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RMSE R(XY)
GCM N Correction Biass Correction Biass
odel Model
Ls | Loct | PT Vs Ls | Locl | PT | Vs
ACCESSL.5 28.85 26.52 31.2 323 26.52 0.17 0.14 0.28 0.38 0.14

BCC-CSM2-MR 29.04 | 26.71 | 3139 | 3249 | 2671 | 0.08 | 0.05 | 0.19 | 0.29 | 0.05

CAMS-CSM1.0 29.11 | 26.78 | 3146 | 32.56 | 26.78 | 0.09 | 0.06 0.2 0.3 0.06

CanESMS5 29.13 | 268 | 3148 | 3258 | 26.8 | 0.03 0 0.14 | 0.24 0

CMCC-ESM2 29.12 | 26,79 | 3147 | 3257 | 2679 | 0.05 | 002 | 0.16 | 0.26 | 0.02

EC-EARTH3-veg | 29.08 | 26.75 | 3143 | 32.53 | 26.75 | 0.13 0.1 0.24 | 0.34 0.1

FGOALS-f3-L 28.98 | 26.65 | 31.33 | 3243 | 26.65| 0.05 | 0.02 | 0.16 | 0.26 | 0.02

IPSL-CM6A-LR 29.13 26.8 | 31.48 | 32.58 | 26.8 | -0.01 | -0.0 0.1 0.2 -0.04

MIROC6 29.02 | 26.69 | 31.37 | 3247 | 26.69 | 0.04 | 001 | 0.15 | 0.25 | 0.0l

MPI-ESM1-2-HR | 29.11 | 26.78 | 3146 | 32.56 | 26.78 | 0.09 | 0.06 0.2 03 0.06

MRI-ESM2-0 2896 | 26.63 | 31.31 | 3241 | 26.63 | 0.11 | 0.08 | 022 | 0.32 | 0.08

ACCESSL.5 30.63 28.3 | 3298 | 34.08 | 283 0.09 | 0.06 0.2 03 0.06

BCC-CSM2-MR 30.86 | 28.53 | 33.21 | 3431 | 2853 | 0.04 | 001 | 0.15 | 025 | 0.01

CAMS-CSM1.0 30.94 | 28.61 | 33.29 | 3439 | 2861 | -0.06 | -0.1 0.05 | 0.15 | -0.09

CanESMS5 30.98 | 28.65 | 3333 | 3443 | 28,65 | 0.04 | 001 | 0.15 | 025 | 0.01

CMCC-ESM2 30.93 28.6 | 33.28 | 3438 | 286 0.1 007 | 021 | 031 ] 007

EC-EARTH3-veg | 30.78 | 2845 | 33.13 | 3423 | 2845 | 0.14 | 0.11 | 025 | 035 ] 0.11

Sewl>

FGOALS-f3-L 30.97 | 28.64 | 3332 | 3442 | 28.64 | 0.03 0 0.14 | 0.24 0

IPSL-CM6A-LR 30.82 | 28,49 | 33.17 | 3427 | 2849 | 0.08 | 005 | 0.19 | 0.29 | 0.05

MIROC6 3095 | 2862 | 333 | 344 | 28,62 | 0.09 | 0.06 02 03 0.06

MPI-ESM1-2-HR | 30.81 | 2848 | 33.16 | 3426 | 2848 | 0.17 | 0.14 | 028 | 0.38 | 0.14

MRI-ESM2-0 30.63 28.3 | 3298 | 3408 | 283 0.09 | 0.06 02 03 0.06

u.;)b sosly uuLgL: o) C"L"’ LY Jgdq

MSE
GCM T Correction Biass
Ls LOCI PT Vs
ACCESS1.5 832.33 | 844.33 | 843.63 | 829.33 | 838.33

BCC-CSM2-MR | 843.26 | 855.26 | 854.56 | 840.26 | 849.26
CAMS-CSM1.0 847.41 | 859.41 | 858.71 | 844.41 | 853.41
CanESMS5 848.48 | 860.48 | 859.78 | 845.48 | 854.48
At' CMCC-ESM2 847.8 859.8 859.1 844.8 8§53.8
_31' EC-EARTH3-veg | 845.63 | 857.63 | 856.93 | 842.63 | 851.63
~| FGOALS-f3-L 840.01 | 852.01 | 851.31 | 837.01 | 846.01
IPSL-CM6A-LR 848.5 860.5 859.8 845.5 854.5
MIROC6 842.02 | 854.02 | 853.32 | 839.02 | 848.02
MPI-ESM1-2-HR | 8474 | 859.4 858.7 844.4 853.4
MRI-ESM2-0 838.63 | 850.63 | 8§49.93 | 835.63 | §44.63
ACCESSL.5 038.12 | 950.12 | 949.42 | 935.12 | 944.12
BCC-CSM2-MR | 952.44 | 964.44 | 963.74 | 949.44 | 958.44
CAMS-CSM1.0 957.19 | 969.19 | 968.49 | 954.19 | 963.19
CanESMS5 959.81 | 971.81 | 971.11 | 956.81 | 965.81
CMCC-ESM2 956.37 | 968.37 | 967.67 | 953.37 | 962.37
EC-EARTH3-veg | 947.35 | 959.35 | 958.65 | 944.35 | 953.35
FGOALS-13-L 959.02 | 971.02 | 970.32 | 956.02 | 965.02
IPSL-CM6A-LR | 949.58 | 961.58 | 960.88 | 946.58 | 955.58
MIROC6 957.66 | 969.66 | 968.96 | 954.66 | 963.66
MPI-ESM1-2-HR | 949.49 | 961.49 | 960.79 | 946.49 | 955.49
MRI-ESM2-0 938.12 | 950.12 | 949.42 | 935.12 | 944.12

Swl>

E
<

apnd

00 @olc g wlidlge

11€01 Hlga o o)ladds (O sla



ﬂ-_\)fni%

00 @olc g wlidlge

11€01 jlga o d)ladd O sla

. CMIP6 (00181 Jso slaigp sySlac ¢aim Craw

eels ol sl Jow B 30 (39, 95 4 bl gl 5 4eS slos ailig, 5 ailale Lol o) gl A Jgo

$gweS sbed MAE NRMSE NSE R
< sl g bl sols ARRENS .44 A AR
= ailygy s,bol ools VoYY < AVA - £VF - AYF
; Correct LS Y- <Y - Ye¥ -.AoY
= Correct VS axas SV AR -.AoY
s PHP PRSP PRI YEYAN AL - ¥va -AT)
E ailjey ylol oold Vo ASY -AYY - £0¥f - A¥.
g Correct LS AAYY SAYY - YA - Af-
< Correct VS XY+ AYY - YEY - A¥-
- FHPA PP P PRI YAXSY -.Yov -ay -AYA
E ailjey ylol osld q.£A8 SRR Y9 - AFO
'-<.-' Correct LS AAAP SRR - YFF < AY-
& Correct VS YA ERRYN < ¥YY < APY

sl g bl sols YooY SXOF —-.YF\ -AYA

2 ailjey gylol old ov.aay - OVE -0.¥YA < AFN
§ Correct LS VE.- VA Y4 S XFA AT
Correct VS V- ARL! SYY-. <A

el ol (sl Joo ¥ 50 hg) 90 4 Wbl eezeal g

i sles aljg, g ailale Lol (w0 s A Jgoo

wde slod MAE NRMSE NSE R
< slale sl el 10.¥Y] VY “)YOA - A9
% wlyg, sl ols V1FYE AYF CoFE V¥
= Correct LS 457+ SNA - YaA . 5¥.
= Correct VS 2308 SAYY LY$5 L EYY
s slale (5Ll ool AAAATN AN -+ AY) AN
E iy, s olel ool 11.09¥ LAY AT - SVF
i Correct LS x5 S0 S XYA - £%0
< Correct VS 1oAYa SAYE LYY 5
L lole gLl ool \V.04F -Aay “\vav - VA
= iy, sl ool 11.14F LAY LAY - 5V5
5 Correct LS Yo A¥Y LYYy RpT N
o Correct VS Yo OV Lyy. SVEVE <530

lole gLl ool \5¥¥R D RPY 7

3 wlyg, sl osls \EXE- TR L AYY .59
§ Correct LS FRI AYE -xYa .5y
Correct VS LADY AT - Y09 - 5Ya




0hBas g 53 spel asled SolSs

Sl ol sy Jow B y3 s, 99 45 bl zeamad 3 anaS slos il 5 ailale ST (o) gl N ¢ Jgoor

auoS gloo MAE NRMSE NSE R
< slale gL ool VAAAY SN - %0 .avs
S iy gl ol VoA VAYY SeYY S8y
; Correct LS LYY VAV S YO S04
= Correct VS VXYY 1 ¥4 - ars LYY
s slale gLl ool YY.OF) LYY X¥VE - AYS
E i, s el ol Y EYY 1Ave CoN Nf8
i Correct LS ANTY R STy %0
< Correct VS FALY) \ 508 W CeYE
L slale gyl ool VA FY -84 - 09f -a0-
= lis, s el ol ANYS VAYY CeYY SA¥4
5 Correct LS AQYO 1AV SeYE R
o Correct VS FAANY \FZN AR e

dlale gyl ool LO¥FY SN-f - AfY - afy
2 iy gl ol DY YA VYV Y SA¥4
§ Correct LS W5y R Y CAEY
Correct VS AL ) VY —.aay e

Sl o] sl Joo F 50 g, 99 4 bl useal g aicin glod alljs, 5 ailale jlol ) s VY Jgax

i led MAE NRMSE NSE R
< alole gkl ools \FYYY <AV - Yor <2V
5 ailig, Lol ools VYYAD ARRN ceed EARAY
;') Correct LS ) AYD VA e SN
= Correct VS SYSVY \OFY Y o)
s slabs el asls \SYVY LAY Y -1
E sy oylel ool 11XAD 1A b SNl
i Correct LS V- AYO RE9N ey SNy
2 Correct VS Y FVY \ OFY oAy o
e alobe (gl asls \0.VAS SV X -4
= s, syl ool VY- VY oY .8
5 Correct LS V). SA V- Y ..ay
e Correct VS Y FE8 V0% -+ A%y VA

dlobe (gl esls ayor Y CXVE - A8F
3 wlig, s el ool 1¥544 LY )
§ Correct LS VeV V.04 coeA ST

Correct VS YA V.OVE N R 4

wic

s

00 @olc g wlidlge

11€01 )y o) o)Ladds 0 sla



ﬂ-_\)fnig

00 @olc g wlidlge

11€01 jlga o d)ladd O sla

. CMIP6 (00181 Jso slaigp sySlac ¢aim Craw

VAAD-Y -V F Sboj o3k ailale obide o el oSl U GCM aliseo sla Jow 8 Shos (o)l VY oo

Sl oy

Model LS Sile Lod (Sileo Aoy 5lod weS glos Cagby (ale oL e puw
r MAE r MAE r MAE r MAE r MAE r MAE
CMCC-ESMY AN AN < /20 YIvY <IYA AIYY <Ay ARTARN - £0 .4y <Y yaNe
MPI-ESM) RIAYN <VF RANE A < IVY Yo «/aY AAAZS - ¥y V050 NY¥ fAIFA
EC-EARTHY BTV AY4 RAYd 100 AR \YIYE -/a¥ YAIY® - OV Y#aa Y fa/va
CanESMo <130 RANS QAN OIYA - IVY \YIVA AN ¥y/-q LAY V0.0V o[-y fa/f4
FGOALS BAY4 <IYY «/aY g1y “IAY Vo/fY </a¥ YY/a0 - OfF VAXF <IYY INtia%
ACCESS-ESM QAYd < IYY BAvd YIAY «/va \PIYY <Y Yo/or 4 Yoy o[- OFIYA
IPSL-CM1A IR BAtd AN AIYY < IVY \PIVO AN Y#IN 4 YY.Yo AY4 0o/fa
MRI-ESMY AYd <Yy </af AIYY AR} VY'Y «/aY ARZAN AR Yy QAR FAIND
MIROC <Y <IfY BAA YY/fY “IYA AR «/aY fa/-v <A foNyY —/+Y 20IF0

VAAD-Y NV F loj o3l ailale Lulide o Sl oSl L GCM Galisee slo Jae o, Shos b, AT Jso
Sl olEsn]

Model LS (Sl Lod (il woen slos aoS slos Cuagb ) (Sl 3L sy
r MAE r MAE r MAE r MAE R MAE r MAE
CMCC-ESMY AN LIATA AT fIev «/aY #IN. BIATA NYY -7f /4y DARs ARYENY
MPI-ESM) </AA <N\Y QAv4 O/« AR U¥s BIATA /0% «1OY AR\ g -\ YY/IYY
EC-EARTHY </AA ALY AT IAY4 QAR /7y < /30 \PIAY BN \PINY \Y YY/YY
CanESMo A4 <IYY QAYd YIYY «IAR ARYARA <130 VAL <IYY YY/IfY ol Y
FGOALS AN <IYY «/ay AYA “IAA VOO «/aY YAIAA e d YY/EY <[+ YY/AP
ACCESS-ESM DAYd AR RAYd N¥Y AT Vo/vA < /Y YY/Of 4 ARTEPN /- ¥ AR
IPSL-CM1A IR A «IN¥ AOY RN \ZIYA AT YONY <10 g3 < /oY Yooz
MRI-ESMY RN Bivd AT ARTANS BA%4 YY/#- AT YeIPD Al ARl ERAl fF/va
MIROC «/aA b QaYd YYIAD DAY AAAN «/a¥ Y#a-. EAl YEIvE 0¥ [ARNIAYN

S5 o Sagho 5 5k Sl sl S5 ol les (S
Gl s 009 yigr s Lol Lo peSile siel )y o Lol o
MPI-ESM1- IPSL-CM6A- Lelss 5! Jow & ,leol>
ss3 EC-EARTH3- CAMS-CSM- CanESM5
FGOALS - IPSL-CM6A- cla Joe Sul> sl s
. EC-EARTH3- CAMS-CSM- MRI-ESM2

CMCC-ESM2- TPSL- sla Jow lgn lis il s
EC- CM6A- CAMS-CSM- MPI-ESM1

CMCC-ESM2 (sla Joe 5 Jleol> s, EARTH3-
EC- - IPSL-CM6A- CAMS-CSM- MPI-ESM1
CMCC- gla Jae diris slos Sl (51, EARTHS3-

1 (KGE) Ly 5 -Sds s NRMSE) Uas 2,0 . 5ilo
s GLas 1) ) ls (O 5F) Jsox
NRMSE § NSE ,,0lie gl 4 MAE j;0lio gl
3,55 s g 00903 dn b 1) L3 sla Joe Sl g 009 LSS
ipeS EC-EARTH3 o Los el ,o Jle sb 4
55 NRMSE s NSE b5 0 5 ols lis |, MAE i
b Joe 325 Hoks Gh9) oolol p ad sl Jladie 0 5eS
oo ol 0 30 5 (0 5 F JK2) é)5 18 o) 050
S gl sk @ plgiced g ool ol golite sla s,
obos Gl Sl 5s Sl ok 4 o) sl ) Jae

Joe Sl (gl Wlgi cod 5 0391 (655 po alads 5l 90 o Joo



0hBas g 53 spel asled SolSs

Sl 9 )LQ,;L'> oK ! &5‘;‘ (ru"'js o S\u'.'L“"" u.._f.»L:.n o9y @) soler Jow g0 PRIV 6L‘°J;“")L$ J)L‘;‘ ‘_ngk)a}LZ C"L"' Nf Jgo

ol ssben s, R(XY) RMSE MSE
AM EATA Ya.-fA INSARATA
Sl
IWM AR YY.-fA Y-.¥ao
Rain
AM AT Y AAF 98Y.40¥F
Sl
IWM ALY Yo AF /v.a0f
AM - 47 R4 Y..-vf
el
IWM RN <A - AFY
Tem
P AM - Af ARTAIA Yoo M
Sl
WM - A7 IRAR V.AAA
AM EANY \Y.00F VAP
el
p IWM (44 \Y.evF V#4.AY4
Humi
AM BRI S WA Y- fOAF
Sl
IWM < OA ARR) \YYNYNE
AM YA 06.vasa \AF4rd
el
IWM «OY [NAWNAS YAA40
Tmax
AM -\ VAYA VYAV
Sl
IWM AN Vo4 YAAA
AM YA f.04Y Yyaye
el
IWM “ A AR AYd VYAAY
Tmin
AM -4 Y.ZAY 0.\ F
Sl
IWM -y yya ARFAR
AM ERY4 8.YO YAy
el
| IWM -y IAREN YAF-Y
Ps
AM -y Y.a44 AAQY
Sl
IWM « a7 V.vao YYYY
AM Y Y.oYA faof
el
d IWM - Yy \RARE YooY
Win
AM < OA Y.-YA fa0f
Sl
IWM -y YAVYE f.o0f

) - Arithmetic mean

- Independence Weighted Mean

S Olgi el g ol las Slaslie sesls b ewlio g
shoslaal Koo (g 5l g Sl mal> Jae (lgrsar |,
59 Comladose iolidl el 0,000 sla Joe puiins Sl 055 5
Tssler (g, 5l Coabbpas (ialS jsliiea IV sl mls
(Vo 0) S g 9 Lol cpod (0.0l oolainl o Jus 0lasg
i 0y glo Jae b aslie jo golen Juw a5 auzdly yo
sl Kl olen Jig, 90 Lawo e @l (550
Dyzon @l 5 Lzl AWM ) G55 (oSike 5 (AM™)

34 - Ensembel
35 - Arithmetic mean
36 - Independence Weighted Mean

ESM2- IPSL-CM6A- FGOALS- MPI-ESM1
CMCC- sloJos 5 ,ll> &, EC-EARTH3-
ESM2- IPSL-CM6A- MRI-ESM2- MPI-ESM1
sloJas 42e5 slos «Swl> I, EC-EARTH3-
CanESM5- IPSL-CM6A- MRI-ESM2- MPI-
Ol |y Sul 5 ,lel> ¢l EC-EARTH3- ESM1

5 Sl (s e Joa

lo Jus solan

Bl (S 5 gy (Gekow slaie Sl plasge

W

s

00 @olc g wlidlge

11€01 Hlga o o)ladds (O sla



ﬂ-_\)fnif

95 eglc g (wlwlge

11€01 )l o) o)Lasds O sla

. CMIP6 (00181 Jso slaigp sySlac ¢aim Craw

Precipitation

CAMS-CSM

CanESMS

CMCC-ESM2

EC-EARTH3

FGOALS

IPSL-CM6A

MIROC6

MPI-ESMI1

e [ [ (| | Oy (R [

MRI-ESM?2

Standard Deviations (K)

Temperature
i d
0
e g .
5 H
3 2
i R
§ 2
& e E]
095 o Ao
\ \ K )
E \ 2 feg B o \ \
il ; ; \\ ! 2\ oso b4 0 %o oX A 3 \asd
H ; 7 o L \ HES Y 4 1
F \ i v 1 i i i
0 & ; i | ’ 10 o } V + .
o 02 0s 0 o 1 14 1 0 2 4 o I 10 12
Standard Deviations (K) Standard Deviations (K)
Wind
Pressure
3 %
2 £
o 0z o 05 s 1
5D Axis
Max Temp
-
e 3 &
2 S
10 -
= 2 oq-ees
£ H
3 3
2 3
E - I
& a
09%
>
5 \ 099
i VY \ i |
o i i I H - 3 : i : :
o 2 5 s 1 u” > p . . " 2w
Standard Deviations (K) Standard Deviations (K)
Humid
ACCESS-ESM s = . - .
3 y
12 4 o
BCC-CSM2 ' -

o

s 5 10 12
Standard Deviations (K)

e oSl (sl 3235 a5 s csle sl sl sskes oS ¥ USS




0hBas g 53 spel asled SolSs

Precipitation

Temperature

IPSL-CMG6A
MIROC6
MPI-ESM1

g 1 E—— 2
8 oe 2
095
0a
02 099 |
H bl
! H
- H 1 H 10 13
° o o Sotsandard I)oé;‘lia(ions ll:) lz “ e Standard Deviations {K)
Wind Pressure
L -
08
[ ——
E 2
2 3
04
09%
\ 0>
T 099
iy i ;
Vi i ! H
" 5 B io ° i o
o o2 o6 o '
_—. o o2 G us '
Min Temp Max Temp
. S a3 8 3
Ty S s —
g ¢ e
3 H
T’
H H
3 @
“ 09% 095
7 099 1 099
0 = 7 w0 | ; . a ;
2 a8 12 o 2 4 6 8 10 12
Standard Deviations (K) Standard Deviations (K)
A ACCESS-ESM Humid
B BCC-CSM2 e )
C CAMS-CSM
0
D CanESMS5
E CMCC-ESM2 B
g
F EC-EARTH3 3
-
G FGOALS 3
|
J

MRI-ESM2

o s
Standard Deviations {K)

«S...JL> olf.‘;....J 6‘)"@"""’“6“;]"\"’)‘5 34 Lgl.a:)...nbb 5‘1.3 )51.:.7 f‘;li°~f JS..J

WA

s

958 eolc g (wlwlge

11€01 )y o) o)Ladds 0 sla



wq

i

00 @olc g wlidlge

11€01 jlga o d)ladd O sla

. CMIP6 (00181 Jso slaigp sySlac ¢aim Craw

s 5l hgy 4 solen Jow S anlel o aia
ols oylid b aS al byme AWM) 20055 (5Kl 4
s aslis sl )| 20055 (b, 4 b Jow slocyg, solen

Cals "“”‘95&5)‘3 |) S e Lg)l.oT

&l

RS G ) . R D IRU [N =P VETRIRE R PEXVE SR ST
(post processing ) ijls yy e 5l eoliil b 3,)b SYles!
(V) YA L 5 eeg Kb s coolon ol S5 oloiyg
Y-¥—Y\F

(Sl @Sl tanle (s)bog, Bl et gue! LY
HadGEM2-ES Jus L5 (0YAA) Jlaz «a)S 5 dssbs
loly slog baw Co ol nl slos (had (5 )leel (25 5o
YO -SFF AT) FOLES 5 yoo) o308 o oidb

(e V) Glisg e Olne OlensS Ol OlSLL Y
ool L 1YY g VPV (cla Lo o oo slobe b, (6 jldnss
OV D wrngs g Lalas aslilas RegCM3 o8l Jos
DO-YY

oS wssbldle 5 asle (s)bog, blols 5T ny; F
sloargy ) olnl sl B9, 5 lbg ouyn OF )
A Cax s Joe awnlie o9, 3l colaiwl b sendBl aliee
WY V000l S 55 alzee (CMIP6) gty alor o

(B gl ¢ Sgeze wgg e ¢ Lo jaeze (398 sV O
B 2l g amlie (WWAA) (e e Olidses
NCEP; laalie slrosls L CMIP5 slo oo slaosls
S sl Gl S eedid (IRl 38 09iisol50)50)
Ol Bl

ol dgeze (ggped dojdeme g0g8 VL F
@bl s amlie OV e G phise> (E
Bl glaosls b 50,68 oL i,L slacsls s
slagiagn (Ol 3,0 oo Al Al 6ol5o)50)
NO-YY L(FMHIYAR il 3l

oze ool bly s dew lE S (oiome (oasSE Y
30 w0 paiS Ay odes Gblie o8l x5 1.0V
VAYNY D ()0 ol S g] liioes o )

Soslr poli 5 S oS Liaams dogle 0 Sled A
W 5o phidy slagy; (Gly Slpds (o) (ITAT)
oS Gl g (sl adlaie (il ST Grages YL aegece

i sl s VYAV L8 a5 e lo,S cdlas A
Wih dnngi g Ldlin alne ol 5o JluSas 26T
CVE-BR YAVl

Ol yets W5, (N VAP) L dmsdosnos 858 5 dusl (5 pigz o0lpde ) -
L 5 amy S5 ol e bl 5 k5 Iys sles
BAF-05R (T)FY

od8l e addllas ((VYAY) s, desme g ol sy )
Ao (JOS = e Ghey 4, by @e J2lee
VYA SF ojlads o olil i sl ingy

OFAF) 51 e e 5 ks plo ol osylaaid Y
boplis )b allbos, of ange parass slaglis (o)
dalilad A2 ol g4 L cod WEAP Jow 5l solaral
VIVY= VVOAD o lod o 0,0 oSl

ole aobld g ol deme pald ol (guie o o5 Y

Solel slogasla i 55 Gogy 5o (VF Jsaz) i Jol> 5
2 SRSl gy (rl 5l Olgiss 9 28 ol sy
2,5 oolaiwl coin sl Joe solen
Aoysy a4 Camd olor Jow Sloggp oleoyl conl,
59 PE] lrools 4y Cond (5 eS ol oo puiiins
Sl il Sl Wl oo S 5 w300 Olis (P890
olod (o 20l Sl g ,lpls oK) 90 j0 1) 59>
Slalie gleosls b Jow sbvosls  Kiwor l5e b Joo

ol 00gs i 5,1 1l (S5 g, 40 45 00,8 oy W)l

S oslitul (codldl o ingh g laow)p plnil Cox

@) el oonldl sladae (29,5 5 slaSd slaosls
61.@300‘») 6‘;3 (T oo Lf‘ ] (T oo g
Shwlie glaosls Llis o ol eds byl b Pl
79,5 Srodld (S35 5 (Saod (lie 3y o0 ol
Jae bl Gl ol Jlre Slonlie glaosls b Jowe
sleJow 51 Jaw 003l oladg p (cwyp ol 5o el o8l
=Y\ f ‘;U)l) @La) 0,90 4O CMIP O)BJJ W S
Jolis Slaalie wlisles glaosls .abz! sl YAAD
dgo sles sloyally alale (Sl cailale A)L oo
Glao Lad 5 0l e s dod aaS oo aiiinn dgp Cughb,
lrosls b as ol Sl 5 lpls auaes oK) g0
Gl S5 15 ) Sym 0ad rame sloJas bl
G (Kiad (Cugb ) (izmen g 0L ()L a5 ol las
lr b Sl wlgigad g 0050l Cud (gind Lo
5 eSSl sboles dcgozme Lol Lanil Juw bl
N5 S (Kwon 5l e JLAS (rimen g atinn
Sils pgo aiy, «(INSE) adSsles 25 slo asli .ol
oyl 58 KGE) s -5 3 NRMSE) a3 o 50
003,55 Sl s, n 4 4zl Ll o o5 Wb 1, mls
« MPI-ESM1.FGOALS Jowo  ii «Olaslze gl 4
IPSL- .EC-EARTH3 MRI-ESM2 .CanESM5
W G (ool oS5 oy90) ACCESS-ESM .CM6A

SBl Joe e Olysa (il ST ead e Je



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bulletin of the American Meteorological Society,
90(8): 1095-1108.

He, S., ; Yang, J., .; Bao, Q., ; Wang, L., & and Wang,
B. (2019). Fidelity of the observational/reanalysis
datasets and global climate models in representation
of extreme precipitation in East China. Journal of
Climate, 32(1), ): 195-212.

Herath, S., and Ratnayake, U., (2004), Monitoring
rainfall trends, to predict adverse impacts-a case
study from Sri Lanka 1964-1993. Global Environ.
Change, Vol. 14, pp. 71-79.

Houghton, R. A. (2008). Carbon flux to the
atmosphere from land-use changes: 1850-
2005. TRENDS: A compendium of data on global
change, 1850-2005.

IPCC (2013). Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to
the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge University
Press, Cambridge and New York.

Khan, A. J,, .; Koch, M., & and Tahir, A. A. (2020).
Impacts of Climate Change on the Water Availability,
Seasonality and Extremes in the Upper Indus Basin
(UIB). Sustainability, 12(4), ): 1283.

Kim, Y. H,, ;; Min, S. K,, .; Zhang, X, .; Sillmann, J.,
& and Sandstad, M. (2020). Evaluation of the CMIP6
multi-model ensemble for climate extreme indices.
Weather and Climate Extremes, 29, : 100269.
Kolieb, E. H. (2008). Shipping Impacts on Climate:
A Source with Solutions. Oceana Protecting the
World’s Ocean.

Kotir, J. H. (2011). Climate change and variability
in Sub-Saharan Africa: a review of current and
future trends and impacts on agriculture and
food security. Environment, Development and
Sustainability, 13(3), 587-605.

Koutroulis, A. G., Grillakis, M. G., Tsanis, I. K., &
Jacob, D. (2015). Exploring the ability of current
climate information to facilitate local climate services
for the water sector. Earth Perspectives, 2(1), 1-19.
Lee, J. Y. and Wang, B. (2014). Future change of
global monsoon in the CMIP5. Climate Dynamics,
42(1-2): 101-119.

Lenhart, T., Fohrer, N., & Frede, H. G. (2003).
Effects of land use changes on the nutrient balance
in mesoscale catchments. Physics and Chemistry of
the Earth, Parts A/B/C, 28(33-36), 1301-1309.
Lorenz, R.; Herger, N.; Sedlacek, J; Eyring, V;
Fischer, E. M. and Knutti, R. (2018). Prospects
and caveats of weighting climate models for
summer maximum temperature projections over
North America, Journal of Geophysical Research:
Atmospheres, 123(9): 4509-4526.

Lu, C,, .; Sun, Y., & and Zhang, X. (2018). Multimodel
detection and attribution of changes in warm and
cold spell durations. Environmental Research
Letters, 13(7), ): 074013.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

0hBas g 53 spel asled SolSs

Slamdle 5950 b Ispgl i slasely 5 wolie (1 YAS)
amio VAR (gl Sla el oKl Sl )Ll i [S5g
daooly 5 Sl e ueldl i (Yo T) 5 ol cgsyle NF
5 S)loaid ol (2 0)pats ) (s loal> e
o YEA o9 ola o Ll lLesl ((0FR)) bl (soge
Almazroui, M., Saeed, E, Saeed, S., Ismail, M.,
Ehsan, M. A,, Islam, M. N,, ... & Nadeem, I. (2021).
Projected changes in climate extremes using CMIP6
simulations over SREX regions. Earth Systems and
Environment, 5(3), 481-497.
Anbumozhi, V., Breiling, M., Pathmarajah, S., &
Reddy, V. R. (Eds.). (2012). Climate change in Asia
and the Pacific: how can countries adapt?. SAGE
Publications India
Bai, H.; Xiao, D., .; Wang, B.; Liu, D. L.; Feng, P. and
Tang, J. (2020). Multi-model ensemble of CMIP6
projections for future extreme climate stress on
wheat in the North China Plain, International
Journal of Climatology, 40: 21-39.
Becker, E.; Kirtman, B. P. and Pegion, K. (2020).
Evolution of the North American Multi-Model
Ensemble, Geophysical Research Letters, 47: 35-53.
Bishop, C. H. and Abramowitz, G. (2013). Climate
model dependence and the replicate Earth paradigm,
Climate dynamics, 41: 885-900.
Brooker Peter (2009), Aviation and Climate Change:
i—uk Airport CO2 Emissions, Air Traffic Technology
International, 22-25.
Dubrovsky, M., Hayes, M., Duce, P, Trnka, M,
Svoboda, M. & Zara, P. (2014). Multi-GCM
projections of future drought and climate variability
indicators for the Mediterranean region. Regional
Environmental Change, 14(5), 1907-1919.
Eby, M., Weaver, A. J., Alexander, K., Zickfeld, K.,
Abe-Ouchi, A., Cimatoribus, A. A., ... & Zhao, F.
(2013). Historical and idealized climate model
experiments: an intercomparison of Earth system
models of intermediate complexity. Climate of the
Past, 9(3), 1111-1140.
Fallah-Ghalhari, G., .; Shakeri, F, & and Dadashi-
Roudbari, A. (2019). Impacts of climate changes on
the maximum and minimum temperature in Iran.
Theoretical and Applied Climatology, 138(3-4), ):
1539-1562.
Gornitz, V. (1996). Monitoring sea level changes.
In Long-Term Climate Monitoring by the Global
Climate Observing System: International Meeting
of Experts, Asheville, North Carolina, USA (pp. 385-
414). Springer Netherlands.
Gupta, H. V;; Kling, H.; Yilmaz, K. K. and Martinez,
G. E (2009). Decomposition of the mean squared
error and NSE performance criteria: Implications
for improving hydrological modelling, Journal of
hydrology, 377(1-2): 80-91.
Hawkins, E. and Sutton, R. (2009). The potential to
narrow uncertainty in regional climate predictions,

B
°

s

00 @olc g wlidlge

11€01 )y o) o)Ladds 0 sla



oy B

00 @olc g wlidlge

11€01 jlga o d)ladd O sla

. CMIP6 (00181 Jso slaigp sySlac ¢aim Craw

44.

45.

46.

47.

93(4): 485-498.

Yang, X., .; Wood, E. E, ; Sheffield, J., .; Ren, L.,
Zhang, M., . & and Wang, Y. (2018). Bias correction
of historical and future simulations of precipitation
and temperature for China from CMIP5 models.
Journal of Hydrometeorology, 19(3), ): 609-623.
Yoo, J. H. and Kang, I S. (2005). Theoretical
examination of a multi-model composite for
seasonal predictionm Geophysical research letters,
32(18): 14-27

Zheng, X. T.; Hui, C. and Yeh, S. W. (2018). Response
of ENSO amplitude to global warming in CESM large
ensemble: uncertainty due to internal variability,
Climate Dynamics, 50(11-12): 4019-4035.

Zhu, Y. Y, . and& Yang, S. (2020). Evaluation of
CMIP6 for historical temperature and precipitation
over the Tibetan Plateau and its comparison with
CMIP5. Advances in Climate Change Research,
11(3), ): 239-251.

40.

41.

42.

43.

Moss, R.H.; Edmonds, J.A.; Hibbard, K.A.; Manning,
M.R.; Rose, S.K;; Van Vuuren, D.P; Carter, T.R;
Emori, S.; Kainuma, M.; Kram, T. and Meehl, G.A.
(2010). The next generation of scenarios for climate
change research and assessment, Nature, 463(7282):
747-756.

Seager, R., Ting, M., Held, I, Kushnir, Y., Lu, ],
Vecchi, G., ... & Naik, N. (2007). Model projections
of an imminent transition to a more arid climate in
southwestern North America. Science, 316(5828),
1181-1184.

Syed, E S., Igbal, W,, Syed, A. A. B., & Rasul, G.
(2014). Uncertainties in the regional climate models
simulations of South-Asian summer monsoon and
climate change. Climate dynamics, 42(7), 2079-
2097.

Taylor K.E., Stouffer R.J., and Meehl G.A. (2012) An
Overview of CMIP5 and the Experiment Design.
Bulletin of the American Meteorological Society,



Journal of Meteorology and Atmospheric Sciences Volume 5, Issue 1, Spring 2022

Validation of CMIP6 climate model output performance with
observational data of Makran banks

Chakavak khajeh Amiri Khaledi’, Dr. Mahmood Khosravi?,Dr. Taghi Tavousi?, Dr. Mohsen
Hamidianpour®Mansoor Kiani moghadam*

1 PhD student of Climatology, University of Sistan and Baluchestan, Daneshgah Ave., Zahedan,
Iran

2 Professor Dept.of Climatology, Faculty of Geography, University of Sistan and Baluchestan,
Daneshgah Ave., Zahedan, Iran.

3 Associate Professor Dept.of Climatology, Faculty of Geography, University of Sistan and
Baluchestan, Daneshgah Ave.,

4 Associate Professor Associate Professor of Maritime Transportation Technology, Chabahar
Maritime University, Chabahar, Iran

*Corresponding Author Email: khosravi@gep.usb.ac.ir

Received: 03 November 2021, accepted: 01 February 2022
ABSTRACT

The climate of the planet is being changed, and its major consequences are directed towards the coastal
areas, especially the coastal cities. On the other hand, using the output data of climate models requires
evaluating its accuracy against observational data. The purpose of this research was to evaluate the
accuracy of CMIP6 climate models in Makran coast. In order to investigate the climate conditions in the
coast of Makran, 11 Climate models were used in CMIP6 planetary circulation output during the period
of 1985-2014. The observational meteorological data including the sum of monthly rainfall, monthly
average parameters of air temperature, air humidity, maximum temperature, minimum temperature,
wind speed and air pressure of corresponding time period from two synoptic stations of Makran
coast (Chabahar-Jask) were used. were The results showed that precipitation, wind and humidity had
very weak correlations and cannot be a suitable criterion for model selection. But the set of average,
minimum and maximum temperatures as well as air pressure had sufficient correlation. Nash-Sutcliffe
(NSE), normalized root mean square error (NRMSE) and Kling-Gupta (KGE) indices also confirmed these
results. According to the mentioned investigations and calculation results, six models including FGOALS,
MPI-ESM1, CanESM5, MRI-ESM2, EC-EARTH3, IPSL-CM6A, ACCESS-ESM (in no particular order) were
selected as the best models among the 11 models determined at the beginning of the research.
Thereafter, two ensemble models were introduced using arithmetic mean and independence weighted
mean (IWM) method in which the weighted mean model showed better results.

Keywords: Humidity, Chabahar, Jask, Model,.Gulf of Oman. CMIP6
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