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Abstract: The 28-year hindcast experiments (1983 —2010) and the 2013 summer prediction are performed by
using regional climate model (RegCM3) which is embedded in the global atmosphere ocean coupled model (BCC_
CML1. 0) whose climatological means are adjusted based on the NCEP-R2 reanalysis datasets. A traditional dynami-
cal downscaling (TDD) parallel run by using RegCM3 that is driven by original BCC_CMI. 0 output is also conduc-
ted. The results indicate that after using GCM (Global Climate Model) bias corrected method, the capability of
hindcasting multi-year mean summer temperature and precipitation is greatly improved. Compared to TDD ap-
proach, although the predictability of temperature anomaly in northeastern China declines, the prediction of sum-

mer extreme heat event over the central part of Eastern China in 2013 is remarkably enhanced. The enhanced
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performance of hindcasting multi-year averaged Western Pacific subtropical high (WPSH) mainly leads to the im-

provement of predicting summer extreme heat event in 2013.

Key words: extreme heat event in summer of 2013, regional climate model, GCM bias corrected method,

hindcast experiments, extra-seasonal prediction
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Fig. 1

Observed average summer surface air temperature and that hindcasted by RegCM3_CGCM,,

and RegCM3_CGCM,,, over Eastern China during 1983—2010 along with responding differences

(a) observed, (b) hindcasted by RegCM3_CGCM,,

.» (¢) hindcasted by RegCM3_CGCM,,,, »

(d) difference of the hindcasted by RegCM3_CGCM,4, and observed, (e) difference of the hindcasted by RegCM3_CGCM,,,,

and observed,

(f) non-dimensional Taylor diagram of 28-y average surface air temperature and the two RegCM3 (unit; C)
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Fig. 2 Same as Fig. 1, but for precipitation in summer (unit: mm)
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Observed temperature anomaly and that predicted by the two

RegCM3 model systems in summer 2013 (unit: C)
(a) observed, (b) by RegCM3_CGCM,,, and (¢) by RegCM3_CGCM,,,

110 120 130°E 110

120 130°E 110 120 130°E

30 35 40 45 Day

BSR4 E S B 2 g H A R D

Fig. 5

3.3 203 EEZFEHHMNBERNENHIS
S

i 0B AT A BT RegCM3_CGCM, 0 # 5,
Z 4, RegCM3_CGCM,., B30 & G %t F 2013 & &
25°~35°N Z [a] i o [ 7R 355 Hh X /55 7 0 50 2
[ 43 A HEAT T 0 A MERR A 0 . TR X S BB X
ARG N AEDLHI AT R 26 43 B . 2013 4R 2R

Same as Fig. 4, but for heat-wave days (unit: d)

25°~35°N Z ] fy Hv [ 7 30 Hb X 3 H 808 # A 7
I 22 10 D TR 32 B Y RO 3 I A i s A A T
S O PG b (3B AR 58 45, 2014 f) 5% 2 55 L 2014 5 4R 1hF
M2,2015), FIAE 500hPa & F IE 3% (E 60) F
FAT P ARAE  (1)25°~40°N 22 8] ) H [ 4 35 L X
Sk 07 BN JE IE S8 X5 (2) IE W o K IX v F 32°~
38N Z [a] 1y v [ AR 5 b X, A F OE S E XAy b
W, A ERBE BCC_CML. 0 T (4 75 A - v B $is



104 A

% 842 %

e s 50T AT D 54 A RS AE 5 L — 2 (B 6D s H g T
FCIEl R 1 22 47 - 2 B 7 R ARl T 2 T L
(BT 28°N, B f AL 20 4 D4, &l 6b), S 3L
RegCM3_CGCM, 1 3 A 48 oK fE Wl i 2013 452
2 Rl AT g T A TR AR D O A a7 g I A O BT
T Rl A L e R P XL T 327~ 38°N Z [l 1 v
AR FFAE . T RegCM3_CGCM,,, B R 42
XFF 500 hPa & B4 B A T 2ORHE AR T BN

50°N

40

30

110 120 130 140°E

PG UL A AR ] R TR 2 47 #9 3= 500 hPa & B4 ) 2013 4F 3 B2 B 3 (337 - dagpm)
() WL 22 4F -1, (b) 2 BR A 30 BCC_CML1. 0 ZA4F 4R F- 1, (O W 2013 4T,
() 4Rz BCC_CML. 0 Filil] 2013 42 . (e) RegCM3_CGCM 1 3 R 48 Fil il 2013 47 B
(HRegCM3_CGCM,,, #i58 R Ge Wil 2013 4 15
Fig. 6 Observed 28 year average summer geopotential height at 500 hPa and that hindcasted by the

ER A TN L 55O I A AT A O B 257 ~
35N [a] 1 Hh [ AR 50 4 X iR B AR H AT S R
Z R AE A 5 W A — B, B AR IR, ik
RABRE L BCC_CML. 0 iF & RegCM3_CGCM,,
B B 55 L 2 RegCM3_CGCM,. #5255, ¥ A fig
AU HE O8I0 ) 40N b Sy 7 348 B SR DX R
fiE o DO T8 R A R AR 2 2 DX A2 =X
B T B — A G i

50° N7

40 A

30 A

20

50°N

40~

30 4

20 A

50°N

40

30 A

20~

110 120 130 140°E

two RegCM3 model systems and the global model BCC_CMI1. 0 along with its 2013 anomaly(unit; dagpm)

(a) observed 28 year average, (b) 28 year average by BCC_CMI1. 0, (¢) observed anomaly in 2013,
(d) anomaly of 2013 predicted by BCC_CM1. 0, (e) anomaly of 2013 predicted by Reg CM3_CGCM,, ,
(f) anomaly of 2013 by predicted by RegCM3_CGCM,,,,)

4 g e

ARSCHE S TP KR AR U & 55 53 5
o B B R PO e BRI U A B K
BCC_CML. 0 ff £ X 35 S 452 5 RegCM3 21 5 11
RegCM3_CGCM,, 138 & 4 4% BCC_CML. 0 Kk,
) Z2 457 35 3 AT NCEP 143 #7 U8 44 () £ 48 F- 8
Gy HEATITIE SRR DX T B X RegCM3 411
) RegCM3_CGCM,, iR 5. A ER AR

GiIF e T 28 AFEE AW K 2013 AR E R 55 O
VAl RegCM3_CGCM,,, #5058 4 28 4F 5 2
P B K AR J) 5 RegCM3_CGCM,, B 3
i A JCHHE I B A L IE AL RegCMB_CGCM,,,, #22(
RGN 2013 4F B 0 K B e [ AR S M i s T
FF R U E BE B RegCMB3_CGCM, X R G A
TG B | IS BOSCHE 0 N AR B EA TR 2 4 BT L A5
F LA 4518

(1) BB FR G 114 10 22 41 35 5 28 3R 4%
i 5 S B A — B, BN RE = 9 fi . RegCM3_



B

L 0 AR 1T IE B DX AR AR R 2013 4E B 2 v [ 7R AR S v R T B ke o 105

CGCM, X RGEAE NS0 AR BB L X S4B M X 5
ML AR 22 38K . A T RegCM3 _CGCMq 155 20 &
4t ,RegCM3_CGCM,,, £ 30 R 48 Il i 17 2 P34 &
FRMWMB o5 WM E SR, HJE RegCM3_
CGCM,., 155X 72 G5 75 4 1 b DX ATY R 5 U0 A7 A6 38R
B2 X AT e & RegCM3 B B & M PEREA 2 T
.,

(2) RegCM3_CGCM, 55 & 4t [0l iz 1ty 2 4 °F-
Yy 2 2R K 5 U A AR K 25 5 1 5 &R 46 1l 4
) 2 [ K & AE b [E g O b X R B O I i 2
60 %0 LA I FL-5 W 22 47 24 5 2% [ 7K 3 (1) 45 [R] 4
KABRIE «=0. 01 1 B FHEAKFRLR . T
RegCM3_CGCM,, i 2t & 45 . RegCM3_CGCM, ., i
RGN B =R K 0 Bl 38O A B e s, 50
W 28 4E P B KB S AR E L T @
=0.01 B FHEKFRL. HiE RegCM3_CGC-
Mo 8520 2R Gt 18] 2 1 22 451 28 B 2R B K 78 v [ g
FFERATS B WL it /D> 4096 ~60% . T — 2 i ] HiAth
FE43 M B2 R Can ERA-40 F40 #7980 5% 22 Fp P40 A
TR B A 4 2k =0 BCC_CML. 0 #4737 1E , 3¢
VI AT — 25 g /D455 5K R 4 Il 4 1) 22 4 -39 B/ 2= [ K
55 0 ) e 22

(3) FIFH A 43 FT7 15 i I R A% =X [l 4172 119
28 R B35 H B SR 15 %0 A 0 I 5 1 &
T PR . RegCM3_CGCM, 852X 2 48 1 1Y 5 it
FEFRAE 43 A0 5 I AE AR A K 22 5, 35°N LAt i [
RS X DL B A KB S5 EG SO A v, R )T M X
HH S L UL i I - 5 0 0 1) 253 (8] AH 26 2R $0 R i 1
a=0.01 [ B 2K A . RegCM3_CGCM,,,
R GeHf o 1 e Ui A R 43 A B B A O,
HAE 35°N DUAb Y v [ A< 50 Mo X5 08 0 ) 158 2% B I
/0N 55 UL ) 2 B A oG R 5L T «=0. 01 Y
YRR 5 .

D FIHMWAREXRGE IR T 2013 4£ 2 &=\
S5 T . A R G T Y 2013 4F K ZE SRR
ST K BESF 8 43 28 40 A 1 5 00 B R AR T X
F MY 25°~35°N Z 8] {1 H [ AR kb X B 22k
PE P35 R AR R I SRR AL RegCM3_CGCM,,,, #5858
ARGt TR . A3 RegCM3_CGC-
M, B R GEXF T 2013 4F H 2= A b b X< BE P
) I %2R 22 T RegCMB_CGCM B R 4

(5) RegCM3_CGCM,, & %5 fil RegCM3_CGC-
M, ZGHEETM Y 2013 4F B Z iR H KR X A

T 25°~35"N Z [a] {1 H [ AR AR XA X —f . fH
RegCM3_CGCM,,, 155 20 R ¢ 1l I 11 12 M X 1 K
I e =rb A R TS 7S i VIR

(6) HL 7> B L B, 2 Bk 20 BCC_CML. 0 [1]
i 1) 22 45 7 3 B 2 R B e R R B G UL D g
It . 55 RegCM3_CGCM,, #15% Z % %f 2013 4E H
B =Y R NN AN 2 A DA VSR EN A IS N
S RTINS = <3 T B U 1 2 S /NS 1]
RegCM3_CGCM,,, 5 X R GE % F 500 hPa & £
A BRI 45 T R vE R A R0 55 0
SRS BT Y 25°~35°N = 8] 1Y o [ 7R
Hiu DX e i H RO AR 5 R 2 10 REE L 5 0L LA
—5,

FIAB A FHIT IER ARG KRR
Gt Z A A0 B OK MR AR A T W R
e L IR 1 e i 5 BR A 0 A B A B 4 3 T R %of
2013 A v [ 2R 0 AR o v T SR 1 T A ) o A AR
KRG FIHIAS [F] 42 3R 23 B 5580 9K 2l DX I e
2B o [ B R R OKAEAE AR 22 5 (Yang et al,
2011, X 4Bk#E R BCC_CML. 0 ) £ 4 F 9
(EHHEATITIE R, 2 9 & NCEP-R2 743 # %
o A HAth T 43 B 98k Cin ERA-40 . JMA25 %)
B2 T2 A BRI 2R B 0 a2 Bk L BCC_CMI. 0
HEATITIE S J& 75 b P 43 07 B8 BE NCEP-R2 R 4, &
EASVE— 2L W58 (0 TR) AL, ) BsF s oK 4 RS 5K 40 1 B
Z AR G FARRT T 24 B g R s et 2
AE S BT I 0 A 3 34 R0 [ i 380K B 2 S S
WA—B I, 53 IA S RegCM3 (17K - 73 B3
FE N 60 km &Ry T A HT A ] RegCM_NCC # 2K
HEAT Y [ 4 2 56 P Hp — B LA E be A, B v g BE R
(20 km) Y WFE IEFEHEAT

&% ik

RS PR A T L 2014, IR 3 i A A A B X
RSB . KAFF%,38(2) :322-336.

WRAE S B RE R S T 3, 45, 2008, XIS S M B R RegCM_NCC 754
JRHLIK 9 %5 B (1) 2007/2008 45 4 25 ) 4 T4 J% I8 4% st
. R 2T T 22-31.

PRIRFE ARFERE . 46 5. 2012, JOHUAE I BLA X 38 3 163 o I 108 I
IK % 5 T A (K 86, 4 38(4) 1 385-391.

T AR RS A M4, 4. 2008, [X 38R 3 X Reg CM_NCC 7E 4
AR Xl 55 R CID « 47 2 BK 2R Rl i 36 w3 A< 4, 27
(BT :42-51.

T BRAA R BRAEAE. 2012, I 20 RegCM3 7E 48 7R 3 IX
Bk 45 B - AR Wl K 2010 48 B 0k & k. & R A%, 31



A

106

% 842 %

(6):1601-1610.

WSS A1 35, Giorgi F. 2010, mf [ X 3018 28 16 1 — A~ 5 43 B R 5L
EAEL. P E R (D 58 ,40(7) :911-922.

SRR, EHONR, E R, 45, 2014, 2013 B ZR M6 5 8 A AR B I 7R
Br. K 4,40(1) :119-125.

T PR SE V. 2013, XA AR S FE R W 43 SR R R AL oK
ST O SR LR IR R AE 1 BRI AT K55 39(2) 1 137-145.

Wm R, E A7, 2006, JI 42 BROAER A 2 0 B DX dal A A A AL
AR IR bR H 24 4R 49(1) £ 52-60.

P 52, Tk %, ZEHRIA. 2014, 2013 4F TR T 1) 56 Jk (5 2 &%
FHoREF. K% .40(4) :502-509.

XIBEAR LA LL, B R, 25, 2005, RegCMS3 8 2 %) w5 7R 3% 2 2 %
IR IR, Bt AR B 4 5 28(3) :351-359.

Xl — 08, T —30, 2R SR 2005, X8 A e B X b ) F R K g 10
A [ 3R B S ILIE A A3 AT B AR B 2 iR 16 G D) 14147,

it FE 06 0 e 38 L PR, 45 2003, XA EAR T X kR . AR
[ 2% 41k 26 (4) :557-565.

FIRIG LT AR SCE L 45 2009, KIS B A R EAHE TSR
H B K BUARPPAl . 05 4 5 20(5) :546-554.

NP L R — 1. 2008, DX 38 A A AR 2% o [ B2 23 57 249 4R R IR UK (1
TEAG AT, A% . 34(11) :31-39.

JENG 4 SR A6 B2 AHET L 45 2014, 2013 4F B 7R 36 [ R 7 KO TR
AR IR ST K5, 40(10) :1207-1215.

S TR Tk A U AL 2011, ke K RE SRR K 2006 4E 21|
T TR T T A AR AL I R R 27(1) 44552,

T2 L RAE B LT ) 9 . 45 2008, K8 S I 2 RegCML_NCC 7E 4
AR DX 45 I CIDD - 48 B 2R R 5. & AR, 27 (3
F) :32-41.

B SE L TR R AR, 2012, 3 58T J5 1 6F X A A A5 2 R 1) o - AN )
KT BB S . A% R, 70(5) 1 1084-1097.

KA R BH HLRR L 5 22 AN, 4. 2007, RegCM3 X 7R 37 35 3 # vp [ X
AN BE F7 B K B0 PR 27 3R . 23(5) 1 444-452,

AU, S AN, B LR L AEL 2015, 2013 AR R R IR PR H R RS

PR R PR 23 A ARG SR

Gianotti R L, Zhang D F, Eltahir E A B. 2011. Assessment of the
Regional Climate Model Version 3 over the Maritime Continent
using different cumulus parameterization and land surface
schemes. J Climate,doi:10.1175/JCLI-D-11-00025. 1.

Giorgi F. 1990. Simulation of regional climate using a limited-area
model nested in a general circulation model. J Climate, 3(3):
941-963.

Giorgi F,Marinucci M R,Bates G T. 1993a . Development of a sec-
ond gereration regional climate model (RegCM2). Part [ .
Boundary-layer and radiative transfer processes. Mon Wea Rev,
121.2794-2813.

Giorgi F,Marinucci M R,Bates G T,et al. 1993b. Development of a
second-generation regional climate model (RegCM2). Part ] .
Convective processes and assimilation of lateral boundary condi-
tions. Mon Wea Rev,121:2814-2832.

Holland G J,Done J,Bruyere C,et al. 2010. Model investigations of
the effects of climate variability and change on future Gulf of
Mexico tropical cyclone activity. 2010 Offshore Technology
Conference held in Houston, Texas.USA.

Karmalkar A V, Bradley R S, Diaz H F. 2011. Climate change in
central America and Mexico: regional climate model validation
and climate change projections. Clima Dyn,37:605-629.

Pal J S.Giorgi F.Bi X Q.et al. 2007. The ICTP RegCM3 and RegC-
NET: Regional climate modeling for the developing world. Bull
Amer Meteor Soc.88(9) :1395-1409.

Xu Z F, Yang Z L. 2012. An Improved Dynamical Downscaling
Method with GCM Bias Corrections and Its Validation with 30
Years of Climate Simulations. J Climate,25(18) :6271-6286.

Yang H W,Wang B, Wang B. 2011. Reduction of systematic biases
in regional climate downscaling through ensemble forcing. Cli-

ma Dyn,DOI 10. 1007/s00382-011-1006-4.



