3% oW R H B OB W R Vol. 23, No. 2
2018 %3 H Climatic and Environmental Research Mar. 2018

MR, KIFDE, ST 2018. I ] RURE 7) B 7R B B i il DN Th B 2T (9], AU S ERIERIT AL, 23 (2): 185-198. Chen Sisi, Zhang Jingyong,
Huang Gang. 2018. Application of time-scale decomposition statistical method in climatic prediction of summer extreme high-temperature events in South

China [J]. Climatic and Environmental Research (in Chinese), 23 (2): 185—-198, doi:10.3878/j.issn.1006-9585.2017.16220.

B 8] RIE 5 B AL B Fihim sm T 5 B Rz

REBLY KR EE

1 EREE BRI R R G T 0, JET 100190

2 RS, dbat 100049

3 op R B ERIF ST SRR R R A ) 2 B AR R % A S0 &, Jkt 100029
4 BRSPS R S R ALy, Jbst 100875

5 FE T HEAEA AN R B AN [ B () RS AR FRIREAE, Y BEROoT A m BE 2 vl H AT I
RSB, 1930 DR B MERR S 2. Fiadrmii DEUE &, SRS EMERR S =% AXt
TR ROBE IR R, SR “Ripy Y A SRS AR RIEYE, Ayl L H AR SRR AR A
BN o il 50 B2 1) (R A IR R Ay il O DX 4 I i) RBE PR T B2 BTSSR, g 7 A B[R A AR 4L 5
g IS, ROk v F A () RE 0 B Ge B AL R RIS R as ORI 3, o v R E B2 Rl B
ORI () RUBE 2> B TR AL (P45 45 AT LU e AH LU i TV B LB BB, I ) RO 43 B BB (R AEAR B
Sy TNRZE M 2.6 FRARE] 2.3, 5 IER AHDC R B 0.69 $&=%) 0.73 (B HEKTF 0=0.01); FFR Y
RG22 3.2 BT 2.9, 5WIMEE KA R E0H 0.4 (0=0.1) #2515 0.48 (0=0.01); i HE s 3y 5 L%
ZEh 4.1 B 3.7, SUMIEERE 1ADC RSN 0.48 2R 5 0.62 (a=0.01), 1979~2010 4ERIA I B A RE 5 25 mifd
HE IR 4 R0 P [l 45 S S W S 0 A7 £ B B AR SC (0=0.01), A MIABIRL M R Eh 0.57,
I ) RUE 2 B SRR AR S ) 0.720 2011 ~2013 ST AG 50 IR B () P00 45 SRR W . T 82 (B A AR 0l &% SR 1) 748
BTHRARE R 26.4%, IR B S HBAIKE] 12.3%. Y45 RN, PIBRT R B 2wl 0 Ba —
SE TN AE 7, i A a) R 43 8 G AR R T &5 SR A T et

KR PR WNRESE BB OH T

NEHS  1006-9585 (2018) 02-0185-14 mESSLKE P456 XERFRIRAD A
doi:10.3878/j.issn.1006-9585.2017.16220

Application of Time-Scale Decomposition Statistical Method in Climatic
Prediction of Summer Extreme High-Temperature Events in South China

CHEN Sisi"?, ZHANG Jingyong"*, and HUANG Gang”*>*

1 Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100190

2 University of Chinese Academy of Sciences, Beijing 100049

3 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029

WisBE 2016-12-15; MM AR 2017-03-31

fEEREN HREE, 2, 1989 A, W LFRE, TN mdid. E-mail: chensisil2@mails.ucas.ac.cn

BIEE W], E-mail: hg@mail.iap.ac.cn

FENWE K E AR ORI 2012CB955604, [HK HARFIEAGIH 41275089, 41305071, 41425019, 41661144016, HEFA w1k

TP EMFE T 201505013

Funded by National Basic Research Program of China (Grant 2012CB955604), National Natural Science Foundation of China (Grants 51245089, 41305071,

41425019, and 41661144016), Public Science and Technology Research Funds Projects of Ocean (Grant 201505013)



e

R
186

H

Climatic and Environmental Research

Bowt gt 23 %

Vol. 23

4 Joint Center for Global Change Studies, Beijing 100875

Abstract A time-scale decomposition (TSD) method to statistically downscale the predictand and predictors is used for
seasonal forecast of summer extreme high temperature events (hot days) in South China. The hot days present a
significant variability that is associated with distinct possible predictors. Both the hot days and the possible predictors are
decomposed into inter-decadal and inter-annual components by fast flourier transformation filtering. Three downscaling
regression models are then separately set up for the total hot days and the inter-decadal and inter-annual components of
hot days. The downscaling regression model of the total hot days is named as direct regression model, while the
downscaled inter-decadal and inter-annual regression models are combined together and named as TSD statistical
regression model to obtain the total hot days. The fitting results of the direct regression model and TSD statistical
regression model are tested by 10-fold cross-validation. The results show that compared to the direct regression model,
the TSD statistical regression model decreases the root-mean-square error (RMSE) from 2.6 d to 2.3 d and increases the
correlation coefficient with observations from 0.69 to 0.73 for the inter-decadal component; the TSD statistical regression
model also decreases the RMSE from 3.2 d to 2.9 d and increases the correlation coefficient from 0.4 to 0.48 for the
inter-annual component; for total hot days, the TSD statistical regression model decreases the RMSE from 4.1 d to 3.7 d
and increases the correlation coefficient from 0.48 to 0.68. The hindcast results of hot days during 1979-2010 show that
the correlation coefficient between observations and outputs of the direct regression model is 0.57, while the value is
improved to 0.72 by the TSD statistical regression model. The forecast results of hot days during the independent
validation period (2011-2013) show that the relative RMSE is 26.4% by the direct regression model, and it is 12.3% by
the TSD statistical regression model. Compared with observations, both of the direct regression model and the TSD
statistical regression model can predict the hot days to some extent in South China, and the TSD statistical regression
model performs better for forecasts during 1979-2013.

Keywords South China, Time-scale decomposition, Summer hot days, Prediction
- GRS, 2009; SL%SE, 2009; (FHE K45,
1 5|8 2010b; #hEE#AFEE, 2011; Qian etal., 2011; Hu et al.,
2012, 2013; JABRFIEEE, 2015). Huix T3 HE
e & B B e R R A BT &R RS B s O, 2 H00 S eI

( Intergovernmental Panel on Climate Change ,
IPCC) 2 TR VLR R W] (IPCC, 2013), 1880~
2012 FEA BB THE 2T 0.85 °C (AN 0.65 °C 3|
1.06 °C), ARARR UM —DALNE. 724
HRAZBE TS 5 R, SRR 10 4ETH R 0.2~
0.8 °C, Ljublmlin s st FAHE R E ((EE &
&5, 2010a; Caoetal., 2013; Ren and Zhou, 2014).
LA, W i AR A 10 FE8G N 5.22d, &
W A 38 2 3, T LR R IG  FAth H HF B AP A
(5K 545, 2008; Dingetal., 2010; Wei and Chen,
2011; Zhou and Ren, 2011; Z=U5%%, 2012; 240
REAE, 2015). BRSO
12208 A LUK v 3 iy A i i ) 3 Lo g 7 ™ T
AL MBI, LR gh B AN L a (RS
%, 2013; ZEifEiRA, 2014; MRS, 2014; B
SlE%%, 2015; Xiaetal, 2016), Mk, @ HZE
A2 i v i L 91 FREIU L AT F 2

UTAEkR, KR 2 BRI ST T 4k DS AR i v il 2

VERIRGE R R CRIFRE D RIUR S Z X2 B Y
Wiy B2 2= Bl iy et ) 2 RS (ERESE, 19965 k%
FI4=224, 2005; L%, 2009; ZEEIRYE, 2014;
Chen and Lu, 2015; Lu and Chen, 2016; Chen et al.,
20160, 2013 4F 5 Z= PGP Fl i s o A - 4p 8
R s ) B [ R 5 KR o M X, S B X 52
HON YU, 8 T R e R S sk AR g
m R R (FRERARAE, 2014). AR E ZE
PSRN, ] B H B0 B R R i g
2, 1996) . i H 4R B 2 XS B0 R Hb X G R
TR, KRR 2 R BTy, E e
A R BRAG,  AR T 2 KBRS NG e,
AR A A B 3 X AR i i ) /2 2E (Chen and Lu, 2015;
Chen et al., 2016). T[] & AR E = RJEA R
W& 2 Bl A ada N 2R S AE RIS R (BRELEE,
1991; BRHAHSE, 2002; REHESE, 2003; FIEH
RIS, 2003; Kai [CHIBIERE, 2003; {TEE
4, 2005; MMERIZRZEAR, 2005; ZEXUMK, 2009;

~I



2

W R SR8 I TR RO 7 2 1 4 o B A i el TG0 P £ 2

No.2  CHEN Sisi et al. Application of Time-Scale Decomposition Statistical Method in Climatic Prediction of Summer ... 187

RIEFAEEL, 20095 AR T RIFRIE L, 20105 5K
JER AR, 2011 AE 45, 20125 BRENIESE,
2013; fakE%E, 2015; BNISE, 20160, flan, #
SR ARG L (20100 FR AR R X 3
F AR T PP R s R g, FE0ZHIX
P e T SRIF BRI R s (2011) R
- SR o R 0 S G o e ] AR AV R b X
PRGN, BRZUEE (1991) $2H EEVE S 4500
SR, Fi B A1 2 R L AR B P v 2R
I BN B AR e RN G, 3 S A e e
A [V s B 5 28 XURH 5 . 52 28 XU fhi 55 s Hu et al.(2012,
2013). BENIZE (20160 HE— 7T B BN RE v f
S E S RS v X =T il N RS AR R s AN
b D AR R s PR IR (2002) fi5 AT
Ninol +2 DXL I N, i 3 5 25 G P il 1= i
SRR P ) RS, P AR 2K BRILLLAR,
KIGTEEAR R (AMO) . JL K PEVEE ST (NAO) .
Jet#H s (AOY RN Fr¥5) (PDO) i@
I 5 R A ER NS T [ R i R R R Y
M (A=SRfRAE, 2002; R RAMIERE, 2003; 1T
5%, 2005; MMERIZEGAR, 2005; Z4XURAE,
2009; AE4iE%E, 2012; Chen and Lu, 2015; Xiaet
al., 2016). HHY, &7 5 2= 1 i i il 52 i A
THIWFIT R, SRR AR i ey i et 300 Ak i)
(I SO bE A AR S R AR K R BRIk
HREE) LI A (Chen and Lu, 2015).
FERLI BT A T, TS S A
BRI 1, ST AT RUTHR R 55 R R Sk
KER, AR DR A A A IO, X2 H T
AFF 0 0 00 A Tl (8 I vk 7 i (SR 2R 4t
Vo, 2012 A7 SCFAE, 2012, B, 2013; X
GRANZERMR, 20150, IEAEk, HEME (2013)
Wk e 5 g vk AR A5 A 10 A T R
TS 8 AR YRR PRUI B VR 4 K (1) 2 A
HE, DI AGAR A7 AE 22 W) R) R AR FRARAE, A
[ s (1) R AR 26 0] RS2 AN [RI ) B 7~ 52 i I s D
221, 2016). KUk, A 00BN XS AR &
HEAT IR Ta) ROBE 3 85, 3 BT 9E 45% Ik T) RJE 1 5% i [R]
TR, PR AN [RI AR R 45 5 B A i1 A48
SERVR BTN, 3K 7 YRR Ay B[] R 43 25 1)
BT J5id (2P, 20135 XIGRFIZ= 000K,
2015). CAWFFLRM, &1 Z R KR i e R
J5 3 125 B8 RURSE T 7 2% R A% AT A v DX 3 K T

MRERIZR 744, 2005; Wanetal., 2005;
KGR FNZ=XUHKR, 2015; Gong etal., 2016; Heetal.,
20165 PrsAIz=E T, 2016). HaX 5 FW
i eyt BT T ROPRE 73 28 o ROBE T 7 9252 15 R o
F 2 AHECAN DX 43 IS [) RORE T 42 4 57 F— e v P ]
FE R VAR, AR i vy il ) ) ROBE 23 B e vt B RS
O ARE 20 25 BT 5 SR 7 A SOR S AR e
b DX FH B D) FRUPE 73 8 G v 8 OB Yl g, T
5271 i vy Ui I 1) FORE 2 8 ) e v PO AR, ke
THO 25 5 5 AN DX 4 I ) JPE 3t 57 16 G v o) A5 24
AT LR

2 H#EMEAE

ASCWEGT I S e 4R (189N ~26°N,
110°E ~120°E), WHEBN 1979~2013 4= (3L 35
), HEZE (6~8 H) & H &R AR =0 =
Uik o et H S i B A e R U — S
fakl, AREFH m Ul is 2 s 35 °C 1
KA SCHRR- A i H B e S, TSN B
AR 2R X B Ul R T4 T 35 °C IR
H, £33 1979~2013 FEHEHE 2w H &5
ST H BB 2 iy, APk ) B 1
CAHFR A RG] (A, 2002; Rl
MR ERE, 2003; AEE K55, 2005; #EFI4= 524,
2005; AXUAREE, 2009; IR T AIBRIEELL, 2010;
5K B3 F % 25, 2011; Huetal.,, 2012, 2013; /&
4xi%5, 20125 Chen and Lu, 2015; #RKI%%, 2016),
FIDASEARY ()3 ST NUL A5 [BIRIR Bl 1979~2010 4,
MSTREAKT I I B 2011~2013 4
21 &N

AU SRR T KSR B bR A 4
[ 753 ANVZuh s Hisos W BERL JfF2d iy —1k
AbEE (Lietal, 2015). R XA 61 N5
ACCE Do IR R ERER 3 TRRA 0> (European
Centre for Medium-Range Weather Forecasts ,
ECMWPF) ] ERA-Interim H %4 (http://apps.ecmwf.
int/datasets/data/interim-full-daily/levtype=sfc/[2017-
02-24]), KPR 0.5° (L) X0.5° (L)),
EIEE (3~5 A) 2 )% (7~28 cm) Hifli; E
JEEVE UL B RE SR F 9 R S v ROR A B
(National Oceanic and Atmospheric Administration,
NOAA) ERSST v4 JF-#4%# (https://www.nede.



R
188

H

Climatic and Environmental Research

Bowt gt 23 %

Vol. 23

26N ...'-?gﬁ('
C T
MM%\%WJ«*

24N °

22N A

i

20N e

18N

110E

112E 114E 116E 118E 120E

B 1 AEREHIX (18°N~26°N, 110°E~120°E) 61 AN Gl S 4045
Fig. 1 Distribution of the 61 meteorological stations in South China

(18°N—-26°N, 110°E—120°E)

noaa.gov/data-access/marineocean-data/extended-reco
nstructed-sea-surface-temperature-ersst-v4  [2017-02-
24D, KPR HEER 20 (HE) X2° (R)), kI
£Z (3~5 H) R (Surface Sea Temperature,
SST); RJUEARSEH, WUHh AMO 34, NAO i
H. AO F5%4.PDO $54UR1 Nino1+2 #8435k FH NOAA
( http://www.esrl.noaa.gov/psd/data/climateindices/list/
[2017-02-24]), FFIEHCHT—4ERKZE (KFE, 9~11 J1).
WA (&F, 12~2 J) FRSERSE (R EF, 3~5
FD HE S AR SRR A Pk mi S TR A
22 FHiE
He w2 7 v, H R A B AR AR R4 B

ARHRAEAE CIRAIREE, 2009). 11l i H ZOA 7] i
() JRUE 3 52 ) B DAL 6 AN [ IS 1) U2 2R 22 1 5%
Wi ] BEANS AR BRIk, ) A ER I 23 A v il
HONAFPRE ) BEDR 7 BEAT I ) ROBE 73 1, 43314 H
PIAFEARBR AR H AR R 2, 5 7 AR LA B IE WA
PRBRAER, 7 NPT Wb AT,
AR STORE AR L3 i 453 21 1 4R AR AR 2 52 SO Py BE
AR, T AR AT 2 AR AR A e
ZEAE N bRy . AR 2 AR bR B AT E Y
SRR R S, R

Y=YqtY, , (D

X=XqtXa > (2)
Hr, v e E R H SRR, Yoo Ya 0 ilh
e B 2 il B AR 2 A EBR 20 i XN
FrPRI W BN B, Xav Xa 23 ) A A Ik 4 B A
THEEABR o EEAERR . RIS, RIS

VEAE S I 8] RO B0 3 5 v H B0 AR DG
I BER IR 7o Gevt 25 i ) ROBE ) il H 20
PR, 4598 sk B ECrE 25 B 1) RO (1) mT BE Tl R
¥

TEA] A0 1 - I 1) ROBE il 1 400 nT e Pl
)5, SRHE “Rmr” A2 R 2 A, 55
a6 M R T i BUR R SEARBR A A BR 2
£S5 G RN Sy 1~ P R S 1 ¥ 1R & (.
5 B VA BR A Bk i 22 /N DR - 2 [R) R BEAF A 1R 3
LR, BRI R PR 2 TR K IR A R A
T (BURIAIZE S, 2016). BBk,
T HH PR VIR DR 75 AR R0 [ U5 R A AL A 56
(38 5 AR R ZE S /N o RIS S JNE BV R (R AZ SCASE
MR ZE IR T L b2 N . YRR
BERNAE, KRR RZE TP FIME ¢
KL9 Ay 75 F RS, A AN 50 (1 535 K7
A I v T G 2 PR KSE 0=0.1 I A e ) e B AR A 22
BN R TER T, SRR &
BRI a5 FE B3 M) T 0=0.05, FEREATH)
BT, BER DA R AL . RS, AT
P e/ B AR S iR R B RN TR
V7 e AN X 23] ) ROBE () B A AR (S
FREHERNARIAL) R ) RO 73 25 1 e vt B R[]
VAR CEFRIN ] ROBE 73 B e v A0, B

Y'=f(X), (3
Y=Y/ +Y, (4)

o, Y bR 5 2R sk H B AR, Y
h e B2 i B IS i) RORE 2y B e v AR, Y
Y, 5300k 4 7E B 2 i H AU AR B 2 i R4
oy IR, Yy = f(X,), Y= f(X,) .

RIS LA BE T, 8 R A8 SR
XL R A 5 B S B AT LR (SR FH 4= 4
e, 20125 XUGRFIZRUK, 2015). ASCRH At
A SRS 2 o0) v il H 5 2 R ] VA RS R R i) R
Iy B RY (HL A 45 R S IME AT LR AT
FEOPRy, FES IR b, AR IRIEE S I B
(32 4F) +4r 22— (3 4E) HIBORME N TR IR 4,
I FH T 3 0 L AR 6 90 R A A T TR, B
LR BT I B RE TR T — Kk, AR
SR R TR 45 5

B, T SR B ] A AR I [A) RURE 43 B
GEVI B TR RE ), VPR R AR I B ]
FRAB A S ST G 560 B BE (R T, %) B 2 A AU



RS

JANYATE S

2 19
No. 2

M ) JRURE 73 125 A e e B2 A vl U0 v £ 12 P
CHEN Sisi et al. Application of Time-Scale Decomposition Statistical Method in Climatic Prediction of Summer ...

189

{15 PR TS S0 2 5.«
HZRE DT

T AEXT 1979~2010 45 LR HLIX =ik H 4L
HEATIIA)ROBE 4 i IR 2D, I A8 LI i 45 2 v
i H B AP B . i HECERR
syrifE 20 el 90 ARG WILLET, KK T
i (&4 15 4, BJ5 2K IF 8k m T
fH, X—4 3L 5 O A —3 (Wei and Chen, 2011;
M 5 A, 20135 JH eI HE, 2015; sk gedE
4, 2016);  [RII ErEL H 208 A7 AE W 0 4 B AR R
FRAE, FEPRR LT E 5~24 d, ZiaaEni HEsh
Rk ihdk (KNG 76 2~3 FHI Bk, £
B il H B AR 2~ 3 SRR AR R JE 1
3.1 AR F

HRHE O A W 90 S0 v 52 M) e il H 000 4 22 TR 1
(FZ= T3, HFRHEFRERM AMO. NAO. AO.
PDO. Ninol+2 $540), i B 23 fig 15 204 22 K]
FIEARFR RIAERR 73 o AEA I 1) RO b 43 00t
i H S R 7 AT A DG AT

Kl 3y 1979~2010 4F 472 L 58V 5 0
AR 3 2 RN A B 2 5 06 I8 N () R P88 4 e 3 2 o
Sl E B P Rl 1517 T 1 R W ol |1 R T N
Z TR S 2 i O S R AR A i
RAGAHIG, EBR AN IEAH G BT
R N A DX DG S s AR AR B o) AR A
DX 33 AH OGS 2 5 A B 43 AE 23°N LUAG B X AH G
W UHES I )RR A R 2 R A X P

3

26N

24N

22N

20N

(@)

BSEZailm HEWAH SRS (R D, BEN
-0.26 (ANBZE), TR EH-0.73 (0=0.01),
EBRrEN 037 (a=0.1), HE LR HEZE
i H A S BRI OO W, W RE A HARAR
B 43 1 1) 40 3 7 A DG R AE B 43 2 16 f2 2 1B AH K S
g e B3 MK 1R ER, 1979~2010 4F4¢
T 1 DX 2 g 8 0 B g H A A AR B A

TEBRgy i LA A R, A R LR A
W
30
{— miRH%
1 — FRbESE
1 - G
20__\355$5}$A
4 /
¥ :’I\\\ A R\
e} VAR 2R \
B . \ \
m1mQV¥p/
;lg i
g ] A
VTV VVUVV Y
10— 77
1980 1990 2000 2010
FEfy

2 1979~2010 {EHEFEZE (6~8 ) ik A AUEE (L), 4F
fRBR A8 (L0924 AEPRAR R CRAIZR) . fFEbrsr i CEBRZ R mIHE,
WS WA

Fig. 2 Time series of the total amount (black solid line), the inter-decadal
component (red solid line), the inter-annual variability (blue short line), and
the inter-annual component (the inter-annual variability minus average
value; blue solid line) of summer (June-July—August) hot days over

1979-2010 in South China

() |

@

BN t+——71——71 1 71— —
110E 112E 114E 116E 118E 120E 110E 112E

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

114E

116E 118E 120E 110E 112E 114E 116E 118E

120E

0 01 02 03 04

K3 1979~2010 SEAERE Frmill HE (2) B, (b) PP (o) GBIk L5 0T BN )RR 22 1 B A S ) A3 AT I o I AT s DX

PRI AR S R B VKT 0=0.1 (1) il 2 PERY 56

Fig. 3 Correlation maps of (a) summer hot days, (b) its inter-decadal component, and (c) its inter-annual component with the spring soil moisture on

corresponding time scales over 1979-2010 in South China. The dotted regions indicate correlation coefficients significant at a=0.1 level
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Table 3 Potential predictors for summer hot days, its
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Fig. 6 Root mean square errors between observed and cross-validation estimated summer hot days by different equations regressed by distinct predictors in

stepwise regression screening for (a) the total summer hot days model, (b) the inter-decadal model, and (c) the inter-annual model
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Fig. 7 (a) Inter-decadal component, (b) inter-annual component, and (c) total amount of the observed (black solid lines), 10-fold cross-validation estimated
values (black solid lines) regressed by the regression model (blue dot), and the statistically downscaled mode (yellow dot) of the summer hot days in South
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