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The aim of the present study is to estimate climate change in Iran based on the CMIP6
report, using a satellite data approach and climatic variables (minimum temperature,
maximum temperature, and precipitation) up to the year 2100. The tools employed in this
study include innovative algorithmic methods, coding techniques, and NASA datasets. To
assess and predict the aforementioned climatic variables, the intermediate scenario (SSP2-
4.5) and the worst-case scenario (SSP5-8.5) of the Canadian CanESMS5 model, which is
based on greenhouse gas emissions (Shared Socioeconomic Pathways), were used.
Additionally, for a better analysis, evaluation, and comparison of future climate changes in
Iran, the 80-year study period was divided into two periods: the near future (2021-2060)
and the far future (2061-2100). The results showed that for the first 40-year period (2021—
2060), based on the SSP2-4.5 scenario, the changes in climatic variables, minimum
temperature of 1.91 °C, maximum temperature of 1.41 °C, and maximum precipitation of
15.22 mm, were predicted. Moreover, for the second 40-year period (2061-2100), based on
the SSP2-4.5 scenario, the changes in climatic variables, minimum temperature of 1.71 °C,
maximum temperature of 1.17°C, and maximum precipitation of 22.25 mm, were
predicted. Based on the findings obtained from CMIP6 and using the SSP2-4.5 and SSP5-
8.5 scenarios in predicting climatic variables, the results indicated that the minimum and
maximum temperatures exhibited an increasing trend, and this increase will be greater in
the SSP5-8.5 scenario compared to the SSP2-4.5 scenario. Additionally, the results showed
that the amount of precipitation based on the SSP2-4.5 scenario in the near future period
will be lower than in the far future period, and the amount of precipitation in the SSP5-8.5
scenario will have a decreasing trend compared to the SSP2-4.5 scenario.
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Extended Abstract

Introduction

The most important natural factors that can contribute to climate change are: changes in the earth's rotation
components such as axial dance, precessional motion that occurs over long periods of time, changes in the
amount of solar activity such as changes in solar panels that the amount of solar energy received in It adjusts the
surface of the earth, which takes place over decades or years, changes and fluctuations such as Enso, Nao, etc.,
which result from the action and reactions between the atmosphere and the ocean, which are on a scale of several
years or decades, volcanic explosions which can change the amount of energy received from the sun quickly and
during a period of one or two years (Cicerone and Nurse, 2014: 11; Farajzadeh and Ghasemifar, 2018: 25-26).
Human factors affecting climate change can be seen especially after the industrial revolution, as a result of which
the amount of greenhouse gas emissions has increased greatly, and these factors have caused an increase in the
temperature of the earth. In this context, the amount of carbon dioxide in the atmosphere was 280 ppm in the
pre-industrial era, which reached 345 ppm in 1990 and 376 ppm in 1999 (IPCC-TGICA, 2007: 18; Farajzadeh
and Ghasemifar, 2018: 26).

Materials and Methods

The present research is within the framework of the research and study of estimating and predicting the future
climate change of Iran in the spatial scale of the country, located in the southwest of Asia and the Middle East
with an area of 1648195 square kilometers in the geographical coordinates of 25° to 40° north latitude and 44° to
63° longitude. eastern became operational in the period of 80 years (2021-2100). In the above thematic,
geographical and temporal framework, to investigate the amount of climatic elements effective in climate change
(maximum temperature, minimum temperature and precipitation) by using the valid Canadian CanESMS5 model
based on intermediate (SSP2_4.5) and very worst-case (SSP5_8.5) scenarios. An innovative approach was used
to estimate Iran's future climate prospects by using remote sensing data from the National Aeronautics and Space
Administration (NASA).

Results

The current research in the country's spatial, temporal and spatial section in the 80-year period between 2021
and 2100; To the study of Iran's climate change based on the CMIP6 report based on the emission of greenhouse
gases with the approach of satellite data, forecasting and comparison of climatic elements (maximum
temperature, minimum temperature and precipitation) using the statistical data and remote sensing of the
National Aeronautics and Space Administration of America (NASA) based on intermediate scenarios SSP2 4.5
(according to the mentioned scenario, greenhouse gas emissions will be moderate and the amount of CO, will be
in its current form until 2050, then it will decrease, but will not reach zero until 2100) and the very worst-case
scenario SSP5_8.5 ( Based on the mentioned scenario, the emission of greenhouse gases will be very high and
the amount of CO, will triple by 2075) the CanESMS5 model was used for the first forty-year period (2021-2060)
and the second forty-year period (2061-2100), reviews and evaluations were accompanied by several findings
that were mentioned in previous discussions. Parts of the main findings of the research can be presented in
several axes, which are: The results obtained from the analysis and investigation of climate change in the
country, in the first 40-year period (2021-2060) based on the intermediate scenario (SSP2-4.5) for predicting the
minimum and maximum temperature and precipitation climatic elements, show that: the maximum The possible
value of the climatic elements of the minimum temperature with a value of 13.24 °C, the maximum, maximum
temperature with a value of 50.45 °C and the maximum climatic parameter of precipitation with a value of 15.22
with the unit of mm They were predicted for the future years studied in the first 40-year period. The results
obtained
from the very worst-case scenario (SSP5-8.5) indicate that: the maximum possible value of the climatic elements
is the minimum temperature with 13.38 °C, the maximum temperature with 50.93 °C and the highest the amount
of precipitation as one of the studied climate elements with the value of 10.81 mm could be predicted for the
next years of the research in the first 40 years period.

Conclusion

The findings obtained from the study and evaluation of Iran's climate change in predicting the minimum and
maximum temperature and precipitation climatic elements based on the CanESMS5 model and the intermediate
scenario (SSP2_4.5) in the second 40-year period in the time period (2061-2100) indicate that the maximum
possible value of the climatic elements is the minimum temperature with 16.19 °C, the maximum value of the
temperature with 53.64 °C, and for the climatic parameter of precipitation, the maximum possible value is 22.25
mm in the second period of 40 years. The study was obtained for the years under review. If the results obtained
from the very worst-case scenario (SSP5-8.5) for the climatic elements of minimum and maximum temperature
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and precipitation indicate that: the maximum possible value obtained from the climatic elements of the minimum
temperature with 20.97 °C, the maximum temperature with 57.46 °C and the maximum possible value of the
precipitation climatic parameter with 9.63 mm were predicted for the next years studied in the second period of
40 years based on the mentioned scenario and model.






SOLad! g Sloin! I o G guno SR gY sl O 5 g5 b oyl 31 B! il Ao

ML BPPN - IRVEN PR RN PRV WA

v.safarian@uok.ac.ir :asbbl, . )yl g aiiw ¢ yliwd,S o8l ¢ b qolio 01Kl ¢ wlislon g O 09,5 ¢ i waldl JLdbiusl Jgtume odinr g )

fatahi@ardakan.ac.ir :4sbL], . o)l pul (583 )] (183 olSuiily ¢ rmubs @lio g (65)9UiS 081D ¢ 6 5y9liS” bl 09,5 Hlusiils .Y

oS> o ol
)I odlawl l) dlb)]}ml.c dl.mb.)l.) .))Sus) bCMIP6 L)“)‘)f u»L»])A ul/pl W‘bl ).M.u .))9]): )A0l> u&‘&ﬁ}; VY saJ 8o 89';
J.AL» L)“‘Q'?}?« OJ‘ » odlaswl D90 ‘SLQ)I)J] ol VYoo JL\» i (L)“)L' 9 Lo> Al Lod 4..“5) Ml ).\oL& o} Ao

)I )9{)4 ‘_gwlsl )..oL.G L?“JO:‘” 9 G’L’))l ‘5‘)., J..wl.:uo LU 6[&0.)‘.) 9 GAMJ’)JS sr@))ﬁijl 4)‘)919) le.mu::9)
Hlial i oS 1L CanESMS Juo (SSP5_8.5) wlindy (s (g90yluw 9 (SSP2_4.5) lawgis (g9l
5wy (oo sl e b edlatul Wbl e (S yde (olail - cloin! (ol pus) (IS olajlS
g (YoVV =Y 5e) o5 sl 1093 93 4 clls Av aalllan 390 Sloj 03l ()l o] (ol il s o dunnlio
Gl ololyy (Ye¥V=Y-54) Jol dllos Fe )90 (gl a8 o> lis guls b pumas (Yo£) =YV +) 593 0]
Ol iy Hlade g 0 Sl VY Loy diuiiy oS Sl VAV Loy oS ol yolie wlyuss SSP2 4.5
4SSP2745 dy)L.m u»l.u:l); (T';\ —Y\") £9d Al ¥ 0,9 dl)., O TR W) (_g"‘"u“‘i ):A‘_{LA VO/YY
so oo YYIVO ()l dipis jlade 5 31,8 5l VY Lod diuin )5 5l VYN Lod dipeS oadldl polic clys
SSP5_8.5 3 SSP2_4.5 (sla cor b SaS 4y g CMIP6 3l ol cowd 0 (slaaidly 4 dv g5 b .50 o i
(2% bl).o.m (.?“"])Bl Jua) l) Lo> Al 9 d.u.oS ‘_{cub‘ ).ADL.C )L!.a.a a5’ Goly UL‘“ CJLJ c&‘ )-ADLA.G (_f”"’u‘“‘i )
o i @ls eaed Dy dales 5 i SSP2 4.5 cjlus 4 Cows SSPS_8.5 (o jlw o inlisl opl g
Jado g 35 Jalss 508 505 il 0y93 &) s S35 0] 093 13 SSP2 4.5 (g5 lhas polisl )L )Mo &S

i salgs  ialS 15y SSP2 4.5 (ggs)lw b auwslie )3 SSP5_8.5 (g59,lus 0 )L

MRS Y PR
VoY ealY 16,5050 &b
VXIS F 1y o, U

VEF AN W] g B

wojlguls’

coaldl yuss

Oy

SSPs (clag ks
LMIP6
CanESMS5

s ol g Ll . oolaidl g clain! St b ye (slags s 3,559, b ) wuldl poss adlllas (V¥ ¥) thanl (S5 Sl ¢ asg ¢ b o D]

FEA-YA- (aT) Y
http//doi.org/10.22034/gp.2024.63432.3304

RS oKl )..ﬁl:l

Y5



JFeF Q10 lais 19 0,95 (s i yolisy g Lublpin Y5y

Aodio
02y A8l (305 (553,5 (gladlhe 1>y 1) e ALBL andly (18 Igm g O i 1 Wl o &S b Jelse 0 ks
Olys Wlo (gipdygd lacllad (lie )3 i a0 &) e SYsb Sloj (Slaoygd ) &5 el CS sy
g ol b 5 loams (o 5 o 05 o il |y (o gl 5 8L (shabys (55 e o8 (s (slodls
2 &S ol osalie JB o OB I da oieds 2len g O yosi 3 18,50 bl Jelse (TGICA, 2007: 18
013,55 05 gled ShalEl el Jolgs o g sl 03,8 gy (00l5 a8l glalodlS (slals )Ll e o] aoms
D9y oot Sl 04 g Camr 08 3 e ot Ol Greke S S ol s g el Sl
S5 Sl 5 4 o8 ol el tlen | olil s ol 52 agns 35 (sl S 5] sl B 15, (sl
# oM S cage (Sladl g (b Jd> 4 (IS SlajlS ol 9 co (ol (sl ptite )3 s crge LIS
b5l b Olpl g wuldl s @ dng 3] el Lo ey e )8 gds Wb cou |y Of 4 ] &5 4 g ond e
@ baye Jb g Jb claols ¢ clas! (oladl clasoly 4 |y o) ol e a5 ol 0351 (oL Cuonl
(o)Sar g ol gl AYY V) (g0l 5 Senymdesme () e (LKar g jebaies Y VAN IPCC? YA

() Fey
3 o3 ) Y (fan 5 TSI bl s e (St 5 conle Slagle S5 ] (S ldl st
505550l VN0 o)) Ko 5 ¥ J) sl 03,5 )55 o> g ddlate paw 1) bo)S il ae e BB il VAR L
HEANY cvd‘.)9)‘g.‘) Coms jlae 1 duos )»b w8l yss g slaldS a8 Ll (VoYY o)) Ken 9;&@ A R VAPAR OV
Hlisl glag s 13 Sles zdaw (slod ke 3)ly (VN () Ka g gl V1D ), Ke 3 T Kls VY (],
bug 93b glagiagy ol 3@ plsl Gloj U ol jolie SIS 5 (Sloj (0350 9 malilyd Cuonl bl
G0 dldon > SISy gy £adge ludl )0 399 .l 45 Cjgo Al (gl by 3l edliinl b (gdaxie ldire
alan o 5l a8 Canl 48,5 )5 axnlye 3y90 8aB0 pl bidgd Ao i ) (edAxte Gliking LABL e (o0b) Cuenl gl
sl Ao coalil ola eyl waldlyuss @l 3l byl (WWAY) o3l s g sblaes] s )S 23,8 0,Lil 3 3)lge 0 g5 oo

' Cicerone and Nurse
2 Intergovernmental Panel on Climate Change
3 Collins

4Li

5 Ozturk

® Wang

7 Isobe

8 Gomiero

9 Mishra

10 Lu

1 Baccini

12 Jiang

13 Luo

14 Onozuka

15 Feng and Chao



Y&y A8 G 5 0byiee | (soladl g oo lai] S o 51 prums (5 Lo31 yliaw 055155 b (30 porsll e alllso

il ) (WWAR) hiSen 5 o3ldedemo (LARS-WG) o 5l aslizl L Y-\ \=Y+F+ cla Jlo b duogl axbyo
5 sbgeym; by asg 6390 adlae CCT ()38l atmy ) odlil b Slanlie Lol W86 bl > o)k ol
s e HadCM3 Juo (293 15 (wliefn) jloslial b glil )8 53 (ol ©lpess i (VW) o)
sl 4o ol Sl (VFo ) hlSan 5 2l (ginoins of e p il i Sl 0ad L) (YY) )Sen
Sare 9 $9°> Jelos (BB S8 (Ve o) e g 0 Slue (ol )3 oldl oS Jilos (V1 +) Sleo g (5T 029, 0
b ol ot 5 Aty ol alopw Sl Dyt gy (VF4Y) (lSar 9 80kss o) olnl VLo o)l clams b )g 5
Wl 1 el wlbluss 2505 5 53Le) ST (VE4Y) Gljho 5 Sl o3 153)90 dalllae (SDSM) Jao 5l ooz
o glgel lelis)| JICMIPS e sla st 5 Caad pac g lgn 5 O o JUSews (Y410) o) Sen 5 S
RCP8.5 (clogyylius s EDI 5 SPI 1 sslitul b JWkits sty (V2 VF) ohKas 5 "Silgn (les cloposildl
5 by 1SS (pp0j Sl g Ol Sl (V1Y) GllSan 5 TSilom «s3llo S wliog, adg (gl waldl s
%0551, dyn g Ol Dyt ot LT ol 50 0 (S) g Lo (b5 ulidegs (YoIA) () 8em g Tlud 3] slo i)l
b gz bl 13 2lsn 5 Ol St lagy )l 4y Cnd "Bl eSS (il (3loia (V19) oS
PRl a2l b cov dilate ) sej o e g ST Cughy  eelSl s Sl L5 (Y)R) GlSen 5V )
Aol s (g5anhl pel asgs Sk g by @lpsd K9y p el s Sl (WYA0) o, Ken g glioe Aidged
lo> adlge (ST (clmoygd y3 45 Wispwy ail ol 4 g 2ol 1,8 aulllas dyg0 g (oges id > slaJio 5l odlitul b oy
Loyl g bod o paldl s 36 4 ladlllan 3 (WA0) oSen 5 Jolpiduglea ol alss Jhal 38l 4l (09 Cans
Ol eilie & Sl g0)93 13 )k & Wiy m nl 4y 9 200, Pl dreg)] sl jred saS9> 53 el (sl s
lSan 5 oK e il aalss Ll oLS L5lo dy +JAV iShis (gles 5 V40 JBlis (clos &S s 3 il anlss
Ky 4Bl ol 4y g 313 oliile)S cguin)d sl adg> )3 Lo g (i)l enldl et SIST b)) ooy o (V<)
=VVF) 93 o] g (Yo =V-¥F) oo oail 093 95y 1y Lo Liul33l e oy 5 e el 4 ,lap 9 bl Juad oS
Ohen g bLa )l 1) (S50 als i (5t e Jad g Cully wialss B2 5 A2 (g005lw 9 2 (gl (VY0
o L) S ol g B3 S qwp 3p90 Mg Cudd D auldl S I cod ik 5 > el (VWAY)
a3 VAR Lod Ll ppin oS (g & abbie ST oy o Oyls anyd il 5l Sl Jse (gl
Sl 56 (W) Gler 5 (alpw 43,5 sdalia (57 oo )3 (iegske /+V) Sk olie (0505 5 (315 5l
K9y Sy 3l (S adllas gl 6ol )15 3o 3590 seee Gl s S5l s )3 (o)l g led Cumdg ok el
Cov Uiyl e 4 wibe oy ul ds Cilis (elboygd ;5 SSP-8.5 (ol cly iyl e lyueis usgines
bty (Yo¥+) ) Kan 5 4 cuined ol 4wl ans LB Sl Jol oy9d sly SSP1-2.6 ogp s
o3 5> Ol s a5 Wy o ol A g 10,5 wyp |y )8 MnS1ed Gl cow ol aler g ol Sl Ql,,jl"
enSlied 3,8 Mos (i )3 (V1Y) ()le g (gorls aittean cutS pp B (63b 2> b Jglomo (3081 9 PH (> s
Co e 45 Kdewy A8l pl 4 g Bdges plasl O eaw oo g o] pler g Ol Olpus clag s 4 ad c )
o )3 (Yo¥Y) LKan o % SuideS s .cuils RCP 4.5 gRCP 8.5 cows CO2 5, Shos 1y 13t 5 i o] s

! Wang

2 Huang

3 Huang

4 Feyissa

3 Rathore

¢ Taxus Wallichiana
7 Erler

8Li

° Bukovsky



VFeF Qo lois Y3 0,90 (550,40l g Ll i Y7¥

pladl o] ladhie o8l s gla dw a5 Slpo Cushad pas G SSSP i e )l et slag jleo @
2 L5 8b mied o] it ol Bl Sl (s pd buma 5 lgm (305 )5 4 Wideesy Bl cpl 4 g 2008
Bblie > )k il 5 (b 3l )3 S lade 5 olg)y Job ligh il (al8l (il Job )3 ()b (e e
Sl Gy Sris plen g O juss Sl (Shy p e b dugte @ (VYY) hlen 5 g 3yl 1) bl
sbajlzale g Jaime bolse 9 Sy o glodSia (b @i 5l 20> VO BV 5l (o & W) dom (ol 4 9 35l
CoteS yr waldl i slag )l Bl giloe 4 (imgly 53 (VYY) hlSen 5 gl 08 ooyt Jlod oo 4y Jaino
3WQI lyuss ]33l RCP (lags b p3 a8 by o)lis g odd i zuls g 63,8 plasl Llgiul ojle (oly O

By 405 cpl 4 g 53,8 wyp GISS-E2.1 L SSP jLis] (clavgs jlw coss oans] olgn 9 Of @l s (YVY) o), Ko
Oldlas @ dngi bl o ials VYoo Jlo U Ludbl qogildl 56355 by 3, Sles ;3 odd s Jdo 90 y2 039y &S
oolly wlidlen oylol 5o s aul8l glaodly 1 odlatwl b g (glddlais 5 5 lie )0 o il ST 65K o plol
o oyl Loy bayl58le 5 390 )8 & a5 b a8 Wloss pbs] o e  LARS WG SDSM b5 wlidejs; (sla)lsdle 5
5 8 35 9 pisSl e o) 3yl i )3 (ol (Vs gy 5 (2l 5 o)l dslone > Ll gllas 524
i (lp DU CanESMS o8l iz Jio S 5l (6580500 b Lol (ylojlo ;3 ouds ¢l ol (slaodly I odlaiu]
g sldalate (M ol SO b paldl s digej 45 d8)S Cjgo Slalllae 4 dngi b ol imghs 50 b edlitwl el polic
b g (s3)plgn o lojlo 193 51 ot (slaodls I Sllae oalisl b g Lol Cjé Cogin 3 ol 98" Ui b
el w8l i oo s (Ye8Y =VVe ) yed oai] o (VoY) =V-5) d5 ool 0)90 93 (Sloj ojb ;5 (Lub) K el

A aisly y clojlaale slaodly 3,59, LCEMIPO i)liS yolwly

SR H N9

&y 098 bad bie > (lnl osl wldl o Gt 5 25l adlle 5 Simoh (S509e Cgmiler 0 4ol Siaok
5 Jod (2 420 FO L V0T ol clatie )3 @y yieghS VFANRD Colus b ailiaysls 5 Ll (apdcsix )
395 4 Sllas g (YoFY =YVee) 193 o] g (YoF) =Y 54) o5 oail 0)gd 93 )3 (Bpb Jobo dn 0 YO I FF°
dizeS dod aiier) waldl s ) Jgo ol yolis Glie nin 4y Sloj 5 2l (5oee Cor ez 8T
Slpy L3 5 (SSP2_4.5) bwy b slaggjluw wloly UK CanESMS jixe Jao 65,5 4 L (o)l 5 b
ool g 5 ot slmodly (63658 4 b il 0] il Slulter i 50 Slly 5 w2 o2, b (SSP5_8.5)
5 &) o slpe a1 JK3) 55 45 05 aisls y O(Lub) 15 el (oliab 5 (63)93lsn Lo

! Boonman

2 Castro

3 Water Quality Index

4 Nazarenko

5 National Aeronautics and Space Administration (NASA)



Y70 A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

Sl s 3 Jolxi 3 43325 e ol - .
- _ Sl ol b i Y et
R} CMIP6 Climate Change il )]
gl i g sy o0 ;
3 525> ol polic gl aalo $g s gl (190
o bl b g Lod Jilis (SSP5_8.5) 4 (SSP2_4.5)
ArcGIS j» CanESM5 (NASA) o qulil puss
Lis glofalo gl ]l v o o § . d e o
’:0 . io i: »ﬂ‘ ;é’:; | By 2l g alogai and bl pole Loy Gl s yliie! g duulne
L 2 ' 3 yi5h> sanlil polic LS G byl g lod Jilas g 81> || Jua (SSP5_8.5) 4 (SSP2_4.5)
§SSPLA) glag od ol h ool b b Lod i « Jos gl g L '« oLs g ¢l CANESMS
J Ca“ESMUSV i‘s‘; (]SSPS-S'S’ (NASA) 5 guisio5 3 s \sbts CanESM5 s i il

iR 3 omt i gy Y S

rob 35 plosl Gloj U bl oS iy slase g ladg) 4 daily 3 55l imggy > o Slllas 4 x5 L

Magicc 3 LARS WG <SDSM uile (S15,5 ywlide sy (sbaylidle 5 oluly 48,8 &0 slayimghy 1381085 &g
Slojlo waldl juis pime (sla Jdo oy (slaodls b ailygles 5,09, o gy 5l pols Limgh 40 .dg o plosl Scengen
YF ool oL ol s eslisul (Google Earth Engine) 'y co 5b oo ailobs ;5 (Wb) o 0l olad g (63,95l9n Lo

L CanESMS5 yixe Jse 5l olgn g o Calisee ()55 55 wuldl ot Ciliseo (sla Jho  xiwcons 9 €85 (clyp a0
polie Lol 0dly ol j5 s gsS g o)l b (SSPS5_8.5) wliwy (L& 4 (SSP2_4.5) lawg o (slasgs b (wlaly
593 0] g (VoYY =Y e85+ ) o5 0l 093 93 loj 03b ;5 (5)b g Lo dieS dod diniin) wull pois )3 138 36 ol
oslBl el Jue ailjs, (lo s sie Jols NEX-GDDP-CMIP6 s3ls dsgoire .0d 3y5ly1 5 dgslxs (Yo5) =¥+ )
Slalie cosls okl b o (S5 S8 5 Silatuge Blyil 2Mol) BCSD? g, L 48 ol CMIPE?
oliezny 433 /YO yelaiy b Ty Waosly g 63,5 puseas | b Jie Soloto slallas 3, oyl bilors 2MoIGMFD?
o bwg J8 cpl (YT Aol ol (gilwdnd 38 50) Ml o Jos s p)lS g (gladlaie Cldllas cuwlio &S WS o
0> plowl Sles (wlio )0 1y adgl  wwsyliel 9 bl 2Nl dwl )5 NEX-GDDP-CMIP6 63ly ds goor0 sninddswgs
o> 85 g dmobre 5l am YoV Flub) wlond bl ol (slaodly 4 (55l i & )ygods b suwliel oyl g
Al o cloylonle yglas eShe (lag s g Jao wlwlp 5,b g bod aieS o> aini ouldl yolic (bl polao
LS wyyr g o g Cdlpd awedS b o e sl Jle > $Blas &g 4 (SSP5_8.5 5 SSP2_4.5) slag L
Sl lop 5 Of Jao 5l a8 ol o0 LS5 (e 08 (glp G5 slidiofy (2l 9 f (sl )l 51 Ll 00l de gz

! Earthengine.google.com

2 Coupled Model Intercomparison Project Phase 6
3 Bias Correction and Spatial Disaggregation

4 Global Meteorological Forcing Dataset

> NASA Center for Climate Simulation

S NASA



VFeF Qo lois Y3 0,90 (550,40l g Ll i \id4

3203 5 VOV (ohlSan 5 7jski) asbie (CMIP6) i jb o ond i Joo dunlio 0y 3l o 12 (GCM")
B oo 4ilis (SSPST) S jate (eolaidl g | eloinl (sl ppno lgic 4 a5 (IS olnj8 Ll go)liw iy 51 3,90
NI oo 3 0ad i Jao duglis ofgn il B cages (33,5 slaJae lad )8 (VYT ()Sen 5 T il )
55,5 Lawgs @3> a5 gasme () . Canl 005 0313 drwgy (IPCCC) Llsa o o lyuss (e oy ciun (ARGP) wid b))
Lol (glsn g Of (g3lotunsd 550 bausgs g o diad Lol (hooj Jobs 5l oolital | Lubs o) lidos 3850 5 1sm g Ol Ll
sl 5 o aiaeS dod ainir ool polic) o] olia 3yl sl p3lbe iagh > ol 003 sy (NCCS')
o 5o (slp oS (gyte YWAY . (6ply S8 o b (Lub) 15,0l (olad 5 (g3,9l9m (o lojlo y9 5l tomis (slaodly
Loty (coulBl yol)ly (3 9 (S oliie 0 okl )l Jglite (655 0jlul (sla b jsSie aslil ol
QPO 9 S ol onglS aly L YOYIVY B Y-Y/-A i & (gaw 4 S35 lgn gy (slod i (1SLs)
oS aoly L YYY/AY LAPYIES Cuip a4 (aw & S35 (lop i) (slod ainS” (20ke) Lod aizad’ (o8l el
lS anl 31 Led dieS g dtiin souldl jioll 93 1 (53S0}l laasly cungilS 5 ai oSl oluly sl 3 a8 Wil o
Aol ot 9 S oeldie )5 8 ot 3)90 31,8 (Bl oy b g 38 My 31,5 (8l (S 0jll aly &,
4 45 39 kg/M"2/s asli )3 mpeyio 3 p)SolS wnlg b o/ AV L+ 5 (Wlig) Sk Gliwe (Sle) 8L (o8]
o3k )3 lojlgale pslas g (oylel JSb 4 jode (couldl (gloodly ol has yio oo @ ol oy 03ll oy (qungi 5 alius
Jbo 5l g ad edlanl il (slaodls laisay YoV Jlo U VR0 o jl a8 conl uyiwd 3 (VA0 =YY+ +) dlw VOV o
o S slboygd g (Vo8Y =VVee) jod odi] ¢ (VoY) =V-5+) d5 oais] 0)9d 93 3 ¥Vev Jlo b Y-V
A o3l adlllas 590 ddlate (gly 0] aldl

el
osel b 5 oyl (Lo ol glojlgmle piglai 9 (3b) — (gylol (slmosls I (£3,0)8" odlisl byl imgly
Sl sl 5 ol Jie ) csSaste b5 OMIP6 555 oy slyale 3,5 b ol bl st it 5 (1)
1> CanESMS5 yine Jao 55,5 4 L (SSP5_8.5) &livks s 5 (SSP2 4.5) Lawg 15 (sl csqr i s(GCM)
) loges (Jshier 2lojle b o8 €85 565 4 illas o (VoVY =YV v) Gloj o3l 5 ol 50 (o)l 5 aldd (polio
92 ol yo )55 o (glaJilo 9 4325 5 a g @l 5l a5
3 ooyl 3l oolil b anlllas 3yg0 (Yo¥YV =Vo5+) Sod 5 o] 090 53 pils Limghs 5l odel Cowd 4 gl 4 45 g5l
Sl dogl5 olo 5 ltane b gl 3,5 Ll VSIAY e by Led Jolis 005 _stas sty oo atpa (SSP2 4.5) Lausg
3 el Cand 4 Vo¥e Jlo el Juad 5 Vo obo (gl 3L, lo as)d +VY/YF Jlade b Loy JBls atutn o Y-V
095 4id) (a9 g (Jlob sladials (40 ST 098 4Ld) a9 g (Bpd (2)f slaaisly )9S )8 Jlod radlla 390 ddlaie
S5 8 = Gl JS5) 48b e g 3yg0 (sleg o 5 L s U 530 il ol alon 10l 5 Ja 5 5,
e b bod aiuty aineS oS canl o] 5l (Sl Sodp oan] 090 50 lad dinin o i 5l edel Conds 4 ol (¥ - I
Jad (gl oS ol an > +0/FD Hlade b Lod i p i 9 VoVY g Jad o ole 0 0,8 il as 0 +YY/RY
sile oyl 8 sz ol wgz (65 0 ol J) it e 5590 ddlaie 13 b ot CussST olo )3 il

! Global Climate Model.

2 Taylor

3 Shared Socioeconomic Pathways

4 Thrasher

3> Assessment Report 6

¢ Intergovernmental Panel on Climate Change
7 NASA Center for Climate Simulation



Y#V A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

sel s 4y S35 ol 0y93 53 bod i b 530 003 (it (Pl Alex 515 5y w9 5 85 @l ]
csnslios bl 2 o> diaS 0 St 9 230 ot g 3l ool s 4 @B g L (Y - o U8 Y - o JS)
slod Ay (0t 9 S sl g 25 e 420 FVRY gy e ke Su355 eanl 0)93 Jloj o3l > SSP2 4.5
ool Cawd 4 glaasdl () Jgan) del cawd 4 Lo il 38l 1,8 5lo /¥ Wg, i lake e Sud5 o] 0,93 5
Jls 498 V% sl i ol Jlade oot o Col cal Sl S osal 090 )0 )k el el gty
15 el Cawd 4y yto o Y e b Y-YD Jlo gl YA 4 VE/SY Jie b YoY5 Jlo Luole ¥ OB/YY i L Y-¥Y
iy st s 5 o ST 005 8 g 3 ym el blie 98 o e 5] (sl i e 390 e
alllas 3)90 0)9 )3 y9uiS i)l (Jlossl (sbolie alox 51 508 5y Jloud 5| slayise g 5yl 058 iy ()¢ Ao <l
(YoVY =Y-50) oo odil 0y90 j3 yobs Baiow odel Cuvd 4 glaasdly oobolp (V- K6 Y - & JSS) cuwl
VONY Jlade b lod dieS o i olade J8lis (SSP5_8.5) ailsss (Ld (sonyliw 5l (spSoye b Lidgh 3)50
FIVIYA Hlade b Lod aieS (p 5 i (soudl siol)l (gl o VoV Jlo liws) Jigl g jeolwd olo j3lol (ol 51,8 il as o
oyt Jled 5l alajisu adlas 3yg0 dilaie ;5 el Cand 4 YYD Jlo liwol Juad bawll (Y gn olo sly 31,5 Sl
39S Gyd Jlod Jl (blio g (0,515 098 4l S pe g Jlod I 2la st 5l 058 43y ogin g Jled aials j9uS
ot edel Cund & @l @ deg b (Y - o JSS Y — o JS) bl bod a8 L 180 ez Gblie dlex
Gl Jwad (sl 3,5 Sl d > +VO/VE lade b Led diin jlde 508 «Sud5 od] 093 )3 Lod diniy o8l yalyb
ol b (Vo olo 31gl (el 5,5 sl dnyd +0+/AY e b Lod dindir oy pister 5 Y15 Jlo 5 Ll ole 31l
292 9 (B e S 55y (Pl dex I 58S bl ST 501 tngg 3)9e ddlate )3 NN upte VYA Jl
5 sl 553 s i il b alas 3yge sla b 5 o> iy il bl 155 f a5 5 9S
odlatul b Lod diutin 5 S (5 i 9 S Ngy yei jlodel Cawd 4 olaadly 4y as gl (¥ — o S5 Y - o JSW)
i Hlde g 315 Ble /A% Lod AleS 5 e g (S Bg)y e e o35 skl 6)90 )3 SSP5_8.5 (ggy b |
hoie et cand 4 gols () Jgao) Mibe dwiie BB 3LS Sl +V/FO Led didn ppoie 9 e S B,
Ve IAY o L Y-YY Jlo probod Yo 53 i o iyl e ahntin aalllae 5,50 (o355 0] 09 53 ()b (oouldl el
o aslllas 3,00 dilate )5 WA _inisias yiedes UYY e b ¥o0e Jlo asgli V) 5 VA i b YoYS Jlus a8 ¥
Faboize g9as @y Jlob dloa | iblio 5 03,5 by (al8 SSPS_8.5 (gg0)luw bl adlllae 3550 093 )3 ()l
o5 blin 3 ol g ] 53l i 5 o ST 00 45 350 5 e ) loss el oS 423, e shacial
5 odel Coms 4 (gloaidly olulyy sl S5 obls (¥ = g S5 & — 2 JS3) 05 dald els |y 48 3y5 Jlad
sl oluly S35 0] 0093 50 Lod e arldl 2ol sd Sl 1)k g Lod iy g a8 oanldl polis sty
5 03,5 390 Cuto pliyl Caam 4 5 03,5 1y Lial33] (SSP2. 4.5) g 2o (o0 s 40 Cosmss (SSP5_8.5) vy L
Jlod aiiyo (2l 5 5l 5 0515 slrosS 4l Jlad sladiels daglinasS Clelis)l g )9S Jlod slaoye Sk &
aliody (k- sonliw (bl lod it (olll Jl)ly iz en g oo 040l Mg 9 Mo Gladald Wilo youiS )¢
orl3l oyl odol s 4y sloandly oluly 5 A5 amlgs 5 ) (spS el GRIBIL bgte d> ol 4 Cons
4 SSP5_8.5 (52 )l (polislyy ()b e 31 o035 04T 0,93 )3 (g3 3)90 dibate ;> adlllas 3590 Jloj 03b > )b

2,5 Jaled lag il SSP2 4.5 (640 )lus Cuns



JFoF Q80 lais 19 0,90 s yolipy g Lublpic

YZA

9 SSP2_4.5 slags jluw (wlwly (Yovy-Y.5e) Sud oy 2,93 13 bod A 9 dknoS el puidi (GO0 (S ) J9u

SSPS_8.5
Scenario SSP2 4.5 Scenario SSP5 8.5
Lod dinoS ¢ J8las bod dipoS ¢ Sl Lod dinoS ¢« J8las Lod dipoS’ ¢ S las
—\&IAY WYY —\o/vE WWIYA

Lod dmivn ¢ 8l

Lod duions ¢ 55l

Lod diiun ¢ J8lus

Lobwc’f‘»

yY/aN

B+/¥0

AIVAYS

a-/ay

SSP2_8.5 3 SSP2_4.5 glagy yliws ywluoly (Yo ¥Y —Yo 5 o) a5 053] 93 13 Lod diowis g isoS wulBl pard gy smtrin

Scenario SSP2 4.5

Scenario SSP5 8.5

lod aiga (claz lod aizaS (sl lod jlaio gl lod &iyoS gl lod aipeS cles Los ke Lilj3l
=\/- AN VAN —-/aY IR 4 AJAR

lod dipidy (ghaz lod aipdy clo Los ke 33l lod Aty (ghaz los dipdy clo Los ke L2381
YV/N - YA/ VY Yv/oy YA/AA VIO




Y&4 Q&éﬂ @@3 Ly | solaidl g clois] S o 5lo o (sgs jlw 3,519, b /) ol piti” anfllro

SSP2-4.5 bod aleS 3,0

: nmmnmnnmnmnm

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060

SSP2-4.5 Lyolw! o (YT — Y+Te) Sods Jol 8,92

SSP5-8.5 o> aloS 3o,
20

T
: AA”AVAVAVAVAVAUAUAUAVAVWVAVA\/ T

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060

SSP5-8.5 wlw! 5 (Y+TY — YoTl+) S sfas Jol 5,93

(C0)0o3 diseS

SSP2-4.5 o> il y3el,L

o AAnAAAARRARARARRARAARAARAAARARARARAAAND - 55
3 IVVVU VYUYV VUV UVY TV Vv o
2022 2024 2026 2028 zu;ﬁsus ;;fi.szi:.. ::':sﬁz:::i.:‘o:o_zzji _::)4; ;‘fuf:: :;’:ue')j;z'zuu'zdbs'zusu'zdso
- SSP5-8.5 Lod Al yol,L
T AAAAAAAAAAAAAAAAAAAAARANAAAADAANAAARAANN 2
E A A
2;2;771024 2026 2028 zu\:s;:izs';(::"i(:;b)—:u(\:: .2704‘0 _20‘4’2.;0:4) :)':;‘;(;:" ;U;);)B:,;t 2054 2056 2058 2060
:%: "2 =2779E-4
=
z 2022 2024 2026 2028 z:;P;(:z-sz‘::L::;J; z((:!i;(;m)_ 2"04;&‘2.04;4‘;:;1(:&8J2,(;b:):t32 2054 2056 2058 2060
SSP5-8.5 ,5,L ,3el,L

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056 2058 2060

SSP5-8.5 wlw! o (Y+TY — YoTle) Sodas Jol 5,93

alpa i 9 SSP2_4.5 buwg ao (5lags luw sl 3 (45, 9 Lod diguis bod aineS’ ooudll juolis dw pi (S, 13905 T S
CanESM5 Jao ol (Y+ YY) =Y+ 5+) Su3 55 o] 5,93 45 SSP5_8.5



VEeF 8o las 79 0,909 o 530 40l 9 Ll i YV

45°0°' K S0°0'K S55°0'K 60°0'E 65°0'E. = 45°0'E S50°0'E 55°0'E 60°0'E
L y— — — —
5 2
=
-

350N
350N

30°0'N
30°0'N

25°0'N
250N

¢ p Ol il elia oln! T @tie

gy adtaie 5e ma3s aklaie 5e
SSPE-R.S Lo aine’ allinas y2al,l
SSP24.5 Los wigaF Iy A ol

edlhe (%)

T ALY = g i S
= AT =
- S st
oS 1 — VO / YF AaaS : - \F [ AY
250 425 o 250 s00 750 1,000 250 125 o 250 s00 750
[ - T T T i< = i
S50°0'E S55°0'E 60°0'E ) S50°0'E. 0°0'E
45°0"' K S50°0'H 55°0"'E 60°0'E. 65°0'E. = & 45°0'E S50°0'E 60°0'E
=
>
=

= 7
£z
s =
Z %

300N
30°0'N

25°0'N
25°0'N

OV ] Al

U, PN

PV (U, o T

SSPS-8.5 Lod wnder Wl el

4.5 Lod inter Janwg o el

seolie (Ci0) sedlie (%)
oy Qe /AT - = g A 10 FO
— « [Eg|m (<
R
S YO /17 = ArmeS T VY S QY
250 128 o 250 s00 750 1,000 250 125 @ 250 s00 750 1,000
(=] F T F T Tcm == ] wm
S50°0'E 55°0'E 60°0'E. ) S50°0'E. S55°0'E 60°0'E »
45°0°' K S50°0'H 515‘:'0' | ) 60°0'E 65°0'H. = 45°0'E S50°0'E S55°0'E 60°0'E
L — e m—
- — =
= |5
g N

30°0'N 350N
30°0'N 350N

25°0'N
25°0'N

SN il i SR

o | [ s

B sl ity el SSP2AS Lol dasy so el

eslis Gmm)

23lEs cmm) =
etV AY ( = = Aialens VB YY (“
- c |EE5|mm &
e - et %
4du 128 a 250 500 750 1,000 250 125 o 250 s00 750 1,000
HFF 1 F 1 Tikm = =t 1 I; | _
S0°0'E S5°0'E 6U°0'E S50°0'E 55°0'E 60°0'E

CanESMS5 Juo wlwlys (Yo VY —YeFe) Sud35 oiy] 0,95 ;5 SSP5_8.5 ailiywy s



YV A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

Ly ao sla ooyl 6055 4 L CanESMS5 pixe Jio wlulpy CMIP6 5,155 5l sel Cawd 4 (2955 4 dn gl

@ gobs a5 Wb o e ol 5l Sls (YoFY =YVe+) y93 oai] 0)90 ¢l (SSP5_8.5) ailiwns L& 4 (SSP2_4.5)
woils olo (gl 31,3 Bl —VF/EY jlade b Lod aieS” J8lus ¢)93 oaisl 6,95 )3 (SSP2_4.5) (sos,lu (wlulys ool o
Jnad Lawlgl 5 sV g olo B9l (glys 51,F ol dn )3 +VFNA Jlade b Led aeS (5 i 9 V8V Jlo liae) Juad gl
b ot | blia 95 0yt Jlad J slaihy gl 2y9m Allte 3 it gt Yo Jlu pliadl
Bble jl glodas lagizn 5 jydl 058 aid) (a9 5 Jlod gladiel jl gloisn (p0)ST) 058 iy (a9 5 55y
¥ — Gl JS) il 590 010l 0)93 50 Lo dineS odlBl el b el 1550 (Al dlex Sl 508 5y g b Jlad
sl 3l ol am > +YO/F lade b Lo aietiy cp 5nS sl b ol i jl odel cowd 4 claasl s (0 — Il S
Bl )3 caseST olo (sl o5 il +OY/EF Jlade b Led piSlas oy 5 i g VYD Jlo oo Juad bilgl o z5le olo ,34l
998 Byd wp 5 o (S e ol I (Hblis adllas 390 addate )3 NAd Gnria VAV Jlo lp Glinl Jab
555 s alg ey 55 Lo ) slai 5 pD] oliips (slaglinl ke 1925 0ok oy ) slaisn
b g Lgy 3l odel Cusd dy (laadly oluly (0 - @ JSS o - o JS) aibl e Lo did enlEl el
Mo 93 01l 0)93 aalllas 3y90 Gloj o3l )3 SSP2 4.5 (go ks polalyy Lod a8 cosldl o)l cp s 5 (08
VWY gy s Judo ol y93 odial 0)93 ) Led dini cnyiiter 9 oneS Gl g S le VNN ) s
ol 55 ook Loonldl el bt gl 5 onel Cuss 4y el ¥ Jsan) 59 it JiB o> talsdl o5 sk
e b VoVe Jlo woyle ¥ FY/YD Jlade b ¥ Y Jlo yualed V¥ (gl cud i a0 o)L laie aiin y9d o] 090 (s yiw
s5Sie eyl Lololyy i tmady 3yse dibaie 43 WD Limibe sieiske VWAE Jds b FoAF Jls Lol ¥ g VST
blin 135 5 oy 4l )3 ST 058 4y g 5 55y Jlad J ode it 98 st Jlad J st
L Jlaist jsbo & a5 s (g alox 5l 5508 558 Jlod | 552l Gt 5 5l 055 iy ()8 derity9iS w9 |
Pyl Simghy Sl esal Cuns 4 S elulyy (0 - @ JSG F - @ JS) 4 dalg g, wg) ey BB byl ke
oAD (w e ldde (p 5aS SSP5_8.5) ailiuly s (so)liw I edlitul b aadllas 3yg0 (Vo5 =V V) yo5 oail o9
b o> aeS op i JMie g FeAY Jlo liwej Jad jd 49l olo (slp 31,8 Bl an ) =V+/AY Jlide L Led aieS
sl 1l 108 ot Jlod > limsS Gblio 5 (elbtoky radllas 390 dilate 3 (it iyt 3,5 il V-4V
199 38 Jled stz 53 0aiSly 3blie 55yl g o515 sloogS sy )3 SliuwnsS 5 @iipe Bblie thigu 9 (Mo
— JS8) 5 il 5y gy o> €S (il L o s 0 ey sl 5> blie el 535 55
5,5 ol a3 +YANA Hlade b Lod diin o 5pS Jlade yoSde (gg0 )l (bl a5 ailb o Jbojd ol (0 - & JS5 of
e Laalgl (glyy (Y olo , 3,8 il +OVIES o b Lod atdiy ,iSlis 5 V-5 o sl e 15 sl olo ol
09 aud) il ablie jo 4 adlas )90 adlaio cla isu ST jimgh 390 ddhaie p ol Cowd 4 YoV Jlo ;5 liaols
ol ol S ot AL 55 5y Jlad 53 005y 2l 5 198 e Jlas SliansS golio STy 5 55
g aixeS Sl g JBlus gy i jlodel Cawd ) gl @ dngil (0 — & JSKb F - & JS) ws salgd gja, Led dinde
CRPOi 9 S Bg)y yuiS Hlaie yg3 oa 0)9d ;5 SSP5_8.5 (cgsliw I odlizwl L CMIP6 5,155 oluolys Lod aiuty
Joda) Bus ob i BB oS Sl +O/YY Led diddis cp i 5 S N9y pus ke 9 05 ol VY L aieS
193 o3l 0,93 ;3 y6She (cgryliw wlelp )b (el el Jlade Jleisl b i 5l odel cand 4 gl Lolelp o (Y
YoAY Jlo guolgs ¥ AEY Jlade b Y AY Jlo yuoled YO )3 s b dy kgl D90 ddlate 3 55 jlade didus adllas 350
ol ool i bl taadllae 390 ddlate ;5 del Cauwd 4 yio o AVA Jludo b Y-VY Jlo 45,08 VF  UXY lade b
(0 By 5 st el 53 (635 p0 5 Mad 0515 98 0y Jladh (255 )3 (g 2050 slals 3 ()l e 4t
by D & JS8 ¥ — g JS8) 05 sialgs Jald 1y 925 5,5 o ] sl cslaie 5 5l o5 455, syt e



JFeF Q10 lais 19 0,95 (s i yolisy g Lublpin YVY

5 CanESM5  Jao wluly (o)l g Lod a9 dieS ol yolie o i ;0 CMIP6 555 5| odel Cawd 4y =l 4
Cawd 4 ol wloly (95 0ai] 093 (lp (SSP5_8.5) ailiwss L3 4 (SSP2_4.5) Ly s> (sla gyl 5 (60500
93 aalllas 3y90 )93 ol 0y93 (gl o> alueS” st 5 S LRI S dod atieS el ol sty Sl ol
@ Lod aieS ol gol)l 5 090 ales 5 i (SSP2_4.5) lawg s> (ggs5luw 4 Cuns (SSPS_8.5) wliwwy (L3 (g5l
0208 )9S 0yf Jlod (SliwngS” 3bolio g o515 5 )yl 098" aid) alox I )9S SliwansS Gble 5 YU slayoye S)b
@ lod anin @b 90 oail 0y93 50 Lod dtety el ol (cly o ploul cla i wloly cpines A5 Aalys
solyb cpl g 090 amlgs iul8l (clasgs BB S5 4 (SSP2_4.5) (g0 liw cmss 45 (SSP5_8.5) (con liw 5> ool s
i odel Cuss & b 4 dagily 9 2,5 dmlgs 095 150 aihn sladls o |y adlls 590 dilais slagioy ST ol
Sl g g dalgS (LAl banly do ooyl G 4 wiliody (S o)l )3 ()L 5l ()L (el el (b
o515 055 45y 555 m 5 o (sla i 5 5yl 095 €y sk e 098 o Jlah 2Ty 53 sk (ol sl

g2 AalgS S yele

9 SSP2_4.5 glagy U ool (Vo5 —¥ Vo o) 593 05T 893 13 Lod disai g inoS walBl sdd (633 iyl ¥ >

SSPS 8.5
Scenario SSP2 4.5 Scenario SSP5 8.5
Lod dgoS ¢ J8lus Lod dinoS’ ¢ S las Lod diuoS ¢ J8la Lod oS ¢ ST
—\¥/5¥ YZAR —\+/AY Y.y

Lod dmivn ¢ J8lo>

Lod diuiond ¢ Sl

Lod dnivn ¢ J8lo>

Lod diuions ¢ 25 Tas

vo/f-

ov/e¥

YANA

IN7Ate

SSP2_8.5 9 SSP2 4.5 ‘_;La:,;“,l.w oobwl g (Y';’\ ALK 0) 292 b..\.n.gj 0,93 4o Lod dimiin 9 AuoS M‘G' R Mgy

Scenario SSP2 4.5

Scenario SSP5 8.5

Lod dipeS” (gla] Lod diseS (glol Lo> jlade yiol3al Lo dieS” (gl Lod diseS (slosl o> jlado yiol3dl
VYN Y/-y VIV YAy VIV ¥/vv

Lo din (gl Lod i (slpl Lod lade ool 38l Lod atin (gl Lod diniin (slpsl o> jlade yinl3al
ya/va ¥./o8 VY ¥ /5 Yo/vy IARS




Yvy Qséﬁ @‘3-.93 OLsae | solaidl g clain] S pido 61 poueo (5051 ) lw 0,59, U /3| oeilS] jins” ardllao

SSP2-4.5 Lod aleS 3!,
20

 MALAAAALACAMAACRARAAAAMAMAMARAALAA
I SRR

(%) Wd dineS
R

2062 2064 2066 2068 2070 2072 2074 2076 2078 2080 2082 2084 2086 2088 2000 2092 2094 2096 2098 2100

SSP2-4.5 Ll 5o (Y1) — YV + o) Sl 095 0,95
SSP5-8.5 bod aloS ,.m!)l.-

166E-4 *

=
M,

2062 2064 2066 2068 2070 2072 2074 2076 2078 2080 2082 2084 2086 2088 2090 2092 2094 2096 2098 2100

SSP5-8.5 (ol 5 (YUY — YV e o) Syl 095 0,95

]

() bod &S

SSP2-4.5 Lod ailu 3,0
— tasmax
asrnﬂx =731E5*

mummnnmmmmmmmm
mmmmmHmuumuumm” o

20

(C%) o diseyy

2070 2072 1614 i Zlilb 7 zdlu i 2080 2082 2084 20 2088 2090 2092
SSP2-4.5 Lwlw! 5 (Y1) — YV o o) Sudas 095 8,90

SSP5-8.5 Lo allu yel,L

HHHIHHIHHHHHHHHHHHHHI

T TUVVVVVTTV STV VUV VT VvV Ty v vuy vy
2
= (u
& 20
10
2062 2064 2066 2068 20 2072 20 2076 2078 2080 2082 2084 2086 088 2090 209: 2094 2096 2098 2100
SSP5- s:,_,.-L..-! R (YUY = YY) (Sl 095 0,95
SSP2-4.5 ,5,L ,3el,bL
25
m— 606L-6
20 m:time_ stai
=1 racs
2
’); 15
B
8
- 10
> &)
E
e 2062 2064 2066 2068 2070 2072 2074 2076 2078 2080 2082 2084 2086 2088 2090 2092 2094 2096 2098 2100
SSP2-4.5 Lwlw!l 53 (Y+T1) — YV e o) Sy 095 5,95
SSP5-8.5 ,b,L 3!,
—pr = 2 859E
ystem:time_start
0438
2 = 4 65E

(mm) (yo 3l

064 2066 2068 20 2072 2074 2076 2078 2080 2082 2084 2086 88 90 02 2094 2096 2098 2100

SSP5-8. <‘_,.,L....l > (Yo‘l\ YYeo) P ,09; e),a
aliyas (b 9 SSP2_4.5 lawg ao (gldgs )lw asly 53 (3051 9 Lod sy clod wineS' (ool polis i bl (s 1905 .F IS5
CanESMS5 Juo bl (Y+5Y ¥+ ) 495 oiaf 495 ,3 SSP5_8.5



If"f‘?f'a)lad.fi 0)}9“5),!)400)95 ééb.'c»

GO E

Lell gt Of

PRI O P Toy

| Chma3y adtaie s

8.5 Los aiaS ailipas yhal,ly

4P0N

300N

400N

300N

V) et e

SARe3y aklaie 5re

SSP2-4.5 ld wigeS iy s Zalk

edle (€7 L et @
Az Y/ AY =z FEORWERLPATY ”
AameT 1= Ve [ AV oS 1= \F [ FF
250 125 0 250 500 750 1,000 250 125 © 250 500 750 1,000
CI 17T T I T ] KK [ e 1 F T | Km
— — y
S0°0'L 20" I
070 o0 i 60o0 0" E

4PN

400N

- =
=z
==
ST P Ol oAl s
DAk wilais ;e = famg 5y adaie 5 e
SSP5-8.5 Lod sigeiuns bty s5ol, SSP2.4.5 Ls aiey ey as ill
sedtie (€% . sestia (0
PESRSE SR T3 -z Aindens 1 OY [ FF
. S
- (= 5| ™™ (<
b, -
WlS YA LA PESOT S INE S
250 125 0 250 500 750 1.000 250 125 0 250 500 750 1,000
e s T T T ] K = ¥ T T T 1 Km
—
S0°0E _60°0'E S0°0TE _60°0'E
S0°0'E 050" E i 50°0°E 60°0"E
=5
2% N

B e ol artie

1" Ghes3 aalaie sre

SSPE-8.5 5,0l wlimras 550l

0N
0N

T ol e

=

g3 Al e

SSP2-4.5 L5, drsy an jTal,ly

m3lAe (Mm) - pe3lEs (mm)
. POV WS = Proe-uess L SR 1) (A
( - = -
adeeS PESOC Sap
250 1z> 0 250 500 750 1.000 250 125 © 250 500 750 1,000
s ] K [ I 1 F 1 1 Km
— X g
50°0'E [ 50°0'E 60°0'E

CanESMS5 Juo (wlwlys (Ye£Y =YV +) 93 00l 5,93 13 SSP5_8.5 wiliwas Jud




YVO A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

S 4 g Sy
g (VoY =Y eFe) Soap osial 0y9 93 50 Ao Ax o 03l o il oS IS g oy plad o 0 pols gl
w8 Ll p e )5 ol (cdbp CMIPE )55 wlwly oyl waldl s aulllae 4 (Vo5 =YV e+ j93 o]
9> ool pimgy ol 53 .28, el (L) el (lid 5 (g3ygilm o lojls 9 51 toxias 5 (5 L] (slaedls
WX 9 o..\l.;j 9 n_gq.)).» o..\l.)j 0)9d ¢ Lﬁ‘ﬁ CanESM5 J.\n cSSP5_85 qu.uJ.J LS'LO 9 SSP2_45 ]4‘.09.).2- dy)l.u»
Mae g g dalgs lawgio S 4 slalbdS slajlE jlis] a5 cusl Cllas opl [ Sls SSP2 4.5 buwgis (g95lw 0
Soolaw ) 38155 yao 4y VYoo Jlo U bl Wb o il w9 09y Jalgd  Jad palaw 39 0 V40 Jlo U CO;
Ay VY0 Jl UCO2 jlude 5 59 sled YU jluw (laldS sl jlicl a5” a8’ o o SSPS_8.5 wlww L&
o Dy il elas o g LIl g Lo diiy g abeS W15l 5l (S Liagh asdl (YY) JPCC) us anlss
claass o 1y Sl bl s cpl g 9lsl algs 5l ST claoygd 4> adlllas 3yg0 dilaie )d wuldl puss a5 A o ol
2 Blgi e soeldl Oy 5 A8 o i Gl 9 05 55 6509ltS (lsm g Of (slapadld (g psliST i 53 cuiliS salss
5 SinkiS M Copte 0 GpSpeal ol gl Cuple LS 0 g g 38 sipaln sejls oyl
dawgd D OT st Oyl g a8l Clyoss ablae (olp oo soly dlos I (65,5liS slasdl (o 585 (sla g)l38 Cunlw
Al g (g5pgliS

SIS bl Ol weld) josts adllas @0 3l (293 98 51 2l g ) 3 el jeets Atniiy adlllas & 2 L
ST iales 1 oliie plo claal b yols Gimgs 5l odel Cuns 4 gl .caby olen g ol &lyuss (CMIP6) i
ol izules (VWAQ) o )Len g (sdigo,; (Ve +) o Ken g y0bdmes (Ve ) o) Sar g 0 Slue (VF++) slbo
Sy @l (2L 9 €85 (Bl coge pole (imgh )3 (wgilS (ng ) ) edlatel (85 )18 ()lasl g b))
ol 0 plosl (glo gy w1 ¢ codd8l (gla ol (g5l and con > ad (A3 sla g gl b awglie ) ool
9 b9l 2l (hgi ) Lol iidle (6)ljBle 5 slallad (Gl 5 pole; ol oS idg (SIS el sl
alols 53 (Lob) 5,0l 2La g (62)5il5m (Lo lojls waldl s yuino (sla S oyt (glmodls Sl odlital b wlgls 3,809,
Slaiido Iy (a8l yss Juo ¥F 00y oLSSL ol id )5 )13 eolaswl 590 (Google Earth Engine) g cou L oy
Hlael 51U CanESMS Jaws jiS g, 5 S35 )0 0uldl jowd ©ldidod diiay 1 oads plodl Oldlllas &y angi b o5 05 0

A oolil pols imgs 40 adllas yg0 Jho loie 4 o] 51 aS 3 )65 0 (o3L5



VFeF Qo lois Y3 0,90 (550,40l g Ll i YV#

&b

oolsl 32 O 30l Ao (S350 05050,0m Dluogiad  ldl i ST s (YY) Lo 3o 5 e (soblie
N N (DY) VA ¢ lidliis pgle (00,015 liio . s o] (olos olide 31y S

XYY (V) O ¢ 2 (ol clo ying iy o)) 33 08l pss Oldllas Jdod L(VF e+ ) odusg wluo g (6500 (555

L Cj e g At oS sloyw L0 @lpus Kgy J(VF)) Menl (slie 5 JWS Gladel ¢ JneMe (5 yaka0 $p0ol 8 Ls

L ooyl g b p uldl s ,;‘15 (VYD) 56,8 cyrolygr g s daze Ol Jle fdaze e Cangdind yob fdumw ¢ ol jisuiles
Y« 5)9ls9 90050 At Auog)l Slo 0l (A9 163)90 (sAalllan) ol (lags )l g ln Jde Cusbad pac )5 lai )
NV SAYY (V)

AREIE AR c(\) AR sd/)‘.g/y/,} L;,L;fw.ue,a w.m}).:wlc Ayl (,\o).u Cadd 180 90 c\ajlb.n) M‘G‘ gy

Sleslatwl b lpl Gye )0 el Slpuss o i (WYAQ) oya0 «Blyo gyl 5 dade o cCungdindygd § oy ((Sg0 b ]
XA =5Y (V)Y (oo clibbro  glad  fdoo diseo sy jluw cov HAACM3 Jao (295 )5S wlies,
JIEY-VIsY

HELJTY dama.o) L)"’)b 9 Lo W9 » o,\.l.;j ‘_;o.lel C"‘)“"” ).uLv W (\\“ﬂﬂ) ).)T ¥ 9 u_QJ.,\.o.?m 4@1)9:.».) ‘u.\.ou ‘Lﬁ‘)‘”
EY =AY (V)Y o psle g wlidlon 4 i Sapie 5yl o judul asg>

(IYAQ) UL (5508 g ylal ¢ WLL faumme ¢S 95 o> o)l ¢ waale 0,25 (& pmiiilgn foyquaio ¢ B6S fdabld ( wle
AYY

AVY DAY (Y) V8 o) of polio coliis NISTOR a3l 5l ookl b cyuelyg o (o)

ol glams slhys 3 oy 5 (S9pd Jelse Lim SS& (VFrr) dabld ( SIS s Jadllgl (bdgrus {0, lus
AY =V (V) OY xeb (cldlss glo jing s (VYOO —IVAY) L5 1 dad jla b owejolpl YL

L;Lmb‘.\i) 9 u..i,t.o » U;LP u..uLo)f )Jl d)bw .(\Y"V\) La)..l.c ‘d)lb’.'jl 9 OL«J ‘ubbb oo 0dxaely f'nl.g{n cblj}Lﬁg‘é
YV =YA (V) 5 oo clibbro  lad  fdoo (yailis }i)ﬂ Gade 30 aulilgyid claysie Sy g



YVV A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

b gyl a3l gl ases el gla el malil s l gl L (VWAY) Uole ol g ilaas obltes] e )S
NEO-YAD ($0) YV qs ol 5 Lilyis ale st (LARS-WG) Jusa 3l oolizsl L Y+ )\-Y - gl Lo

gl > ol i polie 5 G5k pliall S g ol (VF)) fuome (g pob 5 Sgmumetase (Jod jnesxe

XDYYY (YY)

\5 ‘u-’["%‘"’ L;Zzié G (PGS > szz»J,\p )’] ol b ‘_,’.;).c Olqglg)'b] Ot“" 5 dl%)'s-ﬁ‘)b. ).«.’>u—| ASg> L;J.j)lg
NOY —VFA ‘((b;')

218 b o )ogls Jod Jolgw (2lo)S Elgel o puldl s 51 (VWAQ) Lolie cgolye g Alliul  Sygs NS cg39)50
hl byl (WYAY) puwl (sdim i 8 Sl o g s ((Sgmd {opmre (59 ks duwe (b wdljrluns {asye (5 1S Tyne
(5 ol 16350 ddllas) o sy g Lod ( SU,L el sl yial)l s i 5 (silwand > CMIPS (s oo
dl.hy)'.u» u»‘.wl 2 .)9)3.)&.1‘} )J)JT M9> ‘_{ou.lﬁ‘ u]).u;u (\\c") 59’“’*")&“ c.&?uu.:'.olm ‘wu')J cuw')s\j ‘ulf/uo 6‘5’1)).Aﬁ
AR ‘(Q) Y “;).e,‘u)/.bb W}J'd.o[’;j.a.é )ialf—u;; $odnb 9IPCC

adllas) AR (sla Jao jl odlinwl b bed g (5,6 p paldl poss 31 b3 (0Fe+) gl e )l5 5 dung a8 ¢ oz o)) 1805 o
NY =V (M) Y smhbo g o Shds clo gy (oltile)S cguon B jsul ddge 163,50

Abbasi, F., Kouhi, M., Javanshiri, Z., Malbousi, S., Habibi Nokhandan, M., Babaeian, 1., & Falamarzi, Y.

(2020). Climate change detection update over Iran during 1958-2017. Journal of Climate Research,
1399(42), 137-153. (in Persian)

Ahmadabadi A, Sedighifar Z. (2018). Prediction of Climate Change Induced Hydrogeomorphology by

using SDSM in CAN Watershed. Jgs; 18 (51):103-114. URL: http://jgs.khu.ac.ir/article-1-2697-
fa.html. (in Persian)

Akbary, M., & sayad, V. (2021). Analysis of climate change studies in Iran. Physical Geography

Research, 53(1), 37-74. doi: 10.22059/jphgr.2021.301111.1007528. (in Persian)

Alizadeh, E., mousavi, H., Yarahmadi, J., & Faraji, A. (2020). Assessment the Impact of Climate Change

on Precipitation in Non-Observed data using the CCT Toolkit Case study: Daryan sub basin. Journal
of Geography and Planning, 24(73), 305-323. doi: 10.22034/gp.2020.10790. (in Persian)

Asakereh, H., Masoodian, S. A., & Tarkarani, F. (2021). A Discrimination of Roles of Internal and

External Factors on the Decadal Variation of Annual Precipitation in Iran over Recent Four Decades
(1975-2016). Physical Geography Research, 53(1), 91-107. doi: 10.22059/jphgr.2021.304776.
1007529. (in Persian)


http://jgs.khu.ac.ir/article-1-2697-fa.html
http://jgs.khu.ac.ir/article-1-2697-fa.html

JFeF Q10 lais 19 0,95 (s i yolisy g Lublpin YVA

Azizi, H. R., Ebrahimi, H., Mohamadvali samani, H., & Khaki, V. (2020). Assessment the Intensity of the
Effect of Climate Change on Groundwater Resources of Varamin plain using NISTOR index. [ran-
Water Resources Research, 16(3), 172-187. (in Persian)

Baccini, M., Kosatsky, T & Biggeri, A. (2013). Impact of Summer Heat on Urban Population Mortality in
Europe during the 1990s: an Evaluation of Years of Life Lost Adjusted for Harvesting, PLoS ONE, 8,
€69638. doi:10.1371/journal.pone.0069638

Boonman, C.C.F., Huijbregts, M.A.J., Lopez, A.B., Schipper A.M., Thuiller, W., Santini, L. (2021).
Trait-based projections of climate change effects on global biome distributions, Diversity and
Distributions, 28 (1). https://doi.org/10.1111/ddi.13431

Bukovsky, M. S., Gao, J., Mearns, L. O., & O'Neill, B. C. (2021). SSP-based land-use change scenarios:
A critical uncertainty in future regional climate change projections. Earth's Future, 9 (3).
https://doi.org/10.1029/2020EF001782

Castro, A.Q.; Yaneth, A. B.T.; Erick, R.B.; Juan G.L.; Jests, G.R.P. (2022). Modeling the effect of
climate change scenarios on water quality for tropical reservoirs, Journal of Environmental
Management, 322: 116137. https://doi.org/10.1016/j.jenvman.2022.116137.

Cicerone, R., & Nurse, P. (2014) Climate Change Evidence & Causes, An overview from the Royal
Society and the US National Academy of Sciences.

Collins, M.; Barreiro, M.; Frolicher, T.; Kang S.M.; Ashok, K.; Roxy M.K.; Singh, D.; Tedeschi, R.G.;
Wang, G.; Wilcox, L & Wu, B. (2020). Frontiers in Climate Predictions and Projections, Journal
frontiers in Climate, 2. https://doi.org/10.3389/fclim.2020.571245

Erler, A.R., Frey, S.K., Khader, O., D'Orgeville, M., Park, Y.J., Hwang, H.T., Lapen, D.R., Peltier, W.R
& Sudicky, E .A. (2019). Evaluating climate change impacts on soil moisture and groundwater
resources within a lake-affected region, Water Resources Research, 55 (10).
https://doi.org/10.1029/2018 WR 023822

Fahiminezhad E, Baaghide M O, Babaeian I, Entezari A. (2019). Simulation of the effect of global
warming on the mean and extreme events of some hydrochemical variables in Shandiz catchment
basin Case study: The Case of the general circulation model CanESM2. Journal of Spatial Analysis
Environmental Hazards; 6(3):27-48. http://jsach.khu.ac.ir/article-1-2788-fa.html. (in Persian)

Farajzadeh, Manoochehr, and Ghasemifar, Elham (2019). Fundamentals of Climate Change and Its
Consequences. Tehran: Nashre entekhab, p. 435. (in Persian)

Feng, A & Chao, Q. (2020). An Overview of Assessment Methods and Analysis for Climate Change Risk
in China. Phys, Chem. Earth, Parts A/B/C, 117: 102861. d0i:10.1016/j.pce.2020.102861

Feyissa, G.; Zeleke, G.; Bewket, W & Ephrem, G. (2018). Downscaling of Future Temperature and
Precipitation Extremes in Addis Ababa under Climate Change, Climate, 6 (58).
https://doi.org/10.3390/cli6030058

Gomiero, A., Bellerby, R. G. J., Manca Z.M., Babbini, L & Viarengo, A. (2018). Biological Responses of
Two marine Organisms of Ecological Relevance to On-Going Ocean Acidification and Global
Warming, Environ. Pollut, 236: 60—-70. doi:10.1016/j.envpol.2018.01.063

Hamidian Pour, M., Fallah Ghalhari, G., & Reza Alimoradi, M. (2021). Evaluating the Efficiency of the
SDSM Model in Investigating the Consequences of Climate Change for Different Climate Zones in
Iran. Climate Change Research, 2(5), 1-14. doi: 10.30488/ccr.2020.248188.1023. (in Persian)


https://doi.org/10.1111/ddi.13431
https://doi.org/10.1029/2020EF001782
https://doi.org/10.1016/j.jenvman.2022.116137
https://doi.org/10.3389/fclim.2020.571245
https://doi.org/10.1029/2018WR023822
http://jsaeh.khu.ac.ir/article-1-2788-fa.html
https://doi.org/10.3390/cli6030058

Yva A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

Hejazizadeh Z, Zarei S. (2023). Investigation of Changes of Temperature and Rainfall Indicators in
Kurdistan Province Based on Radiation Injection Scenarios (RCP). jgs; 23 (69), 1.
http://jgs.khu.ac.ir/article-1-3015-fa.html. (in Persian)

Huang, J., Li, Y. Fu, C. Chen, F. Fu, Q. Dai, A. Shinoda, M. Ma, Z. Guo, W. Li, Z. Zhang, L. Liu, Y. Yu,
H. He, Y. Xie, Y. Guan, X. Ji, M. Lin, L. Wang, S. Yan, H & Wang, G. (2017). Dryland climate
change: Recent progress and challenges, Reviews of geophysics, 55 (3). https://doi.org/10.
1002/2016RG000550

Huang, Y.F.; Jong, T.A.; Yong, J.T.; Mirzaei, M.; Mohd, Z.M.A. (2016). Drought Forecasting Using SPI
and EDI under RCP-8.5 Climate Change Scenarios for Langat River Basin, Malaysia, Procedia
Engineering, 154: 710-717. https://doi.org/10.1016/j.proeng.2016.07.573.

IPCC, (2021) Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelek¢i, R. Yu, and B. Zhou (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 3—32, doi:10.1017/9781009157896.001.

IPCC. (2013). Summary for Policymakers, Climate Change 2013: The Physical Science Basis,
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change In: Stocker TF, Qin D, Plattner G. K., Tignor M., Allen SK et al. (eds.), Cambridge
University Press, Cambridge, United Kingdom and new York, NY, USA.

IPCC-TGICA. (2007). General Guidelines on the Use of Scenario Data for Climate Impact and
Adaptation Assessment. Version 2. Prepared by T.R. Carter on behalf of the Intergovernmental Panel
on Climate Change, Task Group on Data and Scenario Support for Impact and Climate Assessment,
66 pp.

Isobe, M. (2013). Impact of Global Warming on Coastal Structures in Shallow, Water. Ocean Eng, 71.
doi:10.1016/j.oceaneng.2012.12.032

Jahanbakhsh Asl, S., Khorshiddoust, A., Alingjad, M. H., & Pourasghr, F. (2016). Impact of Climate
Change on Precipitation and Temperature by Taking the Uncertainty of Models and Climate
Scenarios (Case Study: Shahrchay Basin in Urmia). Hydrogeomorphology, 3(7), 107-122. (in
Persian)

Jiang, C., Shaw, K. S., Upperman, C. R., Blythe, D., Mitchell, C & Murtugudde, R. (2015). Climate
Change, Extreme Events and Increased Risk of Salmonellosis in Maryland, USA: Evidence for
Coastal Vulnerability, Environ. Int, 83. doi:10.1016/j.envint.2015.06.006

Karimiahmad abad, M., & Nabizadeh, A. (2018). Assessment of climate change impacts on climate
parameters of Urmia Lake basin during 2011-2040 years by using LARS-WG model. Journal of
Geography and Planning, 22(65), 265-285. (in Persian)

Khayat, A., Amirabadizadeh, M., Pourreza-Bilondi, M., & khozeymehnehad, H. (2020). Study
Temperature and Precipitation Parameters under the Effect of Climate Change (Case study: Birjand
Plain). [Irrigation and Water Engineering, 11(1), 200-210. doi: 10.22125/iwe.2020.114963. (in
Persian)

Li, X., Clinton, N., Si, Y., Liao, J., Liang, L & Gong, P. (2015). Projected Impacts of Climate Change on
Protected Birds and Nature Reserves in China, Sci. Bull, 60. doi: 10.1007/s11434-015-0892-y


http://jgs.khu.ac.ir/article-1-3015-fa.html
https://doi.org/10.%201002/2016RG000550
https://doi.org/10.%201002/2016RG000550

JFeF Q10 lais 19 0,95 (s i yolisy g Lublpin YA

Li, X., Zickfeld, K., Mathesius, S., Kohfeld, K., & Matthews, J.B.R. (2020). Irreversibility of marine
climate change impacts under carbon dioxide removal, Geophysical Research Letters, 47 (17).
https://doi.org/10.1029/2020GL088507

Lu, S., Bai, X., Zhang, X., Li, W & Tang, Y. (2019). The Impact of Climate Change on the Sustainable
Development ~ of  Regional  Economy, J. Clean. Prod, 233: 1387-1395.
doi:10.1016/j.jclepro.2019.06.074

Luo, Q., Li, S., Guo, Y., Han, X & Jaakkola, J. J. K. (2019). A Systematic Review and Meta-Analysis of
the Association between Daily Mean Temperature and Mortality in China. Environ. Res, 173.
doi:10.1016/j.envres.2019.03.044

Mirakbari, M., Mesbahzadeh, T., Mohseni Saravi, M., Khosravi, H., & Mortezaie Farizhendi, G. (2018).
Performance of Series Model CMIP5 in Simulation and Projection of Climatic Variables of Rainfall,
Temperature and Wind Speed (Case Study: Yazd). Physical Geography Research, 50(3), 593-609.
doi: 10.22059/jphgr.2018.248177.1007156. (in Persian)

Mirshekaran, Y., Kakapour, V., & Zarey, A. (2021). Assess the effect of climate change on precipitation
and temperature using AR4 models (Case Study: Gharasoo Basin of Kermanshah province). Climate
Change Research, 2(8), 23-34. doi: 10.30488/ccr.2022.319044.1061. (in Persian)

Mirzaei, M., Lawrence, B., & Samani Majd, A. M. (2021). Climate change of ZayandehRood watershed
based on IPCC scenarios and Koppen—Geiger classification. Journal of Urban Sustainable
Development, 2(5), 23-37. doi: 10.22034/usd.2021.696816. (in Persian)

Mishra, A.K., Singh, V.P & Jain, S. K. (2010). Impact of Global Warming and Climate Change on Social
Development, J. Comp. Soc. Welfare, 26. doi: 10.1080/17486831003687626

Mohammadloo, M; Haqizadeh, A; Zeinivand, H and Tahmasibipour, N (2017). Evaluation of climate
change on temperature and precipitation trends in Barandozchay watershed, In the West Azerbaijan,
using General Circulation Models (GCM). Journal of Geography Space, 16(56), 151-168.
http://geographical-space.iau-ahar.ac.ir/article-1-1164-fa.html. (in Persian)

Mohammadpourkhoie, M. M., & Nasseri, M. (2022). Evaluation of Unstationary and Extreme Value
Patterns of Precipitation over Iran considering Impacts of Climate Change. Journal of Climate
Research, 1401(49), 131-148. (in Persian)

Molodi G, khorani A, moradi A. (2016). Impacts of climate change on heat waves in northern coast of
Persian Gulf. Journal of Spatial Analysis  Environmental Hazards; 3 (1):1-14.
http://jsaeh.khu.ac.ir/article-1-2541-fa.html. (in Persian)

NASA Center for Climate Simulation. (2021). NEX-GDDP-CMIP6: Bias Correction and Spatial
Disaggregation (BCSD) Technical Note. Retrieved from
https://www.nccs.nasa.gov/sites/default/files/NEX-GDDP-CMIP6-Tech Note 4.pdf

NASA Goddard Space Flight Center. (2020). NEX-GDDP-CMIP6: NASA Earth Exchange Global Daily
Downscaled Projections based on CMIP6 [Dataset]. NASA Earth Exchange. Retrieved August 2,
2025, from https://data.nasa.gov/

Nazarenko, L. S.; Tausnev, N.; Russell, G. L.; Rind, D.; Miller, R. L & Schmidt, G. A. (2022). Future
climate change under SSP emission scenarios with GISS-E2.1. Journal of Advances in Modeling
Earth Systems, 14 (7): 119-125. https://doi.org/10.1029/2021MS00287


https://doi.org/10.1029/2020GL088507
http://geographical-space.iau-ahar.ac.ir/article-1-1164-fa.html
http://jsaeh.khu.ac.ir/article-1-2541-fa.html
https://www.nccs.nasa.gov/sites/default/files/NEX-GDDP-CMIP6-Tech_Note_4.pdf
https://data.nasa.gov/
https://doi.org/10.1029/2021MS00287

YAN A8 W 9 Obshee | oLt 5 polaiz] S pidio (51o o (s logy sl 03515, b i ol yecsti aelllae

Onozuka, D., Gasparrini, A., Sera, F., Hashizume, M & Honda, Y. (2019). Future Projections of
Temperature-Related Excess Out-Of-Hospital Cardiac Arrest under Climate Change Scenarios in
Japan, Sci. Total Environ, 682. doi:10.1016/j.scitotenv.2019.05.196

Ozturk, T., Turp, M.T., Tiirkes, M & Kurnaz, M. L. (2018). Future Projections of Temperature and
Precipitation Climatology for CORDEX-MENA Domain Using RegCM4.4, Atmos. Res, 206.
doi:10.1016/j.atmosres.2018.02.009

Pouyanfar, N., Mozafari, G. A., Omidvar, K., & Mazidi, A. (2022). Trend of changes in pistachio plant
chilling need and its prediction using SDSM model (Case study: Yazd). Journal of Geography and
Planning, 26(80), 60-45. doi: 10.22034/gp.2021.45642.2827. (in Persian)

Rathore, P.; Arijit, R.; Harish, K. (2019). Modelling the vulnerability of Taxus wallichiana to climate
change scenarios in South East Asia, Ecological Indicators, 102.
https://doi.org/10.1016/j.ecolind.2019.02.020.

Salimi, S.; Martin, B.; Miklas, S. (2021). Response of the peatland carbon dioxide sink function to future
climate change scenarios and water level management, Glob Change Biol, 27.
https://doi.org/10.1111/gcb.15753

Sarabi, M., Dastorani, M. T., & Zarrin, A. (2020). Investigating Impact of Future Climate Changes on
Temperature and Precipitation condition (Case Study: Torogh Dam Watershed, Mashhad). Journal of
Meteorology and Atmospheric Science, 3(1), 63-83. doi: 10.22034/jmas.2021.278862.1129. (in

Persian)

Sobhani, B & Safarian, V. (2024). Obviousization and estimation of climate change in the coming years
of Iran. Journal of Environmental Science Studies, 8(4). Doi: 10.22034/jess.2023.393740.2007. (In
persian)

An Overview of CMIP5 and the Experiment Design, Bulletin of the American Meteorological Society
(BAMS), 93 (4). https://doi.org/10.1175/BAMS-D-11-00094.1

Thrasher, B., Wang, W., Michaelis, A., Melton, F., Lee, T & Nemani, R. (2022). NASA Global Daily
Downscaled Projections, CMIP6. Sci Data, 9: (262). https://doi.org/10.1038/s41597-022-01393-4

Wang, X. L., Feng, Y & Swail, V. R. (2015), Climate change signal and uncertainty in CMIP5-
basedprojections of global ocean surface wave heights, J. Geophys. Res. Oceans, 120 (5).
https://doi.org/10.1002/2015JC010699

Wang, X.; Hou, X.; Piao, Y.; Feng, A & Li, Y. (2021). Climate Change Projections of Temperature Over
the Coastal Area of China Using SimCLIM, Frontiers in Environmental Science, 9:
https://doi.org/10.3389/fenvs.2021.782259

Zohrevandi H, Khorshid dost A M, Sari saraf B. (2020). Prediction of Climate Change in Western of Iran
using Downscaling of HadCM3 Model under Different Scenarios. Journal of Spatial Analysis
Environmental Hazards; 7 (1):49-64. http://jsach.khu.ac.ir/article-1-2741-fa.html. (in Persian)


https://doi.org/10.1111/gcb.15753
https://doi.org/10.1175/BAMS-D-11-00094.1
https://doi.org/10.1038/s41597-022-01393-4
https://doi.org/10.1002/2015JC010699
https://doi.org/10.3389/fenvs.2021.782259
http://jsaeh.khu.ac.ir/article-1-2741-fa.html

