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Abstract

Climate change has many impacts on all environmental processes and society. In this study, three models selected from Coupled Model
Intercomparison Project Phase 6 (CMIP6) including ACCESS-CM2, HadGEM3-GC31-LL, and NESM3 are validated. The best model (i.e.
ACCESS-CM2) is selected to simulate the climatic parameters of the Sari Station using the latest emission scenarios called “shared socioeconomic
pathways (SSP).” The LARS-WG is adopted for downscaling, and two emission scenarios SSP2-4.5 and SSP5-8.5 are used for two periods 2041-
2060 and 2081-2100, respectively. Several statistical tests are conducted including F-test, T-student, Kolomogrov-Smirnov, coefficient of
determination (R?), and root mean square error (RMSE) to validate the LARS-WG model. The verification results indicate the efficiency of the
LARS-WG model. The Man-Kendal and Sen’s slope tests are adopted to determine the trend of climatic observational parameters. In general, the
results show that the average temperature change increases in the range of 1.16-4.09 °C and also the average annual rainfall increases by 24-36
percent. The Sen’s slope results in terms of maximum and minimum temperatures show an ascending trend in this parameter, but it is descending in
the rainfall. Since long-term climate change is one of the factors affecting groundwater and surface resources, it is necessary to develop proper
management strategies for the future, preserving ecosystems, and adapting humans to these changes.
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Email: hamidi@nit.ac.ir J s 0k 55 8



S (Shgr (S0 VY

eslde S poas alsmsol Sl o Sl sds AST
STl Sl s 4 O SUT &S el 0L o
i sy e 0Ll Sl Ol s 5 Les il dal s
3o it Ol ple p AS 5 A5 )
Carneiro et al., 2010; Nasiri ) <ol )Uf,:j‘tj PRSPy
sl Ol IPCC oy SolS s oeeres et al., 2020
sadle (b s babys o mhao Sler S0ke 8
Sl e s ek WV e L (Yee1a0Y)
bls O gl 8 Jles (Maddah, 2016) <ol asily
Clea Jole s glee i gz 5 anl A1
5 MB ssba s Ol oS il 2alS ol s
b ol e 5038 St o o &
Dt BBl wn ey imes 25 Al el
o 3B (amar 151 AL sl LI e
Al ol G a1 bl s O 60
Razack et al., 2019; Hamidi & Sabbagh-) aas %33l
Mao et axllas 3 .(Yazdi 2008; Hamidi et al., 2006
Sk, e s Ll 8B Wbl 4 5 (2006) al.
El s sy s a Sy Jele Ol i
G e Ll e de s Lde a5 sl OlE WOT iass
sy ol Lot slasel 3 (g3 see plrals Rl
Jae 51 (2019) Tayebiyan et al. jass s
o 835 Jaans olly LARS-WG
5 A2 AIB [Lisl gl 4w i Cos (HadCM3)
Oy bl el (il lide s g Al
L alabe glos Sl Jaalsl 5l 8 Sl am s o /Y=0 /Y
e 0n53 Gl wlale 3L o S0le s 5 sls OLE
asdlle 55 ol ize Aoy +YY I doys <YY e
ol Bl ol x5 (2018) Mekonnen & Disse
GFDL-CM2.1 HadCM3 s> _ssae 555 sladde
5  MRI-CGCM2.32

L£CSM3  ECHAMS5-OM

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

VAY

-

-

docio
s Sl e ol @ O (b el ol s
Sl ey 1S LLl 4 e s b acad el L
sbs eVl Sle ((IPCCO) Bl Loss Jslloye
a3 VN0 Olse 4 VAT Y Sles g s s Sl
el oS sles il ol asl il ol S sl
Rl gl Sl s k8 Cel sdies ) sba
Copde W5 Ad e OB 5 o (JLSas
O L IS IBER TR I o &b LS St
ooy onl U o St S S 5 S
(Su-Yuan et al., 2020) el gl I cren

S ol g O b b e > gl g
ol b o 5 25 L S (S e 5 gla]
(23,5 0l Ol 1y e ol Bl i G S
Comar il 3l 5 olatl ol O35l 4 )
s Sax gble s &S aey s gleysis
22 S hE GRB a e Lol 1S S
Jo enr 4 4 s T mbie 516l e e s ealind
B Dpmimn a2l e S g S hdg
Sk el Sl Gbla nl 53 Sl g3y e
i ol gl 4 odsa s s O
Sl Sl l sl Glr g0 ool s axls
Gbojin cpl 1p5 g Sl YL Cuenl
b Slealinal 5 en 5 (8 ey Zople SLils a3
Sl bl Jole glaein opl sy o
(Ansarifar et al., 2019) 5 35 < S a5 53 5 i

el b lao i sla S5 (e S S
e pde oS s T L o jie nl (S5 s
Ol a s O 358 Cel bl 5 il e
a ol aaS s eld el e sl i
IPCC ¢l 208 L3 il mly o 5 BB e

| < ru



(ol oK) 1535 30 andllas) CMIPG (sladibe bl p 5,L 5 Ls » P TS -

OIS ass 3l Ml 058 Gl sladle s
S s S| ey b Sllsslasl 5l 3
5l e (K 48 Lles S sl 1 Ll
Gl lasl 5 slatl (uner Bl 51 ler ansl
A LS e Ol L eanl 03 Aok 5y glilslS
larbslatl Sate gl Olgse e
SSP5 6 SSP1 wiws sy ;3 5 355 4wtld (SSP)
Cogon bl ol Jiled o Ll S 13
Coslalg JiLsLo.. y 9 SSP sasOlis X 45 o3 4 SSPx-y
O'Neill ef al., ) <l YVor Jl s (WMD) 26
.(2017; Gupta et al., 2020
oo olres o8l Sldlae 5l Gus sdes 5 gba
5 ooy adlaespe ailin olpasol ikl e
S 7o ) ekl lo Ly S1 o e
rl 53 bl (ol ss eslizal CMIPS L CMIP3 ¢ 4.
55 Gadis pSds &S e OF 5 G axlllas
allans g0 45 Sl (CMIPE) i (5 s o 23
5 oxos SLls GOM il gladie 555 sdaen
5 I il bl aluly 5 esss OLSG 23s
© Dpg Gl ool ol Sslin de LS
S iliss gladie LU adlaie SO gl Je o g
B M s s sl el Sdes @
DBl S GSLS S e 5 Coner
Glsbn Jle tis s &S Wl laldS gl
Gb ool Dol s s re L L]
ol Dl K S l sgmse DeSLl
Syt s Sk ol 5 e el anils sl
el Ol s s gl e oSl
Sl p Fdder Cod 0Lk Olul I8 -6l
sx IPCC 1 i Jollen ol sl s
5 Lol g1 glaans I, SSP5-8.5 5 SSP2-4.5

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

VYAY

-

obisy, LARS-WG I eslizl L « CSIRO-MK3
Lol il ) o abnsy candVL a3 clileds
3 4S5 i gles Jde I3 pl il cod S Al
W23k dal g nl ST lae 53 sl L SoLs

Jde bl Jlass 55 (2020) Shagega et al.
i) 4 SRES A2 Lizl g gt I o Had-CM3
Y1) o5 3 sl WIEE O gl ) s G
ool ensay b Gb s sy (YVa-Yaa4) 5 (Yot
Slaole 55 b poren 5 a8l Ll Loy 4S5 ady
dalst lsdl s s YV=AY July 5 April May June
Al e il Ao 3 Y=0A Laole iy 55 5 il

LARS-WG e 55 aslis 4 ilises 01 S 2 ss
Jhe oS das e 0L Cu 5 Llals , SDSM
sl 5 S by 055 (g3lwans ;3 LARS-WG
G el G S es b (Bl 4 e ads
iash > (Zoheyri et al., 2020) <ol SDSM Juke
sl biey Je Sl eslizd L (2016) Tam et al.
6 s 4 AIB gyl oo LARS-WG
oty plny 55 e Sl Slpl g addl Sl i
Slp Yoo Jlu b oS sl OLES WOl ) el A
ol i s S s 5 St b e slacle
Bl dals = g s gl

e B0 S Gadle Lz Sl etk L
- S35 Bl Sl Ll st (GCM)
s B (O il (635518 alex ) Cilnie gl
Sl kel Sl Sl el a6
b plaals o esme 35 sladde (s
Sy et S a5 Sl ol SSE O,05
g el pliens Sy ol Ol ) s
)&“Cﬁhﬂ“ﬁw@&f)}fcﬂﬁ“ﬁu@&#
(Goodarzi et al., 2014) sl s s3linul (glailks

| < ru



Sk (Shgp ( Sh gy )

45 Gl S sla o 4 (S8 B 510
bdiees A ) S 35 e Sl pen slazds
el o ey Bl Slswy 3l sdessba
MEVE o8 Colaw ghls asdlaes;ge 05 5ds
VWAOT s bl Comles 45 A3l o 0 20 kS
OAW/A Issd> Ol Slels,l coolew e kS
SIS Sied 3 e Gl el e ek
Odsle sbys pal wd 3 S OLal S5dade
oo Ol Gl a4 dld Bl ad) lda
5 GF P 28 ppl ws s Sl (e b s
Spdome U8 S pal asm 4 G5 5l s S axbs
B Bl 5 e YA 3 goma 6lis)) ST 030 s

(Nasiri et al., 2019) A3k o L s 331 o 31 20 =Y

s kiS LIS elge 51 SO Bl ks ooy Sl 4
s mlbe opl & bl 53 geins o mhe 35S
5 SIS (o Blae sl Sl se ol el s
ol yl:- @l:.; | B0 Jleda Lol o Cao
e e Caonebn 5 upde S LS e sk

S, B K-l Jlo Ol gl s =3 ;.J

by 5959 3Mg0

adllaed ygo 4k

)J K“’_LSJL"' WJP' c&:sau“ w‘ wuaﬁ.))j.ﬁ abj.)x?r.ﬂ
0Y° ¢y el slad b oy aS es s Ol 50 Ol
el ol w3l Jled ¥1° oY Lyo® o' s0t° 88"

p)w\wﬁ)l}&jﬁ@l:w}y&:{j

Sari Station .
Average height 1,030 (m)

Figure 1. Study area

- -
RIESI»
" * e

oo CJ\:.«.«}I ieJMl \ARSYH

VAL



(ol oK) 1535 30 andllas) CMIPG (sladibe bl p 5,L 5 Ls » P TS -

o lassse (Q) ol Wsy Olge (Yerr-Y)Q
Sen’s  Slope G LG (o, 5l eslanal L gy,

JLE1 Sl gs sluw 9 (ol (S oo
or el b edBl sl s gladis 4 gee
cladde b gsles,lulial gl cilise glaols L
o ld (leand gladle w35 5 s pses B35
Grae Olpea (Siba & @S 15 eslinal 5,5
Sl gl 3 Bl Glatags culda s bl
I éwb“' CMIP6 Lol Gua ool sl |
il Slag,s 4 e bl (1Sl S8 e
Gl oS Blobosle sladde Loly 5 Line 3,50 3
b sl Coalad ke 5 0l €yl lsasol Ol s
CMIP6 (sladus plos 3 ($3508 SlaaY lAa .o
ol 5l K &S anl s CMIPS ladits & Cod
5 Sl gl mal 53 SG8s Sileand (Rl bl
I R R ) VR I KT e
03 sdaalal bl sla g b ool il e s LB
o35 SSP3-7.0 5 SSP4-3.4 SSP1-1.9 LsLi CMIP6
5 SSP4-6.0 SSP2-4.5 SSP1-2.6 (55 lw ,lex &
RCP4.5 RCP2.6 (sla g s o3 s,4r 55 SSP5-8.5
Suetal.,) &l CMIP5 3 3 5> 50 RCP8.5 3 RCP6.0
S0 5 1l adlas ol 53 .(2020; Gupta et al., 2020
L

Climate4impact

Slsls oKL 51 CMIP6 i 4

)‘ oalaiul L> 9 oL CJL;)J
ALzl iy agke oMbl ArcGisl0.8
HadGEM3- (ACCESS-CM2 o oslenl gladae

Glos Lok laesls & ol NESM3 5 GC31-LL

DR 5 03 e )3 o] ‘_}BU.;- by 5 Slas

ol sl s &l (V) st s ol cledl

/
u’/t S

oo ()L‘w.ajl 3 UL@JI \\ 0593

YAO

-

oslaiwld y90 (SO
s Wy ol ga ool Sler andllans s go a2 3
Jlete PBlus w5k s ol a5 ol
ol ol glaosls g5 il Sty slaosls
sles @lyg, Plis gles Jols oS ony oslizal LB
Sl Sl 5 @i, b She wlys, Sl
o ol oKl LA Jsb s 5 e o
Sl MY il 53 5 g OF% a! 5T T

"’)b)‘jjl'.’.)"ck"‘

SWOge5T 3 ool b b g d X9y s Julox
Mann-Kendall & Sen’s Slope <S5 gl ybb

i) g Vpeme &S JS— e SOl 0505
S alsasl slaesls Glas (g m 3 25155 Ligy
Shalis slaosls gl Ghassy ol 5o wpde w35
035 Hy o3 0030 ol 53 s eslizal (gl ol
GokwasOlis Hy o8 5 baesls jo Wi, ple e 4
Shs cel Gl sl gleodls 53 Lyy 2525
S L S5 s3gmo Ly, Sy ik ke Z e
s dal Bl gla el Jos s, SOl sk
353 ¢l » (Mann, 1945; Bagherpour et al., 2017)
Al S8 (V) daly L (golsbae L,

(V)

za
|z| = >

el aS es gy (golslias C]‘”“ Olaa @ alslas -l 55
ol pwy g doy3 44 5 Aoy 40 C]Mj; 0 Ak
5000 plp g S e 93 a Gl e olie 5 ol
Zisa=YIOV Gl s Ziae=\AN Gl S el /0
b LA Vo el 81 Cole e i anloes
2 el Jgd 2p50 Hi (25 5 005 Liss 25y Sk
3350 K GLls sdd )y Glaesly D so il 8

JL‘) 09 LS‘J" mﬁ A M‘)} .a\.:.“ot' Hy U"J'e

| < ru



S (Shgr (S0 VY

(X — %) ©
n

Prst ¢
Coeffm = Wyﬁordex < )

RMSE =

Soilwand ol S Xy 5 Y YL Ly, s

L;um\: i n 9 o> Q;?Lbhum E) JJ»A b‘:ﬁ)}ﬂ

mosly SSke S S Vo 5 X mren el (53505
Sila Lol Py el ke 513005 5 sltalie (sla
——cordex
Ll Pro
sk ol a4 ke e Slale 3L glaesls il

Fobesls Olgeas &S o 4w & b o9 (slaesls

B @Kﬁmq/* oI Slale U,L)L slaesls

Sy SHalie 4l gleesls b Nsd oo 03 <=U -

(23S 1 e

s abak 5 buse ol 55 51 g
(V) Jsd> 53 45 A eslizel SSP5-8.5 5 SSP2-4.5
s 03 el 0 Ol slatl 4 Lol gls S
sladde Bla> 5 Sli> by amwloms Sy ol
i 3O 5 Y) Ly, b CMIP6 sdsols]
(RMSE) Us= Slaype :Sbe 4y 5 (R s
5 RMSE iwcoms mls 5 30k @l 5 eslin
33 a.LAcM RSME . eslaal sns St RSME
e ok S (8) el Gk SNl e S
23 e Vb 5o edde Ll Ly, Al dal s dlos

:(Salehnia, 2016) <.

21 (X = Xon). (Y — Vi) o

R? =
?:1(Xi - X‘m)z- ?:1(Yi - Ym)z

Table 1. List of CMIP6 models that have been used in this study (Priestley ez al., 2020)

Model name Institution Resolution  Processing SimulaF ed
scenarios

Hgg?flfs MOHC; Met Office Hadley Center, United Kingdom 192%144  rlilplfl Z:gi:g;
NESM3 Ig}li:iT; Nanjing University of Information Science and Technology, 192496 Hlilplfl ::ii::z

Table 2. Summary of assumptions regarding demographic and human development elements of SSP2 and SSP5

(O’Neill et al., 2017)
SSP element SSp2 SSP5
Technology
Development Medium, uneven Rapid
Carbon intensity Medium High

Some investment in renewables but

Directed toward fossil fuels; alternative sources

Energy tech change continued reliance on fossil fuels not actively pursued

Economy & lifestyle

Growth (per capita) Medium, uneven High

Globalization Semi-open globalized economy Strongly globalized, increasingly connected

Consumption & Diet

Material-intensive consumption,
medium meat consumption

Materialism, status consumption, tourism,
mobility, meat-rich diets

Policies & institutions

International Cooperation

Environmental Policy

Policy orientation

Relatively weak

Concern for local pollutants but only
moderate success in implementation

Weak focus on sustainability

Effective in pursuit of development goals, more
limited for envt. goals

Focus on local environment with obvious
benefits to well-being, little concern with global
problems

Toward development, free markets, human
capita
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Table 3. Statistical comparison of AOGCM models to select the best model

Statistical test

Models AOGCM

Maximum temperature

ACCESS-CM2 HadGEM3-GC31-LL NESM3
R? 0.97 0.96 0.98
RMSE (°C) 4.09 6.32 5.19
Minimum temperature
ACCESS-CM2 HadGEM3-GC31-LL NESM3
R? 0.98 0.95 0.98
RMSE (°C) 5.55 8.38 5.75
precipitation
ACCESS-CM2 HadGEM3-GC31-LL NESM3
RMSE (mm) 8.62 24.94 10.42
RMSE Corrected (mm) 2.29 2.51 2.70
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Table 4. K-S test daily distribution of observational and simulated data

Month Minimum temperature Maximum temperature Precipitation

on Evaluation K-S P-value Evaluation K-S P-value Evaluation K-S P-value
January * 0.053 1.000 * 0.106 0.999 * 0.204 0.673
February * 0.105 0.999 * 0.053 1.000 * 0.048 1.000
march * 0.053 1.000 * 0.053 1.000 * 0.080 1.000
April * 0.053 1.000 * 0.000 1.000 * 0.059 1.000
May * 0.053 1.000 * 0.053 1.000 * 0.063 1.000
June * 0.105 0.999 * 0.106 0.999 * 0.104 0.999
July * 0.053 1.000 * 0.053 1.000 * 0.045 1.000
August * 0.053 1.000 * 0.106 0.999 * 0.050 1.000
September * 0.105 0.999 * 0.053 1.000 * 0.029 1.000
October * 0.106 0.999 * 0.053 1.000 * 0.052 1.000
November * 0.053 1.000 * 0.053 1.000 * 0.072 1.000
December * 0.053 1.000 * 0.053 1.000 * 0.077 1.000

*: not statistically significant
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Table 5. Values of Mann-Kendall and Sen’s slope tests in the analysis of climatic observational data in the period
(2000-2019)

2 g 5 = > o > g ’E 2 £ 2 E
Month g 2 g E ks £ Z & g s 5 g g
R = 5 8 : &
Q 0.067 -0.086 0017 -0.029 0202 0.194  0.113  0.094 0.088  -0.042 -0.054  0.067 0.045
Maximum temperature Z 1.59 -1.20 0.23 -0.29 354 3.08 191 1.27 1.33 0.49 -0.81 -0.75 2.04
Trcnd * * * * sokk ek * * * * * * *k
Q 0.049 0016 0037  -0.03 0.126 0.111  0.097  0.008 0.008 -0.04  -0.051  0.019 0.017
Minimum temperature Z 1.01 0.32 0.75 -0.62 3.15 243 2.76 0.29 0.16 0.55 -0.88 0.29 1.46
Trcnd * * * * sokk ek ek * * * * * *
Q 1977 0994 0343 1.054 2986 -0.965 0.573 0.297 -0.066 1439  -5373 -2.186 -4919
precipitation Z 1.14 0.55 0.16 0.94 -3.73 -1.27 1.07 -0.71 0.01 0.68 -1.46 -1.72 0.49
Trcnd * * * * okk * * * * * * * *
*: No trend *%: significant trend at 95 percent *%%: significant trend at 99 percent
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Table 6. Comparison of average monthly maximum and minimum temperature changes in the future under SSP2-4.5
scenario (° C)

Maximum temperature Minimum temperature
Month Base period ACCESS-CM2 Base period ACCESS-CM2
2000-2019 2041-2060 2081-2100 2000-2019 2041-2060 2081-2100
January 13.66 14.80 15.53 3.77 5.00 5.74
February 13.71 14.90 15.86 4.55 5.70 6.66
march 17.21 18.08 19.48 7.61 8.90 10.27
April 21.05 23.18 24.49 11.32 12.98 14.29
May 26.32 27.27 28.57 16.70 17.82 19.14
June 30.09 30.78 32.23 20.97 21.78 23.23
July 32.06 33.33 34.66 23.35 24.59 25.98
August 33.08 33.95 35.20 23.42 24.78 25.94
September 29.82 30.79 32.15 20.89 22.23 23.61
October 25.14 26.34 27.41 15.59 16.89 17.99
November 19.05 20.62 21.57 9.44 11.11 12.06
December 15.09 16.42 17.39 5.40 6.86 7.85

Table 7. Comparison of average monthly changes in future precipitation under SSP2-4.5 scenario (mm)

Month Base period ACCESS-CM2
2000-2019 2041-2060 2081-2100
January 71.31 100.76 105.12
February 67.54 91.67 94.65
march 82.95 123.90 121.73
April 47.17 55.82 53.13
May 29.05 36.53 33.61
June 26.54 38.48 36.69
July 26.21 31.50 29.61
August 33.84 70.09 60.38
September 64.63 59.01 56.01
October 107.80 99.63 111.52
November 114.10 131.48 124.94
December 79.97 116.56 112.01
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Figure 2. Comparison of monthly precipitation of Sari station based on SSP2-4.5 scenario in two periods
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Table 8. Comparison of average monthly maximum and minimum temperature changes in the future under SSP5-
8.5 scenario (° C)

Maximum temperature

Minimum temperature

. ACCESS-CM2 . ACCESS-CM2
Month Base period 2000-2019 30412060 20812100 Base period 2000-2019 30412060 20812100
January 13.66 14.91 17.50 3.77 5.11 7.70
February 13.71 15.14 17.59 4.55 5.94 8.40
march 17.21 18.62 20.63 7.61 9.41 11.45
April 21.05 23.69 25.66 11.32 13.48 15.44
May 26.32 27.78 30.00 16.70 18.35 20.55
June 30.09 31.47 33.60 20.97 22.47 24.59
July 32.06 34.20 36.33 23.35 25.48 27.55
August 33.08 34.89 37.29 2342 25.73 28.13
September 29.82 31.66 34.18 20.89 23.10 25.63
October 25.14 27.15 29.53 15.59 17.70 20.07
November 19.05 21.41 23.77 9.44 11.94 14.26
December 15.09 16.93 19.45 5.40 7.38 9.90

Table 9. Comparison of average monthly changes in future precipitation under SSP5-8.5 scenario (mm)

Month Base period

ACCESS-CM2

2000-2019 2081-2100 2041-2060
January 71.31 22/114 84/105
February 67.54 74/106 02/93
march 82.95 90/147 98/119
April 47.17 34/63 49/52
May 29.05 25/37 25/32
June 26.54 17/41 18/33
July 26.21 90/32 68/26
August 33.84 55/61 04/60
September 64.63 12/52 46/58
October 107.80 23/103 95/115
November 114.10 26/143 41/133
December 79.97 33/125 59/119
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Figure 3. Comparison of monthly precipitation of Sari station based on SSP5-8.5 scenario in two periods
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