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in the Southern Hemisphere is assessed. The future changes in the southern hemispheric climate are projected for four
Representation Concentration Pathways (RCPs). The results show that the major features of climate mean states of the
Southern Hemisphere are well simulated, including the double jet phenomenon in June—July—August (JJA), although the
north (south) branch is weaker (stronger) than the reanalysis. Under the four RCPs scenarios, the surface air temperature
will become warmer, except in the south Atlantic-Indian ocean basin, and the warming amplitude over land is greater
than that over the sea. Meanwhile, precipitation will increase in the entire hemisphere, except in the South Indian Ocean
and in the center of the South Pacific Ocean. Under all RCP scenarios, the subtropical high in the Southern Hemisphere
tends to be enhanced, while the circumpolar low tends to become deeper. The precipitation changes in
December—January—February (DJF) and over sea are more obvious than those in JJA and over land. Under the four RCPs
scenarios, the intensity of the Mascarene High (MH) will be weakened in the beginning but will be enhanced from the
2030s, while the Australain High (AH) will intensify in the beginning of the 21th century but will become weaker from
the 2030s. The future evolution of Antarctic Oscillation (AAO) is scenario dependent but clearly tends to be intensified
under RCP6.0 and RCP8.5 scenarios. The changes in AAO under the different RCPs scenarios are dominated by different
temperature changes in the vertical direction. For example, both RCP6.0 and RCP8.5 emission scenarios lead to an

enhanced meridional temperature gradient and thus to an enhanced mid-latitude westerly jet that is in favor of a stronger
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R AL BRIl 2 A RO S AE AN TR, Afi 4
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HIECIE, A7 BT B d b BE AR A OO AL IR 5 2 A
Ate AHZSZAM B R T, AR A, <
fige 2 FOn r BRI DI b Tk Bk HEA 21 tHAD
DAHT, 50 BRI U, 4R
R EELE AR L “Meteorology of the Southern
Hemisphere” 4/ &3 (Newton, 1972; Karoly and
Vincent, 1998). H1J~FgF-ER A i 43 3 XK 3l o e
PHB DRI, 1957 4F 7 H 42 1958 4F 12 Hi
“IE B L ER P AR 2 J5 A RS2 T, Newton
(1972) PrABIF MM R e AR . 2 fEhEE—
ZRH BRI TR e Bk SR S, R Pk A
43 SR B R X RN Bk e, A SN
PR IS E BN » Karoly and Vincent
(1998) WM FIER BRI liE. 1T 2%,
REERSE w5 58— 0 /R e LS (R FR ENSOD.
ZERANZE NIRRT O B A 1 £
[, RGEES T EROR AR S L AR A )Ry
Mo HEA 21 HALOK, PRk LS54
BRI OCIRE,  F1 52 31 [ <M 2% S I B AL

T 2720000 T R BRI SO T T
(R 7 NS L1~ IV IS (SR O < o 4
PN AR B 20 KR &8 1) B4 1 47 (Tao and

Climate System Model, Southern Hemisphere atmospheric circulation, Mascarene High, Australain High,

Chen, 1987). ¥ s Ay AR ML i s CBLR
Iy ITRIRR R ST D IR AR AL 5 VIR
ZEE YA OC,  [R) ISR 52 e 35 ] 2 350 1 X 5 2= 3K
T4 55, 1991, FEUESE, 2003; A g Al e 45 1,
2005) . FRE 2235 L0 [ By b am AR B T e b
5J) (Antarctic Oscillation, & AAO) I (Gong
and Wang, 1999). #f51K ], AAO 5 R W =K1k
TR FARAEREA DGR R, FEE AAO i,
FE KT R X E kw2 (RnigEss, 2003,
Nan and Li 2003; Xue et al., 2004; 5 7], 2006).
I, BIFFT R BRI AR A 6] T A 3 i e
HHLB IR IS X

M — i —S— VKR A xR BB
VRFEREAE . T RIS A TN R kAR
M E ST R R FT IR (World Climate
Research Programme, f&j#% WCRP) ZHZUH “HiHr
B &l ” (Coupled Model Intracomparison
Programme, {#j#% CMIP3), AMU$&AL T i 2 FPLAE
SRR S R, AR A T A [ 2 AR
S R AR TG SR (Meehl et al., 2007).
JHEF CMIP3 4 IPCC AR4 (The Fourth Assessment
Report) AL Pl £ 4, Yin (2005) X 15
MG B L], R B hil 21 el
AR FG Pk 2 B2V KUY I R SR R E A, I
B M 3 5 il = A Rl A OC (Fyfe and
Saenko, 2006). Carril etal. (2005) | CMIP3 [¥)
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7T AR S, 0T T METFIARSR AAO X R T:
il B R UK AR SR, 45 R B AR &
AR LRSI IS LT B B R T s, B
5¢ A% U R gl 1 IR W 10 g UK /D> . Miller et al.
(2006) #5217 A1B 5t F AT AAO 221k
G, REBAES PR RERAK AAO 21
SRR, AHAFRIB I 45 AT 22 o AR =
KRR AAO A8 Ak 1 I IR B [H T
( Shindell and Schmidt, 2004; Cai and Cowan,
2007),

FGOALS-s (Flexible Global Ocean- Atmosphere-
Land System Model) /& LASG/IAP % J& {85 E AL 1)
“UFPE— KA BRI VK" FEA Sk R G
X (JERFSE, 20052, 2005b; Zhou et al., 2007).
WEFTRNT, 25 R I AU MY 82 X <
AUFLE, JEE PR ENSO FIMMAERIINE (i
2, 2009) 0 X R A AR RN O AU AL 1Y) S 3
FEaK R OC R WA R B, 700 2 HhIX R i 2 1
JEARCEVEAES, FGOALS-s [IRERIYEGEEAL T 5l
KARR (ZE1%%, 2009; MRIEIHAE, 2009). 1H
&, KT FGOALS-s #5200 5 2Bk A AR fig
U AT AR HEAT I R GO T . AR X R R A
FGOALS-s2 Z/1 7 CMIP5 1%l (Bao et al., 2013),
ASLCEET CMIPS I 45 L, T AUTIB LUE ) s
1) FGOALS-s2 X B P35k M V-2 A5 B RE )
7?2 2) AKA RN = AU 5T, FGOALS-s2
UG R B R R — R ERERRARER,
Bt . . AAO [RASALERAE dn i 2
2 B/, ERFEEND
21 #BXNA

FGOALS-s2 J& LASG/IAP K JEHIHIRA “iF
W RA—RE—K” fESERFER, ek
AT NCAR CCSM2 [IREAHESE, ST “HRil &
WIE” Wil 5 RN EEAS S (Bao et al., 2013).
KA N SAMIL2.0, BEA/KV-J5 ) 22 TEAR
Wr 42 3, AT 2.81° (B X1.66° (4ifF), i
HA R op AETEHLFRR, JL26 2 (Wuetal,
1996). Sy LICOM2.0, +:7E LASG/IAP %
SRKVERFER L30T63 HELA | (Jin et al.,
1999), B IK 70 #4200 LASR &y 1 5¢ B AR
AR N 1.0° (L) X1.0° (i), fEH
AL N2 5 0.5° (ZJF) X0.5° (4iJZ) (Liu et al.,

2004). [T 4r 54 NCAR A3l f i T o R A% o
CLM, HAM#EEA 12, L3R Koo
A 10 =, BaUH A B KADK: IR 1
JRJE, T Z AN 5 R AE eS8
J7 % (Vertenstein et al., 2002). FGOALS-s2 1 [
& CLM3.0 WA, JKFor#i % 5 KA 0 B AH I
(Oleson et al., 2004) , UK 4> 5 K NCAR [RIREUKFR
X CSIM5, % I& T i UK 134 7 M5 J) 2 il 72
(Briegleb et al., 2002).

A 2RSS K4l K B FGOALS-s2 (1)
CMIP5 R 5, FHG: 1) 20 4l ) s SRR,
CLRE IS TR O IREE 7 s RO A
HE, B CMIP3 IR B M 5 1 5 0 A A U
(Zhou and Yu, 2006); 2) 21 £ kA4 ik
B, A DUl s AR R IR S5 R TR M 2R i
4% (Representation Concentrtaion Pathways, RCPs),
HARWME 1 iR, 43524 RCP2.6/4.5/6.0/8.5, HEf
LB S R e e oo R R I & NN 72 7 S R SR E R RN T
HETBOMA B, LA S A i ) T/ 4 23 7 o5 1 I i) 2% 2
(Moss et al., 2008) iX & IPCC 5 FLIR VTl 2 8
BRI Sk
Fz 1 CMIP5S RESETHHREKERZE (Moss et al,
2010)

Table 1 The Representative Concentrataion Pathways in
future climate change projection of CMIPS (Moss et al., 2010)

i3S

15 5t 2010~2100 &4 iRia HEIR
RCP2.6  PHIETRIAIEAT 3 W/m? (L5530 T 490 ppm TRAG
(1) COy) BJEIR/, 2 2100 4E K 2.6W/m®
RCP4.5  SRIBFUEMKE 2100 4E(K) 4.5 Wm® (L4125 A%
(&) T+ 650 ppm CO,)
RCP6.0  SIBFEM K ZE 2100 4E (1 6.0 W/m? (L)% A
(&) T 850 ppm CO,)
RCP8.5  RATHRIAHEKZ 2100 4E(K) 8.5 W/m® (L% [

(™) ¥ 1370 ppm CO,)

22 FERIFTENE

ASCH BN E SRR

(1) NCEP/NCAR 2 HrBtkl, 7K 8% N
2.5° (&) X2.5° (4i)F) (Kalnay etal., 1996);

(2) 20CR (Twentieth Century Reanalysis) 547
MEgeRl, AT HER Ty 20 (4 X 2° (4i%) (Compo
etal.,2011);

(3) GPCP (Global Precipitation Climatology Project)
BTk, KPP HEE N 2.5° (BB X2.5° (4
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JE) (Huffman et al., 1997);

(4) Hadley H 0 [1) i3 36 FE %% Bl HadISST
(Hadley Center Global Sea Ice and Sea Surface
Temperature), 7KV HEE N 10 (L) X1° (L)

( Rayner et al., 2003 ) FlHh 3¢ ¥ FE FE ~F 5%k
HadCRUT3, 7K-F73HE Ny 50 (22 X5° (L)
(Brohan et al., 2006);

(5) CRU (Climate Research Unit) & H i &l

B BERL, KT HER 0.5° (%) X0.5° (4
(Mitchell and Jones, 2004) .

AT HEEE, R M5 7726 A B X
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FE) kg m b TS, FOOK ERTERIGERRN
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MEEL

SR Xue etal. (2004) 52 XD L
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SR T 2 ) PR, DA IR R G i 22 11 52
lj (Zhou et al., 2009). AAOQ %K I ZEIE i 4%
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40°S 5 65°S [ 21K

TR EEREE T SAC R B, A RUR J7 ik
WL, A3 LA DIF (December—January—Feburay) F1 JJA
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] JJA 1 DIF 454 SLP (HL 1979~2005 4E #1714
ED o b, PRANZE 1 F Bk R AT 5 R A 5 Sk
RIEW I, =KV LA E=AmE L (F
la-b). HXABHEIL T SLP MFEADARE, H
JIA 1t 45°S LLFg SLP fhift&, CAAGIUIfwi s DIF B 7
FAH P8I AT 45°S AL SLP fhif, 45°S~60°S XA
SLP fifl (P8 Te—)o ARLALLES MM 2 ) AH OC R 2K
7 JJA 1 DIF 435724 0.62 #1 0.91.

7E 850 hPa XUz b (I 2), M #e Rl i) 3= By
fiE, I A FI G = K7 EAROCRIE 2= 1 <
JEFRGL, LR 60°S LLRE P KAy (& 2a-b). g
(AR AT I (B 2¢-d), {HE R LR,

Wi 2e—f ZHBFTR, JIA I 30°S LLrg B G
KA Awak; DIF B 30°S~50°S 2 [8] 74 XU fhi5E, 50°S
CARG D55 o 37 1 i 2 F0 I v EL32AHE, M\ 850 hPa
PrAE BT 1540 gpm S(HLUEE, BT A
F BRI S B 5, 10 DIF DB .

s R XSO S FE R R E E KRR R
ge, MR, JJA ST R WIS, Jb3Ce
T 25°S~30°S 2 [H] [ R B RE: R — R —
FAACTPETUEE, HLMRIE 50 m/s; SO T 50°8
BT 30°E~60°E, HUOiAEE 36 m/s (] 2a); DIF
I 2 O T 40°S~50°S 2 7], MK PEVE— H 4E
TREENEEVE, 5RIF 4 35 m/s (& 2b). FGOALS-s2
HEFILT FIRFEE (B 2¢-d), FU& DA 622
TS SO NSE . ZE(E I 0 R oy ok
—10.0 m/s F1 13.0 m/s; 7t DIF, MFGRPUFE—HIE
i 4 p B RE VA () B O B R W AL, g 2
Yy aRE o 14 mis (& 2e—),

& 3 S W INFTASEALL (K TTA A1 DIF -3 K 3 0
BEY . WBEKRDKRE (K 3a-d BB, il
S5 RAATI CE A OC R N 0.94, WAk 2), &
FEPRIL T JJIA O T RIEREEE S PERF . DIF
AR REEREN )L Seliiily NS ME R 0] 7 O 2 E e SR P D g
Mo JJA FEoK/D. DIF Z 2R VRE. (HE &L
B, JIA B FEKE 2 WSS, W LR R 2R
b I RS e RN I Y S S - RS [ E AN
3e)o LA T iR 2R 6.56 mm/d.
DJF i} (] 30, AR fufi b DX sl ) I 4 7K A
Z . RPN, TR AR K 2D o AU
W2 TR A5 R BN 098, BT HAR 24 2.20
mm/d.

2 UNMERNNBERXENNARSRERIFNZTEHERX
BRI HIRIRE
Table 2 The spatial correlation coefficient and root mean

square error of the various meteorological element fields

between the observations and the simulation

BNt PCC RMSE
WP AUE SLP JIA 0.620 14.390
DIF 0.898 5.184
200 hPa 4[] A\ JJA 0.963 4285
DIF 0.951 4.102
FaIK JJA 0.936 6.561
DIF 0.978 2.196
i JIA 0.647 1.481
DIF 0.806 1.488
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Fig. 1 JJA-mean (left row) and DJF-mean (right row) distributions of sea level pressure in the Southern Hemisphere from 1979 to 2005 (units: hPa): (a, b)
NCEP data; (¢, d) FGOALS-s2 simulation; (e, f) difference between FGOALS-s2 and NCEP

TR EY I (Kl 3g, h), BRI JTA Bl <R
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K (Bao etal., 2012). LI DIF i Hb = 78 R
KBS SR s, JLARHIX g
b 50°S Db = R A m 2248 2. JIA /b, {HAE
50°S ARG IE o ASEULRN A0 W Fr) 2 ) AF 2 22 504
JIA RIDIJE 43510 0.65 F10.81, 4 J5HR%25 4 1.48°C

1 1.49°C (% 2),

4 FUHAIA[E RCPs [EE T EHE KRS
E3:kiRtd

LR I AR A AR B JE B RCPs 1 5eAH
Koo B4 L5 H T LI ARSI R 1 BRI 3P 2 il
Ao E JIA A1 DIF, Bl 7y s AT,
ER A SR RS DU Rt S G R 2 - B W1 ) S
R ZE )8, VB3 7330 (Zhou etal., 2013
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Fig.2 Same as Fig. 1, but for the wind filed at 850 hPa (vector, units: m/s) and zonal wind at 200 hPa (shaded, units: m/s). The black thick line represents the

1540-gpm geopotential height contour at 850 hPa
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(a) HadCRU & GPCP (b) HadCRU & GPCP DJF
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Fig. 3 (a, b) Observations and (c, d) simulations of JJA-mean (left row) and DJF-mean (right row) distributions of precipitation (color shading, units: mm/d)

and temperature (contour, units: °C) in the Southern Hemisphere from 1979 to 2005, and (e, f, g, h) the difference between them: (a, b) HadCRU and GPCP

data; (c, d) FGOALS-s2 simulation; (e, f) precipitation difference; (g, h) temperature difference
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Same as Fig. 10, but for (a) JJA-mean AAO index; (b) DJF-mean AAO index
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Fig. 14 Same as Fig. 13, but for the climatological mean states (contour, units: °C) and trends (shaded, units: °C/10a) of temperature
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