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ABSTRACT

Correlation analysis revealed that winter precipitation in six regions of eastern China is closely related not
only to preceding climate signals but also to synchronous atmospheric general circulation fields. It is therefore
necessary to use a method that combines both dynamical and statistical predictions of winter precipitation
over eastern China (hereinafter called the hybrid approach). In this connection, seasonal real-time prediction
models for winter precipitation were established for the six regions. The models use both the preceding
observations and synchronous numerical predictions through a multivariate linear regression analysis. To
improve the prediction accuracy, the systematic error between the original regression model result and the
corresponding observation was corrected. Cross-validation analysis and real-time prediction experiments
indicate that the prediction models using the hybrid approach can reliably predict the trend, sign, and
interannual variation of regionally averaged winter precipitation in the six regions of concern. Averaged
over the six target regions, the anomaly correlation coefficient and the rate with the same sign of anomaly
between the cross-validation analysis and observation during 1982-2008 are 0.69 and 78%, respectively. This
indicates that the hybrid prediction approach adopted in this study is applicable in operational practice.
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1. Introduction

Climate change over China has a significant im-
pact on industrial and agricultural production, espe-
cially on food supply and energy and water resources,
and is directly related to the sustainable development
of the society. As one of the most important and active
subjects in the geosciences, climate change has been
a major concern of key international interdisciplinary
research programs, such as the well-known World Cli-
mate Research Programme (WCRP) and the Inter-
national Geosphere-Biosphere Programme (IGBP). In
the context of climate change, climate prediction on
the seasonal timescale has been one of the foci of the
climate variability and predictability studies.

China is greatly affected by the East Asian mon-

soon with severe weather and climate disasters occur-
ring frequently across the country. In recent years,
anomalous climate events frequently take place in
China and the neighboring countries during winter-
time, such as the extra-strong warm winter event in
northern Asia in 2001, the disaster of low tempera-
ture, frozen rain, snow, and frost in southern China
in January and early February 2008, and the per-
sistent snowstorm event in most parts of northern
China in winter 2009. They have seriously impacted
on many aspects of the society, particularly on peo-
ple’s everyday life, energy, and traffic systems. Ac-
cordingly, much attention has been paid to climate
anomalies during winters as well as their causes and
effects (Wang, 2003; Tao and Wei, 2008; Wen et al.,
2009; Wang and Sun, 2009; Sun et al., 2009). Besides,
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climate conditions in winter have an important influ-
ence on dust weather in northern China during the
subsequent spring (Zhang et al., 2005; Lang, 2008).
Therefore, it is imperative to improve the seasonal pre-
diction of winter precipitation especially in the real-
time mode.

It has been amply documented that winter pre-
cipitation over China is closely related to both an-
tecedent and synchronous climate factors. As far as
the internal atmospheric variability is concerned, the
Antarctic Oscillation (AAO) and the Arctic Oscilla-
tion (AO) are the dominant modes of the atmospheric
general circulation in mid and high latitudes in each
hemisphere. AAO has been found to influence win-
ter and spring climate over China (Fan and Wang,
2004, 2006), and AO has been found to impact sig-
nificantly winter precipitation over China (Gong and
Wang, 2003; Yang and Li, 2008). In addition, winter
precipitation over China is also affected by anomalies
of geopotential height at 500 hPa and meridional wind
in the lower troposphere (Shi, 1996; Gong and Wang,
2001). The former represents westerly circulation in
the middle troposphere over the Eurasian continent,
and the latter represents the intensity of cold air into
China. On the other hand, sea surface temperature
(SST), one of the most well-known external forcing
factors of the atmosphere, has been revealed to im-
pact notably winter climate over China (Chang et al.,
2008). For example, the El Nino and La Nina events
have been put forward as indicators of winter monsoon
anomaly in East Asia (Mu and Li, 1999). The warm
phase of the Atlantic oscillation of SST on the multi-
decadal timescale has been linked to a below (above)
normal precipitation pattern in southern (northern)
East China (Li and Bates, 2007). These studies and
related achievements have improved our knowledge of
climate variability of East Asia on the seasonal scale,
and at the same time, provided foundation to devel-
opment of seasonal prediction of winter precipitation
over China using statistical and dynamic approaches.

Preliminary prediction experiments have shown
that although winter precipitation over China is some-
what predictable, the prediction skill for associated
meteorological disasters, such as persistent precipita-
tion anomaly, is generally low on the monthly to sea-
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sonal timescales (Wang et al., 2003; Chen et al., 2008;
Wei et al., 2008). On the whole, the prediction skill
for winter precipitation over China, using either purely
statistical or dynamical approach, is still relatively
limited on the seasonal timescale. This brings the fol-
lowing question: if valuable original information can
be effectively taken from both the dynamic numeri-
cal prediction and the preceding observation (note the
information from the latter has not been sufficiently
included in the seasonal numerical prediction but is
statistically significantly correlated with winter pre-
cipitation over China), i.e., by using a combination
of both statistical and dynamical predictions (a hy-
brid approach), can the prediction skill of winter pre-
cipitation over China be improved? Wang and Fan
(2009) indicated that the prediction skill for summer
rainfall in East Asia is increased when the numeri-
cal predictions in the tropics are merged with some
observations. In this study, a new approach for pre-
dicting winter precipitation over China by use of a
hybrid dynamical-statistical approach is proposed, in
which the observed antecedent predictors and the syn-
chronous predictions that correlate closely to winter
precipitation and meanwhile numerically predictable

are combined.
2. Data and method

In consideration of the reliability of data, the
study starts from 1982 when satellite data became
available. Observed monthly precipitation data at 160
stations were provided by the National Climate Cen-
ter, China Meteorological Administration. The data of
the predictors can be grouped into two types: reanal-
ysis data and numerical prediction outputs. Monthly
AO and AAO data were obtained from the Climate
Prediction Center of the National Weather Service
of the US National Oceanic and Atmospheric Ad-
ministration. The AO (AAO) is represented by the
time coefficient series of the first mode of the em-
pirical orthogonal function analysis of 1000-hPa (700-
hPa) geopotential height anomalies poleward of 20°N
(20°S). Monthly wind and geopotential height data
with a horizontal resolution of 2.5°x2.5° were ob-
tained from the National Centers for Environmental
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Prediction-National Center for Atmospheric Research
(NCEP-NCAR) reanalysis dataset (Kalnay et al.,
1996). Monthly SST data with a horizontal resolu-
tion of 1°x1° were from the US National Aeronautics
and Space Administration (Reynolds et al., 2002).

Dynamic numerical prediction data of winter cli-
mate were derived from a set of ensemble hindcast ex-
periments undertaken by an atmospheric general cir-
culation model developed at the Institute of Atmo-
spheric Physics, Chinese Academy of Sciences (IAP9L-
AGCM). For each year from 1982 to 2008, the ensem-
ble hindcast experiments consisted of 7 integrations
starting from October 28 through to the end of the
subsequent February, which were forced by observed
monthly SSTs and initialized from atmospheric condi-
tions on 25-31 October from the NCEP-NCAR reanal-
ysis dataset. The result of each year was expressed as
the ensemble mean of the seven integrations with the
same weight. It is worth noting that observed SSTs
were used in the experiments of IAP9L-AGCM, thus
putting IAP9L-AGCM results in the best possible per-
formance.

From the real-time prediction point of view,
the purpose of this study is to establish a hybrid
dynamical-statistical seasonal prediction model for
winter precipitation over eastern China through a mul-
tivariate linear regression analysis, in which both the
antecedent and synchronous predictors are used. Ac-
cording to the work of Lang and Wang (2010), system-
atic prediction errors between the results of the orig-
inal prediction model and the observations were cor-
rected. Northern Northeast China (46°-53°N, 116°—
133°E), southern Northeast China (36.5°-46°N, 119°—
133°E), Hetao area and North China (36.5°-46°N,
100°-119°E), Yellow-Huai River basin (30°-36.5°N,
105°-122°E), southeastern coastal China (21°-26.5°N,
112°-120°E), and southern Yangtze River (26.5°—
30°N, 112°-123°E) were chosen for the present anal-
ysis in light of the regionalization of precipitation
regimes in China (Chen et al., 2009). Spring is defined
as the average for March—April-May, summer as the
average for June-July—August, autumn as the aver-
age for September—October—-November, and winter as
the average for December through to the subsequent

February.
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3. Hybrid prediction model for winter precip-

itation over China

3.1 Identifying antecedent predictors for winter

precipitation

8.1.1 Relationship between winter precipitation and
AAO/AO

During 1982-2008, the lagged relationship be-
tween the preceding seasonal AAO or AO, one season
to one year in advance, and regionally averaged win-
ter precipitation in eastern China was calculated on a
region-by-region basis. The largest anomaly correla-
tion coefficients (ACCs) between each other in the six
regions defined in Section 2 are given in Table 1. It can
be found that the most significant signals occur in the
preceding autumn for all the regions. Moreover, ex-
cept for northern Northeast China, the lead times are
all one season for the remaining five regions. Com-
paratively, the role of AAO is more significant than
that of AO, indicating a closer relationship between
the atmospheric general circulation in mid-high lati-
tudes of the Southern Hemisphere during the preced-
ing autumn and the precipitation over eastern China
during the subsequent winter. Based on the above, the
preceding AAO or AQO listed in Table 1 was chosen as
a predictor for winter precipitation in each target re-
gion.
3.1.2  Relationship between winter precipitation and

500-hPa geopotential height

The correlation analysis for each 20-yr moving
window during 1982-2008 indicated that the preceding
500-hPa geopotential height (H500) correlates stably

Table 1. The maximum ACC between regionally
averaged winter precipitation and the preceding
seasonal AAO or AQ, one season to one year in
advance during 1982-2008*

Autumn Autumn Autumn
AAO (Yo) AO (Yo) AO (Y-1)
-0.42

Target region

Northern Northeast China
Southern Northeast China 0.36

Hetao area and North China  —0.47
Yellow-Huai River basin -0.40
Southeastern coastal China -0.45
Southern Yangtze River —0.48

*Yo (Y—1) denotes current (last) year throughout this article.
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and significantly with regionally averaged precipita-
tion during the subsequent winter in the target regions
excluding northern Northeast China (figures omitted).
More details on the lead times, regions, and ACCs be-
tween each other are given in Table 2. Collectively,
regionally averaged winter precipitation in Hetao area
and North China, Yellow-Huai River basin, and south-
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ern Yangtze River, is closely related to the preceding
H500, one year in advance, at the mid-high southern
latitudes, while the winter precipitation in southern
Northeast China and southeastern coastal China is
linked to the preceding H500, half a year in advance,
over the middle and eastern equatorial Pacific and the

northern Eurasian continent.

Table 2. The regions where the preceding H500 correlates stably and significantly with regionally averaged winter
precipitation during 1982-2008. Also given are lead time and the corresponding ACC between each other

Target region Season Region of H500 ACC
Southern Northeast China Spring (Yo) 2°-14°S, 150°-180°W -0.58
Hetao area and North China Winter (Y_1) 58°-74°S, 80°-110°W -0.64
Yellow-Huai River basin Winter (Y_1) 38°-50°S, 25°-50°W 0.56
Southeastern coastal China Winter (Y_1) 66°-70°N, 80°-120°E 0.50
Southern Yangtze River Spring (Yo) 34°-46°S, 15°-45°W 0.59

3.1.8 Relationship between winter precipitation and
SST

Regionally averaged winter precipitation in
each of the six region is statistically significantly
correlated with the preceding SST, one to three
seasons in advance, in the respective ocean region
corresponding to the target region. Moreover, the
preceding valuable SST information for winter precip-
itation over the six regions of concern appears mainly
in the antecedent spring and then in summer and au-
tumn (see Table 3). Like the above result of the pre-

dictors determined from the atmospheric general
the
Northeast China is largely different from those for

circulation, key ocean region for northern
the other five regions. This means that the physical
and dynamic processes governing precipitation in
northern Northeast China are somewhat different
It should be noted

that this region is located under the westerlies

from the remaining regions.

in the mid-high northern latitudes, and, therefore,
northwesterly is stronger there than over the other

five regions.

Table 3. The regions where the preceding regionally averaged SST correlates stably and significantly with regionally

averaged winter precipitation during 1982—-2008. Also given are lead time and the corresponding ACC between each

other

Target region Season Region of SST ACC
Northern Northeast China Autumn (Yp) 35°-50°N, 155°-175°E 0.68
Southern Northeast China Spring (Yo) 5°-17°S, 120°-155°W -0.71
Hetao area and North China Spring (Yo) 20°-30°S, 145°-165°W 0.63
Yellow-Huai River basin Spring (Yo) 38°-50°S, 128°-145°E 0.60
Southeastern coastal China Spring (Yo) 19°-28°S, 15°-40°W -0.70
Southern Yangtze River Summer (Yp) 47°-55°N, 142°-168°W 0.63

3.2 Identifying synchronous predictors for

winter precipitation
In the real-time prediction practice, synchronous

predictors for winter precipitation can only be accessi-
ble through dynamic numerical predictions of the cli-

mate models. To apply the hybrid approach, to what
extent synchronous predictors can be included in the
real-time seasonal prediction models of winter precipi-
tation depends essentially on the ability of the climate
model to predict these climate signals. As a first step,

the relationship between regionally averaged winter
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precipitation and the accompanying atmospheric gen-
eral circulation in the troposphere was investigated us-
ing observed and reanalysis data. It was found that
both meridional wind at 1000 hPa along coastal China
and that at 200 hPa over the Eurasian continent are
statistically significantly correlated with regionally av-
eraged winter precipitation in each of the regions ex-
cluding northern Northeast China. This means that
when above normal cold air moves southward along
eastern China during winter, precipitation over east-

ern China tends to increase owing to an intensified in-

Table 4. The ACC between the regionally averaged
precipitation during winter 1982—-2008

VOL.25

teraction between cold and warm air there. However,
regionally averaged winter precipitation over northern
Northeast China is not significantly correlated with
these two meteorological fields, but with H500 over
southern Atlantic during the same period. Again, this
implies the special nature of physical and dynamic pro-
cesses governing precipitation over northern Northeast
China during winter. Based on the above, the syn-
chronous predictors for regionally averaged winter pre-
cipitation in each target region were chosen and listed
in Table 4.

variable derived from reanalysis data and the observed

Target region Variable Region of variable ACC
Northern Northeast China H500 42°-54°S, 25°-55°W 0.68
Southern Northeast China V200 42°-54°N, 115°-130°E -0.71
Hetao area and North China V1000 6°—14°N, 100°-110°E —0.63
Yellow-Huai River basin V1000 22°-30°N, 125°-140°E —0.64
Southeastern coastal China V1000 14°-26°N, 125°-140°E -0.68
Southern Yangtze River V1000 10°-22°N, 105°-120°E -0.73

3.3  Construction of the hybrid prediction

model

To evaluate the effect of the above precursory and
synchronous predictors on the prediction model of win-
ter precipitation in each region, purely statistical pre-
diction models and hybrid statistical-dynamical pre-
diction models were established by using the precur-
sory predictors alone and both the precursory and syn-
chronous predictors through a multivariate linear re-
gression analysis, respectively. It should be reminded
that the synchronous predictors were derived from re-
analysis data at this stage. The prediction skill was as-
sessed by the ACC between the cross-validation analy-
sis results and observations, the root-mean-square er-
ror (RMSE) and mean absolute error (MAE) of the
cross-validation analysis results with respect to the ob-
servations, and the rate with the same sign of anomaly
(RSSA) between the cross-validation analysis results
and observations (i.e., the ratio of the number of the
years in which predicted anomalies are the same in
sign as observed ones within the entire study period).

It was found that, when only the precursory pre-
dictors were considered, the values of ACC, RMSE,

MAE, and RSSA are 0.60-0.74, 0.67-0.81, 0.51-0.65,
and 70%—89%, respectively. By contrast, when both
the precursory and synchronous predictors were con-
sidered, not only ACC and RSSA were enlarged but
also RMSE and MAE were decreased (Fig. 1). This
suggests that both the precursory and synchronous
predictors are important in establishing the prediction
models of winter precipitation in the target regions,
and, therefore, should be taken into account in the
real-time prediction practice.

In reality, however, winter reanalysis data for the
above synchronous predictors are not available, and
they may only be obtained by dynamic numerical pre-
diction of the climate models, as the real-time predic-
tion for winter precipitation is started in every early
autumn. To find out the synchronous predictors de-
rived from the numerical predictions of winter climate
so as to realize the hybrid statistical-dynamical pre-
diction approach from the perspective of real-time pre-
diction, only those predictors that are not only closely
related to regionally averaged winter precipitation in
each region but also numerically predictable are to be
considered. In this regard, the prediction skill of the

climate model is critically important.
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Fig. 1. Differences in statistical variables between the hy-
brid (both the precursory and synchronous predictors de-
rived from the obsevations/reanalysis are considered) and
purely statistical (only the precursory predictors derived
from the observations are considered) approach results,
with respect to the observations. Column charts arranged
from left to right for each variable correspond to northern
Northeast China, southern Northeast China, Hetao area
and northern China, Yellow-Huai River basin, southeast-
ern coastal China, and southern Yangtze River, respec-

tively.

Accordingly, a set of ensemble hindcast experi-
ments for winters of 1982-2008 were carried out by
using IAP9L-AGCM in this study. The numerical
predictability of the synchronous predictors for winter
precipitation was evaluated by the temporal ACC of
regionally averaged value between the reanalysis data
and IAP9L-AGCM results in each key region as given
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in Table 4. Figure 2 indicates that almost all of the
predictors are numerically predictable, particularly for
meridional wind at 1000 hPa (V1000) in the regions
concerned with southeastern coastal China and south-
ern Yangtze River. This is undoubtedly in favor of
realizing the hybrid statistical-dynamical prediction
approach. For southern Northeast China, however,
TAP9L-AGCM has no prediction skill for meridional
wind at 200 hPa (V200) in the region of interest. This
can be seen in Table 5, in which the ACC of V200 is
negative. In contrast, the ACC values of the other pre-
dictors vary from 0.47 to 0.71, at least exceeding the
95% confidence level. Therefore, an additional anal-
ysis of zonal wind at 200 hPa (U200) derived from
TAPIL-AGCM outputs was performed to look for a
suitable predictor for precipitation in southern North-
east China. U200 within the range of 10°-18°N, 50°—
75°W was found to be closely linked to winter precip-
itation in this region. Moreover, the temporal ACC of
regionally averaged U200 between the reanalysis data
and TAPIL-AGCM result is 0.37, close to the 95% con-
fidence level, indicating a level of predictability.
Based on the above preceding (from reanalysis
data) and synchronous (from TAPIL-AGCM results)
predictors, statistically and dynamically hybrid pre-
diction models for winter precipitation over the six

regions were established through a multivariate linear

50°N
40
30
20

10

80 100 120 140 160°E

0.32 0.38 0.49 0.60 0.70

Fig. 2. Distributions of temporal ACCs between the IAP9L-AGCM hindcast experiment results and the corresponding
observations during winters of 1982-2008 for (a) V1000 (marks A to D are defined in Table 4 and denote the regions
where regionally averaged V1000 is taken as a predictor for winter precipitation over Hetao area and northern China,
Yellow-Huai River basin, southeastern coastal China, and southern Yangtze River, respectively), and (b) geopotential
height at 500 hPa (the rectangle is defined in Table 4 and denotes the region where regionally averaged H500 is taken as
a predictor for winter precipitation over northern Northeast China).
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Table 5. The ACC of regionally averaged variables obtained from the IAP9L-AGCM hindcast experiment results

and the reanalysis data during winters of 1982-2008

Target region Variable Region of variable ACC
Northern Northeast China H500 42°-54°8S, 25°-55°W 0.57
Southern Northeast China V200 42°-54°N, 115°-130°E -0.03
Hetao area and North China V1000 6°—14°N, 100°-110°E 0.47
Yellow-Huai River basin V1000 22°-30°N, 125°-140°E 0.57
Southeastern coastal China V1000 14°-26°N, 125°-140°E 0.71
Southern Yangtze River V1000 10°—22°N, 105°-120°E 0.71

regression analysis. The performance of the models to
predict precipitation during winters of 1982-2008 was

evaluated by using the cross-validation analysis. It can

4
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be seen in Fig. 3 that both the trends and interannual
variations of regionally averaged precipitation derived

from the prediction models are almost identical with

4

5 (b) Southern Northeast China
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Fig. 3. Regionally averaged winter precipitation (curves) and its linear trend (straight lines) derived from observation

(black) and cross-validation analysis (grey) of the hybrid prediction models for the six regions indicated on the top of

each panel. Abscissa and ordinate denote year and the normalized percentage anomaly of winter precipitation during

1982-2008, respectively. Dashed line denotes a zero value.
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those of the observation, and even the values from both
kinds of sources are very close to each other in certain
years. In a quantitative manner, ACC and RSSA be-
tween the predictions and observations are 0.60 and
82% in northern Northeast China, 0.64 and 82% in
southern Northeast China, 0.74 and 74% in Hetao area
and North China, 0.71 and 78% in Yellow-Huai River
basin, 0.70 and 74% in southeastern coastal China,
and 0.77 and 78% in southern Yangtze River, respec-
tively.

In a further step to evaluate the advantage of the
hybrid approach compared to purely statistical ap-
proach, changes in ACC, RMSE, MAE, and RSSA
derived from the former relative to the latter were fur-
ther calculated. As shown in Fig. 4, except for north-
ern Northeast China and Yellow-Huai River basin,
when both the preceding observed predictors and
synchronous TAP9L-AGCM-based predictors are com-
bined, ACCs of regionally averaged precipitation be-
tween the predictions and observations are increased,
and, at the same time, the corresponding RMSE and
MAE are decreased over the remaining four target re-
gions. All of these mean a higher prediction skill of

the hybrid approach than that of the purely statistical

0.12
0.10
0.08
0.06
0.04
0
0

RMSE

MAE SSA

.02
el
ACC
—0.02
—0.04

—0.06

Fig. 4. Differences in statistical variables between the
hybrid (using both the precursory observed predictors
and synchronous TAP9L-AGCM predicted predictors) and
purely statistical (using only the precursory observed pre-
dictors) approach results, with respect to the observations.
Column charts arranged from left to right are the same as
in Fig. 1. ACC, RMSE, and MAE equal zero in northern
Northeast China and Yellow-Huai River basin, and RSSA
equals zero in Hetao area and northern China and Yellow-

Huai River basin.
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approach. Therefore, the hybrid approach is indeed
valuable in practice as a whole. On the other hand,
the improvement of the prediction skill due to the syn-
chronous predictors from the TAPIL-AGCM results is
limited by and large, particularly with RSSA. It is
likely that the prediction skill of winter precipitation
can be a benefit from the hybrid approach if other cli-
mate models with better demonstrable skill are used.

4. Conclusions and discussion

Seasonal predictions of winter precipitation for
six regions of eastern China have been performed
in this study. First, both the key precursory and
synchronous predictors for each of the regions were
identified through correlation analysis. In the context
of real-time prediction, a statistically and dynamically
hybrid prediction approach by using these two kinds of
predictors to establish the prediction models of winter
precipitation was then configured. Given that the syn-
chronous predictors may only be obtained by dynamic
numerical prediction of climate models in practice, a
set of ensemble hindcast experiments of winter climate
during 1982-2008 were performed by using TAP9L-
AGCM. In this way, the synchronous predictors that
are not only closely related to winter precipitation but
also numerically predictable by TAP9L-AGCM were
determined. Finally, the hybrid statistical-dynamical
prediction model for regionally averaged winter pre-
cipitation over each of the six regions of eastern China
was finalized through a multivariate linear regression
analysis, in which systematic errors between the orig-
inal prediction and its observational counterpart was
corrected over the most recent ten years.

Cross-validation analysis was used to investigate
the ability of the hybrid approach to predict regional
winter precipitation. It was found that the accuracy
of the predictions, with respect to the observations,
is relatively high, as they can reliably predict the
trend, sign, and interannual variation of the regionally-
averaged winter precipitation in each region. Averaged
across all the six regions, ACC and RSSA between the
observations and cross-validation analysis results are
0.69 and 78% during 19822008, respectively. Com-
paratively, the corresponding ACC and RSSA are re-
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duced to 0.65 and 75%, respectively, when systematic
errors between the original model prediction results
and the corresponding observations are neglected,
highlighting the importance of the above error correc-
tion scheme. In future, it is necessary to perform a
set of real-time numerical prediction experiments of
TAPIL-AGCM by using predicted SSTs rather than
the present observed SSTs. Such a work can assess
the skill of a fully real-time prediction for winter pre-
cipitation by use of the hybrid approach, and, hence,
provide more valuable advice to operational prediction
activities.

Climate factors that influence the winter pre-
cipitation over China are complex owing to special
geographic location and topographic features of the
country and also due to changes in the climate regimes.
Uncertainty and limitation are inevitably embedded in
the present hybrid approach. Several points are worth
noting within the context of its application. First, a
valuable predictor must satisfy the precondition that
its relationship with the predictand is statistically sig-
nificant and stable over time. Accordingly, special
attention should be paid to the relationship between
the winter precipitation over China and its potential
predictors, such as snow over the Qinghai-Tibetan
Plateau (Qin et al., 2006) and the Eurasian continent
(Chen and Sun, 2003), sea ice at the high northern
latitudes (Fang, 1987; Liu et al., 2007), and intensity
of the high pressure system over North Pacific (Zhu
et al., 1997). It is necessary to adjust the predictors
in time for new predictions. Second, there are still
debates on the seasonal difference in winter climate
predictability in middle and high northern latitudes.
For example, the maximum (minimum) predictability
was suggested in spring (autumn) by Brankovié¢ et al.
(1994), Rowell (1998), and Zhao et al. (2000), while
in summer (winter) by Yang et al. (1998). In con-
trast, Kumar et al. (2003) displayed a similar level of
predictability of winter and summer climate. Using
IAP9L-AGCM, Lang and Wang (2005) showed that
the prediction skill is generally low in spring, but high
either for surface temperature and geopotential height
in the middle and upper troposphere during summer

or for wind and precipitation during winter. As such,
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much attention should be given to the evaluation of
the ability of climate models in predicting the syn-
chronous predictors for winter precipitation from the
perspective of real-time prediction, and, then, we shall
make the best use of the dynamic predictions so as to
improve the prediction skill of the hybrid approach.
Given that the atmospheric general circulation fields
most significantly correlated to winter precipitation
over China are located over the Eurasian continent
and coastal East Asia, the application of regional
climate models may be helpful. In addition, winter
precipitation over China is also linked to other climate
factors beyond the consideration of the present work,
such as the North Atlantic oscillation and Siberian
high (Wu and Huang, 1999; Wang and Ding, 2006;
Gao, 2009), which needs to be explored in depth. At
last, the hybrid prediction approach in the present
study may be applicable for seasonal climate pre-
dictions of the regions outside China, such as North
America and Africa.
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