol
AS e Iy (g i Ddd g Slslp Ol Hy &S 548
Cale bl 53 gl S zlgal 85 o i BYLL sl
o T o i L &S Sl Sl VY B Y ) 4iS
S ol 0k Sl adal 55,5 40 Gl pd oy
Candy een b 5 0558 5 g8 Flael (Sop mis
0558 s oS o S s digy gl s
F St b b 4 Comd Ol Jub 53 5 ol
YOO G YN0 5Ly a5k 55 0lnl gle 8 sl sl .l
FERVA- U PR A STAPRN WISPRVAL JUW-Y1
O b SUlil (psazme 53 . Z3L dal s 5 e
15y e ki luand 5 JSLbs cbaia

a5 lasdllan S (ol Sy e oS 1T b
2 g 38 Gldle b ol S Zlel
Sl s 2 Amglin Ol 1 6l 0o 5 plowil & 0 )

ssb bl il sy Jtls aline Slidss b Gdss o

VAN

-l ol Ll Sl ol s p Bl 4 0151 55587

wils 53 gl 8 sl pamn (oime 53 0)lgen glsns
s 4 5588 8T Lo 8 sl (o iy 5500 1!
Slog o 5 el Dl kst b ablis 5 Jasee (65 54l
501l 2l S Zlael obte Coda b el ol 2l
ooy plnil 4 0T Sl (sladis; 5 SIS (sla S e lie
Sl p s s oSl ol sl gsle Sl s
Gl Ll il piy 58S gy Gble 53 oL S £l
e g (Goo (| 53 ol 03 )4 e (s &
< S SDSM Ll wlie s, Jae 5 CAaNESM2
sdb it 2l S 2l BVl 5 b g 5l S sline
o3lizul 3550 Lol 4 el ol 548 e odalie Ol s
o G G il 0o QLS el G )
et &3 2l S st 55 £ .y HWMI
SIS D 158 55 1y ek S s S cle
>J..~J}¢é)>‘5>4§6j>a4{e.u§@@u,w\;)y,
595 35S Calises bl 3 oL S glsel sl 55 dl
CMJ"MJJ“‘QMJMS&\Q-USMJLEJJ‘)‘
-t At ol S el Slae 3 ¥F 5 gl 8 sl
Tlsl o 5 oy WYl 5 e s b 5 ol
L od s i s gl S mlal 5o 3 Y0 5 5L 8
b5 glaal e (o g al b dins oo poliazsl s 5 4
oz 55 bl ol (sles b8 Olins) 5 5les b 5
LossS 5 ekd o 2l S zlsel 5l 5,5y Ol
G2 i psghe Sy b Sl GlslE de)s B
L5k gl 7o w5 s HWMI ) pscssas



Olilon 9 sWigslg

Glodas Sl Jlgr slos xSl sla o b S
S S gsm sy il oaol dalllas ey A5l
Wl Sl G @B L o3 el s 35,5
Syl Caslles
-4 Je aber i adus plad GUls o575 S Oledl i
Jolse aan 5o LU, (650 3 5 53 Guaimes ol 53 oddes )8
Ol day 53 4 Ol (S 2 al (5, H1E 3G bie
2 & s (6 Ml 5 3mn OSe dy 3 4
53 Lgobe 5 ldde ple oUlS 3pd0 sletin e

Jﬁf)‘}Qjﬁ)T.’)‘}A)};S‘S)‘LAJfC‘}A‘J)}TJ{

Abbasnia, M., & Toros, H. (2016). Future
changes in maximum temperature using the
statistical downscaling model (SDSM) at
selected stations of Iran. Modeling Earth
Systems and Environment, Vol. 2, No. 68, 1-
7.10.1007/540808-016-(

Abkar, A. J., Habibnejad Roshan, M.,
Solaimani, K., & Naghavi, H. (2014).
Investigation efficiency SDSM model to
simulate temperture indexes in arid and
semi-arid regions. Irrigation and Water
Engineering, Vol. 4, No. 2, 1-17. (In
Persian).

Allen, M., Dube, O., Solecki, W., Arag on-
Durand, F., Cramer, W., Humphreys, S.,
Kainuma, M., Kala, J., Mahowald, N., &
Mulugetta, Y. (2018). Global warming of
1.5¢ C. An IPCC Special Report on the
impacts of global warming of 1.5¢ C above
preindustrial levels and related global
greenhouse gas emission pathways, in the
context of strengthening the global response
to the threat of climate change, sustainable

VY ke WY ale) Jsl ojlesd quomiy Jlo ¢ buugS Gble (2Ll 2 Olallle aolilad

YAY

23l R L gl 8 Sl slisy O ot
308 25 Sl Ee 53 ol G gl ool B3
e IS Lnj 53 5 s 0T 55 (gle 8 el ol
Olaios Lol s b o T glos 5,57 2 5o SDSM
Ashraf et al. «(2014) Abkar et al. ks L3 Jss
Zehtabian et al. «(2015) Razaei et al. «(2011)
Siabi et al. Wb )b Sladss &, 5 (2016)
i) 45 (2021) Getachew & Manjunatha, (2021)
G 5 b L o Ll ol S Sl oy T 55 Les 2l
4 o Jlazl 487 L yls slazel (2015) Russo et al. ¢ sl
03 el laans 53 ol o5 kS T S
s ! RCP4A.S ¢,k 51 22 RCPBS (g 5l

development, and efforts to eradicate
poverty. In: Sustainable Development, and
Efforts to Eradicate Poverty.

Asakereh, H., Shahbaee Kotenaee, A., &
Foroumadi, M. (2019). Evaluating Changes
and Forecasting Minimum Temperature in
the West of Mazandaran Province Using
Statistical Downscaling Model SDSM.
Water and Soil Science (Journal of Science
and Technology of Agriculture and Natural
Resources), Vol. 23, No. 1, 101-119. (In
Persian).

Ashraf, B., Mousavi Baygi, M., Kamali, G., &
Davari, K. (2011). Prediction of Seasonal
Variations of Climatological Parameters
over Next 20 Years by Using Statistical
Downscaling Method of HADCM3 Data
(Case Study: Khorasan Razavi Province).
Water and Soil, Vol. 25, No. 4, 940-952.
10.22067/jsw.v0i0.10267. (In Persian).




V¥ le OV ol) ol opled oy Jlo ¢ St g7 Glw (LI s Olefllan dolidad

Chylek, P., Li. J., Dubey, M. K., Wang, M., &
Lesins. G. (2011). Observed and model
simulated 20th century Arctic temperature
variability: Canadian Earth System Model
CanESM2.  Atmospheric  Chemistry  and
Physics Discussions, Vol. 11, No. 8, 22893-
22907. 10.5194/acpd-11-22893-2011.

Dibike, Y. B., Gachon, P., St-Hilaire, A., Ouarda,
T. B. M. J,, & Nguyen, Van T.-V. (2008).
Uncertainty analysis of statistically downscaled
temperature and precipitation regimes in
Northern Canada. Theoretical and Applied
Climatology, Vol. 91, 149-170.
10.1007/s00704-007-0299-z.

Eingriber, N., & Korres, W. (2022). Climate
change simulation and trend analysis of extreme
precipitation and floods in the mesoscale Rur
catchment in western Germany until 2099 using
Statistical Downscaling Model (SDSM) and the
Soil & Water Assessment Tool (SWAT model).
Science of the Total Environment, Vol. 838,
Part 1. 10.1016/].scitotenv.2 .

Getachew, B., & Manjunatha, B. R. (2021).
Climate change projections and trends
simulated from the CMIP5 models for the Lake
Tana sub-basin, the Upper Blue Nile (Abay)

River  Basin, Ethiopia.  Environmental
Challenges, Vol. 5, doi: 1 6/j.envc.2021
100385.

Hua W., Chen, H., Sun, S., & Zhou, L. (2015).
Assessing climatic impacts of future land use
and land cover change projected with the
CanESM2 model. International Journal of
Climatology, Vol. 35, No. 12, 3661-3675.
10.1002/joc.4240.

Hussain, M., Yusof, K. W., Mustafa, M. R., &
Afshar, N. R. (2015). Application of statistical
downscaling model (SDSM) for long term
prediction of rainfall in Sarawak, Malaysia.
WIT Transactions on Ecology and The
Environment, Vol. 196, 269-278.
10.2495/WRM150231.

IPCC. (2021). Summary for policymakers. In:
Masson-Delmotte, V., Zhai, P., Pirani, A.,
Connors, S. L., P’ean, C., Berger, S., Caud, N.,
Chen, Y., Goldfarb, L., Gomis, M. I., Huang,
M., Leitzell, K., Lonnoy, E., Matthews, J. B. R.,
Maycock, T. K., Waterfield, T., Yelekgi, O.,
Yu, R., & Zhou, B. (Eds.), Climate Change
2021: The Physical Science Basis. Contribution
of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on
Climate Change, Cambridge University Press,
In Press.

Keggenhoff, 1., Elizbarashvili, M., & King, L.
(2015). Heat wave events over Georgia since

YAY

OlilCen 9 SNgle

1961: Climatology, Changes and Severity.

Climate, Vol. 3, No. 2, 308-328.
10.3390/cli3020308.
Kristvik, E., Kleiven, G. H., Lohne, J., &

Muthanna, T. M. (2018). Assessing the
robustness of raingardens under climate change
using SDSM and temporal downscaling. Water
Science & Technology, Vol. 77, No. 6, 1640-
1650. 10.2166/ wst.2018.043.

Koohi, M., & Sanainejad, S. H. (2014).
Investigating Climate Change Scenarios Based
on the Results of Two Micro-Scale Statistical
Calibration Methods for Reference
Evapotranspiration Variables in Urmia Region.
Iranian Journal of Irrigation & Drainage, Vol. 7,
No. 4, 559-574. (In Persian).

Mahmood, R., & Babel, M. S. (2014). Future
changes in extreme temperature events using
the statistical downscaling model (SDSM) in
the trans-boundary region of the Jhelum River
basin. Weather and Climate Extremes, Vol. 5-6,
No. 1, 56-66. 10.1016/j.wace. 2014.09.001.

Morice, C. P., Kennedy, J. J., Rayner, N. A., Winn,
J., Hogan, E., Killick, R., Dunn, R., Osbhorn, T.,
Jones, P., & Simpson, I. (2020). An updated
assessment of near-surface temperature change
from 1850: the HadCRUTS dataset. Journal of
Geophysical Research: Atmospheres, Vol. 126,
No. 3, 1-28. 10.1029/ 2019JD032361.

Rezaei, M., Nohtani, M., Abkar, A., Rezaei, M., &
Mirkazehi Rigi, M. (2015). Performance
Evaluation of Statistical Downscaling Model
(SDSM) in Forecasting Temperature Indexes in
Two Arid and Hyper Arid Regions (Case Study:
Kerman and Bam). Journal of Watershed
Management Research, Vol. 5, No. 10, 117-
131. (In Persian).

Russo, S., Sillmann, J., & Fischer, E. M. (2015).
Top ten European heatwaves since 1950 and
their  occurrence in the coming decades.
Environmental Research Letters, Vol. 10, 1-15.
10.1088/1748-9326/10/12/124003.

Samadi, S., Ehteramian, K., & Sari Sarraf, B.
(2011). SDSM ability in simulate predictors for
climate detecting over Khorasan province.
Procedia-Social and Behavioral Sciences, Vol.
19, 741-749. 10.1016/].shspro. 2011.05.193.

Samadi Neghab, S., Habibi Nokhandan, M., &
Zabol Abbasi, F. (2011). Using SDSM Model
to Downscaling Precipitation and Temperature
GCM Data for Study Station Climate
Predictions over Iran. Journal of Climate
Research, Vol. 2, No. 5-6, 57-68. (In Persian).

Siabi, E. K., Kabobah, A. T., Akpoti, K., Anornu,
G. K., Amo-Boateng, M., & Nyantakyi, E. K.
(2021). Statistical downscaling of global




Olilon 9 Wil

circulation models to assess future climate
changes in the Black Volta basin of Ghana.
Environmental Challenges, Vol. 5, 1-18.
10.1016/j.envc.2021.100299.

Sobhani, B., Eslahi, M., & Babaeian, 1. (2015).
Efficiency of Statistical Downscaling Models
of SDSM and LARS-WG in the Simulation of
Meteorological Parameters in Lake Urmia
Basin. Physical Geography Research Quarterly,
Vol. 47, No. 4, 499-516.
10.22059/]phgr.2015.56046. (In Persian).

Wilby, R. L., Dawson, C. W., & Barrow, E. M.
(2002). SDSM - A decision support tool for the
assessment of regional climate change impacts.
Environmental Modelling & Software, Vol. 17,

YAY

VY Sl WY ale) Jsl ojlesd quomiy Jlo ¢ b gS Gble (2Ll 2a Olallle aolilad

No. 2,
00060-3.

Wilby. R. L., & Dawson, C. W. (2007). SDSM 4.2-
A decision support tool for the assessment of
regional climate change impacts. Version 4.2
User Manual, Lancaster University, Lancaster/
Environment Agency of England and Wales,
Lancaster, 1-94.

Zehtabian, Gh. R., Salajegheh, A., Malekian, A.,
Boroomand, N., & Azareh, A. (2016).
Evaluation and comparison of performance of
SDSM and CLIMGEN models in simulation of
climatic variables in Qazvin plain. Desert, Vol
21, No. 2, 147-156. 10.22059/jdesert.2016.
60348.

145-157. 10.1016/S1364-8152(01)




