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Abstract This paper applies partial-correlation predictor selection and a conditional downscaling method to improve a
Time-Scale Decomposition (TSD) statistical downscaling model of summer (July and August, JA) rainfall over North
China. A new preceding predictor, the North Atlantic—Eurasia Teleconnection (AEAT) in June is found by using the
partial-correlation predictor selection method. This predictor stores its signal in the tripole sea surface temperature pattern
in the North Atlantic and impacts on the development of depressions over Baikal in the following July and August, which
further influences the rainfall over North China. A conditional TSD statistical downscaling model is built with the
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predictors of Nifio3 index and AEAT Index (AEATI). Rather than fixed models for every year, indices are classified into
several types according to the predictor strength, and corresponding models are built for each type. The conditional
statistical model avoids the influence from weak predictors for a particular year. In independent validation, the
conditional TSD downscaling model improves the performance of Summer Rainfall over North China (NCSR) prediction.
The correlation coefficient between observed and predicted rainfall increases from 0.61 to 0.77 and the anomaly sign

consistency rate increases from 70% to 87%.

Keywords North China summer rainfall, Time-scale decomposition, Partial correlation, Conditional downscaling
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i X ERERLESX, AAEE, &
FRIE, HabEIRG, RkAKTFE, EERBKESD
7 A8 B, HFRATWEEXNZM (Liand Zeng,
2002L; Li and Zeng, 2003; FHEEHEZ, 2006). B L
a2 70 ALK, LK EEFRD, SHMH
AP EE AR E M (Xia et al., 2007).
TE+4Esk, HAbmEREAK XA B H#EH (Guo et
al,, 2012; ZEFLE, 2013), HLILPEKEHMER
PERE I E SR, B A B RK R R
HEZEMNHENE.

SE vt R RO R 9T X S A i) B B R T TR
(Yarnal et al., 2001, Fowler et al., 2007, Nicholas
and Battisti, 2012), /7A@ E LK REH M
HATFERMTMEBRISZ T X R (Giorgi and
Mearns, 1991, Hewitson and Crane, 2006), X =3
S(EBATIM (Li and Smith, 2009; Guo et al., 2011;
Liu et al, 2011; Sauter and Venema, 2011; Garcia-
Bustamante et al., 2012; Guo et al., 2012). 1 KRE
HHfEREERAEKXKKHRBEA (General
circulation models, GCMs) MEHL, XK A T] R4
B NERIRE . EIRG TR REITENTTINE
ShFRTRA T, BLiZRFERBAHENSET
¥F, WEIAKET GCMs FIRERLEE S, BRI TXF
J Hb B K A 5 AR R FIHY

— AN IR B SRR A RS AR, A
RAERAA A RR— S REETREHER. BHit
HOENYEI SN A RES#, FAHRER
BRI ATIRER, FEARRNERE
MAE AR B S TR, XHENARESE
( Time-scale decomposition, TSD) ] F% & F J7
W (EEEZ, 2013). BINER, IRk
R4 BEHERERAERRFTE (BHTF,
2002), Fk, FTAESLT TSD ik B R FAR
R (Guo etal,2012). &R ER, FEFHRRE LEI

K SaTH 6 AREPRAFE (5°S~5°N,
150°W~90°W) iR & VIR, Hardemdt K-F
EIRERREEFERRATRmEIREK, F
B R A7 75 B v — 1 KT v B VM I 4
AT, #tM/K S5 6 B v EN A R E
HRSZIKR. 5B EIRHI K ERRE
BRI TR, K P Z A0 b R Pk T
8. TSD %eitF R EEAE R R AR I TR
F IEHTUN T REJS JLAE (2011~2013 55) B4R
K EEEFEE, 2013),

] AR K TSD R B4 &3 6 H Nifio3
&2 TR 4E BRAS B MK B AR E 7, E/EH
SER TN RAEFHEW, BARTES
JC A TR T B8 FH T MK TR 2 7 T 1R TR TR
BT, b7 8% Nifio3 F8UTHE, A3CiRH A
FK TR R T B, B Nifio3 e 315 5 MR
KEFIh R, FRKRRRTFKRIET—
AFHRFEF. BT EIROTERFETF, &5
Nifio3 FE¥K BEfER PR K BRI/ BHEERRM,
M %F Nifio3 355K FHHATATE, XA LAAKTR &
GRS, B4, R HE T Nifo3 155
5351 5 MK B R AN FE B 43 (AR B AR I, BT LAE
XA AERBNET, BRRNENRIERS
Nifio3 ¥R IAL .

U R K Z ZABURE FRER, TERET
Z A AT EEREAE T, EBE S MK S TRE T 2 1]
(% TEM BB AR EH. FANRTHRKEF
BALH1E BIRS AR ETAN, STMETEER
B, ZTURE TR ERBTCHBER,
HER, WREZ, TAETEREFREN, R
RN, NAZE 2R, JUHRNE AR
W T, XFIRGE B B . A, ASCIR 444 TSD
[ R EEHIES . AARRSKMET, SirRERERR
A5 F (0 TR R - R TRAR T FE I E AR 2, TR
SRS AVTIHR R TR AHE B RIIRTIRAINT, B B A
HiEEE . XFERAE(S BRSO TR B F R iZAE T
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I S 2, 3RS % K = A TR
AXEETERNEHEREILRK TSD BER
BERERY (PR S AT . RIF IRAE S TTIE RS
Ho BT 0 B MK FE PR R AT TR A7, B0k
4 TSD it f6 R FERE RS AT TR, 3 5 I A
TELER .
2 Wk
AR AR RBKEE AR ERE R ED L
#wEKhE 160 M 7~8 AAFHEKER
(1951~2013 ), #HFILXBAEHEA (35°N~
40°N, 110°E~122°E), HAFLH 15 Mfjuh (.
Jeat. KiE. BN, RE. BrE. Y. BT H
5. AFE. KR, K. @Y. Ba. #s),
¥ 15 AN 7~8 A FHMEKE e U EILTARE
7K ( Summer Rainfall over North China; NCSR) &%,
AP F RS ZH AT R A NCEP/NCAR
CEEEFZFET GO/ B FREHFRH L) FHar
Mrsel, KPAHER 2.5°X2.5°, EAEHN 17
JZ (Kalnay et al., 1996); #RKIMEEE (Sea surface
temperature, SST) ¥ ¥} 4 Hadley /O RIERFE —E
AFHERTMEHERER, KESPHER I°XI°
(Rayner et al., 2003); f# ] Nifio3 fs R HEH
EHEKgEM KR EHMF (http://www.cpc.noaa.gov/
data/indices [2015-01-05]). BT i 14 A -FH%
.
3 A&k
ALK R A B B R E R AR
#, KN 48 TSD St REER . A0K R
KEHAbF R L RE RN 2R, BEARR
ERERSE, BEADNTHRET 7 ERNESHES
YENERRTE, BEXT 7 ERRBEE21E 4 AR
FroriE. XNXAFREREKSE S WESLFER.
FRERENEREERY, RERE LIRS N
Guo etal. (2012) FMZFEF5E (2013), AL FEEH
XEEFRAR R AT 0E, FAFRR B _EIE A R
i,
2 TSD (& R R, Nifio3 IREUZ
W NCSR R EHA TR EF, FrLlas®A
A RIEF B TRE 7. & 558 Nifio3 fa %

55 NCSR £t Bl AY:
ANCSR =-1734,, (1

Heh, 4 FRELBNERDE, IR ERE~FR
FERE R MG THE . SR J5H Nifiod 1REBREII K
Ap 2 M B R AR B R BR

RNCSR = ANCSR - ;INCSR = ANCSR +17’3ANiﬁ03’ (2)
18 31 55 Nifio3 FEH T Fl 4 NCSR BE7K & Rncsro
Fl Rnesr ST RBHHATHCS T, RIFERFHETER
Hfo

BLANIRE FHEIEANG A, MR E
THRBMARHEL AN E, BHRENENEE NGRS
FERTFE BESNER. AREERESTHREAT
BAT 2, W FE RS B AN G C
%, 188544 TSD Fiit P R MR 47 5L R T
W, FEREETIREFIEER/D, EEXTN Tk
BAY, DUREHUIRBITT

W 2 L 3L 63 4 (1951~2013 4E), JEELH]
40 4F (1951~1990 #F) EA TR F 7B Pkik A
BEAEE, BAFEKK 23 4 (1991~2013 F)
A A R R g Je T R B B B

4 dbXP;FE—BXITFiEHHX (AEAT)
;E’\Jiﬁ)\&,ﬁéﬁ NCSR By
1

4.1 AEAT EFRIEN

FH0Bx Nifo3 1585 5H 7~8 H Rnesk 56 H
WG MAR RS, RIFIE LI FEKER N
AATRKN 7 (B D. &SR ER, £ FES L,
JERFAFER I EI NAO (AL KPAEFE ) RALHES
¥, REEES A AR, @A A EMR (L
and Wang, 2003). JbAFUEFEILE, A B KR
Jeuie T RIS 4R, EEHAERES R

(B 1b) JLHBE, IR R X, X
W ¥ 45 ¥ 5 AEAT ( North Atlantic-Eurasia
Teleconnection) [FIZEHIAHAEML (ZEEFAE, 2013),
HIABFUIE th AEAT 2 EZIL KA WA TR F
A2 — (Wuetal., 2009; Wu et al., 2012). 7
SST % k-, &#F Nifo3 $58HFHI B, #FRK
FEEAFHEHEMERX; HELKAFEERTX
B, A SST EEFAMHKKX, JLHHl SST BF
AKX (E8%),

FE 1 RENEHEXX BREFTHEFR) Y
HE WA MBCE e L AB TR E TR X+
B 1b R KRGS S CX, HEE AEAT
Sl BXNUANXECERAEREE (DD )
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%m%%%ﬁﬂﬁﬁ%%X%y AEAT #5%:
AEAT (H H +H H) (3)

T#r A. B. C. D2 lREILKAFIL AR KRR
JEE8. o b X R AR T 2R B X DY A& B oL (K
1b)o XF Iapar MIEABEEFIRA 14255 Ruesr B
TR — MR XA H (Guoetal., 2011; Guo et al.,
2012), FHHH TR ZE (Root-mean-square error,
RMSE). 55 Iaear B HFH &/ RMSE, J 40.3
mm, 3 B 5 NCSR RIAHKR$ N 0.57, X2 99%
15 BT (R 1 oapar £ 2B ENSO 15 5 /5 5 NCSR
FBERBITRE T, RN LAUB R KRR
",

£1 BEFEENE (1951~1990 ) HARIZERDHS
AEREERTRBFREMERXE. R ATKRE TS NCSR
HHEX RS RMSE A BIB—% XAl 32 f i 5l
&8 NCSR Z B4 IRIRE, ${I: mm

Table 1
minimum RMSE in predictor selection of period 1951-1990

Five potential interannual predictors with the

and their locations. R is the correlation coefficient between
potential predictors and NCSR (Summer Rainfall over
North China); RMSE is the root-mean-square error
between observed and fitted NCSR in the leave-one-out

cross validation, unit: mm

RMSE/
BEFRET 2R AR R mm

S00 hPa fri@i & 32.5°W~120°E 37.5°N~50°N 0.577 403

Lk AEAT

§50hPa IS 30°W~22.5°E 60°N~T77.5°N 0.537  40.6

g 2 B AR

SLP 3% biEBE2 R 27.5°W~35°E 60°N~77.5°N 0.52" 409

FREXHK

200 hPa RIELiRES  40°W~2.5°E  60°N~80°N 0547 41.8

AR 2 BRI K

SLP i bea AT 140°E~177.5°E 60°5~~42.5°S 049" 44.6

X33

K F 99%fE BT

4.2 6 B AEAT *f 7~8 A NCSR HI &2
AEAT 546 AR /K (14 B & 40 B I AH
¥4, WMo 6 ARTREFEMTER 7~8 AR
KEIR? KSREMICIZERS, MEFHRTERE
BB AN E (Nan etal,, 2009; XFIEFIZE
I, 2013). Wuetal. (2009) 1 Wuetal. (2012
s I, FER NAO A] ZE4b Kpaissia = AR
SHRFEN, BEN SR THRRAEM T HERATL
HERNEE, STk K. B2a6 H

AEAT 25 WA KpigEREIER?

Bl 24 6 A Ixpar 5FE#H 500 hPa {7 #5371
SST HEFRFR T, HIkal W, ZEJbXiEE¥ b

, MRREZER NAO RS EBRTE R
I%jl:ﬁlﬂ BWIPRE MBI AR AR P HIX (£ 1%
ERTHX, HE K HX A H SR UK,
FERIBARG SST 37 b, AL KFGEEH X T #h FAE K,
P A TEARSS. AT, 6 A AEAT ] UAfEigR Y
EEATFEZR TSN, 55FF NAO MigERIE
*EU (Wu et al., 2009; Wu et al., 2012)., XFVERR

A RE 6 AfE5HEEE 7~8 A, #oE
thj(ﬁ(ff@{%dﬁ‘jr%‘ﬁ (Tripole SST index,

Iysst):

frgse = 1T—lT LI;T (4)

LR LM RRFRIC K ESSE. PAERNES
E=ATOEREE. 6 A Iaaar 5 hsst AR
EHON 035, 153 99%MEEAKE (K 2).

*2 1951~2013 &, EERERSE 6 A Iapars 6 B Irssts 7~
8 B Itsst-7~8 B MANRAEESEL BDI (37.5°N~47.5°N,
85°E~105°E) Xi#F144Y 500 hPa (iS5 ) #1NCSR By
FRR XX
Table 2 Cross correlation between interannual components
of Iirar (AEAT index) in June, /rss7 (Tripole SST index) in
June, Itsst in JA, and BDI (Baikal depression index,
area-weighted mean of 500-hPa geopotential height over
37.5°N-47.5°N, 85°E—105°E ) in JA and NCSR
LEP L
6 A Ingar 6 B Isst 7~8 H Iisst 7~8 B BDI NCSR

6 A Inear —

6 B Isst 035" —

7~8 H Isst 025 0.44" —

7~8 HBDI  -0.30° 0.01 -0.28" —

NCSR 061" 017 0.07 -0.36" —

*IKE) 95%15 KT *EE| 99%ERAKF

B 3a. b 4Rk 6 HAl 7~8 A Issr 5
SST FHHERFH R, WAL 6 Ak 7~8
A, dbKPaEERN AR A MBRAAER, mH
P& IR R ECh 0.44, X3 99% M5 BT (R
2). B4 7~8 AR TEMRETHEH 6 AN
RSB RLETIR? ik, BATEEMN 6 AigER
K MR e R EE R 7T~8 AR

T, =T()CoV[T(t+1),T(1)]/ VarT(H)], (5

Heh, THRREREESE: 1£76 7, thl KR T~
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BLO.S HBIHE, ¥ 1951~2013 FE3t 63 M
43 A% Nifio3 FEEIRIFER Iapar 98 594, FFHHAT
Ha. FRIYPANE T FEERE, HREME
ARERINEAEE, HOdXFE I R B AF 5 48 R 5L
FARDHEFEE (BT, £820F (E8):

3 ERAME1951~1990 &) 5K M B (1991~2013
4F), 3|8 TSD B3t NCSR B9tEHI8E HAOtLEL. TSD #
Bl E135{N{E A Nifio3 fEHUEEL. Nifio3 8BS Luar IREUR
RUAN&4 TSD 52, R AXMM SN NCSR Z & H9FEK 3
#: RMSE AMM ELIEMHEKMHFRIRE, BA: mm;
P AMKEFFS—HE

Table 3 Comparison of performances of old and new TSD
models for NCSR simulation during the training period
(1951-1990) and the independent validation period
(1991-2013). TSD models include the model with only
Niiio3 index the model with Nifio3 index and /sga1, and the
conditional TSD model. R is the correlation coefficient
between and NCSR. RMSE is the
root-mean-square error between observed and fitted NCSR,

observations

unit: mm. P is the anomaly sign consistency rate

RIAME (19511990 ££) HIRHEL (1991~2013 &)

{X Nifio3 Nifio3 #§ & {{Nifio3 Nifio3 & #f%F

E 204 H+lewr TSD 5 Btlaear TSD

=273 R 0.34 0.68 0.74 0.56 0.73 0.81
4 RMSE/mm 480 374 343 46.8 397 39.8
P 65% T3% 75% 5% 83% 88%

E RN R 0.95 0.95 0.95 0.62 0.62 0.62
& RMSEmm 155 155 15.5 26.3 26.3 26.3
P 98% 98% 98% 78% 78% 78%

S R 0.70 0.82 0.85 0.61 0.66 0.77
K RMSE/mm 505 40.5 371 58.1 56.9 54.6
P 74% 83% 87% 70% 78% 87%

5 — 4 Nifio3 5 55R T Japar 599 (& 8a.b),
HH 17 AL B 8a L — MM B AL T =
DU R, A Nifio3 #5415 NCSR fIAH X REAN—0.81,
AE 95%H K AT Iaear, H'5 NCSR K]
FMEZRHAN 0.25, & 8b HIES St BAF
#E. T WXTF Nifio3 3EHGRI Lapar 9, NHIH
Nifio3 $&%— A FRkE 75t 2 LASH ALK 34T 1
W, M Iapar B FHPEERMEHMAEE. MR
BTSN Lapar B 7, RS BENLIR ZE -

2784, ,+13.0,
A =42714,00m - 221,

NCSR

3 T3 Nifio3 ¥5EF5 1M Iapar 52 FECH 8c.d),
HE 16 MMl B Nifio3 #5%5 NCSR HAH %
FHN 45 0.10, 10 Iapar 5 NCSR IR R E 4 0.72,
B S AN T . KR, mkTh, X
ﬂ’%ﬁ:—F: Wiﬁﬁ IINTS *’l‘i‘ﬁ?&?ﬁ:ﬂ%ﬁﬁ%
NCSR FIREHAZZE, HAFRE Nifo3 1R TH
gIXN.

B=2% Nifio3 15805 Iapar ARFBMFE (B
8e. ). LA NCSR 5 Nifio3 F6HM Iapar FIAI X FR
5> 4—0.40 1 0.52, HAALILF] 95%M1EREK
., XREUFAE TR R RSN, XA
TFHOANREXT NCSR =4 H M sREEA . HiX—7r
KR E S M EBRRAIEKRE, T TFiX
~—284F, NCSR 7§85 HAh K F R

UK A Nifio3 F585 Iear 58 AR5 H4E

(B 8g+ h), X 6 A~1~Fl, T NCSR 5 Nifio3 54X
N Iapar RIAAL R B 4-0.88 1 0.83, #RikF]
95% KIS AT . M Nifio3 FE5M Iagar &7 K
NCSR ¥R ftE &, AsRasfMHn. MEd
Hn, MITIESH 5 NCSR MR REHEUAE TR
EHHE . EREFELAAE D, BAR T
FAEM G ITER

Ak Nifio3 F885 Iaear Y9558 A E 5 5

(@ 8i. j). WEFAE 11 4A4MF], NCSR S5HATR
IR F A S R B 9 A 0.38 1 0.55, ¥R AEIEE)
95% K= K. AT REAY R 2 X FIX &4, Nifio3
1685 Ipar FEBRN AR, HBETHAE
TR R AREIKH, #1555k NCSR H T
EingE %,

52 &4 TSD#AIMENT. ISR

HRAE LA b 24T, A SO B TR B F R SRS $R 1
REHBEHRTE (B 6): H%FE—, Hf 5 Nifio3 15
BOMSS Lapar KIFE, {UFEH Nifio3 FE4U/EA HR K
T, HE, WT Nifio3 8555 lapar 5BHIE, X
18R Inear EABURE T HE=, HAW=Fh3R
IR A ER, BRI, BXe
KRN K, (£ Nifiod FEM Lapar HA TR
KF. R 1951~1990 ERIMIMEHE, L H7MH
TSD B R BE SR8 R 1) 4 B B

| Ay > 0.5 A | <0.5 CHR)
|ANiﬁ03|<0'5E‘AAEATI‘>0'5 (7‘:_"%:), (7)

1874, +27.04,,, +625 Hit FERZ)
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6 S&E5iTie

A X TSD MR 4R Rk 733 AT T o0, 103
T — M E LA K R B ERE 1, 6
1 AEAT. ZEFr] CAZEdL K PE i sRiE AR =
WF&sy, mTEERciZrEsE, =Tk
SIESHEE 78 A, HX T KRR
EAER, WEIUNRBEERER KR, Nim#E—
AL RRK . FEILEERER, JLARTEEE =%
TEMTEXTEERBEH (FE¥%, 2013).
i AEAT BIs8i/ERH R, 7R3k EZE, JLRH
FERIR TR S B SR T X, 2w R %
IR B o DRI EOR 25 2R W <A T BT B % &
AEAT Hi{EH .

FIFH Nifio3 EEUM Iapar BNESL, A3 —
HIR A T A AERE R R RS . R B TR 1
SREE, WGZEWM S RETE, TEMBREXT
MR & BRGHERL, BTSRRI, %R
HEFR A T R BERAR N IR RS, XA
REARTE SERrfE MEBR R TR, FRERE AR
FHHMEFHTH. ERE MK IR, &
1 B ROBE AR B R TR B T BB 4 BT
A,

WNFERT], BIRSM TSD MRAEHEAMAEKRS
BUF M T 8 SRR K TR, (BAE R
RIS, G0 1995 4, 1996 £, 1997 £E. 1999 4
A 2002 £E, SEvhRERL TR PR K BE SR/ EATS
AWE. KR\BRHBHES —BRBHE SRR
fE, WAKER R R TR 5 R A0 3 T M Rk
R, XA AR i X SR 1 B K IR ZE R EH
5 4hF ENSO K0 AEAT 5830 m35 a4, 414
TSD HERY R BEIR B ARG I R 7 B 0 FIXLe4E{p
REEH MR E et K, BT —F
M T4,
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