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6- IPCC: Intergovernmental Panel on Climate Change
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5- Downscaling
6- Atmospheric-Ocean General Circulation Model
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1- Energy Balance Models

2- Radiative-Convective Models
3- Statistical-Dynamical Models
4- General Circulation Models
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5- Mean Squared Deviation
6- Least Correlation Square
7- Root Mean Square Error
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1- Hadley Center for Climate Prediction and Research
2- World Meteorological Organization

3- Calibration

4- Validation



WA LT — o0 Folods (YO wlr (S gl a s AVF

ol bl (glaoygd (gl 1y (o)L (5l g o> s L HadCM3
bl o Jde (gYL By simdy lis polie pl A8 o o ie
oluis HadCM3 Jao  miwjliel 5 ool S 51 ols ol
B A2 (g5l 4 Cond B2 (g5l cov b s iy oS 20D

Sl (P =<0.05) 505 s o cglis ) Jg izl o5V

o S 2S5 slaale ) Jace (il bawgs 0B oy sled
Ogeol S 55 (55208 5 ksl Bl sl gy Jlos s slealo
Gl 1Y g Loy gl ) (Siior s 1) CGCM2 o
LCS 4 «N=+/¥ L 0l s MSD 0354 %0 il o o)1
fo Rme ¥ g ofe e Y=o/ ¥ Ll Cuiyn bk g Led (gl
Slodgd oo (glyly Jas cpl (s lizel gl MSD j0lis il oo
ol g Led sl (Sted oy izl o )18 NN Ll
5 +IYANNO L 1ol LCS odgimme g0 /A 53 b ol iy
Jie gy Led o lizel g ol pllS guls g /Y o= /Y
391 33l s Lol iglds g aliie jluws g9 )l 95 o HadCM3
(VJs2)

sbaole 3 5 359l Gl 53k sleals 3 0 gt o0k
Gl el Glyie s o) 5 o5 08 3,1 o5 a5 i
2 Jde ol 48 S loi o el fred 5 (YA) Cadly (5L
-Ub slod 9 13l oo )b 4 G (5 5Vl B (gl Lo 391
bl Slalie gedls b g 50b; sillay odd a

ASD Jus aialg 9 (b3
aslale 5k g oo S (Jolao (gl Jio (b)) 5 (el
U gl s plogl VAR VAR aSilg, (slaodls ) oalizul b
3 0dd iwia palie ply )3 ol saalie polie (cly (o)Ll

ol ool oM jglay ) Jgan
50 5 Jdo 93 jl odlatl bosds o i slod pSls o JBlis
RMSE ,;3le aiily oas sdnlie saodh b oo 3illay g )l
g o lo Y=o XY edga0me )3 ity (i ylie] 5 gl S gl
Gollay 55 0l i 5L (sleesls .iily Hl)8 «JAYY=V/YY
oo HadCM3 Jso Jg &2y odds (g yin sloodls b oo
8> §) Gl (83ktens 3 COCM2 Juo &y s B2 (550l
By s Jae 93 A2 goy sl s g b y9 3 5 o 5YL
0Bk byl g (PRwly Sl RMSE ol 03gi00 59 (Slusy
MSD j5Lde 0dgilone g «[YOF—+ /250 4 «/VY=V/+D iy
uyid g o—+/V Lyl HadCM3 Juo gl pJI8 (o],
30 LCS gy +/AY 5) ol cusyny (il g oy (sly (Siuen
e N= [ VY bl gledgaze ghyls sy (Byb g Lo (sl
iyl (gly s MSD y3Lds 635500 39y +/+ v« AD—+/++¥ 4
9 Lod () (Siumon s g +N=V/F Ll HAACM3 o
w5k g o> (sl 35 LCS 35 JAD 5Vl o ()0
Jdo gy /o= /Y o /Y00 L joly (glodgaze (gl

39,0lS Adgs Cupnlgn ) JSW



Y gz oges (90,5 Joe 90 dumwlio

B2 g A2 ,Lisi! glags Uw 9 HadCM35 CGCM2 glduo L ailale (y3,l g Lod yiSTas ¢ Jilus owianly 5 2yl =) Jgia

(C)ailal o> sks ‘
Jan Feb Mar | Apr | May Jun Jul Aug Sep Oct | Nov Dec
old g he | SO/A0 | SY/F | OYAA | VIR | ONYEY | Y | AV/F | VFAY | VY | oA A -Y/ov
O gl JIS”
ols skaliva OAY | X0 | XA | VIR | NV/EY | NO/YA | WVF | NEAA | VYR | OV | VA | YeF
A2
P AN ;N I 74 o S IR ZA VN IR VAR O IR T-Vo A \O/8F | Ve/F | FIAY Vid AR
HadCM3 (e lzs]
old salive —F/FY | =Y/ | YFS q VY/EF | e WWA | NONE | Ve | AP | /A4 | YA
a8 | ol s i | =080 | YF | OYYA | VIR | ONVEY | NO/YA | AV/BF | VAV | VY0 | 0A /A —Y/o%
B2
Py Vo B T ST S VAT I YRR A I 74 4 A 70 S IR R 728 G IR T-YAN B VVAT N IR T- VN B RVAL ¢ o % R YAl
a8 | ol 2o i | -0/90 -y Y/EF | VY| ONAVY | ONO/YA | WV | VFAY | YV Ys o /A -¥/Yo
A2
slasl | edd g A | SO/AS | SYY YRR | VRS | VVYY | NOYA | VNS \0 V¥ o CVE | YV
CGCM2
Ol oS | ol s i | -0/90 -¥ ATA £ 70 2N MR RVA'A B IR Y-YA 7N IR A7 S IR N 7\ o R RV 42 o /- S AT
B2
o o NS R 7 I 7 B 74 A 71 B R VAN IR VA S B B AZAZ A R A AEVA N (- Y25 S IVA N B vl 0
(C)dlak gw5las> slod
Jan | Feb | Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec
okd fw i | S/EY | SV | VRO | AUAY | Y/8Y | RYAE[DERAS | YYEY | YAV | YYNE | /AT | A
Nywjily -
ok odalin | F/FE | ASY | VE/YE | VUAD | YEEY | FYANY | VYAV YY/EY | YANS | YYNE | AOAY | Ao
A2
IS I 2t A IPA\ B I /LS IR EV/R B £ 20 S 70 G B o 72 S A R A T YA YA/PF | AP | VefY
HadCM3 sl
old odalie FINE | A/ | VE/EY | YY/AD | SYYNE | YEAS | FEAY | FYSY | OYARY | YANY | N8 LYAT4
sl ped& | okd i i | F/FE | ABY | YE/YS | NGUAR LYS/EY | YYD | YYAS | YY/EY | YANS | XYY | AO/AY | AN
B2
meolzsl |l 2o i | FFA | MSA | AR/A0 | NG00 | YRV ¥V/AS | YO/FA | FREY |OYAN | XYYV | ASYY | N esY
a8 | 0l 2o i | %6 | APA | YE/RE | VANVE | YSIVY L OYYAE | YA | FY/0A | YANA Yy \O/AF | ae
A2
okl |l 2y i | #0 | MAY [ OVEAYY | VAN | YSAY YT | YYAD | YYVA | YAYS Yy \O/4A | 4/FD
CGCM2
Qa8 | 0l 2w i | #/F | MSA[AE/FE | VOVE | XSV [ FYAE | YRS | YY/OA | YANA Yy \O/AF | ae
B2
eeslzel | oedd Ly i | P/ | MAZ | NEYY | NGUA | YRAD | YYYV | YYAD | YY/VA | YARY Yy \¢ 4/¥4
(mm) $lalo 3k il
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
ol : Ye/7 \t4 fv fo Y q . . 8 \# vy YA
O gl S
olds oalin Y¥f YA fANY | FE/IA | YR/ Y \ /0 \ \e/#Y | VY Yy
A2
i sw by | YV [ YUE | OY | FE | Fe | s | . MO | VA || Yy
HadCM3 kzs!
old odalive Y ¥ OF/V | OY/A Yo \7A% Y A /Y \Y VE/F | Yy
sl el | ok s iy | Y2 | YF ov \as Yv/i# | #v . . Yid Yo Yof oYYy
B2
elael | edd 2o i | YA YA ov FY v/ | #v . . A% Yo Yo/f | YY/YF
Q}:..ulr_.ﬂf ol S Y¥ YO/7 | FE/7 | FY/NY | OYE/F | VE/F | VY /A \INE | #IP¥ VoY YY/o
A2
olael | edd fo Ao | YV/Y | YO/# o Y YOV | YAY | WY b /Y #/0 \id YY/0
CGCM2
sl pd 8 | ok s i | YF | YOV | FO/V Ff YZ/A 1 \/0 . \ \%8 o/ | YA
B2
rmeolasl | edd o iy | XY | YOS | RS | OFY | YAV | AVE | Ve e VE | SA | Vo | oYY

5 HAOCM3 (slgfao ziosliel 5 pmal S Jolo gl
ol 5 Lo st sl ol ) oolizl & sl o lits CGCM2




WA LT — o0 Folods (YO wlr (S g T a s AVA

25

20 4

=
1

W 19611990

2010-2039(B2)
Bl 2040-2069(82)
2070-2009(B2)
B 2010-2039(A2)
B 2040-2069(A2)
I z070-2099(A2)

(:1; d:.nl..») Jil..h.a- sles

0 R
=5 4
-10 T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
ole
(B2 5 A2) Ui 53 )liaw 93 o HAACM3 Jito bauwrgh 85 s sy J3las (glos —Y JSUS
25
| REGSEE
2010-203HB2)
20 - — e
B 2010-203%0A2)
L] B 2040-2069(A2)
.Elb 5 4 I 2070-20990A2)
10
i
5 4
iy
3,
04 -
5 4
_1{} T T T T T T T T T T T

Jan Feb Mar Apr May

Jul  Aug Scp Oct Nov Dec

(B2  A2) ,Liii! 92yl 95 s CGCM2 Juto bawgi s i iy Sl (slod —Y S5

0,90 sly J8las slod jo Liuliél Sl s eamlive (o])5 ol
Gl ol Jlaie 48 ai sanline A2 (o4l o VY-V 2]
VL =l lodgasme s e g 58k (il loy Jouad
L polp B2 ooyl sl 9 YN=VIA o VIAYIY QIA-NIY A
YR o 0y93 55 39 /Y=Y 5 ¥/¥=2 /D NO-YIY A/¥-V/A
cs HaOCMB. Jue Lausgs o0 iy Jilis (glod AR
ol co3 g +/+F=+/¥¥oC/decade cue pw b B2 (go )l

St 3 (SiShan 5 lan) s S s
= VYR o i 080 dw (gl el o i (sled JBls
sHadCM3 Ja &g Y-VeY-q8 4 YoFeoY-52 Y-\«
ol B oyl ¥V JSii 9 B2 g A2 (g4l ¢ coy CGCM2

ol
3 s slos > al3dl clive VL oY S ol 5
A YIV) A2 so5ls cood g il ;> HadCM3 Ju s



AN gz ogee (90,5 Joe 90 duwlio

coos wSls gled Ginlidl o, S iy (]38l 6yl 93 o leJie Jae sl b o )38l </V=+/¥AOC/decade s o L A2
u—*'—&? A2 d}:)la_m D9 A2 dy)L_w )‘ )_205 B2 dy)L_.«u 9A2 ‘59.:)[4_.\» S uu.)l)_ﬁl L)’I AJLIAA LleA) 0y93 yd CGCM2
= ST L Slas B2 oyl g Cumen oild Ll b Kol -+/Va0C/decade 4 -/-Y-+/VyoC/decade L ;1) iy B2

(V5) 85 oo o |y glain] g laeo (g5l0L VY A

9 l_!bb)}) u.ol_.o) dl)_, )A;I» L;Lo) @9 ¥ L;LmJ&w U"L“" »

50
B 9611990
2010-2039(B2)
B :040-2069(B2)
2070-2099(B2)
40 4 R 2010-2039(A2)
a B 2040-2069(A2)
% W 2070-20990A2)
\:,;‘ 30 1
;
‘1‘ 20 4
a
10 1
0 - i | | ! I l | | 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
olo
(;BUZ 9 A2) HWE! 592 3l 93 Cod HAdC M, Jio Jaus g LX) o ST glod -£JSS
- 19611990
010-203N0B2)
I 2040-2069(B2)
2070-2099(B2)
I 2010-2039(A2)
30 A B 2040-2069(A2)
E Il 2070-2099(A2)
a
3
]
!?\ 20 4
K
o
a
10
0 - | | | | L i I | L L
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
olo

(B2 5 A2) Uil 51 yliw 93 o CGCM2 Jito bawrg 5ud st iy 5STas (5lod —0 JSC5



WA LT — o0 Folods (YO wlr (S gl AV

coss il eVl 6Sle cih uivljél a5, HadCM3
=YY glaoyed 13 Ao VITY BIFY F/5F 2505 A2 (545l
I ool38l b 090 4y Coud YoV e=Y+29 5 Vo ¥V Yo )

YIN NEY L ol sy B2 (sa b (sl Sial38) olise opl )8
ol (1Sl 53 iul3 8l e Jae pl 53 05 duopd FIAY 4
iyl a5l L 09 A2 oyl 5l i B2 g9yl 53 VLs
Ho b L iuli 8l all 6yed dy Cannd 09 dw yb 4D &Yl
S YL S (5 JS5) 352 22 o 0193 4 (1 gl
COCM2 Jams 13 )55 3 (g2l 9> o g 0)93 4wy (sl
NP1 s A2 gy s o5 iyl Wl il il ials
GV F oY SR NN VoY (L moyed 3 A oy3 VO/F NV
oaalS e cpl oS lag Hials b 0)ed 4 Caws Yo V--Y4A]
209 o d WY g VA NIV L plp sy B2 g9yl sl
B2 (ol > 4VLo 5L 0:Ske )3 il lise Jaa )
0)93 4w 5 > &Vl )Ly aSul L 09 A2 (555l I a8
093 4w (2l Gy gl Jg ol (Lt el Al 093 4 S
1V JS5) 33 5200 sl

oo HadCM3 Jae (gl j81as glod o yioljdl jiSTlas
Joad (glys a S amd o 7y VoVe=Y+% 0)93 )3 § A2 (g5l
—OIA D-01N DIF-0IA L il iy s 5 5y el ¢ylag
B2 (g )liw (sly Wodgime oyl 540 51)S il ax )> ¥-0/5 4 ¥/F
A0 YIASY o ¥IN-F/0 XA/ SIY-Y5 U ol cuiyn s
wled  Lilidl o i HadCM3 Juss 4 B2 (g4 )l oo
A2 ol gy &S Jyeo y0 b sdalin bl ole > STas
=A% Sloj oyed y0 .05 samlide Hloe o Liuliél xSlas ol
cod HAdCM3  Jue bewg oad g iy ls slod AR
ol x5 g +/¥A-+/0A0C/decade ce yw L B2 g )l
Gl 9 Db e ilisl +/YF--/700C/decade  coyu L A2
A2 o)l cod il pl wlie  Slejsygs ;5 CGCM2 Jue
- */+Y¥Y--/yf0Cl/decade g -—+/V20C/ L ply iy B2 4
s
O 25U g @il s bl oy 2 1 (1) )\Sa g oul
ST ¢ J8las) Lod a8 155y L e cud > lalS T 5L
BYLw 15w il i3l s0g) kple (oled 3 ((1xS5ke 5
die )3 53 ogslins 53 o 5 0)93 Ay il )L

60
I 19611990
2010-2039(B2)
I 2040-2069(B2)
50 4 H0T0-2099( B2)
B 20i0-2039A2)
B 2040-2069(A2)
R 2070-20990A2)
40 A
Y
B
o
— 30 4
t
t
t
— 2“ -
10 |
0 e L Em m s
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
olo

(B2 § A2) ,Lis! (599 ylw 93 o HAACM3 Juto bawwgi b gt wliat (ywi 3k — 1S



AYY gz ogee 90,5 Joe 90 duwlio

6U
Wl 1951190
2010-2039(B2)
I 2040-2069(82)
50 H070- 2N B2}
B 2010-20390A2)
I 2040-2069(A2)
I 2o70-20991a2)
40 4
=2+ 30 4
)
)
_3: 20 -
t
10 A
0 T - E - - -
Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
ole

(B2 5 A2) Ui 591 )buw 95 o CGCM2 Jito bawsg 5.5 st it (igls —V ISl

5L as sl Hlas (YY) Lil)Ken g @8 .0 aalie 590 (]
Jie L V¥ Jlw el i 3-8 Jlomd 3 ploals (]
Jds Ll a8 oo g iol38l (VASN=YVAR) Wb 0,90 & s
3 el e 5,5 ol o sled il 3l el

Olalss 3525 9 A S
PErS 5 S 9de oA g A S S )3 &S jshailen
2 oli8lams o Lt hal Bl ol 0)93 ) s Broygd (poles
By B3ge ) 55 Al 3)50 claoysd e plalS o
1S ] 3 > il A2 syl s HAACM3 o 5
35 B2 )liw 3)50 3 &5 gyl SV g plo &) G

70

60

PR g VU N

m2(010-2039

2040-2069 =m2070-2099

J.‘J-J.La.‘a-" >

4 0593 4y SV ¢ V4T +QQ g T o £e-T oA V0 V0V ¥Q 5lao 95 ;5 anllao 3,90 HALS (ad (G135 g wded (Wil 381 o3 —A UK
A2 532 ) 5 HAACMB Juo L (14T11-144-9)



WA LT — po0 c Foylod (YO ulr (S5 g T a5 AYY

m2010-2039

70 -
60 -
2
Y 50
o
2 40 A
4, 30
420
M |
10 -
0
Nty Sijpar S

2040-2069 =m2070-2099

CJJB J.‘J-Jm

]

Al 0,90 &) Commni Vo VoY eQQ g Ve £0-VoTA V0 )0V ¥ glao 90 )3 anlllao 3,90 (LS (Mad 5 27 g puded (] 581 o pd —4 U
B2 (592 b cos HAdCMB Jua L (YAT1-1444)

w51 1) (i3 g o 5l GRIEI(YY) s 5 5503,
ildie ol 2 3,8 st Wikl o slaling, 4y 5
ol 5Ls 3 ao 3 Yo L0 dgus iul8l bl o g)bl of 5l
5 3255 (YY) Ig S g 19y 0y by Lis 1y Ve amd o Juad
YoVA=YV e+ 0y00 1 o (HAACM3) ol s Loyl s o ly
OBl a8 a0l (Lt g 03l 558 gy 3y90 hs lensS
anlss Gl l 5 0)g cul 5 Iom SNL (slo g a8 Lab
ol s (02 LYV Jlo 53 5 (W) Gidllen 5 ST 01
o] ) 58 g s Sliee a5 W0l s (e ddlee) o 5L

S o I g3 Bl slaale 5> Loguas

S 5 4ot
2y gy e s (o IS (glogls L] ]38l e
b 5l Lm0y £9By s &) oail slaJlo > ol s
WJlw da b S (bwpd 5 (Su)k ded SLSE ol b Jioljél
Pl lasie ly @) i 589 4S4S (o dbml |y a5 (]
Sio (Yob (sl ) (piman Dg0d yd dilale ;> pul8l i
90392 el oS 31 3)lge (nl Sl (o o o a3 0 L5
o 18l oo L 2 sl 3 5 ot ¢ mnbs cslinyly 31 (6 lonm
G5 9y 9 Lad eyl e 3y 39l adlllas ol Lol
slabod ngy Sles (ule)S byld cod 2gycais dses <ly

3 w8l 53 a8 0500y (U5 g () QlSen 9 y95 (55
sobar By 009 Jobo 3 Isa sl il (olaen) Sid dos
L oad awloe) oS o 5L il 381 o > AD Cgo Lawgio
Jio 3)50 33 05 oo Ve Jlo U (05518 cuile pouts dlolao
Sl 35 9 5 Glime > I3 )l 95 9 CGCM2
2 35 52l e )l (B2 )3 5 08 sl a3 )90 Y guaes
9 paS 2 Sl > Gtal3dl i (A2 s2)ls) CGEM2 Jus
P D50 b0 BBl &S ad e YoV =Y A% 090 )
8 0 e &5 Oppo ki O (S sl BRI )5e ol
CGCM2 Juo p> 1o iy o] (slooygd ,o olals
Y% 0593 13 9 puS ol Sl 5o I3l it (B2 (ssu)l)
b dylge plo )3 09 Mo 3 YIS L ply a5 0 o i YoV
Ayt (g G sl Rl (pl S 2Bl als plals
olS T 5L )5 e B2 (o )lio g CGCM2 o 5 S
9 03 ploml Clalllae & drgi L s i o] (slaoygd 5
soslil Ll 5 L HACM3. Jao (5,55 5 p5es adiS Xg) (o) 2
e o Gl (g 3 os g iy Bl adlllae 390 42l
s 1 Ly b 35 (W) hlSan 5 g 255 CGCM2
o 3L o s (s s,y s> 3 plalS ol 35 2 el
TY 9 A dgas D YYo=V g Vo)=YV ¥R clroyg o bl
olea o)) pow 93 3 aS dly lis (V) U 2355 ce 03538] dus yd
el aalg il ol LAl S Y Ve 5 VoY claans 5



AV g2 ogee 90,5 Joo 90 duwlio

rl 3 g (Jglite gl > (e (B35 Jhe 93 ()L 390
yide B2 gonylin 0 4Vl )b u5ke 55 L8l olise Jdo
A Caad 093 dw o 10 AVl o)L aSul b g A2 (g4l ]
D9 b sl 0)93 dwr (o Sgls (Jg 0> bt (T3l AL )93
250 (90 )liuw 90 ot 5 090 dw o (gl )b AVl (1Ko
coos )b eVl :8Le il jial S CGCM2 Jae ;o
VoY glpoyed )3 do ) VO/F NSV NE/Y d9us A2 (5495l
g il Gl 0)sd 4 Cumd Yo Ve=Y+A0 5 V- Fo=V. 52 VY-
MY L ly s B2 goylw lm (mals olise opl )8
ol 5Sle o Lials e Jde cpl 3 05 duo 3 VOIY 5 VF/Q

D9 A2 g liw | 1ieS B2 (g4l p3 &Y

OB Jhe 93 (25 il eolital b )b e g ST g Jbs
9 A2) Lisl o )liw 93 9 (CGCM2 5 HadCM3) s> co50e
sloyg> gl ASD JI58le 5 g o )lel aled o) g, bt (B2
T R A O A R DAt AT 3 Ca S|
wyd paS) oad Lol WY gaste 5yx g pod dusbre (gl
adaio (glym oS Slobjg)le dblee jl (45,0050 5 (554055
2ooby s dlols guls b slaiwl dgs oads (oxiwlasel Hlas 590
e oo 5 Ul 3s 15 S ke (5513 ASD il o5
5 Bl slod (glp ond olidony (sloodls duglio .ubb oo o]
S S iule)S B2 (g5 )lw cos ASD Juo &S 3y )l piSlis
SSlas g Blas clos aad o yluis A2 golus 4 Cows |,

2 e Sl iule)S sies L d)lge oled )0 ol Loy

Olaans dolilind .ddlaio )0 pu 8l ) osd alod lainy dpuiio Cudd )0 Lod puusd dgng awyp IYAD L o 5 yailes o] odljle wp ounlyl

L ¥V oY 050 15 o) sl (g5t AYAS b gl 5 - o0l o ol I op (igp omms < Sisions d ol
iS5 g 6l e aneS Ol wlie oyt )3 wuldlpuss Bl 3 o5 SECHOG Jao (9y5 ()bl (oled olidoy ) ool

s i lodse Gl (9b5)l IYAY 5 26k e 5.0 (Sobggmge wp 59ae g AL wz dlol £)l5 o (Jad wg y9p i
V5 o)l o3jlyd Jluw o amb @lie 9 (65)9liS (938 9 pole - laen Suid das o ol 55 0uldl s S WS & @20 3595

w2z Jlo b qilie 5 (6505lS pole dlome 350 Sl s 5 3, Slas iy 2 waldl s 51 (G3lotens AYAD o oy BB 5 ) Sl

= 9D (P9 uf;.))f' ).o.uw‘- u»yw‘ ol Cad> dL@JAA Uualaﬁ pis J.a.l?o AYAS & L;Q.Qr‘% 9. Mo dly CLM ) Lf"); ol
58 g oll (o eSOl plis iy e )3 @l CISL 28 o5 g 0ailj adss 1 (S5k 5 bed wlBl S Sl

oolde i ledy) 9 (sogae (52,5 (858 sledde Loyl (corlll (slapiiiie wafld sty ITAY L LSl (elB 5 £ Hhled
Ne=VY iGlrin pit oleds sl s . owlid oul8l S0 ele o glddlate 4 Sl wlie I sledde opl sla g5
550 slaoylais . oUdl s liding dolilad .aguiie Cudd 1 (65,9LiS O Cpan Liul38l o waldlpois Sl 31AYAY L& LS o | ooljle

&l
-\
-y
ol
-y
HAN=0AY :olxis (u)
-¥
Y oles
-0
.Qlﬂl
-5
-y
A=Y lbis £F
-A

9- Abbaspour C.K., Faramarzi M., Seyed ghasemi S., and Yong H. 2009. Assessing the impact of climate change on

water resources in Iran. Water Research. 45: 1-16.

10- Abdo K.S., Fiseha B.M., Rientjes T.H.M., Gieske A.S.M., and Haile A.T. 2009. Assessment of climate change
impacts on the hydrology of Gilgel Abay catchment in Lake Tana Basin. Ethiopia. Hydrological Processes.

Published online in Wiley InterScience (www.interscience.wiley.com) DOI: 10.1002/hyp.7363.

11- Baguis P., Roulin E., Willems P., and Ntegeka V. 2010. Climate change scenarios for precipitation and potential

evapotranspiration over central Belgium. Theor Appl Climatol. 99: 273-286.

12- Bannayan M., Sanjani S., Alizadeh A., and Lotfabadi S. 2010. Association between climate indices, aridity index,

and rain fed crop yield in northeast of Iran. Field Crops Research Journal 118(2): 105-114.

1- Guadalquivir



WA bl — o0 Foylods (YO wlr (S g T a s AYY

13- Bannayan M., and Hoogenboom G. 2008. Daily weather sequence prediction realization using the non-parametric
nearest-neighbor re-sampling technique. Int. J. Climatol. 28 (10), 1357-1368.

14- Benestad R.E. 2004. Empirical —Statistical downscaling in climate modeling. EOS, Transactions American
Geophysical Union. 85(42): 417, doi: 10.1029/2004E0420002.

15- Chang H., Knight C.G., Staneva M.P., and Kostov D. 2002. Water resource impacts of climate change in
southwestern Bulgaria. GeoJournal. 57: 159-168.

16- Doll P. 2002. Impact of climate change and variability on irrigation requirements: a global perspective. Journal of
climate change. 54: 269-293.

17- Elmahdi A.N., Shahkarami S., Morid S., and Massah Bavani A.R. 2009. Assessing the impact of AOGCMs
uncertainty on the risk of agricultural water demandcaused by climate change. 18" world IMAGS/MODSIM
Congress, Australia.

18- Falto G., and Boer G.J. 2001. Warming asymmetry in climate change simulations. Geophysical Research Letters
28:195-198.

19- Ferrise R., Moriondo M., and Bindi M. 2009. Climate change and projected impacts in agriculture: an example on
Mediterranean Crops. Geophysical Research Abstracts. Vol (11). EGU2009-7229.

20- Fuhrer J. 2003. Agro ecosystem responses to combination of evaluated CO,, ozone and global climate change.
Agriculture, Ecosystem and Environment. 97: 1-20.

21- Gondim R., Castor M.A., Maia M., and Evangelista S. 2009. Climate change and water requirement at Jaguaribe
river basin, semi-arid northeast of Brazil. IOP Conf. series. Earth and Environmental Science. Doi; 10.1088/1755-
1307.

22- Gordon C., Cooper C., Seinor C.A., Banks H., Gregory J.M., Johns T.G., Mitchell J.F.B., and Wood R.A. 2000:
The simulation of SST, Seas ice extents and ocean heat transports in a version of the Hadley Center coupled model
without flux adjustment. Clim Dynam. 16, 147-168.

23- Hargreaves G.H., and Samani Z.A. 1985: Reference crop evapotranspiration from temperature. Appl Eng Agric.
1(2), 96-99.

24- Harmsen E., Miller N.L., Schlegel N.J., and Gonzalez J.E. 2009. Seasonal climate change impacts on
evapotranspiration, precipitation deficit and crop yield in Puerto Rico. Agricultural Water Management. 96:1085—
1095.

25- Hessami M., Gachon P., Quarda T.B.M.J., and St-Hailaire A. 2008. Automated regression-based Statistical
Downscaling tool. Environmental Modeling and Software. 23(6): 813-834.

26- IPPC. 2001. Climate Change 2001: The Scientific Basis. Contribution of Working Group | to the Third Assessment
Report of the Intergovernmental Panel on Climate Change. editors: J. T. Hhoughton, Y. Ding, D. J. Griggs, M.
Noguer, P. J. Van der Linden, X. Dai, K. Maskell and C. A. Johnson. Cambrige. U. K. Cambridge University
Press.

27- Liang L., Lijuan L., and Qiang L. 2010. Temporal variation of reference evapotranspiration during 1961-2005 in
the Taoer river basin of Northeast China. Agricultural and Forest Meteorology. 150: 298-306.

28- Massah A.R., and Morid S. 2006. Impact of climate change on water resources and food production of zayandeh
rud basin. Iranian journal of water resources. 1(1): 40-47.

29- Maurer E.P., O'Donnell G.M., Lettenmaier D.P., and Roads J.O. 2001. Evaluation of the land surface water budget
in NCEP/NCAR and NCEP/DOE freanalysis using an off-line hydrologic model. Journal Geophysical Research.
106: 17841-17862.

30- Mitchell JFB, Johns TC, Gregory JM, Tett S. 1995. Climate response to increasing levels of greenhouse gases as
sulphate aerosols. Nature 376: 501-504.

31- Remrova M., and Cislerova M. 2010. Analysis of climate change effects on evapotranspiration in the watershed
Uhlirska in the Jizera mountains. Soil and water Research. 5(1): 28-38.

32- Rodriguez Diaz J.A. Weatherhead J.W., Knox E. Camacho. 2007. Climate change impacts on irrigation water
requirements in the Guadalquivir river basin in Spain. Reg Environ Change. 7:149-159.

33- Roy K., Rahman M., and Kuman U. 2009. Future climate change and moisture stress: Impact on crop agriculture in
south-western Bangladesh. Climate Change and Development Perspective. 1(1):1-8.

34- Salathe E.P. 2003. Comparison of various precipitation downscaling methods for the simulation of stream flow in a
rain shadow river basin. International Journal of Climatology 23: 887-901.

35- Soltani E., and Soltani A. 2008. Climate change of Khaorasan. North-East of Iran during 1950-2004. Research
Journal of Environmental Sciences. 2(5): 316-322.

36- Wilby R.L., and Wigley T.M.L. 1997. Downscaling general circulation model output: a review of methods and

limitations. Progress in Physical Geography. 21: 530-548.



Journal of Water and Soil (53)9LiS @alioo 9 polke) S g O &y i
Vol. 25, No.4, Sep-Oct 2011, p. 912-925 A AIY-AYD .o AT T — s oF o,lecs Y ul

Comparison of Two GCM Models (HadCM3 and CGCM?2) for the Prediction of
Climate Parameters and Crop Water Use under Climate Change

(Case Study: Kashafrood Basin)

N. Sayari'"-A. Alizadeh? M. Bannayan Awal*- A. Farid Hossaini*- M.R. Hesami Kermani®
Received:
Accepted:

Abstract

The climate change was known to force local hydrology, through changes in the pattern of precipitation,
temperature and the other hydrological variables. In this research, the impact of global warming on maximum
and minimum temperature, precipitation and evapotranspiration (wheat, corn, tomato and sugar beet) of
Kashafrood basin under two climate change scenarios (A2 and B2), and the output of two GCM models
(HadCM3 and CGCM2) for three period of times (2010-2039, 2040-2069 and 2070-2099), were investigated.
For evaluation two scenarios were downscaled into local level with Automated Statistical Downscaling (ASD)
model. Precipitation was expected to decrease and/or increase, depends on applied GCM. The results indicated
that the annual precipitation decreased for three periods under CGCM2 model and also for two scenarios (A2
and B2) as much as 13%-16% decreasing, the annual precipitation for three periods under HadCM3 model and
two scenarios (A2 and B2) as much as 2%-8% increasing. The maximum and minimum temperatures in the
Kashafrood basin was predicted, which increased by CGCM2 and-HadCM3 models with two scenarios. Based
on the HadCM3 model, maximum and minimum temperatures were expected to increase 2.4 0C to a.A 0C and

0.6 0OC to 3.8 0C, respectively; for 2070-2099 periods. For CGCM2 model, maximum and minimum
temperatures were expected to increase 0.06 °C to 2.59 °C and 0.1 °C to 1.9 °C respectively; for 2070-2099.
Evapotranspiration under A2 and B2 scenarios and HadCM3 model was increased but increasing in
evapotranspiration with CGCM2 model under both scenarios was not significant in many cases. The comparison
of two models and also two scenarios indicated that more critical status for A2 scenario by using two GCM
models for this basin.

Keywords: Climate change, General circulation model, Downscaling, HadCM3, CGCM2, Kashaf rood
basin, Evapotranspiration
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