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ABSTRACT

This paper systematically evaluates the deviations that appear in the hindcasts of the East Asian summer
precipitation (EASP) decadal change in the late 1990s in two global coupled models (BCC−CGCM and
BCC−CSM). The possible causes for the deviations between the model hindcasts and observations are
analyzed. The results show that the hindcasts of EASP by BCC−CGCM and BCC−CSM deviate from
observations, with the anomaly correlation coefficient (ACC) being –0.01 and –0.09 for the two models,
respectively. The SST anomalies in North and West Pacific and the SST index values predicted by the two
models also deviate from the observations, indicating that inconsistent SST fields may be the key factor
leading to the deviation in the prediction of the EASP decadal shift. Thus, a dynamic-analogue scheme is
proposed to correct the precipitation hindcasts by using SSTs, where SST and EASP are highly correlated,
to select historical analogue cases. Cross validations show that the average ACC of the temporal-latitude
distribution of the EASP between the corrected hindcasts and observations is 0.18 for BCC−CGCM and
0.02 for BCC−CSM; both are much higher than the uncorrected hindcasts. Applying the dynamic-analogue
correction scheme in both models successfully improves prediction of the EASP decadal change in the late
1990s.
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1. Introduction

Under the combined effects of natural and hu-

man variability, the East Asian summer precipitation

(EASP) shows obvious decadal variation characteris-

tics (Chen et al., 1992; Ding, 1992; Huang and Yan,

1999). In the past five decades, EASP has undergone

obvious decadal change in the late 1970s and early

and late 1990s (Wang, 2001; Ding et al., 2008; Zhou

et al., 2009; Huang et al., 2011). During 1993–1998,

the summer precipitation anomaly in eastern China

presented meridionally a “+ – +” tripole pattern as

well as a “+ –” dipole pattern, while later it showed

only the “+ –” dipole (i.e., “southern flood and north-

ern drought”) pattern during 1999–2009 (Huang et al.,

2011). Gong et al. (2013) reported that after experi-

encing a wet period in the early 1990s, the Northeast

Asian summer precipitation had been consistently re-

duced since the late 1990s; however, two consecutive

years of anomalously wet conditions occurred in 2011
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and 2012, and summer precipitation in far eastern ar-

eas of Russia and Northeast China continued to in-

crease in 2013. Therefore, a decadal shift of precipita-

tion anomaly from negative to positive occurred in the

late 1990s, and an investigation on this decadal shift

of summer precipitation in East Asia, especially over

the mid–high latitudes, is necessary.

As an important part of the air-sea systems in

the mid–high latitudes, North Pacific is located in the

downstream area of Eurasia, where the sea and land

show inhomogeneity in atmospheric heating on the

decadal scale, creating favorable thermodynamic con-

ditions for anomalies in the East Asian subtropical cir-

culation system (Ding, 1992; Lian et al., 2003, 2004).

For example, as the main mode of the monthly aver-

age SST to the north of 20◦N in the Pacific, the Pa-

cific Decadal Oscillation (PDO) reflects long-term El

Niño-type Pacific climate variability (Bond and Har-

rison, 2000), in response to the influences of ENSO on

the subtropical climate, through changing the back-

ground field of the decadal-scale average flow corre-

sponding to various teleconnections (Gershunov and

Barnett, 1998; Huang et al., 1998; Wang et al., 2008).

Yang et al. (2005) and Ma and Fu (2007) revealed

that the weakening of the East Asian summer mon-

soon (EASM) has an important relationship with the

change in the North Pacific PDO. In addition, as the

main mode of alternated cold–warm phase changes

in the Atlantic SST (Enfield et al., 2001), the At-

lantic Multidecadal Oscillation (AMO) exerts impor-

tant effects on Eurasian summer climate. Ma and

Fu (2007) proposed that the AMO is a major cause

of the decadal change in the summer precipitation of

North China, manifested as the positive phase of the

AMO favoring increased summer precipitation over

this region. Wu et al. (2003) proved that the sum-

mer tripole SST anomaly in North Atlantic could acti-

vate the Atlantic–Eurasian teleconnection in the mid–

high latitudes, modulate the blocking highs over the

Ural Mountains and the Sea of Okhotsk, and affect

the zonal water vapor transport from west to east. Xu

et al. (2013) put forward that the tripole structure

of the North Atlantic SST can influence the precipita-

tion anomaly in the following season over north-central

East Asia by the interaction between the so-called “at-

mospheric bridge” and “ocean bridge.”

Xu et al. (2015) found that the decadal shift

in China’s summer precipitation in the late 1990s

shows certain characteristics in its spatial distribution;

specifically, the decadal shift seems to propagate from

northeast to southwest, i.e., it is mainly in the east

around 1999, and then concentrated in the southwest

in 2002/2003. The former was largely influenced by

the PDO, while the latter was affected by the North

Atlantic SST warming. It has been recognized that

decadal anomalies of the atmosphere–ocean system in

the mid–high latitudes, such as in North Pacific and

West Pacific, are bound to have important influences

on climate variability in East Asia. To improve the

corresponding model prediction, the role of North Pa-

cific and West Pacific SSTs has to be focused on.

Decadal-scale climate prediction research aims to

improve a model’s skill in predicting future climate

change. Indeed, a large body of research exists regard-

ing the improvement of SST prediction (Smith et al.,

2007; Keenlyside et al., 2008), but credible decadal

background information for seasonal climate predic-

tion needs to be provided as well. In other words, how

to increase the amount of decadal change information

contained within the seasonal prediction results is an

issue deserving of attention. However, the ability of

most models to predict interannual and decadal cli-

mate variables is poor, leading to uncertainty in terms

of their application (He et al., 2012; Kim et al., 2012;

Wang et al., 2012).

The development of coupled climate dynamic

models such as BCC−CGCM (Ding et al., 2002; Li

et al., 2005) and BCC−CSM (Wu et al., 2013) has im-

proved China’s ability to make seasonal climate pre-

diction. On the seasonal timescale, climate is the re-

sult of the interaction between seasonal- and decadal-

scale variability. Considering the low skill of dynam-

ical models in terms of their corresponding decadal-

scale adjustment of basic climate elements (Smith

et al., 2013), especially precipitation, how to effec-

tively improve the decadal change information con-

tained within a model’s seasonal prediction currently

remains a problem in climatological studies.
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To improve the accuracy of climate prediction, the

feasibility to combine dynamical and statistical infor-

mation in short-term climate prediction was discussed

by Chou (1974). By effectively using the correlation

between a model’s seasonal precipitation prediction

errors and the precursory large-scale anomalies, such

as those of circulation, snow cover, and SST, several

dynamic–analogue correction methods have been pro-

posed; for example, the evolutionary analogue-based

multi-time prediction method (Chou, 1986; Huang et

al., 1993) and the atmosphere self-memorization-based

prediction method (Feng et al., 2001, 2013). In recent

years, a series of new dynamic–analogue correction

schemes have been developed and used in operational

forecasting (Zheng et al., 2009; Wang et al. 2012),

such as in precipitation forecasts for the Yangtze River

basin region (Wang et al., 2011; Gong et al., 2012)

and North China (Yang et al., 2012). Meanwhile,

research on precipitation forecasts in a specific sea-

son such as autumn, winter, and spring (Lang and

Wang, 2010), as well as prediction of the EASP us-

ing the interannual increment prediction method (Fan

et al., 2007), has also been undertaken. Based on

a dynamic–analogue correction method, Gong et al.

(2013, 2015) explored the possibility to increase the

amount of decadal change information within seasonal

forecast results.

On the basis of the above context, the present

paper evaluates the decadal change information re-

lated to the EASP in the late 1990s contained within

the hindcasts of BCC−CGCM for about 30 years

(1983–2011) and BCC−CSM for 20 years (1991–2011).

The SST forecasting skill and the correlation between

SST indexes and EASP in the model hindcasts are

analyzed. The possible causes of the deviation in

the decadal change of EASP in the model hindcasts

are then investigated. Finally, a dynamic–analogue

correction scheme for improving the EASP decadal

change in the models’ seasonal prediction is proposed,

and cross sample validation is performed to demon-

strate the effectiveness of the proposed scheme.

2. Data

BCC−CGCM refers to the National Climate Cen-

ter/IAP T63 atmosphere-ocean coupled model, with a

horizontal resolution of 1.875◦ × 1.875◦ and 30 lay-

ers in the vertical, performing ensemble seasonal fore-

cast with 48 members (Ding et al., 2002; Li et al.,

2005). The results from the hindcast for the years

before 2005 and the operational prediction for 2005

and later, generated by BCC−CGCM, cover the period

1983–2011 and are interpolated onto 2.5◦ × 2.5◦ grids.

The hindcast and prediction results are briefly termed

as hindcasts below. The average yearly anomaly cor-

relation coefficient (ACC) of precipitation between

BCC−CGCM and observation is 0.01 and –0.01 before

and after 2005, respectively. Similar average ACCs in-

dicate that the forecast skill is very close to that of

hindcasts, reflecting the possibility of integrating hind-

casts and forecasts. Besides, the purpose of this paper

is to investigate the decadal change of precipitation

around 1999 and improve the decadal change infor-

mation contained within the model output, which also

requires an integrated hindcast and prediction dataset.

BCC−CSM is a global ocean–land–ice–atmo-

sphere coupled climate system model, with a hori-

zontal resolution of nearly 110 km (Wu et al., 2013),

carrying out ensemble seasonal forecast with 24 mem-

bers. The hindcasts generated by BCC−CSM cover

the period 1991–2011, and are interpolated onto 1◦ ×

1◦ grids. Note that only ensemble mean results of the

two models for June–August from the integrations be-

ginning at the end of February (and the forecast is

completed in March) in each year are selected.

The monthly SST data are from the NOAA

ERSST dataset, while the observed precipitation data

are the standard monthly mean values from the CPC

Merged Analysis of Precipitation (CMAP). The error

(deviation) field of summer precipitation prediction is

the difference between the model data and CMAP.

3. Decadal change characteristics in the EASP

forecast

The spatial distributions of the EASP are re-

vealed via empirical orthogonal function (EOF) analy-

sis. The first EOF mode (EOF1) indicates the ocean–

land difference with a variance contribution of 16.7%

(Fig. 1a). The second EOF mode (EOF2) features
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positive or negative anomalies alternately from north

to south, with a variance contribution of 11.2% (Fig.

1b). The third EOF mode (EOF3) shows a “+ – +”

pattern from north to south, with a variance contri-

bution of 8.8%. EOF2 and EOF3 are consistent with

the study by Huang et al. (2011) on the principal

modes of summer precipitation in eastern China. Fig-

ures 1d–f show the time coefficients of EOF1, EOF2,

and EOF3, respectively. It can be seen that EOF1 and

EOF2 present mainly interannual oscillations, while

EOF3 shows obvious decadal oscillation characteris-

tics. The moving t-test (MTT) is used to identify the

decadal adjustment of the time coefficients of the three

EOF modes (Fig. 2). The abrupt change of the time

coefficient of EOF3 occurring in 1999 passes the 95%

confidence level, while there is no significant abrupt

change information contained in the time coefficients

of EOF1 and EOF2.

Figure 3a shows that the decadal change charac-

teristics of the EASP anomalies are obvious, particu-

larly along 30◦–55◦N where the “north-wet and south-

dry” situation changed around 1999: before 1999, the

north (40◦–55◦N) was wet, while the south (30◦–40◦N)

was in drought, and then it became the opposite since

Fig. 1. (a–c) Spatial patterns of the EOF1, EOF2, and EOF3 of the EASP during 1983–2011 and (d–f) their correspond-

ing time coefficients. The dark and grey shaded areas in (a–c) denote the 95% and 90% confidence levels respectively,

and the dashed line with circles in (d–f) denotes the 9-point smoothing curve.

Fig. 2. Moving t-test of the time coefficient of EOF1,

EOF2, and EOF3. The two parallel straight lines are the

threshold values of the 95% confidence level.

1999. In Fig. 3b, less decadal change information is

contained in the EASP hindcasts of BCC−CGCM; in

particular, the “north-wet and south-dry” adjustment

is not seen within 30◦–55◦N in 1999. In Fig. 3c, nei-

ther the drought nor the flood situation adjustment

from north to south in 1999 is given by the EASP

hindcasts of BCC−CSM.

Figure 4 shows the composite images of the EASP

anomaly percentage in two intervals before and after

1999. Based on observations, the EASP anomaly per-

centage shows a “+ – +” pattern from north to south

during 1983–1998, and an opposite anomalous pattern

of “– + –” during 1999–2011 (Figs. 4a1 and 4b1).

Meanwhile, the BCC−CGCM hindcasts produce a
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Fig. 3. Latitude–time section of the EASP anomaly percentage (%) along 90◦–145◦E, based on (a) CMAP (1983–2011),

(b) BCC−CGCM (1983–2011), and (c) BCC−CSM (1991–2011). Solid and dashed lines denote positive and negative

anomalies, respectively. Shadings denote positive anomalies.

“+ – + –” pattern from north to south during 1983–

1998 and an opposite pattern of “– + – +” during

1999–2011 (Figs. 4a2 and 4b2), and the BCC−CSM

hindcasts produce a “– + –” pattern from north to

south during 1983–1998 and an opposite pattern of

“+ – +” in 1999–2011 (Figs. 4a3 and 4b3). There-

fore, the EASP hindcast results of BCC−CGCM and

BCC−CSM contain decadal change information that

deviates greatly from that observed.

4. SST decadal change characteristics

The decadal change characteristics of the SST

around 1999 and the SST forecast abilities of

BCC−CGCM and BCC−CSM are focused in this sec-

tion. In Fig. 5, the time coefficient of EOF3 (TEOF3)

of the EASP is significantly correlated with the sum-

mer SST, especially in West Pacific (20◦S–20◦N, 110◦–

116◦E) and North Pacific (20◦–50◦N, 150◦–180◦E).

As TEOF3 contains significant EASP decadal change

characteristics, the SST, which is significantly corre-

lated with TEOF3, may also have an influence on the

EASP decadal adjustment in the late 1990s.

Figure 6 shows the SST anomaly in two periods

(before and after 1999). Based on observations, North

Pacific and West Pacific are controlled by negative
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Fig. 4. Composites of the EASP anomaly percentage (%): (a1, b1) observations during 1983–1998 and 1999–2011, (a2,

b2) as in (a1, b1), but for BCC−CGCM hindcasts, and (a3, b3) as in (a1, b1), but for BCC−CSM hindcasts. Solid and

dashed lines denote positive and negative anomalies, respectively. Values in (a2, b2) are multiplied by 10, and in (a3,

b3) by 5. Shadings denote positive anomalies.

Fig. 5. Spatial distribution of ACCs between the time co-

efficients (TEOF3) of EASP and the summer SST anoma-

lies for the period 1983–2011. Shaded areas correspond to

the 95% confidence level.

SST during 1983–1998, and the equatorial and North

Pacific SSTs present quasi-El Niño characteristics.

During 1999–2011, North Pacific and West Pacific

are both controlled by positive SST anomalies, while

the equatorial and North Pacific SSTs show quasi-La

Niña characteristics (Figs. 6a1 and 6b1). Based on

the BCC−CGCM hindcasts, in the first period, North

Pacific is dominated by warm SST and West Pacific

by cold SST, and the equatorial SST anomalies show

quasi-La Niña characteristics. In the second period,

North Pacific is dominated by cold SST and West Pa-

cific by warm SST, and the equatorial SST anoma-

lies show quasi-El Niño characteristics (Figs. 6a2 and

6b2). Based on the BCC−CSM hindcasts, in the first

period, North Pacific and West Pacific are both dom-

inated by cold SST, and the equatorial SST anoma-

lies show quasi-El Niño characteristics. In the second

period, North Pacific and West Pacific are both dom-

inated by warm SST, and the equatorial SST anoma-

lies show quasi-La Niña characteristics (Figs. 6a3 and

6b3). Compared with observations, the BCC−CGCM

hindcasts present opposite characteristics, while the

BCC−CSM hindcasts show similar anomalies.

Figure 7 shows the annual SST anomaly average

over West Pacific (SST1) and North Pacific (SST2).

In observations, SST1 is dominated by negative val-

ues before the late 1990s, but then changes to positive

values, with SST2 also showing a similar pattern of

adjustment. Based on the BCC−CGCM hindcasts,

SST1 is dominated by negative values in the first pe-

riod, but then changes to positive values. SST2, mean-

while, presents obvious fluctuation, dominated by pos-

itive or close to normal SSTs in the first period, before

changing to negative values. Based on the BCC−CSM

hindcasts, SST1 and SST2 both show an adjustment

from negative to positive values in the late 1990s.
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Fig. 6. Anomalous SST (℃) in summer for the periods (a1–a3) 1983–1998 and (b1–b3) 1999–2011, based on (a1, b1)

observations, (a2, b2) BCC−CGCM, and (a3, b3) BCC−CSM. Yellow and blue areas correspond to the 90% confidence

level.

Fig. 7. Time series of annual SST anomaly (℃) averages. (a) SST1 over West Pacific (20◦S–20◦N, 110◦E–116◦E) and

(b) SST2 over North Pacific (20◦–50◦N, 150◦E–180◦E).

Therefore, the warm–cold adjustment of these SST in-

dices in the late 1990s in the BCC−CGCM hindcasts

shows deviation from observations, while that of the

BCC−CSM hindcasts is similar to observed.

5. Relationship between EASP and SST ano-

malies

In order to analyze the relationship between

EASP and the SST anomaly, the distribution of ACCs

is shown in Fig. 8. Based on observations, SST1 is

negatively correlated with the precipitation of north-

ern East Asia and positively correlated with that of

the central and southern regions (Fig. 8a1), while

SST2 is negatively correlated with the precipitation

of northern and central East Asia and positively cor-

related with that of local North China and southern

East Asia (Fig. 8b1). Based on BCC−CGCM, SST1
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Fig. 8. Distributions of the ACCs between (a1–a3) SST1 and EASP and (b1–b3) SST2 and EASP, based on (a1, b1)

observations, (a2, b2) BCC−CGCM hindcasts, and (a3, b3) BCC−CSM hindcasts. The dark blue and dark yellow shaded

areas denote the 95% confidence level, and light blue and light yellow shaded areas denote the 90% confidence level.

is positively correlated with the precipitation over

northern East Asia and negatively correlated with that

over southern East Asia (Fig. 8a2), while SST2 is

positively correlated with the precipitation over part

of northern East Asia, southeastern China, and south-

ern East Asia, and negatively correlated with that over

the south of northern East Asia, southwestern China,

as well as central and southern East Asia (Fig. 8b2).

Based on BCC−CSM, SST1 and SST2 are both posi-

tively correlated with the precipitation over northern

and southern East Asia, and significantly negatively

correlated with the precipitation over central East

Asia (Figs. 8a3 and 8b3). The distributions of positive

and negative ACCs of BCC−CGCM and BCC−CSM,

especially for locations of high-value centers, show ob-

vious deviation from that of observations. This implies

that the responses of EASP to the SST anomalies in

BCC−CGCM and BCC−CSM themselves possess de-

viations, which in turn lead to the model hindcasts

being unable to present the EASP decadal change.

Figure 9 shows the differences between the

anomaly percentage composite of the precipitation in

five high-value years (SST1: 1991, 1992, 1994, 1995,

1996; SST2: 1991, 1994, 1995, 1996, 1998) before

1999, corresponding to SST1 and SST2 in CMAP

data, BCC−CGCM hindcasts, BCC−CSM hindcasts,

and five high-value years (SST1: 2002, 2003, 2004,

2005, 2009; SST2: 1999, 2000, 2001, 2002, 2008) after

1999. In terms of the precipitation corresponding to

high-SST1 years in the CMAP data, compared with

the situation before and after 1999, the precipitation

difference in northern East Asia, over the south-central

peninsula and in some western areas, is significantly

larger; while in central East Asia, parts of the West Pa-

cific Ocean, and in coastal regions, it is less. In terms

of high-SST2 years, the precipitation difference before

and after 1999 is similar to that of SST1 (Figs. 9a1

and 9b1). In BCC−CGCM, the variability of precipi-

tation anomaly percentage is significantly lower than

observed. For high-SST1 years, compared with the sit-

uation before and after 1999, the anomaly percentage

distribution of precipitation difference in West Pacific

is similar to observed, but opposite to the situation

over land. For high-SST2 years, the difference of pre-

cipitation anomaly percentage over land shows large

deviation from that based on observations (Figs. 9a2

and 9b2). In BCC−CSM, the variability of precipita-

tion anomaly percentage is obviously lower than ob-

served. In terms of spatial distribution, the precipi-

tation anomaly percentage difference distribution over

the tropical and subtropical West Pacific is similar to

that based on observations, but significant deviation

exists for most of East Asia, particularly northern East

Asia (Figs. 9a3 and 9b3).
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Fig. 9. Differences of anomaly percentage (%) composition of summer precipitation in five high-value years, correspond-

ing to (a1–a3) SST1 and (b1–b3) SST2, respectively, in (a1, b1) CMAP, (a2, b2) BCC−CGCM, and (a3, b3) BCC−CSM,

between periods before and after 1999. Values of the contours in (a2, b2, a3, and b3) are all doubled. Shaded areas

denote the 90% confidence level.

Therefore, considerable deviation is apparent in

BCC−CGSM and BCC−CSM regarding the distribu-

tion of ACCs, as well as the spatial distribution of

the precipitation anomaly percentage, corresponding

to high-value SST years before and after 1999, which

may together lead to the model hindcasts failing to

reflect the decadal adjustment of EASP around 1999.

6. Dynamic–analogue correction of the EASP

decadal change in the late 1990s

The above analysis shows that both the BCC−

CGCM and BCC−CSM hindcasts fail to produce the

decadal adjustment of the EASP that took place in

the late 1990s. The reasons for this might be: (1)

the warm–cold adjustment of the SST in the late

1990s in the BCC−CGCM hindcasts deviates con-

siderably from observations, and (2) the response of

EASP to the SST anomalies in both BCC−CGCM and

BCC−CSM hindcasts demonstrates certain deviation.

Based on SST1, SST2, and SST3 (average of SST1 and

SST2), an EASP dynamic–analogue forecast scheme

is presented in Fig. 10. The main technical steps in-

volved can be summarized as follows:

(1) Obtain the forecast errors of the models for

EASP based on CMAP precipitation field, and the

forecast fields of BCC−CGCM (BCC−CSM) in past

years. Conduct EOF decomposition on the EASP and

determine the EOF components that contain the key

characteristics of decadal variation of EASP and their

corresponding time coefficients.

(2) Calculate the ACCs between the time coef-

ficients of the EOF components and the global SST

field, and determine the significantly correlated key

sea areas. Analyze the correlation between the key

SST areas and the EASP forecast errors. The better

the correlation is, the more likely the area can be used

for the selection of historically similar error informa-

tion.

(3) Based on the SST average time series of the

key areas that are correlated well with the EASP fore-

cast errors, select the historical years most similar to

the SST status of the current case, and then as

extract the EASP forecast errors of BCC−CGCM

(BCC−CSM) for these similar years.

(4) Combine the extracted historically similar er-

rors composite with the EASP forecast result provided

by BCC−CGCM (BCC−CSM) for the summer of the

current year, and obtain the corrected forecast results.

Figure 11 shows the corrected latitude-time sec-
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Fig. 10. Flow diagram of the dynamic–analogue correction scheme for the EASP forecast based on the decadal change

information.

tion of the precipitation anomaly percentage. Table

1 shows that, for the BCC−CGCM hindcasts before

correction, the ACC of EASP anomaly percentage is

–0.01 within 30◦–55◦N. However, the SST1-based cor-

rected BCC−CGCM hindcasts of EASP show a “+ –

+” pattern from north to south before 1999, but a

change of pattern to “– + –” after 1999. The decadal

adjustment in northern East Asia is particularly evi-

dent (Fig. 11a1), close to observations. The ACC of

the precipitation anomaly percentage in the section is

0.16. The SST2-based correction of precipitation in

the BCC−CGCM hindcasts also shows a clear decadal

adjustment in northern East Asia around 1999 (Fig.

11a2), and the ACC within 30
◦–55◦N is 0.11. Based

on SST3, the corrected EASP shows a “+ – +” pat-

tern before 1999 and an opposite pattern after 1999

(Fig. 11a3), with the ACC within 30
◦–55◦N being

0.13. Considering the correction based on both SST1

and SST2, the average is also calculated, which is also

very close to observations (Fig. 11a4), with an ACC

of 0.18. Therefore, both the ACC and distribution of

the latitude-time section of the EASP are significantly

improved compared with the BCC−CGCM hindcasts

before correction.

Table 1 shows the ACC of the EASP anomaly

percentage to be –0.09 for the BCC−CSM hindcasts

before correction. However, the SST1-based corrected

BCC−CSM hindcasts reflect the decadal adjustment

of EASP in northern East Asia around 1999 (Fig.

11b1), while the SST2-based correction is not as good
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(Fig. 11b2). The ACCs of the SST1 and SST2 cor-

rected values are –0.05 and –0.02, respectively. Both

are somewhat better than the situation before correc-

tion. Based on SST3, the corrected EASP shows a “+

– +” pattern before 1999 and an opposite pattern af-

ter 1999 (Fig. 11b3), and the ACC within 30
◦–55◦N is

0.11. For the average of SST1- and SST2-based correc-

tions (Fig. 11b4), the ACC within 30
◦–55◦N is 0.02.

Therefore, both the ACC and spatial distribution of

the corrected latitude-time section of the EASP are

somewhat improved, compared with the BCC−CCM

hindcasts before correction.

The ACCs between the EASP mean of observa-

tions and the mean of BCC−CGCM hindcasts during

1983–1998 and 1999–2011 are shown in Table 2. It is

clear that the ACCs after correction, especially those

of SST1- and SST2-based corrections, with ACCs of

0.85 and 0.76, respectively, are much better than those

before correction. The ACCs between the EASP mean

of observations and the mean of BCC−CSM hindcasts

during 1991–1998 and 1999–2011 are also shown in

Table 2. The ACCs of the SST1- and SST2-based cor-

rections are 0.79 and 0.78, which are also much better

than those before correction.

Table 1. ACCs of the latitude-time section of the EASP anomaly percentage between independent sample validation

and CMAP
Model Before correction SST1 SST2 SST3 Mean

BCC−CGCM (1983–2011) –0.01 0.11∗ 0.16∗∗ 0.13 0.18∗∗

BCC−CSM (1991–2011) –0.09 –0.05 –0.02 0.11 0.02

Note: * 90% confidence level, ** 95% confidence level. Mean indicates the average of SST1- and SST2-based corrections.

Fig. 11. Latitude–time sections of the EASP anomaly percentage (%) along 90◦–145◦E: (a1, b1) SST1-based correction;

(a2, b2) SST2-based correction; (a3, b3) SST3-based correction; (a4, b4) the mean of SST1- and SST2-based correction.

Solid and dashed lines denote positive and negative anomalies, respectively. Shadings denote positive anomalies.
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Table 2. ACCs of the mean precipitation anomaly between observations and model hindcasts

Model BCC−CGCM BCC−CSM

Period 1983–1998 1999–2011 1991–1998 1999–2011

Before correction 0.03 0.08 0.17∗ 0.17∗

SST1-based correction 0.76∗ 0.44∗ 0.37∗ 0.09

SST2-based correction 0.42* 0.57∗ 0.08∗ 0.60∗

SST3-based correction 0.85∗ 0.76∗ 0.79∗ 0.78∗

Mean 0.81∗ 0.59∗ 0.33∗ 0.55∗

Note: * 90% confidence level. Mean indicates the average of SST1- and SST2-based corrections.

7. Conclusions and discussion

Based on two coupled global models, BCC−

CGCM and BCC−CSM, the EASP decadal change in-

formation in the late 1990s contained within the mod-

els’ precipitation hindcasts are evaluated in this pa-

per. The reasons behind the deviations in the decadal

change in the BCC−CGCM and BCC−CSM hindcasts

from the observations are analyzed. A new dynamic-

analogue correction scheme is then proposed to im-

prove the decadal change information in the models’

seasonal predictions. The preliminary findings can be

summarized as follows.

In the BCC−CGCM and in BCC−CSM hindcasts,

the decadal change in the EASP around the late 1990s

shows a certain deviation from the observation. Be-

fore correction, in BCC−CGCM, the ACC within 30
◦–

55◦N of the EASP anomaly percentage between hind-

casts and observations is –0.01, and in BCC−CSM it is

–0.09. After correction, in BCC−CGCM, the average

ACC of the EASP anomaly is 0.03 and 0.08 for the

periods 1983–1998 and 1999–2011, respectively; while

in BCC−CSM, the ACCs are both 0.17.

Evident deviations from observations are also

found in the BCC−CGCM and BCC−CSM hindcasts

for the North Pacific and West Pacific SSTs, with

the following features. (1) The spatial distribution

of SST anomalies and annual evolution of SST1 and

SST2 in the BCC−CGCM hindcasts show opposite

characteristics to observations, while the hindcasts of

BCC−CSM are closer to observations. (2) The loca-

tions of high-value centers of ACCs between the time

series of the average SST anomaly and EASP in both

models are quite different from those in observations.

For years with high-value SST1 and SST2 before and

after 1999, the spatial distribution of composite pre-

cipitation difference of BCC−CGSM and BCC−CSM

hindcasts both present obvious deviations from obser-

vastions. Therefore, the SST forecast errors and devi-

ations and the subsequent EASP response to the SST

anomalies in BCC−CGCM and BCC−CSM may to-

gether lead to the models failing to reflect the decadal

adjustment of the EASP around 1999.

Based on the evaluation and attribution of the de-

viations in the decadal adjustment of the EASP in the

late 1990s in the BCC−CGCM and BCC−CSM hind-

casts, a dynamic–analogue correction scheme is pro-

posed. The scheme is then employed to improve the

EASP decadal change information in the model hind-

casts. The corrected results indicate that the decadal

spatial distribution pattern of the EASP anomalies be-

fore and after 1999 are both obviously improved. For

SST1-, SST2-, and SST3-based corrections, the ACCs

of the latitude-time section (30◦–50◦N) of the EASP

are improved from –0.01 to 0.11, 0.16, and 0.13 for

BCC−CGCM, and from –0.09 to –0.02, –0.05, and

0.11 for BCC−CSM, respectively. Note that the im-

proved ACCs, especially those of BCC−CSM, are still

very low, even after correction. The reasons for this

might be that (1) the precipitation prediction skill of

the two models is low, making it more difficult to

achieve highly improved ACCs; and (2) the EASP

evolution contains not only a decadal signal, but also

annual variability; the dynamic–analogue correction

scheme used in this study focuses mainly on improving

the decadal adjustment, and thus has a limited effect

on improving the total variability of EASP. However,

it is also shown in Table 2 that the EASP decadal

change information around 1999 contained within the

two models can be effectively improved by using the

dynamic–analogue correction scheme. Specifically, the

ACCs of the average precipitation anomalies in BCC−
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CGCM/BCC−CSM before and after 1999 are sig-

nificantly improved from 0.03/0.17 and 0.08/0.17 to

0.81/0.33 and 0.59/0.55.

It is inferred that the reasons why our newly pro-

posed scheme is able to improve the decadal change

information contained within the model output might

be that: (1) the existence of the PDO, AMO, and

other abnormal modes in the SST field may have im-

portant influences on the East Asian monsoon system

and associated summer precipitation (Huang et al.,

2011); (2) one of the important premises for a model

to correctly predict EASP is that the model can well

predict SST anomalies, and the atmosphere responds

decently to the external forces of SST in some key

areas. Otherwise, an initial deviation of SST may

result in a precipitation prediction error in the dy-

namic prediction result (Chou, 1986); (3) therefore,

when deviations occur in the model prediction in SST

key areas, it is possible to obtain similar historical

information in model precipitation hindcasts by con-

sidering the analogues existing in the time series of

the SST key areas; and (4) then, similar historical

information selected can be used to correct the model

precipitation prediction deviations (Lang and Wang,

2010).
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