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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 rainfall, the
downscaling model showed better performance, which improved the original bias in terms of insufficient interannual
variation in GCM hindcast. The correlation coefficient between the observed and downscaled rainfall reached 0. 45,
much higher than 0. 12 in GCM hindcast.

Key words statistical downscaling, time-scale decomposition, North China, rainy season rainfall, prediction
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Fig. 1 Sketch map to calibrate the time-scale decomposition statistical downscaling model
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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

SAMI NAMI NAOI Nifio3 PDOI
6 —0.06(—0.83") —0.270.04) —0.37%(0.19) —0.35* (—0.52) 0.12(—0.66™)
7.8 —0.09(—0.54%) 0.08(—0.37) 0.24(—0.3D) —0.29(—0.12) —0.25(—0.54")
: K 0. 05 5 Yok 0. 01 B
2 1951-1990

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

7.8 25°N~55°N, 90°E~115°E VAT —0.57 —0.57
7.8 35°S~10°S, 60°E~110°E Zon —0.52 —0.52
850 hPa 6 45°S~20°S, 60°E~85°E Zsa 0.58 0.59
850 hPa 6 55°N~75°N, 0°~40°E Zia —0.6 —0.6
850 hPa 7.8 25°N~47,.5°N, 102. 5°E~125°E Zsa 0. 64 0.65
850 hPa 7.8 0°~25°N, 50°E~70°E Zsa 0.62 0.62
500 hPa 6 35°S~15°S, 45°E~T70°E Zia 0.51 0.5
500 hPa 6 55°N~75°N, 335°E~357.5°E Zsa 0.62 0.62
500 hPa 7.8 40°N~55°N, 75°E~100°E Zya —0.59 —0.59
6 25°S~10°N, 30°E~60°E AT —0.95 —0.94
7.8 30°S~10°N, 30°E~80°E Zsp —0.93 —0.92
500 hPa 6 5°S~20°N, 90°E~140°E Zsp —0.94 —0.92

500 hPa 6 5°N~35°N, 50°E~90°E Zip —0.92 —0.9
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Fig 2 Interannual (less than 7 years) correlation of detrended time series between Jul-Aug North China rainfall and (a, b) sea level pres-
sure, (¢, d) 850-hPa meridional wind, (e, {) 500-hPa geopotential height, and (g, h) sea surface temperature in (a, c, e, g) Jun and (b,

d, f, h) Jul-Aug during 1951-1990. Contour interval: 0. 2; shading: 0. 01 significance level; black rectangles: areas with high correlation co-

efficients
3 (t, F 033, L1,
85 % 1L.4.16), o
’ 3a, Zin—Zsa ’ Zsa
o (t, F
NAOI, Nino3, . Nifio3, 15,162, Zsa .
NiﬁO?)A ° NAOI/\ ’ ] ° ]



36

390 Chinese Journal of Atmospheric Sciences Vol 36
(a) =
481 A O
e}
&
444 O
£ o}
= <
2 8
2 401 (] NAC
NAOL, - 5
W i3, X
& Nifiod , +NAOIL x
364 O Nifiod, +NAOI, /7, ,(£4=1,2,3,4,6,7.8.9) «
® Nifio3,+75, %
X Nifiod, +4, FNADI/Z,  (4=1,2,3.4,6,7,9) x
+ Nifio3  F 75, gy +
32 — - T T T
step | step 2 step 3 step 4
36
(h) O O ppoIy,
W SAMI,
124 A SAMIL+PDOI,
© SAMIL+PDOIL /7, (=2, 3, 4)
® SAMI+7 o
-~ X SAMILF7 L +PDOI /7, (k=3 4)
: + SAMIFZ o
5
5‘ 244
|
20 N 8
O
© x
167 [ ]
%
stelp 1 steij 2 stelp 3 stelp4
3 ( : mm): (a) ; (b)
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Fig 4 Interannual correlation of detrended time series between Jun Nifio3 index and Jul-Aug averaged (a) surface horizontal winds and (b)

meridional circulation averaged over 100°E-140°E during 1951-2008. Shading and vectors: 0. 05 significance level
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Fig 5 (a) Interannual component, (b) inter-decadal component, and (¢) total amount of the observed (solid line) and downscaled (dot)

Jul-Aug North China rainfall during training period (1951-1990) and validation period (1991-2008)
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Fig 6 The same as Fig. 2, but on inter-decadal time scale (more than seven years)



2 —

No. 2 GUO Yan et al: A Time-Scale Decomposition Statistical Downscaling Model: Case Study of North ... 393
) )
. 7b . ) )
) ( )
) ) o 100°E~140°E
( ) — « 7D
R (Du and Xie, 2008; Zhou o
et al., 2009a, 2009b) ) N , o )
o ) 7. ,
8 o 7c ) Yy, = 320. 5477y, (2)
) 60°E , ) o
7 (a) 1951~2008 ( ) Zin( ) C s
1951~2008 Zip 6 (b) . (o) ( ) ( ) 7.8 (d) 100°E~140°
E . 2 0.3; R : 95%

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
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