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Abstract Based on the Weather Research and Forecasting (WRF) model driven by the global model IPSL-CM5A-LR
results that are included in the model output archive of the Coupled Model Intercomparison Project Phase 5, this study has
assessed the model ability for simulating extreme precipitation indices and analyzed possible future changes in the mid-21st
century (2041-2060) under the RCP8.5 scenario over East China. Results indicate that WRF performs well in the simulation
of extreme precipitation indices. Compared with IPSL-CM5A-LR model, WRF model can better reproduce the spatial
distribution and annual cycle of precipitation over East China and the sub-regions. In particular, the simulation of regional
features is improved in WRF and the problem in global model to overestimate light precipitation has been overcome.

Prediction results show that East China will experience an obvious trend of extremeness on precipitation. WRF simulation
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results show that indices of annual total wet-day precipitation (PRCPTOT), number of heavy precipitation days (R10mm),

and simple daily intensity index (SDII) indices in most regions of East China will increase by more than 20%, the increases

of extreme wet days (R95d) and max 5-d precipitation (RxSday) indices in the northern part of East China will be more than

50% and 35%, and consecutive dry days (CDD) overall will increased in East China. Model grids with significant changes

are mainly located in areas with large increases. There will be an extremalization in precipitation with increases in both strong

precipitation and drought events, and the degree of extremalization is stronger in the north than in the south of East China.
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Fig. 1 Simulation domain of the WRF model and topography
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Fig. 2 Spatial distributions of annual means from observations and the bias ratios of model simulations with respect to observations for indices of (a, b, c)
annual total wet-day precipitation (PRCPTOT), (d, e, f) wet days, (g, h, i) number of heavy precipitation (R10mm), and (j, k, 1) simple daily intensity index
(SDII) over East China during 1981-2000
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Fig.2 (Continued)
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Fig. 3 Same as Fig. 2, but for indices of (a, b, ¢) extreme precipitation threshold (V95p), (d, e, f) extreme rainfall contribution rate (R95t), (g, h, i)
max 5-d precipitation (Rx5day), and (j, k,1) consecutive dry days (CDD)
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Fig.3 (Continued)
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Central East China, 28°N~35°N; NEC: North East China, 35°N~38°N)

15 1981~2000 4F [ iy = R0 B R H 1I4E F AR 4L
X EEMI 2SS, PR AARB AR b HUBERL T B RN 7R
BERL2 . AR ETHR . AR,
IPSL-CM5A-LR #52x00] 4 Y F A DL A1 T 0]
(K 5a), HAE 7 AMEE T L 11 H. 12
HW& e TR0 5 IPSL-CM5A-LR AL, WRF #i
IR 25 A T A AR e 22, S
MIAE, $&TE T Rk R B RE ) s (R4
AT TR 2E . fERAR P (B Sb),
AR ARG TR 6 HBEm &, 1L
t WRF B HAE 2 HL 9 IR0 12 (sl g s e
P o FEHRZRAGTES, PR B Ak
PRI, BT R . 7
HZREEH (B 5d), WAEBEAAE 1~3 HXSBER H

(AU AR T, H WRF B (i 22
Fok. Al A6y, WRF B4} IPSL-CM5A-LR
(REILEE AT At . ZESRAR R, A =kt
B R A RSSAUAE A 38 v T RIIE, AR T 4 A,
WRF #2234 T IPSL-CM5A-LR (¥
Se). fEMEARALHR, WRF “RBLAE A 5 H 0t
BN H RS SE i R (& 5D
Bl 6 R 7 23 51 Ry A 2R DX 3000 I 500 R A A
0L B4 T R T T %) i P — I T S T B o
(B 6a) mI UL, WY KA H O 4ERRE 28°N [t . 4
HIFes, IR mACEsh, 6 HFIEIE 30°N, 4
JAE 24°N F1 28°N H L AN By 77, HIA B 5ok
5 11 mm/d. 254682088, 7 HHIEE 33°N, 8
HEi FF 5% . WRF I IPSL-CM5A-LR #50%]



S
94

H

Climatic and Environmental Research

Biowt o5t 24 %

Vol. 24

14T (a) Rainfall_SEC
=
£
£
g
2
¥
"
o
m
R N
1 2 3 4 5 6 7 8 9 10 11 12
A
81 (b) Rainfall_CEC
_i7
',‘:26
E 5
mpg4 N N
\KER
B2 N (N (NN
o N (N IN]IN
NN TN |
I IN N R
o LNLINL [N INELIN
1 2 3 4 5
67 (c) Rainfall_NEC
< 5
©
E 4
g -
e 3 § \
& \
7 2 = [N N
Pl SR \
oA %§§§ g%
ol ALINLINLINLIN MR
1 2 3 4 5 6

O Obs
1981~2000 4 UL He st A1 A A5 2 ) P 359 o g 00 e iy 1 000 S A AR 1

Fig. 5 Annual cycles of mean daily precipitation and monthly rainy days from observations and model simulations during 1981-2000

Kls

IR B /KR PRI el 6by 6¢ TR, AHLLZ
T, IPSL-CM5A-LR fxCR s Fa s, AR U HhFy
LT WA B A AR, U AR B R A 00 H L
)24 7 H o WRF #E RS 45 SL 55 00 A LA i 22
Sl A R TR S T S RE SRR P 6d Al
6e T LLFE H, IPSL-CMS5A-LR I WRF £ #x) 4
AR E A=K B, et WRE B 22
558 JSE IV ) 155§ K (Il 6e); {H WREF B g
il 7 IPSL-CMSA-LR U 45 B4R 24°N~32°N
FZEFIKIGARAS -

Wk 7 4 M A %n, WRF Fil IPSL-CM5A-LR
(PIARAEL 2 SR 5 AR L 381 22 (&1 7o 1 7)), JL
1 IPSL-CM5A-LR F1 WRF B i s fili T 46 45 L =%
MH (& 7d #1 7e), H IPSL-CMS5A-LR {25 5%
J&E 1IN 7] #5 B 8 6 K T WRF, WRF %} IPSL-
CMSA-LR S NY H ik 22 A i S 1 ook«

ST DA bk B W o R0 B AR R AR A R 4

30T (d) Rain day-SEC <
&y
N
< 25} N
D &
£ g N N
g N NN
g 20f N N1 N
£ 8§ N Nl N
o N N Nl N
&y Ry &y N
B 15 N N1 N
m N (N1 (NI N NN
10 NN (N (N AN
. .
*E N (NN N TN T
& N N INT LN TN (N DN N .
By N By 4 |
N (N INT N INT TN N N N g
NTINTINTINTINT N TN NI I\l I% |\
1 2 3 4 5 6 7 8 9 10 11 12
A4
301 (e) Rain day-CEC
< 25 N
£ \
g20 § N
g 9 NN
© N N
L | N
m - N N Ry
Z 10} N 6 L NN
N NN & NN
¥ § ™ Nl Nl N| Nl N
NN N NI AN NN
m § N INT N AN TN N N e ®
5FN NTINT NN IN N N N q
NN INL N INL N TN N Y N & S
00 A R
o NI INT. I[N N oL L
1 2 3 4 5 6 7 8 9 10 11 12
A4
2571 () Rain day-NEC
D 20+ N
5% \
N
2 \
151 NN
T N N
& VIR
Nl N
&y
m 10 S N §
3 N N N
8 . g NN A
m 57 s NI NI NI NN §
¥ Ry Ry Ry & N R
N ¥ B By X N 9
T N o NN N NN N A 9
0 O e
o LN TN TN TN LN L TN N TN TN N
1 2 3 4 5 6 7 8 9 10 11 12
A4
SIPSL @ WRF

J5E— I TR)YEE AR (R 3E — B FU R I, WRE S i R 5 A1
BT 1 LA S A PSR B . U B R AR A5
oL, TR GF AL T IPSL-CMSA-LR S & Fiy H ok v
ARG
33 HEXFHEHIEEEREHL

IPSL-CM5A-LR Fl WRF A5 HE 25 [X s b2 i
B /K555 1981 ~2000 Ry FA 3 R B 5 A U 1] 8
FE 9 Prn, EGEIME SN ESSERAER 10
o MR (& 8a) £, FREMEAAMLAKRX
S5 PN (R I TR AR A 2 R B & #, {H IPSL-CMSA-
LR FIWREF A5 00] 4 e [ WY £ (R AR 0L 5 A0 0 25
Az (K 8b Al 8¢), Hrpr IPSL-CMS5SA-LR
MR IR R B S W 5 R a s — B, (i
KN EE RIS - WRE 520 A 58 B R 2 PR A5 42
g e g B 0 R 0 DA BT AR A X 3k 5 0
SE LG —B, [ARE, WRE B AR B H (13
UL 48 AT b g R L) 3 X458 5 00 0 2 SRk —



14 PR REAE . A AKX A K K Bl ) i ROBE RSN S AR TA

No. 1 WETI Peipei et al. Dynamical Downscaling Simulation and Projection of Extreme Precipitation over East China

95

1(c) IPSL N

T(b) WRF

T T T
Mar May Jul Sep Nov Jan

T T
Jan Mar May Jul Sep Nov Jan Mar May Jul Sep

2 4 6 8 10 12 14 mm/d
38N 38N
| (d) IPSL—Obs ] () WRF—Obs
35N 35N
32N 32N
29N 29N
26N 26N
T T T T T T T T T T T T T T T T T
Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov

I | [ [ BN
—8% —6% —4% 2% O 2% 4% 6% 8%

Fl6 IS SER H R R D R T 5 2 CF)

Fig. 6 Daily precipitation from (a) observations, (b—c) models, and (d, ¢) the relative errors between models and observations

T(a) Obs (b) WRF T(c) 1PSL

Mar May Jul Sep Nov Jan Mar May Jul Sep
6 10 14 16 20 24 28 d/month

38N 38N

T(d) 1PSL—obs ] (e) WRF—0bs .
35N 35N -
32N 32N -
29N 29N
26N 26N

h T T T T T T T T

Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov
I [ I [ T
—8% 6% —4% —2% 0 5% 10% 15% 20%

B 7 W SRR T B H D AR T f sl 22 CFD
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Fig. 8 Spatial patterns of trend rates of extreme precipitation indices over East China during 1980—-2000 from observations and model simulation: (a, b, c)

PRCPTOT; (d, e, f) wet days; (g, h, i) R10mm; (j, k, 1) SDIT
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Fig. 10 Changes in the mean states of precipitation indices during 2041-2060 under the RCP8.5 scenario relative to those during 1981-2000 and the

independent sample t test results (black dots in left and middle panels represent a significant change at 0.05 level between the future predicted values of model

and historical simulated values): (a, b, ¢) PRCPTOT; (d, e, f) wet days; (g, h, i) R10mmy; (j, k, 1) SDIIL. The left column shows the results from IPSL-CM5A-LR,

the middle column shows the results from WRF, and the right column shows the time series
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AKE IR INAT B AE 15 H RN FER Y, R
SR B2k R S IR PR /(L 8 FEE 189 I A A S A i 2
HBZ VARG W, AR S 25 PR e 2 O 1 T
FERR I XAk

5 NEEFNLEIE

i Fil PSL-CM5A-LR 4=EfAR U H 5 BLOK S X
IS AR WRE S A 2R M X B ity B /K 48 B0 A T A5
L, FEHE THE RCPS8.S HEE =T 21 el i
(2041~2060 ) 7R X Sl bl i B 7K IR AR AR L o
gy, 5 PSL-CM5A-LR 0, WRF [X 45§
AR AT LB S P B A% AN R i i B TR 43 A
FBUE, %F IPSL-CMSA-LR 4 BRI AT IR KL
) sk

XA R Y FNAERE MY H , WRE A48 25 S
Sk T IPSL-CMSA-LR 754 25 B #6) 4F i [
T 2 PRI A DA R AR A X 00 41 B R H 119 v £
(Gao et al., 2011; Liu et al., 2013; Zou and Zhou,
2013). 7ERER H A AR 77T, WRE B2 [%
kT IPSL-CMSA-LR XJ 25 DX 38 % iy H 1 = 4 O
76, JUHOEHERZE, XAEZ AW A W H 2 Hr
HPTARIL, Sk E5Reh T IPSL-CMSA-LR Bt £
B T R0 A

X At AR i 7K i 45, WRF REHL 45 AR (2
T H B G 38 WRF A 7 [ 4 25 R 43 X 8 4
PR T % Wi B K R B R, LRI H
BoF TSR B i 7K 80 R AR i 26 W D R o X T
Bk 5 d KB KRR KIES TR H, WRF #:{
TE S B K38 A Btk . Rk b, WRE X B B oK g
AL E e | B TR SN e S N N
LI TR B B ik, Pif T IPSL-CMSA-LR 1]
UGS R . FEZ TS (Gao et al., 2008; Wang
et al., 2012; Liu et al., 2013; Zou and Zhou 2013; Bao
et al., 2015), [RIFEZ W X 45T A5 AR B AT 1)
IRBNAE,  FERR s B K FR O T R IR I D)
Qin and Xie (2016) KRILXMRBIAAE LA
Yoy o W 13 2 H A AR i [ /K 455k (R99p. RxS5day.
CWD. SDII. CDD 1 R20mm) [#4LLfE 1 HEAL
TFAE A 3RS . Yu et al. (2015) £, WRF
REA B f- b P30 v [ Kl DX 3B /K 1 23 ) A, 4F

FAIHARA L S A4k, AT B b S R AR B /K AR
WiaFIte )y o AEm EFEETT T, WRF [FFEE
I T AR IRRE ) o BRI I, T DO i
B B g 1 FRE 43 AR A AR ok v ] DXk P A
WhHE—E RN,

{H IPSL-CMS5A-LR 1 WRF F5 0F # ity B /K i
HoaF R B S WIAH e P22, H WRF 5
K IPSL-CM5A-LR G AN UL, W38 2 (R A7
FERERZE 5t (Jiang et al, 2012; ERJ3RIT B,
2013; AAEE, 2016).

7E RCP8.5 ARG T, M URB A Filfli ok
SR ZR R BRI S DX e o B R B W R T, AR R
TS R 70 DX A B R I A P B e A KT AP
5 T 8 g o 58 A A 2R DX IR AR SR B ey . IX SR
WILE AR PR, HE 2R B 4 b X ) 5 3K
WAL, KGR RGN (Bao et al., 2015). It
PR S BN B AR RIS E [ o R i B S S 30
FEAEZRALFB IR G I B T2 b, femT WL, #F
ARAGEB AR AR P RER T-HE AR TR S LA S e 8 o )
TS B N TR RS S d KR KA, WRF 4
SRR 45 SR AT 2 ) 73 A1 b by FOREHUL ) 4F o [
i AEORR H I35 R R AR, ARt AR B
CH R R S I DX S R I D A, R A X
fyd/b; IPSL-CM5A-LR [R50 45 5 WRF AHALL,
R E N VISP NN B P 8] ) @ L S
W, FES AR ARG, HALES R3S
i fe Ko WRE M1 IPSL-CM5A-LR i K4 T
B H BB AT AR R R G a3, SRR ORI AR
DX 5k 2 L I 3 A 7K A R A [ I 384 I 1 1
Dl JIAN, FUSLFEA t IS5 R BoR, 24k W
A% RS A L 0 sl D W R R X A

WRF HI IPSL-CM5A-LR A0 4 i F 7K 454
Tt S 1) o3 AR AT e 22 5, (HEMAR B, ARG
ARRAEIRHR 53 DR B R iR 3 o BK o
LIS, BAEHEAACER G I B SR . AESE
IR R RS DX AT R i AR P R T DL A
i B D3RR A BT R B (Zou and Zhou, 2013), IXFfi
TIUE 2R AR S 98 7 385 o 7 v [ 7 G A X884 A0 11
BH (Zhang et al., 2006; Xu et al., 2012; Sun and Ao,
2013; Zou and Zhou, 2013; Bao et al., 2015; Qin and
Xie, 2016),

BT AR VEAY, BB K AR
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A PR AL (Gao et al., 2011; Jiang et al.,
2012 Liu et al,, 2013; FR AT B, 2013; 224
5, 2016) 0 IXBEANH kAR AR IR = AR
r RB’JT e k. AR A RS T
A 36 A A 2 45 AL 1 v 2 UL N B ﬂ%%u&
N5 RGN IR BE WA AR AR K R PR 5%
LEANT 8 M A 1 DA B A B B AT 1 A, 4
AERAEAE AR o IR LA o P R A A AE T4
SARASAL I TG P . Knutti et al. (2010) $5H, BAF
SO B8 ASEHDL RN A Sk IS 30 1) FUA 2 1) 1R W43 G R ik
WA BAAE . AT T R BRI B A IR S
$*E"lefajﬁwﬁﬁ Gao etal. (2011) #i i Z X
BB PR DA PR — ANy . AR R EEAE
SO B B b, AT 2 R IR— 2 X A
00, DAAS 3] v (5 46 2R 1 X AR R Bl i [ 7K AR A B 22 A
SREERIE R, R S ARAR AR 5 M VE Ak R i
I 55 o
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