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A Time-Scale Decomposition Statistical Downscaling Model .
Case Study of North China Rainfall in Rainy Season
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Abstract A time-scale decomposition (TSD) approach was introduced to statistically downscale the predictand
which contains distinct variablity linked with distinct large-scale predictors. It decomposed both the predictand and
the predictors into distinct components through filtering and calibrated distinct predictive equations, respectively.

Due to the interannual and inter-decadal variability in July-August North China rainfall, it was used as a case to be
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downscaled by TSD approach. Sea level pressure, 500-hPa geopotential height, 850-hPa meridional wind, and sea

surface temperature were considered as predictor parameters; several well-known large-scale climate indices were al-

so taken as potential predictors. An approach of cross-validation-based stepwise regression was used to formulate the

regression equations, The downscaling model for the interannual rainfall variability was linked to the sea surface

temperature over the mid-eastern tropical Pacific in June and the 850-hPa meridional wind over East China in July -

August, while that for the inter-decadal rainfall variability was related to the sea level pressure over the southwest-

ern Indian Ocean in June under the effect of sea surface temperature over the Indian Ocean - Pacific warm pool. The

downscaled interannual and inter-decadal rainfall components were added together to obtain the downscaled total

rainfall. The results in the independent validation period (1991 - 2008) showed that the TSD approach performed

well to downscale July - August North China rainfall with the correlation coefficient of 0. 82 and relative root-mean-

square error of 14. 8%. With the hindcasted predictors by general circulation models (GCMs), the downscaling

model was used to hindcast July — August North China rainfall over 1991 = 2001. Compared to GCM-hindcasted rain-

fall, the downscaling model showed better performance, which improved the original bias in terms of insufficient in-

terannual variation in GCM hindcast.

reached 0. 45, much higher than 0. 12 in GCM hindcast.
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Fig. 1 Sketch map to calibrate the time-scale decomposition statistical downscaling model



*x K

388 Chinese Journal of Atmospheric Sciences

B 36 &

Vol. 36

Gy AR bR 43 18 17 90 (4 A5 o 22 43 31 F 54. 8 mm
F148.9 mm, AJ WLy BRI ROBE 22k . AN ]
BB K 431 RIS 45 B AR R RUEE BRI R R
JESE T 0 5l g 37 AT PR AAR AR b A i e RUBE
TR,

SR TR PR A8 B A 5 VF- T UL 500 hPa
PR RE . 850 hPa £ ] KR & 1 B LA e — 26 2
R R B S S B SAMI, NAMI, NAOI, PDOI
Al Nino3 4§ %, M %% 3L 58 4F (1951 ~ 2008
AR, AR G g I (R] RUBE B RBE B RL (P e, A
GRS B B T 40 4F (1951 ~1990 4F) fE
SRVt BE Rk #E 7 AR, 5 18 4F (1991 ~2008
) RN ST A I B BRI AR Y
4.1 ERTERERERE

F 12U K 5 HT i 6 A FE 7, 8
FF- B0 2 IR REE S BOE A bR DL AR R
JE AR, PR RE b, SRR K S
6 A1 NAOI LA & Nino3 %0 8% (0. 05 FEK

) KRR H NAOI Fil Nino3 +8 5 4 Fras
Hori (NAOILL, Nino3,) fEN#7AFFrAs S R
FERERL ] BE TR B -, ] 2 A& 1951 ~1990 4F4E
LI K SETI 6 H AE 7. 8 H F-¥ iy
[ . 850 hPa 280 X, 500 hPa i 3 B FliE 2
TR AR AR PR R b Fe iRt A A o6 Ch 2
R HT A OC R B2 . R LAtk ey
GIARTHEAR G REO . IEWHET AW T8 . fedt
FEOK AR BRAR 3 55 Y il i IR )2 28 1) XU R R M 45
1999 . FE A I GA AR IE . 1999) .
AL KPG8 (KRR AR 45, 2008; Wu et al.,
2009) . I i v Ak i HE R IR R R (R 0
2005) DL MRDHE 2% (FaZEfMpENgE, 2003) A
X%, 2 PmEAEX OrfE) KX LR, 1
BURAHE X (7 HE) A OC R XTE KT 0.4
(0. 01 37K Ay X3 A4 22 25 1 T AR A O
PHEAE N T REMI TR B -5 RN Zia — Zoa (FEIL
#£2),

R O1951-1990 FEILTIEKS 6 AR 7, 8 A EHNZIMEMARESEEREER (£FKK) RELMWEELE

BENEXREY

Table 1 Interannual (inter-decadal) correlation of detrended time series between Jul — Aug rainfall and several indices in Jun and

Jul - Aug during 1951 - 1990
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Table 2 Definitions of potential predictors for interannual model and inter-decadal model and their correlation with Jul - Aug

North China rainfall on the respective time scales for the period 1951 - 1990

(el [LER JER /s SN R HFbrid  BIRAHSE R
AR AR IR AW 7. 8 A 25°N~55°N, 90°E~115°E Zia —0.57 —0.57
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Fig. 7

(a) Normalized time series and the associated linear trend of the inter-decadal component of Jul = Aug North China rainfall (circle,

dashed line) and Zip(dot, solid line) during 1951 = 2008. Inter-decadal correlation of detrended time series between Zipwith Jun (b) surface

air temperature, (c) sea level pressure (contours) and surface winds (vectors) and Jul — Aug averaged (d) meridional circulation averaged

over 100°E - 140°E during 1951 - 2008. Contour interval: 0. 3; shading and vectors: 0. 05 significance level
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