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A Statistical Downscaling Model for Summer Rainfall over Shanxi
Province Based on CGCM/NCC Model
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Abstract A statistical downscaling system for forecasting summer precipitation at stations in Shanxi Province has been
developed in this study on the basis of real-time products of numerical prediction from the CGCM/NCC (Coupled
Ocean—Atmosphere General Climate Model of National Climate Center) and observational data collected at stations in
Shanxi Province. Geopotential height at 500 hPa and sea level pressure in the summer of the current year from the
CGCM/NCC simulations are selected as the two predictors; the middle- to lower reaches of the Yangtze River and the
tropical central-eastern Pacific are taken as two key regions. The statistical downscaling hindcast of the 2007-2014
summer precipitation over Shanxi Province has improved the prediction compared with the original prediction of the
CGCM/NCC. Except for the summer of 2008, the spatial anomaly correlation coefficients (ACC) are statistically
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significant at the 0.01 level, and the temporal correlation coefficients over most areas of Shanxi Province have also

increased significantly with a maximum value of 0.6 by the downscaling scheme. The PS score can be greater than 70.

Sample tests indicate that the downscaling method based on canonical correlation analysis (CCA) is applicable in the

prediction of summer precipitation anomaly across most of Shanxi with high accuracy and stable performance.

Predictions by the downscaling method are much better than the original predictions from the CGCM/NCC.

Keywords Coupled model, Shanxi, Rainfall, Downscaling
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the corresponding time series (PC1) for summer precipitation in Shanxi
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(Coupled Ocean—Atmosphere General Climate Model of National Climate Center) (shaded areas are for values at the 0.05 significance level)
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Fig. 4 Distributions of wind anomalies at 700 hPa and vertical motion anomalies at 500 hPa in the summer over East Asia in ENSO (a) developing and (b)

decaying stages (vectors: wind anomalies at 700 hPa; shaded: vertical motion anomalies at 500 hPa, units: 10 * hPa/s)
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Fig. 5 The distribution of 500-hPa geopotential height (black contour: geopotential height, units: dagpm; red dashed line: 588 dagpm for climatic state) and its
anomalies (shaded) in the summer in ENSO (a) developing and (b) decaying stages
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Fig. 8 Spatial patterns of precipitation anomaly percentage in the 2014 summer from (a) observations and (b) downscaling outputs

TR IR 7 IR U & B, @B s AT ENSO AR BR AR R, 1 J5 25 0 BRI AR AR R AR AL 1)
ST MNPy FFORINELE N 7, HR S BN R,
B IR A REANR 0, 8060 L8 8 =R RK (2) WASCHI AT AT LA, B TR e 7



3 1] HRAE A BT R A B L Y 48 SRR Ge vt e R T 52
No. 3 ZHANG Yuejun et al. A Statistical Downscaling Model for Summer Rainfall over Shanxi Province Based on ... 331

ERSYiIE N WIRrNi A ATE S AU NITE WL o i
AER A, R ATCUE S, £ R RN,
B APEREMARA Lo T BRI K55 35 . A H A
BEAR A IRl b, SRR G R ZE BT IE
AR P K T GRE g o S+ BT} )2
W3 b, AR s 10 O (A5 2 R AR 5
T SEHE 2D PR e DX TN T A R R AT

’/fé o
SZ 3k (References)

Busuioc A, Chen D L, Hellstrom C. 2001. Performance of statistical
downscaling models in GCM validation and regional climate change
estimates: Application for Swedish precipitation [J]. International Journal
of Climatology, 21 (5): 557-578, doi: 10.1002/joc.624.

PRIEAH, 224t SKIGHE, 45 2003. B RO RORTE F BE/K FoeR o i) B
[J1. NS %244, 14 (6): 648-655. Chen Lijuan, Li Weijing, Zhang
Peiqun, et al. 2003. Application of a new downscaling model to monthly
precipitation forecast[J]. Journal of Applied Meteorological Science (in
Chinese), 14 (6): 648—655

WRZLRE, SLA7T. 1994, HP IR ZR B EA B K IX el B 451X R4 5 AR AL HORFAIE (D]
KR, 18 (5): 586-595. Chen Lieting, Wu Renguang. 1994. Climatic
division of precipitation in eastern China and drought—flood variation in
various regions [J]. Scientia Atmospherica Sinica (in Chinese), 18 (5):
586-595.

JUTT, ARG, EdEh. 2008, FAERRS A TR LAUAREK (0], B
[HFl: DR (thEkRl2E), 38 (11): 1452-1459. Fan Ke, Lin Meijing, Gao
Yuzhong. 2008. Comprehensive evaluation of precipitation heterogeneity in
China [J]. Scientia Sinica Terrae (in Chinese), 38 (11): 1452-1459.

Gu W Z, Chen L J, Li W J, et al. 2011. Development of a downscaling
method in China regional summer precipitation prediction [J]. Acta
Meteorologica Sinica, 25 (3): 303-315, doi: 10.1007/s13351-011-0306-2.

SR, BRI, ZRiat, 55 2012, [ RO e h B AR IX B 2
IRIREIN [J]. E 2R, 70 (2): 202-212. Gu Weizong, Chen
Lijuan, Li Weijing, et al. 2012. Development of a downscaling method in
China regional summer precipitation prediction [J]. Acta Meteorologica
Sinica (in Chinese), 70 (2): 202-212.

TR, XA, BITZE. 2004, i B PR Tous 2k B R AR OK R R ).
KSR, 28 (4): 517-526. Huang Jiayou, Liu Ke, Zhao Xinyi. 2004.
The influence of subtropical high indexes and polar vortex indexes on the
summertime precipitation in China [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 28 (4): 517-526.

TORIE, 27K, B s, 1996, SEMZEX S ENSO TR IIAHEAEH] [J].
S S IREEWFSE, 1 (1): 38-54. Huang Ronghui, Fu Yunfei, Zang
Xiaoyun. 1996. Asian monsoon and ENSO cycle interaction[J]. Climatic
and Environmental Research (in Chinese), 1996, 1 (1): 38-54.

B, SO, BRES R, 2. 2006. TSR K E I ER R K&
HEREAURRGEEMEIRR [J]. KR, 30 (5): 730-743. Huang
Ronghui, Cai Rongshuo, Chen Jilong, et al. 2006. Interdecaldal variations

of drought and flooding disasters in China and their association with the

East Asian climate system [J]. Chinese Journal of Atmospheric Sciences
(in Chinese), 30 (5): 730-743.

Krishnamurti T N, Mishra A K, Chakraborty A, et al. 2009. Improving
global model precipitation forecasts over India using downscaling and the
FSU superensemble. Part I: 1-5-day forecasts[J]. Mon. Wea. Rev., 137
(9): 2713-2735, doi: 10.1175/2009MWR2568.1.

Lang X M, Wang H J. 2010. Improving extraseasonal summer rainfall
prediction by merging information from GCMs and observations [J]. Wea.
Forecasting, 25: 1263—1274, doi: 10.1175/2010WAF2222342.1.

R, T 1997, 1991~1995 4 El Nifio SR AGRFAL S Hows b [E R
AR BRI (0], AR SIREERTAY, 2 (2): 163-177. Li Qingquan,
Ding Yihui. 1997. The basic features of the El Nifio events during
1991-1995 and their anomalous influences on the weather and climate in
China[J]. Climatic and Environmental Research (in Chinese), 2 (2):
163-177.

AR, T, SRIGRE. 2004, — A ERiE SO & B8 2 TN 0
D EE 7 B HIE K B R4 (] A% 24, 62 (6): 740-751. Li
Qingquan, Ding Yihui, Zhang Peiqun. 2004. Primary verification and
assessment on the extra-seasonally predictive capability of a global
atmospheric-oceanic coupled model in raining season [J]. Acta
Meteorologica Sinica (in Chinese), 62 (6): 740-751.

AR, R RIEYE, A 2008, (LVGE E AR AER TR 10
B E ST [J]. %, 34 (1): 86-93. Li Zhicai, Song Yan,
Zhu Linhong, et al. 2008. On Shanxi summer interannual climate change
1. Concurrent rich/seldom rainfall pattern [J]. Meteorological Monthly (in
Chinese), 34 (1): 86-93.

KR, T 1995, ENSO =i 5 =15 e /K Rt B fi 5o (J].
KAF 2, 19 (2): 200-208. Liu Yongqang, Ding Yihui. 1995.
Reappraisal of the influence of ENSO events on seasonal precipitation
and temperature in China [J]. Scientia Atmospherica Sinica (in Chinese),
19 (2): 200-208.

JgE, ARICHL. 1996, db RO IR AL - S A ARR A Al
[J]. FE RS 2E B 2AR, 19 (3): 283-289. Shi Neng, Zhu Qiangen. 1996.
Secular trends and interdecadal variation of characteristic quantities of
atmospheric circulation for northern winter [J]. Journal of Nanjing
Institute of Meteorology (in Chinese), 19 (3): 238-289.

KM, A, R, 5. 2008, WLTGH B FRER RS RIS 2.6
()ymZ(MWA [J] K%, 34 (2): 61-68. Song Yan, Li Zhicai, Zhu
Linhong et al. 2008. On Shanxi summer inter-annual climate anomalies 2.
Seldom/rich rainfall in north/south and rich/seldom rainfall in north/south
pattern[J]. Meteorological Monthly (in Chinese), 34 (2): 61-68.

M, PR, WEER, 4% 2010, AL AUETIEEAL (M]. dbRt: R
% Ak, 103-105. Sun Zhaobo, Chen Haishan, Tan Guirong, et al.
2010. Elements of Short Period Climate Predictions (in Chinese) [M].
Beijing: China Meteorological Press, 103—105.

Wang H J, Fan K. 2009. A new scheme for improving the seasonal
prediction of summer precipitation anomalies [J]. Wea. Forecasting, 24
(2): 548-554, doi: 10.1175/2008 WAF2222171.1.

BAGE, BFEMT. 2010, KRR RUEE R 7 7E Hh [ 2R 34 5 2= Bk Tt
FIER (7] KARE, 34 (1): 202-212. Wei Fengying, Huang Jiayou.
2010. A study of downscaling factors of atmospheric circulations in the

prediction model of summer precipitation in eastern China [J]. Chinese



e

5 B K M % 21 3%
332 Climatic and Environmental Research Vol. 21

BE, SR, HE, 452014, 2012 A3k B RO TN 5 R R 4
1 [J]. RAFF, 38 (2): 237-250. Zhao Junhu, Zhi Rong, Shen Qian, et

Journal of Atmospheric Sciences (in Chinese), 34 (1): 202-212.
TRATR, TORIE. 1998. EL Nifio G A AL AN T ey ST fi) KUY

T AERD L BERS W R o A (0] KRR, 22 (4):
587-599. Zhang Renhe, Huang Ronghui. 1998. Dynamical roles of zonal
wind stresses over the tropical Pacific on the occurring and vanishing of
El Nifio. Part I: Diagnostic and theoretical analyses [J]. Scientia
Atmospherica Sinica (in Chinese), 22 (4): 587-599.

TKAEZE, R, XIETE, 4§, 2013, 2009/2010 442 b [ il K H
XTFRNL L B Y. [J]. SRS IR, 18 (5): 626-638. Zhang
Yuejun, Yu Jinhua, Liu Zhengyu, et al. 2013. Winter 2009/2010
temperature anomaly in China and its remote response to sea surface
temperature [J]. Climatic and Environmental Research (in Chinese), 18

(5): 626-638.

al. 2014. Prediction of the distribution of the 2012 summer rainfall in
China and analysis of the cause for anomaly [J]. Chinese Journal of

Atmospheric Sciences (in Chinese), 38 (2): 237-250.

Zhu C W, Park C K, Lee W S, et al. 2008. Statistical downscaling for multi-

model ensemble prediction of summer monsoon rainfall in the Asia—Pacific
region using geopotential height field [J]. Advances in Atmospheric
Sciences, 25 (5): 867-884, doi: 10.1007/s00376-008-0867-x.

RYCH, s, AF2H3C. 1981, RAEIBMTIE M) JEat: A4
Ak, 361-364. Zhu Qiangen, Lin Jinrui, Shou Shaowen. 1981. Principles
and Methods of Weather (in Chinese) [M]. Beijing: China Meteorological
Press, 361-364.



