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Abstract In this study, we use observational datasets to evaluate the performance of 34 models participating in the
Coupled Model Intercomparison Project Phase 5 (CMIP5) in simulating dry- and wet-season precipitation over
southwestern China during 1986-2005. Of the 34 CMIP5 models, 30 and 25 models overestimate dry- and wet-season
precipitation, respectively. The ability of 34 models to simulate dry- and wet-season precipitation is found to differ
significantly. Moreover, approximately half of the models show that spatial correlation coefficients with the observations

are significant at the 99% confidence level and the ratios of the simulated standard deviations to the observed values are

FSHE 2014-03-05; MLETREAREER 2014-08-22
FEE R ARREEEES I 41275089, K E AR SR BRI (973 T TH 2012CB955604, HEENEERE “H AR WH
fEEmN wkalde, 5, 198844, WiLOF/E, FTMFEXRIBSEAE L. MASAHEA/EHPTA. E-mail: zwl@mail.iap.ac.cn



N W 39 %

560 Chinese Journal of Atmospheric Sciences

Vol. 39

less than 2. On the basis of the two skill scores, we select the nine best models for simulating dry- and wet-season

precipitation. The 9-model ensemble mean performs better than the ensemble mean of all 34 models and most of the

individual models. Therefore, we further use nine-model ensemble mean to project dry- and wet-season precipitation

changes under Representative Concentration Pathways RCP4.5 and RCP8.5 scenarios over southwestern China.

Compared with the climatology of 1986-2005, the dry-season mean precipitation is projected to increase in the west

Sichuan plateau and decrease in the Sichuan Basin, the Panxi region, Chongqing, Guizhou, and the most of Yunnan

province during 2016-2035. During the same period, the wet-season mean precipitation is projected to increase in west

Sichuan plateau and most of Guizhou and Guangxi and decrease over Sichuan basin, the Panxi region, and Yunnan

Province. Both dry- and wet-season precipitation is projected to increase throughout nearly the entire southwestern China

region under the two scenarios in the middle and late 21st century. Under the RCP8.5 scenario, the changes in magnitude

of dry- and wet-season precipitation are stronger than those under the RCP4.5 scenario.

Keywords CMIPS5, Southwestern China, Dry- and wet-season precipitation, Evaluation and Projection
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Fig. 1 The monthly averages of (a) dry- and (b) wet-season precipitation over southwestern China for the period of 1986—2005 (units: mm/month)

R 15 22 U o A FUL TR 285 55 0 AR BLPE (387 AR R
ZEBEET 0 Rl ) iED
Wk, N T ER s Bilae 7, R
Taylor (2001) HIBFFT, EHPHAHEIGPES S Fl S,
oK 5 5 VP AL AN A XO0) 14 b XTI 2R PR OK A
BT, H TG PE AR OR Ui B 1 IR UL e )
ﬂ’ Ep:
~ 41+ R)
V(6,416 (14 Ry
i 41+ R)*
26,16, (1+R)T
o, RONBRIMEFUIE 2 (W AH DG R EL, Ro N
AR B KA REL, o A BERIME 5 W IIE 1Y
PrifE 22 2 Lo YRR V) 7 2 Bl WL DAE 19 7 2
I, REFOLAEL RN AR 1) 2 TR AH OC R AR BT Ry, 111
B vE o a1 )7 ZE W EHAE 0 5k
KA R R HE—1 v, HI5WaEan 0. 519
VRO S) EAEIE T O ETERE, MEVES S) B
) 2 T 2 RE AR FOLAEL RN U WU B 2 A 1) % [|) AH ¢ &R
o
TERE VP B, BATTVPEAS TR 34 it
EENEEETY) (MME) FIFHLTERE (Jiang et al.,
2005; a4, 2007) DK AR AL BE
AL, FEEIGVESr S A1 S, W HEAA T 10 47 K

(D

(2)

S EAES Y (MME-S) 2 58IV, A%
QAR B TR, AR I A AR A B4 5 B

3 HRAIT

Bl 2 45 T 1986~2005 AFREA L) TR E v
X T 2 PR B K w22 i 2 o, 34 AN
A 30 MBI T 2R K %, 25 M
B TR AR R 2 o 0T TZRK, K
(RS 22 75 — 20%~60% 2 [i1], A5 PUA R 1
B 28 T 60%; F FIRZ=pK, Kk
(TSR 22 7E — 20%~40%2 ] . S T FH 25 8 1
3T 1986~2005 4= 34 AN -1 Z= B /K (AR U
PEfE.

Kl 3 45T 1986~2005 4F Tk [ 7Y pg dh X T
KR BT R, 2 2 45t T BLRE S50
MHEARHEZEZ L 6 . SRR REL R M AR5
a5 (S, S»). gt 3a figk 2, BATATLURBLATAT
34 M A 18 M BEAR AL HH G g b X TR
K B () A3 AR A, FARDL - X000 37 1 22 1) A
KRBIEIL T 99% W15 B AT S, fmh
ACCESS1-0 11 0.71; A 16 MRS M
Wb 22 2 e/NT 20 B—J5100, BT 34 MK
A 17 ABECREAH 74 R b X2 K )
[ o ARG (P 3b), AR WL 1) 25 TR 4 5%



KRB CMIPS 00 T [ 14 et X3 2 B K AU T

31
No.3  ZHANG Wulong et al. Evaluation and Projection of Dry- and Wet-Season Precipitation in Southwestern China ... 563
120%
1(@a)
100% %
] V% 7
w  80% -
8 1 -
Qo 4
5 60%—_
s vV 7 V]
S 40% e F A va
& 20% gy % @7_
. 8% L
f S S
2SS S e e I
2 EZS30032220 203 T 38035583 ESE3=
DNSFUBNRZ 1003 N0=SHNOANOL T AOWT I IO T
NDNN- JWOBFOTIL I 5% 1+ OIS IHIDE HO S®=c
0> 2 RO 2 OQF 2 SAULIR PERS 222581 1RoRS
QQRA @O %2052006336@ CO=O0C Eng ~r ol
<IQ wyn ~ o0 CRR B8 Fap SWELsZs
3 oy @ &o IT PR —gQ==2" =
3 =Z= o
o
=
60%
1(b) 7
40% —
i 7
3 1 V]
S 20% T
S 1A —~
5 1]
=2 0
[$]
[0} 4
P o TR R
—20% — N
B S e e I I
M S NI ESVLONROSITrOONIXCrNSSroosSw
Tt ) - .
DRs=Nnn02 A809ho S SN M0L T A0NEL20Z
I MR T Sl h O e Bt e A Lty P47 e Pt P—$
G8Gs2 5OZ 288> SoulBg FanS 2225828003
OO8AEO K>532Z006aa00 QY- 90° Loz xsy
RIQy fpUcozZiopRe® R ang SiLRlls
o} 3} $ ©0  TT apa Y
Q o
s
=
B2 MR, CMIPS AR 1986~2005 SEIRE P RIMX (a) TR (b) @F MK mE

Fig. 2 With reference to observation, the averaged (a) dry- and (b) wet-season precipitation biases over southwestern China for the period of 1986-2005 as

derived from CMIP5 models
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Fig. 3 Taylor program for (a) dry- and (b) wet-season precipitation over southwestern China between CMIP5 models and observations for the period of
1986-2005. Red dotted line corresponds to the 99% confidence level; REF: observation; azimuthal position: spatial correlation coefficient; radial distance: ratio

of standard deviation; distance from REF point: root mean square error

£2 34 CMIPS BB A TRFBKIFEEZL G, . TEMMARHM R, HITES (51, S)
Table 2 The ratios of standard deviation & r, the spatial correlation coefficient R, and the skill scores (S; and ;) of dry- and

wet-season precipitation between 34 CMIPS climate models and observations

i T= Wz
5 S, R S S, 6, R S S,
1 1.331 0.709 0.788* 0.492% 1.347 0.598 0.732% 0.374*
2 1.268 0.600 0.756* 0.387* 1.387 0.452 0.653* 0.250%
3 0.691 —0.204 0.348 0.022 1.117 0.022 0.505 0.067
4 0.873 —0273 0.357 0.017 0.880 —0.042 0471 0.052
5 1.501 —0.410 0.251 0.006 1.077 —0.539 0.229 0.003
6 1.224 0.450 0.696* 0.265* 1.014 —0.188 0.406 0.027
7 0.847 0317 0.641%* 0.183 1.261 0.103 0.523 0.088
8 0.912 0.264 0.627 0.158 1293 0.117 0.523 0.091
9 1.305 0.172 0.546 0.110 1.604 —0.061 0.378 0.039
10 1.357 0.472 0.671* 0.267* 1.365 —0.072 0.422 0.042
11 1.153 0.155 0.566 0.109 1.042 —0212 0.393 0.024
12 1279 0.347 0.635 0.194* 1.525 0.167 0.491 0.098
13 0.779 0.039 0.488 0.068 1.388 0.270 0.571 0.146
14 0.857 0.103 0.539 0.090 1.249 0.203 0.573* 0.125
15 1.183 —0.131 0.422 0.035 1.014 —0.147 0.426 0.033
16 1.107 —0.381 0.306 0.009 0.836 —0.015 0477 0.057
17 1.160 —0.351 0318 0.011 0.804 —0.178 0.392 0.027
18 2955 0.360 0.251 0.079 3.781 0.147 0.140 0.026
19 3.140 0.339 0.224 0.067 4.141 0.159 0.121 0.023
20 0.818 0.487 0.714% 0.293%* 0.637 0.505 0.618* 0.263*
21 1252 0.698 0.807* 0.494% 1.029 0.628 0.813* 0.439*
22 1.198 0.655 0.801%* 0.453%* 0.958 0.692 0.844% 0.511%*
23 0.869 0.241 0.609 0.146 1.016 0.267 0.633%* 0.161*
24 0.846 —0.297 0.342 0.015 0.872 0.349 0.662%* 0.203*
25 0.675 —0.054 0.407 0.043 0.909 0.256 0.622% 0.154*
26 0.951 —0.218 0.390 0.023 1111 0.069 0.529 0.081
27 0.882 0.595 0.785* 0.398%* 1.875 0.646 0.568 0.317*
28 0.489 —0.265 0.229 0.011 0.554 —0.533 0.168 0.002
29 0.473 —0.285 0214 0.010 0.563 —0.471 0.193 0.004
30 1.161 —0.076 0452 0.045 1.141 —0.044 0.470 0.051
31 1.146 -0.106 0.439 0.039 1.246 —0.083 0.437 0.042
32 1.000 0.573 0.786* 0.382% 1.192 0.251 0.606* 0.148*
33 0.971 0.022 0.510 0.068 1318 —0.285 0.331 0.015
34 0918 0.056 0.524 0.077 1.284 —0.240 0.357 0.020

* BV AT T R
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Fig. 4 Spatial distribution of (a, b) dry- and (c, d) wet-season precipitation differences between the multi-model ensemble means and observations over

southwestern China for the period of 1986-2005: (a, ¢) MME-S; (b, d) MME. MME-S: the ensemble mean of optimum models; MME: the 34-model ensemble
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Table 3 The ratios of standard deviation O/, the spatial
correlation coefficient R, and the skill scores (S; and S,) of
dry- and wet-season precipitation between the multi-model
ensemble means and observations
T IEs

KPS 6 R S8 6, R S8

MME-S 0.97 0.69* 085 0.51 0.80 0.58* 0.75 037

MME 0.75 0.28* 059 0.16 0.86 0.17% 0.57 0.11

#: MME-S LR B4 471, MME %7R 34 4~ CMIPS Bty
SPH) . *RRIERE 0.01 [ B AT .
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Fig. 5 Spatial distribution of projected changes in dry-season precipitation over southwestern China from the reference period (1986-2005) to (a, b) beginning-
of-century (2016-2035), (c, d) mid-century (2046-2065), and (e, f) end-of-century (2080-2099) under two emissions scenarios (a, ¢, ¢) RCP4.5 and (b, d, f) RCP8.5
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Fig. 6 Spatial distribution of projected changes in wet-season precipitation over southwestern China from the reference period (1986-2005) to (a, b) beginning-

of-century (2016-2035), (c, d) mid-century (2046-2065), and (e, f) end-of-century (2080-2099) under two emissions scenarios (a, ¢, ¢) RCP4.5 and (b, d, f) RCP8.5
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