AV AN Y lrio VF o) s BV by oS oyles o pms Jlos eyl ol (6bp ipussST alila

2 S5 b Sl GiuleyS 53 MIROC-ESM 3 BNU-ESM (sba Juw 3 ;o il 5
oais b JLuSins g couldl gldguiow! o
(bl il 039,35 5 3 9T adgo: (63 590 axlllas)

Voo .
VYD by gyl VP /W)Yo sl ;s )b

5 oar] Slo LSty il dos ol el slogialp  palleis 1 0l iagy o
BNU-ESM 5 MIROC-ESM _sgec s, Jos 30 25,5 5 ooliiasl s 05,58 5 301 dbs>
190 g YeFe B YYD Suop ool 0,90 95 gl RCP8.5 4 RCP4.5 RCP 2.6 o )lew dw Cos
Joo Lawg MIROC-ESM Jas 25,5 aSolaisSas «od S 15 obj,) 0,50 Y040 b Y-8)
Szl jlg WS elden; weti ele (b9, Lawgs BNU-ESM Joo (5,5 9 SDSM
HSas b)) Sz b oolitul g 90 0,Skee 5l jslaiea; NSE s RMSE R* (g Ll
oobio j0 00l 0,50 90 5 (Y Y+ B 1A2)) alidS 0,90 b (SPI) o lasbewt [5,b asls 5l s
shlo (ol g oo gwl,d 90 12 5l SDSM Juw a5 sls Lias zuls .auo )5 solaswl 4Vl S
oazlo)99 99 ;2 30 (Bl g Led Slesd @l Wil oo et Jole B9y & Cond 5V 0, Shes
sy 2 33,088 5] Aty ol welil 1 Sl talesS S 5 oLt 0 5 S0
il Wl Lgie Uik 5 Ll aVle lawste sled «Jae 90 ;o 4 lagyliw coles o
95 y» ,5 BNU-ESM 3 MIROC-ESM Juw g5 12 (sl a¥le SPI polie 0gd co (cu s
olislse (JLSas 5 adly alf aly o)50 4 S a)liw s e S 50 5 o3 el 650
MIROC-ESM  Juw a5 slo lis 92 seges 50,5 laJow 3l Jol> mls b oo iulsdl
bawslio jo ) wad JluStas b Jlo olasd op fian g Lo lade 0 iin (5)1 Hlade (a8

Dlei 0 3551 » BNU-ESM Jowe

Joinn sy Ml‘olﬁl ‘Ql_f)f ‘QL';_Wlf sladlaio AT)" CS 5 6,10 50 540 g cblax Wl )5 (ol pee i (5,550 !
ar.donya@gmail.com:



S9zy Aise slagts) «oodBl laginl 2
NP OlRaesy axg 0,00 labs, nle
AYYY-TY ) en 5 Slid)awl aid 5
JuSas 5 M ol gu> slaan] 3
PP | IR JOUES ] 1| LN T-Y-N VI VY SR R O
L ol ol juals 5 Lo iolisl .ol
J..Jaa Yt LgL(bo.\,{J,i "‘*"9"&5" QLobS
5 Swons®) Wil plejlar | Jlusias
e pla colie L (VY Y- S
2 @l Cusdee Loy ol pl j5uS a8
UECY 35 RPN TR PRSI
5O el S Ao g S o8l Gllo
Al e wad JlSis jlo bl i
oeals e g g laly ol il JLSis sasyy
S Galed s seminiel Sl
oealS Cge cplplo clls valys Jlosa
o JSas ol ol e Gl
Sl Sy5p0 sl eanl 5 b slaeyeo

(FUYN0 ) Ke 5 Jow Blaw)
u,MJlJ 6‘)” 03 43‘)‘ Lgl.ﬁua}l...u O )‘
(SPI) ojlaibewl o)L adle ISz
oals Hlas agm 5l oYL Ll b JLSis
3 Sole Jdoay aslis pl aSGlaigSa
k;.xbb le.aaoo‘o LS):’S)LY‘\-? 9 uLw:L?:.o
o‘yﬁdo (5’L°) wL-.O.o i 6‘)" du.uJL?LQ g.,u.LalB
OF XYY T o) asb oo JlaSas

! Dubrovsky
2 Standardized Precipitation Index
3 Angelidis

doddo—)

Sl 00 S e ool eolai]
w3l ams sz 0 (ng la sl 5 psle
YorVh Slio)cal amdl o pSade i,
Comez 5938055y Rl K o 5l (BT
cel p Bl oo K b oo mlio anny
b pieswsST j0 wgeome Ol
oo SlllS o8 ilidl ohsds Sz
Sl 55 Sl plleS ol Gl oS
035 o3, Ol bl ool o 1) )L polie
5 e ol (Y YeYa (Slis)
Cog Gk g Lo ohga el slaginl
Sl 4 i 45 039 ko ol i e
S s piesST o ite Sl
CFF Y XY  3L39) Caslons

Olaiatils bawgs oads alwl sl st i
g Lo ioli8l Wigy a5 cuwl ools ylis calizee
aolol 3 eams] glee,ee o B L nels
sledae a5l s repay sl aals
b oeldl Glaginlp g lp )b
Ol @ e Sz oyl D508 calie 280
Fhb 97 pgee B35 ladse Sua
5 Sumd b Sy bJae opl aileas
Laleie 5 008 s |, (s sl U5 >
o sleasil 0 1) el lagl 3
N ovNa o 5 L) wnS e siluand
bly s o oyl Sl (VAT
57 oo 905 Jae sleosls (giluand
addllas Cya e o 1) aiwg wlide o
SRl wlae o b pl mls oS

wleowbidon, slp 005 ol wlioy,



Fakae 4 lie 4ot T oyg0 y0 3L &S
SSlas les g V0 Sl sles ¢ uals
il anlgs glisl ol F ol ey < JAY
A oyp set (V) lSen 5 J
b |y LSS a3l il
ot ailind (5l oasls loj (sl o
Poado bl 35 5 -yl a3 Lo
loolawl LYY+ B VAAY g el 6,90 o
0,5) Kly <o o *HadGEM?2 Jse
sl JlsSis Yol a5 a0 ((Jles
el Ll Cod ddlaie jo (g0l
gz WalgS £ 4854

99 3l oolaiul L (Y-YA) )L, Se 5 (00,5 590
asls g bl eass luiliel  asls
SWAT e 5 Yoo lailin] S Cugh,
) 0gya,; adgr JlSis Sluogas”
olisl wioged adllas o8l SSbcos
Jroslipliing, s e md
0 Cov Y BNU-ESM s> agac _po,5
& RCP85 s RCP26 liml (590,lims
Gy |, JSis glaasls SWAT Jos
g Solwdds (Y-F+ LB Y-VV) oaisl 0,90
@l idgel duglie b 0y90 b )] polie
Ot eSSl S ol (las L] ke
ool jo- adg IS JSis aglai 5 gsds
el 4 bae al ey 4 e

4 Standardized Runoff Index(SRI)

5  Standardized  Precipitation-Evapotranspiration
Index

6 Hadley Centre Global Environmental Model,
version 2-Earth System

7 Standardized soil moisture Index (SSWI)

8 Soil & Water Assessment Tool

% Beijing Normal University Earth System Model

.............................. AN Y lrio VF o) s BV by oS oyles o pms Jlos eyl ol (6bp ipussST alila

Gue) 4O (godsie Olddsy sl gla Jlo o
5 oSl Glaziwld o L8l ks

der o ) & S 0o JLSis
3,5 0,5 5 slasiegh 4 Ol
o8l s SIS (Ve A) e g ! S
Sld axl o Jlses ool gq, p |y
ool el Gl eslaiul b g eas
ol oS ol eadslastesl
I, 'CGCM2 L= Ll Jow sl 9,5
el oy ,5 4 B2 5 A2 o\l g0 slp
Sabialpl saeonlis Lol iegh
t00gs Axlllas )50 adlaio J§ o JlSis
Db A2 gl o Sl ool SIS
Sl ools lis sez 3l (6 ian

o8l Olyess (Yo e) Lo ol
YeYA L Yol 0,00 01, og ol
& "LARS-WG Jow j eolaxwl b sodls
40 LARS-WG Jowo oYL cés cnumsjlis
S aSh wg oldl Slaginl S i
o=l Gk saes Jkr gmlEl
3 oy Y sgas o Lo eVl Sl
g ol S tle ol

sebte a4 (YoVF) o)) g Jol iseile>
ok g Loy, » peldless SlST (o)
O 5795 gl Sl el dilBog; 0de
Gl A S8 5> (geges 83,5 Joe
LARS- Jow jl eolaiwl L B1 4 A2, AlB
slo s b wis ) ol wbiey, WG

! Loukas
2 Coupled Global Climate Model 2
3 Long Ashton research station weather generator



Gl @l o oy s Gl
alabe clod Sl il a5 ol olai
a0 VIV & </ 5l o iSTas g PSlos> (ol
Sla alS 5 eag seiie o5 il
b AN sl polie 5l alele Sl
aw Job 5o lags L ples ,o ZFF/V iSTas
Aol Jetme wlgioe 0y98 (Smiia 0)90

O:YVa glss)
g2 O9Sh sl SO ol 4 cule
o g9 5l plelgs ool a3 (ciag)y
MIROC- s BNU-ESM _IS _egos _jso,5
gl B weldl s Sl o) sl TESM
a5 Cowl ot plnl JLSES 5 onldl
e 90 oumlieo 4 iy slagtag 5l So
SDSM 5 Truwisle  aleiiubiiorn,
sl imgy o aSobxlyl wslasls s
sloteakd pae 850 s oplilnss
wxge 2hp)l Wise Jole 0 392
slaezg> 4 pluebl pae 5 Coslad s
S5 4 Galplo b ales g ol
30 9 97 oee B35 Joe 90 5l Glejes
a9 (6095 (pleiwlden; b,
5 0,3D058 g0 ooz 5 Coalad pas tals
o)l Gas gl LAY Y YY) e
slaginlp p weldlss Sl o) (oo
odil 0y g0 yo JLSis 4 5L e
B Y590 oan] 5 Yebe b Y YD Sop
51 eolaiwl b 0g, 5,5 5 pl asg> 0 Y20
5 BNU-ESM 5> sogas 55,5 Joe g0

3 Model description and basic results of CMIP5-
20c3m experiments
4 Change Factor (CF)

YV L s pas a5 ooy by, sais st
IVAIY 3 RCP2.6 ,Lal gyl co i)l
obles RCP8.5 jLasil g ,liw cows il
31l eslawl e (Y- YY) o), o)ﬁﬂ
¢ HIAGEM2 IS 50,5 Jow 9o 9,5
RCP2.6 54 ,les 4w <o BNU-ESM
ciz SToys 35l RCP8.5 5 RCP4S
g b ey el ST L)
BB s e ean] b Jlsis
90 @ 4 il g Lo Olss as adl o
Olew s ol &Sl ol 51 S ST oy90
2 ST st oz Gl I Sl
bgio glos (Jae 95 p2 50 bagy liw ooled
seals Al lawgie 5L g Lioli8l eVl
Db o
Jao b ooy, b (Y0TY) il
Ndley a8 L CanESM2' o3l

« RCP2.64; i dus o "SDSM4.2
S &l ezen 5 RCP85 JRCP4.5
b el s5,bw o a2 g0 o5l
e b 4wl @ 65 Sl
L1y dhol> @l iandly 09l 4 (oliws
Yo b Sy ol aw jo0 550 gl 4w
Cg e Ol 18 allie 0y50- V-9 U
ey slads & (5395 Slly, (g5luand
P93 423 3B (omae Jue 5l plidS
G i, 5l Caled 5o g 9,5 eolinul
oyshaieniz o Sles (gilwaig slp asl
sl el Baa b St lapian

1 Canadian Earth System Model
2 Statistical Downscaling Model



OAd: YeYVa Gle 5 Sloo)ogd oo
adhie oldlss CoxBee N oled SO
o] 009.0.; Qw |) adlao S0
OlFse 39,085 oo laasls alex |
(ool «slro S b > Ol sl o
5 Sblaeze (JlgagsS (S5 cgya0pm
SlailEog, g, 5,5 5,5 o il obl ax
A PP dw dw ol > 0 5009 salld
OlendS (g slapl @ cawdY 5l cus s
Qoo aisluw ijol.f)f K9y ).A.i‘o.wj 9
VYV sgas 1 asg> ol o Lo eVl .Sl
VIO b sl o5 2lg yo ol 5 cole ax o
e ez olelay)l o ol F ole a0
ol st S feuily a4 cole
Sladg o labasde JB g adlais
a3y, oyl Sle eSSy gg,elaS
asly aglaie o)L 4 pb Sy 09,055
g8y 4 Ll 5 Olies; Jpab o LI S
2 Eb ade> Gl (Sl bawgie ddigy o
ol skt 03 Jlo o yiales YYY
S5 5 AL GaisS £95 » 99> wie

.............................. AN Y lrio VF o) s BV by oS oyles o pms Jlos eyl ol (6bp ipussST alila

wloislioy, Jas 39 5 MIROC-ESM
)L.:;;sl LSL@%)L'.M, cos SDSM P MJALc
4o J.wbso RCP8.5 5 RCP4.5 RCP2.6
0,90 o Jlusis Ggl.l)')! Sly dsly oyl
‘o.)..;%T 0,99 99 g (Y’Y’ by \ﬂ?\) 44[.:
uﬁ; )|)§ oolazw! 5,50 4Vl
09y 9 Slge-Y
& Wlho ddlio Gluogas-Y-)

Dy Cwomd )3 05,055 5l ads>
ooldie o g axdls 18 555 by (B
S sl el ases Sl sy NS
0dgate 4 35,085 )‘.3).3] ASe> .»)O)f‘so
5 Spo 0PV L OF T oldlas Jsb
‘;LQM YYOEY G veors @ulp P
eSSl ase> a5, g Jlod 5l g oo &8l
@ oy 5l Sl psS ade> & gl
4.,25} IS I J.Aa...c 09)&3 M9.> L
5l s 5l Gl 45 00gr aye yeshkST VYAYD
o o JoSid alagS g cuss 1, ol
aog> &30y, oyt S0 09,05 5
i adleie Sloess i3 by s
Oly 5 4B dsizyw lulS laosS
Slogee 5l e Loles g oo AN adlate
OB mls 3)ly G5 Jlod 5 1o ppeS 5



i
!
N
A :
Kilometers

" "

olxl g GlidS liss! yo aslllan 2590 ailain Copxige :(1) JSi

Figure (1): The location of the study area in Golestan province, Iran
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Table (2): SPI Drought Index Classification (McKee and et al., 1995)
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Table (3): The results of Mann-Kendall test in Gonbad synoptic station (1961-2020)
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Figure (2): The trend of climatic parameters changes during baseline period
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Table (4): Performance evaluation of models in predicting daily precipitation and temperature (1961-

2020)
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Figure (3): Comparison between the observed and simulated monthly average precipitation by
SDSM model and CF method in the validation step
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Figure (5): Temperature difference of near and far future periods compared to the base period based on

BNU-ESM model
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Figure (6): precipitation Difference of near and far periods compared to the base period based on the

BNU-ESM model
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Figure (7): Temperature difference of near and far future periods compared to the base period based on

model MIROC-ESM
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Figure (8): precipitation Difference of near and far periods compared to the base period based on the

model MIROC-ESM
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Figure (9): Annual SPI values for near and far future periods based on the BNU-ESM model under RCP

scenarios
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Figure (10): Annual SPI values for near and far future periods based on the MIROC-ESM model under

RCP scenarios
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Performance Evaluation of BNU-ESM and MIROC-ESM models in Global
Warming with a view to Future Climatic Parameters and Droughts

(Case study: Gorganrood Catchment, Golestan Province)

Alireza Dunyaii*

Abstract
In the present study, the effect of climate change on climatic parameters such as

temperature, precipitation and future droughts in Gorganrood catchment were evaluated
using the output of two general circulation models called MIROC-ESM 4 BNU-ESM

under three scenarios (i.e., RCP 2.6, RCP4.5 4 RCP8. 5) for the two periods as the near

future (2025-2060) and the far future (2061-2095). The outputs of MIROC-ESM and
BNU-ESM model were downscaled by SDSM model and Change Factor method,
respectively. In order to evaluate the performance of the two methods, the statistical
indices such as R, RMSE and NSE were applied. And to assess droughts, the standard
precipitation index (SPI) was used annually during the baseline (1961-2020) as well as
the future periods. The results showed that the SDSM model has a higher performance
in predicting both temperature and precipitation parameters than the Change Factor
method. The results of temperature and precipitation changes in both near and far future
periods determined the effect of Global Warming on the future climate of Gorganrood
catchment, so that the average annual temperature increases in all scenarios in both
models, while reduction in the average annual rainfall. Moreover, according to the

results of both MIROC-ESM 4 BNU-ESM models, the annual SPI values will decrease
in both near and far future periods under all three scenarios compared to the baseline
period while the increases in meteorological drought. The results of general circulation

models showed that the MIROC-ESM model estimates the lowest amount of rainfall,
the highest values of temperature and the highest number of years with severe drought

compared to the BNU-ESM model.
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