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Extended Abstract

Introduction

Climate is a complex system that is changing primarily due to the increase in greenhouse gases. To study
the effects of climate change on agricultural, hydrological, and environmental systems, general circulation
models (GCMs) are used to simulate climate variables. These models, based on approved
Intergovernmental Panel on Climate Change (IPCC) scenarios, enable the modeling of climate parameters
over extended periods. Globally, various centers and models simulate future climatic conditions using
different emission scenarios, physical structures, and computational approaches. The simulations from
CMIP6 GCMs form the foundation for many IPCC conclusions regarding future climate changes. These
data are utilized directly or after downscaling to evaluate local and regional climate changes (IPCC, 2021).
This study analyzes and predicts trends in precipitation and minimum and maximum temperatures in East
Azerbaijan Province under climate change conditions from 2021 to 2100.

Materials and methods

This study aims to investigate precipitation and minimum and maximum temperatures and their trends from
2021 to 2100 across stations in Tabriz, Ahar, Jolfa, Maragheh, and Miyaneh. Data from 12 CMIP6 models
(ACCESS-CM2, BCC-CSM2-MR, CESM2, CNRM-CM6-1, CanESM5, MIROC6, MRI-ESM2-0, IPSL-
CM6A-LR, GISS-E2-1-G, HadGEM3-GC31-LL, NESM3, and NorESM2-MM) were used under three
Shared Socioeconomic Pathways (SSP1-2.6, SSP2-4.5, and SSP5-8.5). The Kling-Gupta Efficiency (KGE)
method was applied to identify the best models for simulating precipitation and temperature by comparing
historical model data (1989-2018) with observed data from selected stations. Bias correction of model
outputs was then used to forecast climate variables under the SSP scenarios. Finally, the mean time series
of precipitation and minimum and maximum temperatures for the future period were compared with
historical data to quantify changes over the 80-year horizon (2021-2100) for East Azerbaijan Province.

Results and discussion

The performance of 12 CMIP6 climate models was evaluated for generating past and present climate data
(1989-2018). Based on uncertainty analysis, the BCC-CSM2-MR and MIROC6 models were identified as
the best for simulating precipitation and temperature. These models were used, with bias correction, to
predict precipitation and minimum and maximum temperatures for the future period (2021-2100) under
optimistic, moderate, and pessimistic scenarios for East Azerbaijan Province. The results revealed that in
all scenarios, annual temperatures are projected to increase while annual precipitation will decrease. Annual
maximum temperatures across the selected stations are expected to increase by 0.57-6.41°C, while annual
minimum temperatures will rise by 0.46-4.89°C. Precipitation is projected to decrease by 2.3% to 9.18%.
The highest temperature increase and precipitation decrease are expected at Jolfa and Tabriz stations,
respectively.

Conclusions
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This study demonstrates that CMIP6 models effectively simulate future climate parameters and align well
with historical climate data for East Azerbaijan Province. The high accuracy of these simulations makes
them suitable for forecasting future climatic conditions and facilitating macro-level management strategies.
Such strategies can enhance resource productivity, particularly in water resource management, to address
the challenges posed by climate change.

Keywords: BCC-CSM2-MR model, Climate change, MIROC6 model, Rainfall, SSP emission scenario

Cite this article: Zenozi Alamdari, N., Sobhani, B., Islahi, M., Mochammadi, M., 2025. Investigating the
trend of precipitation and minimum and maximum temperatures of East Azarbaijan Province using the
Coupled Model of the Sixth Report (CMIP6). Watershed Engineering and Management 16(4), 482-499.

© 2025, The Author(s). Published by Soil Conservation and Watershed Management Research Institute
(SCWMRI). This is an open-access article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons.org/licenses/by/4.0)
[SMOoM



10.22092/ijwmse.2024.363697.2034
http://creativecommons.org/licenses/by/4.0

Watershed Engineering and Management seul Copde g (owdige
Volume 16, Issue 4, 2025, Pages 482-499 FAA-FAY Sloio A F-Y F o)lods V7 ol
DOI:10.22092/ijwmse.2024.363697.2034

00listul b (B b ¢ylom )3T (! Al g i’ slolod 5 o) Wigy (o 2
(CMIPB) ity (135 oy i (s Joro

Tgehote all g 3 " (2ol o T Gilrams G900 < (5 lmede 3985 3L
Sl ediss e ool Bazes sl8ils o elazz! ple 0aSzils o cads Ldl ez 05,5 ¢ cwlidlsn 5 O 5,255 (gomails’
Ol el e oss )l Bz olfiils ¢ cloix! pole 0aSidls  apndo Ll ez 09,5 calod ol T
Ol edms ) o hod | Bama olfiils ¢ elaim! pole 00Siiils ¢ grnds Sl 3> 09,5 (6558 aisgal Liils T
Sl eyl e ooyl Bazes olSiils o elaza! pgle 0aSiiils o caads LSl 2 05,5 ¢ 50 aisgel ils

VEYI YV iy b VEYN VA el s

b guno 00>

dodlo

S sil g ol Glolis g uyiws JB Of mlie «Sojglgyum a5y a4 b 5 ()b i b (2lsa § O Sl
285 Gl Sty weldl o5 i 155 (sl Jao gt L 5 Gl Sl i s il (] 3138
@ o6 b Jow ol ol LS.;T 0,99 40 ol sl Copoe g spyaby slp SLL S8 Wil oo LQJT alasg 4o
0,90 S5 slp (IPCC) o8l foss Joadlopm ol o0l A.,..l.» g w5l oolaiwl b ol slo il )b (g5l Joe
oas] glaans ol sy (g3l oo sl S5UsS o Jue g 3510 Sl w0 eiST ob akiis Saeasls
5l ol lagsluands 5l 429 Se5LeS  Slwloe o (So5d Jlislo lacl glag L 5l ooliiwl b o) 0,5
30 Jgdlope con sla s S amml 5l o b lp ol e CMIPE 5l _isu a5 9> sgee 50,5 slo o
Sl S5yl iy eledmbingny 5l G b g ol & jgods ool ol 51 o] oo o8l Ol b bl )
STV BYYY 090 30 0Bl s Ll s cod (B Gl )3T bl anciy g aeS sleo

g, g olgo

o8l sla e 5l oolinal b sl s (rewnd g a9 aeS slos 5 (0L (smiin 5 ooz Sl GResi O
ool 5 (Y1 e e 5 Y-Y1) 5T 0)0 10 omy) e Jlrdands § 5 sagac (50,5 (CMIPB) wid i3S
STV G5 Gl b il 4w Lo il i ) sl il o ol g aéle il sl 5
MRI- MIROC6 .CanESM5 .CNRM-CM6-1 .CESM2 BCC-CSM2-MR ACCESS-CM2) Jus VY (slaools
acgoxo 3l (NOR-ESM2-MM ; NESM3 HadGEM3-GC31- LL GISS-E2-1-G IPSL-CM6A-LR .EMS2-0
oty bl (sl b ooliil (SSP5-8.5 4 SSP2-4.5 SSP1-2.6) (5 L des b CMIPE o s 1o (sl Joe
loosls g ol solatul Ly gS- S o, 51 (VY o+ B YYY) ST o590 Les g 3,b slosls (g5luancds gl Jow
O 5l edalol 5.8 )3 18 b5l s se ot el (VAAR-Y-VA) Slhaalin glacsls L) Jos 0 o)l
A oolatwl ooyl 0,50 ;3 SSP (slag liw o slassls (6,55 i sl (ool slo o 00l ()l sl ol

sobhani@uma.ac.ir :olsle Jsiws ™


10.22092/ijwmse.2024.363697.2034

VFeY F D)Lo.af:a\FAl.? )AJD—‘UJ)JMBGMJAJ-Q{A/?AA

o Joe ol oS 5 b g2yl 2 50 eaisT o9 aiin 5 aieS los 5 )b Sl slacs o (noSile 3T al> 10 o
Ve BY YY) ool Jlo Ar (o)L g aicin loo ciaS Lo &l s )50 B 0ol aulie ((Su,b) 40l 0,90 50

o8l slaosls gy o3l o o8l ks il (5158 e Jow dcgesme | cend8l oo VY o Sles (g ol 5o
3 BCC-CSM2-MR  Jaw 50 Cunlad pie cwjp bl olol ol cwyn (Vo)A U VAAR) wids Lo po
dpda g aeS Slod 5 L slo by (i sl il Lo g (3L sl |y (g5leaned G e o5 MIROCE
5 ailios g bawgie cilinse5 (g9 ke dw S (VYoo B YYY) ool 0,900 slp (o)) zmead jl oolazal b
YYD G50 il 5 a5 Atnr Los Slpneid Lamgie Calghys 5 <5 15 ooliial 590 B, ool 31 ol
S,b g Gl ¥l gles ¢ lal glags luw plad ;o a5 ols lid gl .ol &3] Jloges g 4l &gy YV v b
el ye ) coin laolKius! ;5 SSP (g4s i dw aiVle aiin (nSilo sled 0,5 vales oy als 4Vl
O VIV Y/ s el s AVl aeS (slod g Guguades a0 Y g O/Y /T AT VY ClS S (ol g Ll cails
ol&iws! ;o (SSP5-8.5 4 SSP2-4.5 SSP1-2.6) (541 L dws ;0 (1nKiloo yoboas (o)L g (2uli8l eguudis a0 V/F

Bl salgs zals as s YIF o ¥ ) YA YT cl pa coia

BCC- axnge Joo 50 g% onl 50 2Ly 9590 CMIPE Joo VY (s 5l a8 sl ol ol S0l (g 0l b
Gl oa] clooyg el T Los g ool cloyally (65lodends wilaiulss s34 MIROCE 5 CSM2-MR
2l g ol uls 5l pewle g, SKean] glp sad (ilwand sloosls ol 51 YL Coro b lg5 oo 9 0iS
ryaras g mlio | powlio 9000 slaaine) , 1) 0un] (M Sy e 1 SaS 4y 5 9,5 oolizl (ST (sloo 0

Sy el ol wlie

BCC-CSM2-MR Joe MIROCE Joo SSP Ll gy )i eauldl i o)L 2 g0lS sloe sl

el ool 7y eSS jebay Sl 5 S uliie
Wil sl ans wix o as Slllas (o ) Sk g’
A 5 e |y ol glie a8l i ol 5
ole s ke Lis Sas bl 5l s ke o dlas
Sl g Lo alax il conlBl sloysis a5 wilos,S
oord 3 ol b p oot s 236 Wl e
slo s a5 ams o plis Sllllas .o l3% ean]
9 Lo Gl ;0 s (0 5 SeeS bolaidl g (55 H9las
Jahangir et) wsd co g9z ool Jl=o 3L
.@al., 2022
e Sl el sladle 5o OF mlie sty
(2 9095 Bpas aige ol gl 08 U35, 00 Jlods &

doddo

S35 O SO e ) o 50

ol b ansbs) So%z 5 waldl i Al (e
Olosle a5 Cunl g9 U goo50 ol .l £9.540
S ol cae Glae L) ole oo Jle
Sl gl o ) o8l 55 oo )S RO
e 50y sl dlad (1B g ams HI8 il 050
(Pedersenetal., 2022) sas ;1 3 ow) 5,50 |, ol
Ngy Sl epeldl yoss Jolline e Gl 318
5 ddlo g ey b ala>de LB laa ey iulsdl
15 45 (IPCC., 2014) ol gz o axddS o3

! Intergovernmental Panel on Climate Change
(IPCC)



fAS | ey bl )3T il aiiy g aeS slabes 5 (3L g, (o

&S el Sl o8l g5lu Joe jloads aoclejle
b @l 5 o e GlapaslSe calis ol
3 S9>g0 Jaw L(Eyring et al,, 2016) ol ouds
Sy b olpod (5 iy ooy (S5 y9bar CMIPE
S i el lagy b 5 Wil Lgy slaanls
o (6 5lwdans (gl SSPIRCP (coliazdl 5 elozz|
(O’Neill et al., 2016) ol ouis Jlosl o] ol

g lw Cod il (515 a9
5 woladl Sytie s e bshs s
b5 it slacdile 5 axts (SSPs) clois!
gyl s oo @l 55 |, (RCP) (lailals
& s Lol 69,5 5 gty Jols o5 o 35S
g ¢ Sk s Come H7ed (oS laasll
e (slog L g sladhaie |3 5 (sladlais (goladl
by (Gl ol 225 5 5,500 0l ) ity
ool ez 310 ls oS Lol 6,05 &l s 5 65,0
$S02-45 SSP12.6 SSP1-1.9  lag L
s SSP5.3.4 SSP4-6.0 SSP4-3.4 SSP73-7.0
5,5 o,Lsl SSP5-8.5

slJas cds bl Glp goaxe Ollas
g, 5 ekl b oyl s Sl mhaw 5 GCM
Fentaw et .coul 43,3 olxil a5 ulie calize
CORDEX-Africa ojs,5 ; eslizsl L al., (2018)
) 4 RCP85 5 RCPA5 oo Liv g0 cow
Condge L) Tekeze sul oje> (o, g Lo &l s
80 YY gaz 0 VF L addo e ax 0V Ll e
5 a8 YA L agBo Ve g a0 ¥F 5 Jb oy
FYeoe gl oje b (Bpb Jsb 4z 0-
oiegsy ol 5o Ll w3y (50l ) (gayesmeshsS
| wgades 4258 YV B A/+V Lo Lawsgio iyl3il
s RCP85 5 RCPAS5  clag i cly o s
—993) sleeygs sl ) Ak sueye FA lisl
Gk she)3 BY oS 5 (uiSTagily) o (ol
50,5 (Gt |y (98- (00) 0599 53

51 e Lwmgh o Shiferaw et al., (2018)
Silodd Slp 92 (sogee B35 Jo (295
Jleis o llala 50l 059> 1o a8l san] Loty
s i ol gy b5 50,5 eslitel 50
g dieS (Glod gl ax 0 FIV o VY olial

b ogd ol gl o] Cumdy (st 5 Laa> el
Alami et al., ) wgd oo o 5l ool sla fus
15 sk e s ol o IPCC I3 4y (2015
bl oSy ezl bolSiuyl 5l golaws
Cosl oad oMl alS a5 Bd obeld
ol 6 au595 (Pooralihosein et al.,, 2013)
333l 8 s SIS, Bl Sl 51 20
glaibaie (oo ;5 (10599 (sl (conlil gl yeie
el (5500

Sole F3e Sbo)lpl (codl slaJae 357 G
95 LIS slwoyed )3 (cedlll slagsiluand sl
Van Vuuren et al., ) col oo 00ld dnwgi oais]
IPCC alowsas a5 o)l oppshol s 2011
Sl b g Led p aldl ois DI () jslaieny
57 soyes (09,5 S el 485 18 dnngi 9550
wied (AOGCM) gl 3l

=5 Slr ol 5 Eds S o bJas o
oldlse Glaiie 59y p peldl s OIS (08
oS (S Oeilsd bl o Joe (nl gy o0 Loty
2 G a0l Sy 0 (o2b, Ly, Sl eslaul b
Mten gl Wshs o ey oS Skl
(Pachauri et al., 2014)

Sz 5 sl Sy 4 Lo @bl acsems
@ pgwge lojgs slagtlT e dadae (nl
Fiiie 43S slalo (b s (bl slahls
3 bl )] acsemme 5155 0 0 a5 cl oul
S Sl 48,8 & o0 AOGCM (slo Jo oga>
GBS e VNP Jlo Sl a8l s Joadlon
$iSan b 1, (AOGCM) ol s b)) i
el 08 JeT oz el 9 chlisio i 551,
Sy ae) il ol A e g )Sen ol az
Ol oSS 5 e ST smaotan sln oz sladoe
L (Tebaldiet al., 2021) o4 aalez> Y-¥YY Jlo b
slagae sl (Fp (295 50 ol Sl 50l 2g2g
S IPCC Sedbl oS3 a,b 5l iy oo anis
el 4385 )18 pgec L]

iy Joo Mt alis 033y wid b
slajle Bl sla iy 5 JolSS 555 (CMIPE)
ao> sbog L Jolss g aas oo aslol |, CMIP L3



VEY F o)les VP alx

el e g (siga | FAY

Jie 99 4 o |, s 0y yides MRI-ESM-2-0
MRI-ESM- Jow 5l eolaiwl b LosT aslsl jo.0,ls S0
5 SSP2-4.5 clagy L v | oyl soryT (6Les2-0
Dehghanietal., (2021) .05 ,5" oo i SSP5-8.5
oolizsl Ly 1, CMIP5 xiie (sla oo S 5 o
wols 18 3yl 990 Uas el (g lol (slo 2, 5l
g8 b owlie jp Joo Sy ooy mls o
Lol Dglaie alitre Sloj 0,90 9 (5 kel Lazlis

oS Sldlas bl Ansari et al., (2022)
0559 o, a8 2l o wls plal ol sl slas s>
ozl j9iS ol Glaej 5l Sp 0 S
aile oo (B ol mIB S0 sleass>
il S el 3L aalys alS o slaass>
A5 ond Sl 0 it bS] 4 yie lgn
S ) JLSas by e &bl g8 el 595
TR R

oo @bl (85 )18 (yiws 0 4 azgi b
dey ,0 W8S Ojge Joo5 9 IPCC il (515
IPCC LLd 355 & o bojie ol drwss
— bzl gla s b 5 S glaglS sloly)
oo orl bl Sl Bas (o )l cgz oladl
ool (53k g Lo welll i SIS (o)
2 odmel s (b olmlydl slapld oulislse
Ly o AOGEM (slo o (29,5l (o5 5 ol
Qilgs o Lg% (pl guls .l IPCC il ()55 4
S5k sl 5 smp ) el s 138 555 e
JB oz 4z L) b e sl Sal) Ll s cnl b
S BT Gl e aleassas (6,100 40 4z

g, g olge
3O Sy Ql.?r_ll.g)f)] Ol taxillae 3590 039uxo
@bl Caxse L 5l 18 Gl 08 Jled
Y5 g ax,o YA L aids FO 5 4,0 T8 sl o
O g a0 O Jldlaa o g Jled e aads
JS) oyl j1,8 (Brh Job YY g a0 YA L agds
S oo JSa 1y jeuS IS coluw woys YIA
1 Caawg bl 5l (Farajnia and Moravej, 2020)

>y 0)ls 18 wes 4l o jeiS slaglinl

ads> (pl jo Gk azgs b Ol pae g aiioy
sloaasi, Garcia et al., (2019) aas oo o)L |
5 Pl slegsloand L) o) mhaw 5 150 leo
allas Jlois 6l 50l 5 CMIPS Jue TV oo
aS e g Lo ol lias Slallas gl Lass,S
Syl o oyl gy lasSll L SulEs Ll
Sl azils Lioldl saig, Jleud

b g alale slos slay ;8 Nie et al., (2020)
CMIP6 5 CMIPS slaasews 5l ooliccsl b 1, (yus;
s ol Ll Ll mls s S awylis BCC Jo
Gdimeis 50 CMIPS aus &y Ced CMIPE
D sy e Sy g 08 (g o lie
3954 Judoas BCC Jaw CMIPE aseus 1o «(puizren
(Cloud Fraction Scheme) | ,uS o,lgz b « Sl
Zewl 425l CMIPS & Corns (s 52eS RMSE i
5 ol Joe FY ;| eolaxwl L Zhang et al., (2021)
b (CMIPB) suiscaz Jaw 059, 3B il 31 olen
Gly |, CMIPE Jos o5 1320-Y+1F o0
LS s dilaie 5 (il 5 Loo csloesls (glosars
w3l )13 25yl 09e ez

b sboy wiilys o Lo Jore 45 ans o LaS gl
el |y pie 90 oldlae Glamsy goleel
az 00V Gldahie lwge Ol dx s aniSs
3,5 il az 0V P wVlo (oSl (sl 0,5 il
az 0 =V bl jo ol 5 il a0 /0 Gl o
Obo 5o 1,8 il az 0 VY g 50l o o 5 il
Ol 4 Cond 558 gl Lo (gilwand ol
03 (meS 0> | ey (lad g AVl (31 5 axsls
Jles ;5 355 lillas s Qinetal,, (2021) 555 oo
sl Jlo (5,L g Lo slaoals 5l oolawl b opr 8
oLis CMIPB) ouss i Jaw 5 ¥4I F L 135)
Sls 2 oS g S 8 3 Les g (3L 45 wisls
Sial3dl ol a5 anals ayliEl Wy, calizes olaSSP
Oliee & Jawgio 5 S5 oail ay S 90 00l o
Lo laosls cds Jg 0gs anles iy g5 LB
ol oo (gilwaned (5L 5 e

L Zarrin and Dadashi Roudbari., (2020)
Iy olpl eS8 Lo CMIPE  Jao aw ;1 colazul

Joe a5 ol las adlllae mlbs w05 (glwand



FAA |

25 5 Job g AVl sles 5 AL eSSl o) Jour
Aas oo slid | oS! o HLél e

Joles dnools gl sl (gl coiie gloolSiny|
2l g lalr wilos adlye el Sygivs sloollinl
Adg

0,90 Jobo o9 Llo Ldods o] ol lsed!
ol Uy Ll 288 a3l (6l Jloo Yo aieS (g Ll
Sl oas &1 Jgam 50 Lol ol Slasuin

SldsS dilie o (Bob w3 bl (IS
L)—‘ C.]a.w )‘ M)b Y. 05..\:> as ows‘c [ o
Iy oo, YVA g lojgale a1y as )0 VITA SlawnsS
13 (255 ole slacais alazl) Jlyan (slapes;
Slopalil 5| STy ety pll ul ol 4335
5b Cod olgen liwl ol sl e 5 glie
Sbyd ook e slask 5 6 9 Jlod 30 slasly
Syle 18 bl esildl g wl o g olew
Yoo BYOe gl opl yo aVle Sw)b oSl
(@hangir and Gharadaghi, 2020) col o Joo

4EOTE ATOOE
1 1

Al = g
N dote T2

Marand

Warzghan

e

S S

e —

“AEbshr N 1
b b; Maraghe;l\'i\ Hashtroud 7 Migheh
_/Bonal® M@ 2 A

f -

o P s s
M‘a‘lekaﬁ?mr'_ Charavimag

Legend

0 25 50 100 150 200

. = S B
g -A;arsha‘hr;_ _y—:‘r BostanAbad ~

1
4EODE

asdllas g0 dibaie LSl ae CoxBge —) JSCB
Fig. 1. Geographical location of the study area

Sy 5o oolilul jge wliilsa sloolKins! =) Jeus
Table 1. Meteorological stations used in the research

. . . . Average rainfall Average Above sea
Station Station type Longitude Latitude (mm) temperature (°C) level (m)
Tabriz synoptic 46.17 38.05 284.8 12.1 1361

Maragheh synoptic 46.16 37.24 250.3 14.45 1777.7
Mianeh synoptic 47.42 37.27 278 14 1110
Jolfa synoptic 45.40 38.45 2175 15.1 736.2
Ahar synoptic 47.04 38.26 284.1 11.6 1395.5
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Spatial segregation of

Row Model name the model (degree) Name of the research center Developing country
Australian Research Council
1 ACCESS-CM2 1.87 x 1.25¢ Centre of Excellence for Australia
Climate System Science,
Beijing Climate Center,
2 BCC-CSM2-MR 1.12° x1.12° China Meteorological China
Administratio
o o Community Earth System
3 CESM2 125 x0.94 Model Contributors USA
Centre National de
4 CNRM-CM6-1 147 x14 . Recherches France
MeétéorologiquesScientifique
(CNRM)
Canadian Centre for Climate
5 CanESM5 2.81° x2.78° Modelling and Analysis- Canada
Canada
National Institute for
6 MIROC6 14 x14° Environmental Studies, The Japan
University of Tokyo
7 MRI-EMS2-0 112° x1.12° Meteorologl_cal Research Japan
Institute
8 IPSL-CM6A-LR 25" x1.26° Institut Pierre-Simon France
Laplace
o o NASA Goddard Institute for
9 GISS-E2-1-G 25 x2 Space Studies USA
HadGEM3-GC31- o o Meteorological Office
10 LL 188 x125 Hadley Centre UK
Nanjing university of
11 NESM3 1° x1.3° Information and Technology China
(NUIST)
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Table 3. All the scenarios used in the ScenarioMIP test set along with their related features (Gidden et al., 2019)
Target forcing

Scenario name SSP level(Wm-2) Scenario type  Tier 1AM Contributing to other MIPs
SSP1-1.9 1 1.9 Mitigation 2 IMAGE ScenarioMIP
SSP1-2.6 1 2.6 Mitigation 1 IMAGE ScenarioMIP

ScenarioMIP, VIACS AB,
SSP2-4.5 2 4.5 Mitigation 1 MESSAGE- CORDEX, GeoMIP, DAMIP,
GLOBIOM
DCPP
SSP3-7.0 3 7 Baseline 1 AIMICGE ~ ScenarioMIP, AerChemMIP,
LUMIP
SSP3-LOWNTCF 3 63 Mitigation 2 AIM/CGE  ScenarioMId, AerChemMIP,
SSP4-3.4 3 3.4 Mitigation 2 GCAM4 ScenarioMIP
SSP4-6.0 4 6 Mitigation 2 GCAM4 ScenarioMIP, GeoMIP
I REMIND- .
SSP5-3.4-0S 4 34 Mitigation 2 MAGPIE ScenarioMIP
. REMIND- ScenarioMIP, C4AMIP,
SSPS-85 5 85 Baseline ! MAGPIE GeoMIP, ISMIPG, RFMIP
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Table 4. KGE values of top models in simulating precipitation in East Azarbaijan province

Top model
CNRM-CM6- CESM2 BCC-CSM2- ACCESS- Station
MIROC6 CanESM5 1 MR CcM2
0.83 0.89 0.91 0.86 0.96 0.94 Tabriz
0.89 0.89 0.94 0.91 0.98 0.91 Maragheh
0.89 0.94 0.92 0.89 0.95 0.88 Mianeh
0.86 0.91 0.94 0.91 0.97 0.95 Jolfa
0.84 0.92 0.93 0.88 0.95 0.89 Ahar
Top model
NOR-ESM2- HadGEM3- GISS-E2-1-G IPSL-CM6A- Station
MM NESM3 GC3l- LL LR MRI-EMS2-0
0.94 0.94 0.86 0.91 0.86 0.86 Tabriz
0.92 0.87 0.89 0.95 0.91 0.89 Maragheh
0.94 0.91 0.88 0.92 0.89 0.82 Mianeh
0.95 0.89 0.89 0.92 0.92 0.81 Jolfa
0.91 0.93 0.91 0.91 0.89 0.86 Ahar
b olmlyd Gl o Les (sjlwand )0 5y slaJae KGE olis -0 Jou
Table 4. KGE values of top models in simulating temperature in East Azarbaijan province
Top model
CNRM-CM6- CESM2 BCC-CSM2- ACCESS- Station
MIROC6 CanESM5 1 MR CcM2
0.73 0.53 0.71 0.56 0.72 0.69 Tabriz
0.74 0.49 0.69 0.59 0.71 0.62 Maragheh
0.65 0.56 0.53 0.51 0.65 0.66 Mianeh
0.71 0.58 0.66 0.59 0.66 0.59 Jolfa
0.69 0.52 0.48 0.63 0.65 0.61 Ahar
Top model
NOR-ESM2- HadGEM3- GISS-E2-1-G IPSL-CM6A- Station
MM NESM3 GC31- LL LR MRI-EMS2-0
0.59 0.64 0.71 0.62 0.49 0.68 Tabriz
0.54 0.63 0.69 0.58 0.48 0.65 Maragheh
0.48 0.56 0.53 0.63 0.56 0.59 Mianeh
0.53 0.52 0.62 0.59 0.42 0.62 Jolfa
0.59 0.62 0.53 0.58 0.51 0.58 Ahar
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Fig. 2. Precipitation changes in the next 80 years (2021 to 2100) compared to the base period (1989 to 2018) under three scenarios
SSP1-2.6, SSP2-4.5 and SSP5-8.5
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Fig. 3. Annual rainfall changes of selected synoptic stations of East Azarbaijan province under SSP scenarios
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Table 4. Monthly precipitation changes of selected synoptic stations of East Azarbaijan province under SSP scenarios

Station Scenario Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
observations 20.3 235 356 485 489 244 6.8 36 64 155 288 229

Tabriz SSP1-2.6 9.0 292 380 571 422 231 7.3 5.1 6.4 155 237 232
SSP2-4.5 19.7 208 354 551 405 222 5.6 5.1 6.5 16.2 233 183

SSP5-8.5 134 257 328 526 315 201 5.6 5.4 8.3 151 237 178
observations 269 286 389 529 509 9.4 3.2 1.8 3.9 111 446 330

Maragheh SSP1-2.6 159 343 413 615 442 8.1 37 33 3.9 111 395 333
SSP2-4.5 266 259 387 595 425 7.2 2.0 33 4.0 118 391 284

SSP5-8.5 203 308 361 570 335 5.1 2.0 3.6 5.8 107 395 279
observations 279 286 311 396 461 145 7.9 31 4.6 143 346 274

Mianeh SSP1-2.6 200 336 364 509 355 117 8.5 5.8 4.6 133 311 271
SSP2-4.5 278 264 310 442 323 105 55 5.3 4.7 139 322 245

SSP5-8.5 244 312 305 445 230 74 5.6 5.2 6.1 122 302 250
observations  10.8 8.7 156 307 420 26.9 7.2 3.2 5.5 141 211 134

Jolfa SSP1-2.6 35 132 215 387 268 202 4.9 7.9 4.9 113 200 150
SSP2-4.5 12.6 8.5 202 375 261 187 2.2 7.2 3.3 113 186 137

SSP5-8.5 8.9 126 198 406 166 16.0 15 7.9 6.1 8.9 179 13.0
observations 184 188 266 371 574 304 114 6.6 8.3 206 321 1938

Ahar SSP1-2.6 105 238 319 484 468 276 120 9.3 8.3 196 285 195
SSP2-4.5 183 166 265 417 436 264 9.0 8.8 8.4 202 297 170

SSP5-8.5 149 214 260 420 343 233 9.1 8.7 9.8 185 276 174
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Fig. 4. Maximum temperature changes in the next 80 years (2021 to 2100) compared to the base period (1989 to 2018) under three
scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5
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Fig. 5. Annual maximum temperature changes of selected synoptic stations of East Azarbaijan province under SSP scenarios
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Table 6. Monthly maximum temperature changes of selected synoptic stations of East Azarbaijan province under SSP scenarios

Station Scenario Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

observations 2.9 3.5 8.5 150 206 273 320 332 296 231 144 7.1
SSP1-2.6 0.4 1.2 5.7 140 215 297 344 337 2717 177 8.1 15

Tabriz SSP2-4.5 0.4 2.2 7.1 144 217 308 353 346 289 191 8.8 2.2
SSP5-8.5 1.2 3.0 7.8 158 236 316 370 368 302 20.2 9.6 3.2
observations 4.2 44 9.0 155 208 277 322 334 299 233 146 7.8

Maragheh SSP1-2.6 0.8 2.8 75 157 233 318 365 359 29.9 199 9.9 2.8
SSP2-4.5 15 3.7 8.9 162 236 329 375 369 310 214 106 3.6

SSP5-8.5 2.5 4.6 9.7 177 255 337 390 388 325 225 115 4.6
observations  -0.6 0.1 5.9 120 172 235 273 282 249 182 103 3.7

Mianeh SSP1-2.6 0.1 2.0 6.6 150 225 307 351 344 286 188 9.0 2.2
SSP2-4.5 1.0 3.0 8.0 154 226 318 360 353 29.7 203 9.8 3.0

SSP5-8.5 18 3.8 8.8 168 245 325 376 373 312 214 106 4.0
observations 8.3 4.0 5.3 191 244 308 343 354 321 254 165 115

Jolfa SSP1-2.6 9.3 2.6 6.6 147 223 301 353 347 285 186 9.5 3.2
SSP2-4.5 120 36 79 152 224 313 363 355 29.7 200 102 4.0

SSP5-8.5 116 4.2 8.6 166 242 322 379 378 310 212 109 4.9
observations 4.1 3.8 8.1 143 191 250 274 287 258 211 136 7.3

Ahar SSP1-2.6 4.6 4.2 8.7 170 215 297 344 337 277 213 131 7.3

SSP2-4.5 4.4 5.2 101 174 217 308 353 346 289 219 138 7.8
SSP5-8.5 5.2 6.0 108 188 236 316 370 368 302 224 146 8.2




faz s OlmldT gl iy s aneS slales 5 Ak gy (o) 2

Minimum changas in model temparateSSP1-2.6 N

Minimum changes in model temperature SSP2-4.6 N Winimum changes in model temperature SSP5-8.5 N

L
1
1

1
1
1

n

T.cgend

329

- 37

0.46

4.89

144 127

T Lo 19 20

36'00'N 36°300'N 37°00'N 37°300°N 38°0'0°N 38°300°N 38'00'N 39'30T°N
2

36°DON 300N 37°00°N 37°30CN 38°00°N 38°300'N 39N 38°300N
36°00'N 36°300'N 37°0CN 37°300°N 38°00°N 38°300'N 39°00N 39°300N

P o i 0 P 1 1 -,
™ e ——

™ T T T T T T v 5 It T | JEE O [ N e CeNE pew e pamny o ¢
4500°E  45400'E  46200°E  4T'00'E  47°400E  48200E  45OVE 4500 46200'E  ATO0E  4740D'E 4B200°E 45°00PE 45°40DE  46°200°E 4TDDE  47M400°E  48°200°E

SSP1-2.6 (slags lws duw o (Yo VA B YAAR) ails 0,90 s G (VYoo B YY) 5T Jlo Av 0 Lod aieS il s —F S5l
SSP5-8.5 5 SSP2-4.5

Fig. 6. Minimum temperature changes in the next 80 years (2021 to 2100) compared to the base period (1989 to 2018) under three
scenarios SSP1-2.6, SSP2-4.5 and SSP5-8.5
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Fig. 7. Minimum annual temperature changes of selected synoptic stations of East Azarbaijan province under SSP scenarios
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Table 9. Minimum monthly temperature changes of selected synoptic stations of East Azarbaijan province under SSP scenarios

Station Scenario Jan Fab Mar Apr  May  Jun Jul Aug Sep Oct  Nov Dec
observations -5.9 -6.1 -1.9 3.2 8.1 130 175 188 151 9.1 3.0 -25

Tabriz SSP1-2.6 -4.2 -35 -0.8 4.0 9.0 137 163 178 142 8.8 21 24
SSP2-4.5 -5.0 -2.4 0.4 4.4 9.3 138 174 185 150 9.4 26 -34

SSP5-8.5 -3.9 -1.3 0.8 5.3 104 143 186 204 162 102 32 -26

observations -3.3 -3.3 -0.1 4.8 9.4 145 190 202 164 109 51 00

Maragheh SSP1-2.6 -35 -2.2 -0.2 4.9 9.2 138 166 156 109 6.7 14 -15
SSP2-4.5 -2.6 -15 0.8 5.3 9.6 149 177 164 117 7.4 19 -07

SSP5-8.5 -1.5 -0.4 1.2 6.3 108 157 190 184 132 85 24 00

observations -11 0.7 4.2 9.7 154 193 187 145 9.6 5.5 29 -18
SSP1-2.6 0.1 14 53 100 158 202 197 152 104 6.0 35 -1.0

Mianeh SSP2-4.5 0.9 26 57 110 169 209 209 171 116 69 39 -0.2
SSP5-8.5 11 06 37 90 149 189 189 151 96 49 19 -22

observations -41 40 03 64 116 171 221 232 187 117 51 -03

Jolfa SSP1-2.6  -45 27 01 71 123 186 229 240 196 132 63 -04
SSP2-45 15  -26 87 128 173 208 210 161 126 127 68 09

SSP5-85 14 24 57 111 161 207 237 222 175 126 79 23

observations  -41  -47 -14 29 71 111 147 158 128 83 35 -l4

Anar SSP126  -40 09 27 42 82 128 155 153 123 83 46 -13
SSP2-45 32 20 18 66 115 143 150 156 129 82 33 -06

SSP5-8.5 -2.1 -0.8 2.2 75 9.2 152 165 168 140 9.0 39 02
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