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Abstract

The August Asian—Pacific Oscillation (APO) plays an important role in the variability of autumn (September ~ October mean)
precipitation in central eastern China (CEC). Using observational and reanalysis data, the impact of the August APO on autumn
CEC precipitation from 1960 to 2016 was studied. The statistical result showed that August APO is closely linked to the autumn
precipitation anomalies in CEC with a significant positive correlation (r = 0.45). Further analysis revealed that when the APO is
strong, the strengthened East Asian trough and the North Pacific high / vertical shear occur in the mid-lower / upper troposphere,
resulting in anomalous southerly along the East Asia coast, which are favorable for strengthening the anomalous convergence and
upward movement of moist warm air from the northwestern Pacific and arid cold air from the north China, introducing more
precipitation, but that this configuration became much diminished during weak APO years. The possible mechanism can be
explained as the thermal effect in the mid-upper troposphere can last from August until autumn, and the corresponding concurrent
thermal effect would lead to anomalies in both atmospheric circulation and precipitation. Additionally, though an evidently
negative relationship between preceding Nifio indices and autumn CEC precipitation was revealed, the August APO induced
changes in autumn CEC precipitation is greater than those of Nifo indices, whether interannual or interdecadal changes, further
indicating that the APO is an effective signal for precipitation prediction in CEC.
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1 Introduction resulting in huge economic losses. For example, southern

China suffered great economic losses totaled more than 19

Autumn precipitation is closely related to productive activities
such as agriculture in China. The droughts and floods caused
by its intensity changes will lead to decreasing harvests,
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billion yuan (~US$3.04 billion) due to drought during autumn
2009 (Barriopedro et al. 2012; Zhang et al. 2013). Therefore, it
is necessary and urgent to increase understanding of the mech-
anism of autumn precipitation variability over China and its
predictability. However, previous studies on precipitation in
China mainly focused on the analysis and prediction of
droughts and floods associated with the East Asian monsoon
during summer (e.g., Chen and Wu 2007; Wu and Wang 2002;
Ding and Johnny 2005; Ding et al. 2010). They show that the
intensity of summer precipitation in China is closely related to
the preceding Pacific sea surface temperature (SST) anomalies
(Chang et al. 2000; Cherchi and Navarra 2003; Tan M 2014).
When the El Nifio—Southern Oscillation is strong, the East
Asian summer monsoon often becomes weaker, corresponding
to less precipitation in eastern China (Lau and Yang 1996).
Although there are many studies on the mechanisms in-
volved in the formation and variability of summer
precipitation in China, to our knowledge, there is a paucity of
studies on autumn precipitation in China. Niu and Li (2008)
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found that the western Pacific subtropical high and the SST
anomalies of the Western and North Pacific are critical factors
affecting precipitation over South China. Gu et al. (2015) re-
ported the east-west SST contrast in the tropical Pacific also
shows a strong signal through atmospheric circulation anoma-
lies. Additionally, the increased aerosol concentration has been
seen as one of the main reasons for decreasing precipitation in
China during recent decades (Chen et al. 2014). Besides the
above studies, the 500 hPa geopotential height and SST were
used as predictors to better predict regional autumn precipita-
tion in China through numerical simulation experiment (Liu
and Fan 2013). In short, these studies suggest that autumn pre-
cipitation in China is closely tied to large-scale atmospheric
circulation and SST anomalies in the Asian—Pacific region.

The APO is characterized as a zonal “seesaw” phenomenon
in the mid-upper troposphere, which reflects the thermal dif-
ferences over the Asian continent and the North Pacific Ocean
(Zhao et al. 2007). The formation, evolution and variation of
APO have been intensively studied. It is likely that the strong
uplifting heating effect of the Tibetan Plateau plays an impor-
tant role stimulating the APO teleconnection pattern (Liu et al.
2017). Besides, the SST anomalies over the North and tropical
Pacific, and the larger-scale weather systems (e.g., the South
Asian high, the westerly jet, the tropical cyclones, and the
tropical easterly jet) are closely related to the APO (Zhou
et al. 2008, 2010; Zhao et al. 2010; Zou and Zhao 2010;
Zhao et al. 2011). In addition, the APO exists not only in
summer but also in other seasons (Nan et al. 2009; Zhou and
Zhao 2010). All these studies show that the APO is considered
to be one of the most important factors contributing to climate
change over the Asian-Pacific region.

Since the APO has a significant influence on the East Asian
climate, one question arises that whether the preceding APO
can be used as a precursory signal for autumn precipitation in
China? With this question in mind, this paper attempts to
investigate the impact of the preceding APO on autumn pre-
cipitation in China and explore the possible physical mecha-
nism involved.

2 Data and Methods
2.1 Data and Indices

Two kinds of rainfall datasets were used in this study: 1) daily
mean precipitation data from 8§39 China Health and Nutrition
Survey (CHNS) stations were provided by the China
Meteorological Administration and covered the period from
1960 to 2016; 2) TS4.01 data were provided by the Climatic
Research Unit (CRU) on a 0.5° grid from 1901 to 2016 (Harris
et al. 2014). Monthly mean reanalysis atmospheric data at a
2.5° x2.5° horizontal resolution were obtained from the

NCEP/NCAR and covered the period from 1948 to present
(Kalnay et al. 1996).

Before the analysis, the APO index (APOI) was defined as
follows (Zhao et al. 2007, 2011a, b), which reflects the ther-
mal difference between the Asian continent (15-50°N, 60—
120°E) and the North Pacific (15-50°N, 180—120°W):

!/ !
APOI = T"15-50°N, 60-120°E—1" 15-50°N,180W—240°W

in which 7" = T-T, where T is the air temperature, T is the
zonal mean of T, and is the vertically averaged (300-200 hPa)
eddy air temperature. In addition, several climatic indices
(Nifiol, Nifo3.4, and Nifio4) based on SST anomalies aver-
aged across a given region were used for comparative analy-
sis, which is obtained from the National Oceanic and
Atmospheric Administration (Rasmusson and Carpenter
1982; Trenberth 1997; Trenberth and Stepaniak 2001).

2.2 Methods

In order to study the relationship between the two variables,
correlation and regression analyses were used to facilitate our
research. Unrotated empirical orthogonal function (EOF) analy-
ses without latitudinal weighting were also used. Furthermore, to
emphasize the interannual variability, linear trends of the all-time
series of the aforementioned data have been removed. Besides,
we defined the index’s excellent / excellent&good rate (the
index’s excellent rate = Number of the index’s excellent years /
Number of total extreme years, the index’s excellent&good rate
was conducted in the same way) to evaluation the performance
of different indices on extreme precipitation, in which the excel-
lent/ good years were defined as standardized anomalies exceed-
ing +1 / exceeding £0.5 but under £1. Note that the period
studied is restricted to the period from 1960 to 2016, and autumn
refers to September to October in this study.

3 Results

3.1 Relationship between the Summer Asian-Pacific
Oscillation and Autumn Precipitation in Central
Eastern China

Before starting the main result, the relationship between au-
tumn (September ~ October mean) APO and simultaneously
accumulated precipitation in China was investigated for the
purpose to determine whether autumn precipitation is closely
related to APO. As shown in Fig. 1a, the significantly positive
coefficients dominate over most parts of the China crossed
from East to West, particularly the central eastern China
(CEC; 28-38°N, 102—122°E), with the maximum correlation
coefficient exceeding 0.5, which is the thresholds of the sig-
nificant at 90% confidence level (Fig.1a). Due to the strong
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response of the CEC autumn precipitation to APO, the tem-
poral variability of precipitation in CEC was explored from
the perspectives of regional average time series across CEC in
CHNS data (Fig.1b). Results show that the climatology of
annual accumulated precipitation over the regional reached
960 mm, with autumn / summer accounts for 163 mm /
459 mm, which occupies 17% / 48% of annual precipitation,
indicating the autumn CEC precipitation is controlled by the
change of moisture transport associate with the East Asian
monsoon circulation system become much weaker than sum-
mer. Further analysis reveals the interannual and interdecadal
changes in autumn CEC precipitation are very evident with a
slight downward trend in recent decades, and a minimum
(maximum) <100 mm (>270 mm) (Fig. 1b). In addition, the
average precipitation can also better reflect the same changes
of precipitation in CEC based on CRU data (not shown).
Due to the great variability of CEC precipitation in autumn
and its close relationship to APO, it is important and necessary
to have a better knowledge of whether the preceding APO can
be used as a precursory signal for autumn precipitation predic-
tion. Among the summer months (Fig. 2), the August APO

1970

1980

showed the largest correlation, almost equivalent with the au-
tumn APO, indicating the preceding August APO can be a good
indicator for the autumn precipitation in CEC. Meanwhile, there
is no clear relationship between November precipitation and the
August APO (not shown). Therefore, in the following analysis,
we will focus on finding the impact of the August APO on
autumn (September ~ October mean) CEC precipitation.

To explore the interannual relationship between the August
APO and autumn precipitation in CEC, the time series of CEC
precipitation was standardized as an index (CECPI) to repre-
sent the precipitation intensity variation. It can be seen in
Fig. 3 that the fluctuation of CECPI is consistent with that of
the APOI with a significant positive correlation (r=0.45,
passed the significant at 90%), indicating the August APO
has significant impact on the autumn precipitation in CEC.

3.2 Atmospheric Circulation Anomalies with Changes
in CECPI and the APOI

Previous studies have shown that regional climate variability
is mainly significantly influenced by fluctuations and changes

\§‘, Korean Meteorological Society @ Springer
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in atmospheric circulation (Trenberth 1990). To illustrate the
positive correlation between the August APOI and autumn
CECPI, the corresponding anomalous atmospheric circulation
is described. Figure 4 presents the spatial patterns of sea-level
pressure (SLP) and 850 hPa wind vectors, 500 hPa
geopotential height, 200 hPa zonal wind, and the vertical cir-
culation structure regressed on the CECPI and the APOL, re-
spectively. It is noticed that the obviously negative (positive)
SLP and cyclonic (anticyclonic) anomalies at 850 hPa are
dominated over East Asia (North Pacific), which results in
significant anomalous southerly winds along the east Asia
coast in the lower troposphere (Fig. 4a). The regression of
geopotential height at 500 hPa against the CECPI shows a
strengthening in both the East Asian trough and the North
Pacific high, which was accompanied by an increase of the
CECPI (Fig. 4b). Meanwhile, the meridional shear of the East
Asian jet stream is strengthened, corresponding to the
strengthening of the East Asian trough and causing anomalous
southerly wind (Fig. 4c¢). Furthermore, regression of the
latitude—height cross section (averaged over 102—122°E) of
the meridional vertical circulation against the CECPI also in-
dicates anomalous upward motions and southerly over middle
latitudes (20—40°N) (Fig. 4d). As can be seen from
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Fig. 3 Time series of the CECPI (bars) and APOI (blue line)
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Fig. 4(e)—(h), the regression patterns obtained from the
APOI are same as those in as in Fig. 4(a—d), implying that
APO should be considered an important factor in determining
CEC autumn precipitation through affecting the atmospheric
circulation anomalies over the Asia-Pacific region.

Transport of water vapor through atmospheric circulation is
regarded as one of the most critical factors in the formation of
precipitation. To further explore the characteristics of water
vapor transport in CEC, regression of the vertically integrated
water vapor flux onto the CECPI and the APOI were conduct-
ed. As shown in Fig. 5a, there mainly are two branches of
anomalous northward water vapor transport belts originating
from the northwestern Pacific and the Indian Ocean, respec-
tively. The anomalous southeasterly and southwesterly pre-
vailing over East Asia enhanced a warm and moist flows
transport to mainland China, which is favorable for water
vapor convergence, and hence more precipitation over CEC.
Similarly, this anomalous feature can be also found from the
regression map of vertically integrated water vapor flux with
APOI, which implies that the large positive value of the APOI,
signifying large excess precipitation coincides with strength-
ening water vapor transport over CEC.

3.3 Possible Physical Mechanism

Although above findings revealed the atmospheric circulation
anomaly associated with this positive correlation between the
APOI and the CECPI, the physical mechanism for this close
connection still needs to more explanations. As shown in
Fig. 6, the explained variance of the unrotated EOF1 mode
of autumn upper-tropospheric (300-200 hPa) 7'is about 36%,
reflecting the dominant role of the difference in the thermal
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Fig. 4 Regression of a sea-level pressure (SLP) (contours) and 850 hPa
wind (vectors), b 500 hPa geopotential height (contours), ¢ 200 hPa zonal
wind (contours), and d vertical structure of the meridional circulation
(vectors) averaged over the region 102—122°E on the CECPIL; e-h same

force over Eurasia and the North Pacific with a significant
“seesaw” phenomenon (Fig. 6a), which represents a
teleconnection pattern like summer APO. Furthermore, the
EOF1 time series not only shows evident interannual variation
but also obvious interdecadal variation using the low-pass
filter (0.125 Hz) accompanied by a significant downward
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as Fig. 4(a)—~(d) but for APOI. Solid (dashed) contour lines indicate pos-
itive (negative) values. The wind vector is significant at the 95% confi-
dence level, and significant areas at the 90% (light) and 95% (dark)
confidence level are shaded from a two-tailed Student’s 7 test

trend, which is similar to the changes of the APOI (Fig. 6b).
Thus, there is an important question of what makes them so
similar even as they rest in different months? In the following,
we try to find a reasonable explanation for this high similarity.

Figure 7a shows that the correlation coefficients between
the CECPI and the autumn mean upper-tropospheric (300—

&
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Fig.5 a Regression of the CECPI onto vertically integrated water vapor flux and b same as (a) but for the APOL. Significant areas at the 90% (light) and
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200 hPa) T’ over Eurasia (North Pacific) are positive
(negative) anomalies with a maximum (minimum) of >0.6
(<—0.6). And the correlation coefficient patterns of the
longitude—height cross section (averaged over 15-50°N) of
the zonal vertical 7" against the CECPI also presents positive
(negative) correlation over Eurasia (North Pacific) in the mid-
upper troposphere with a maximum (minimum) of >0.5 (<
—0.5) (Fig. 7¢), which indicate CECPI was controlled by ther-
mal difference over Eurasia and North Pacific. The above-
mentioned positive (negative) correlation of CECPI with au-
tumn mean upper-tropospheric (300-200 hPa) 7~ has the same
“seesaw” phenomenon as the consequence of EOF1 over
Eurasia and North Pacific in the mid-upper troposphere.
Subsequently displayed results of Figs. 7b and d are similar
to Figs. 7a and ¢ but for APOI, corresponding to a positive
(negative) correlation over the Asian continent (Northern
Pacific) in the mid-upper troposphere. In addition, an

appreciable significant positive correlation between August
and autumn APOI (r = 0.45, passed the 90% significance test)
was recorded, further suggesting that the August thermal ef-
fect like APO mode over the Asia-pacific region in the mid-
upper troposphere can be maintained until autumn, and in turn
causes anomalous atmospheric circulation and variability of
precipitation.

3.4 Comparison of the Impact of Different Indices
on Autumn Precipitation in CEC

It is well known that different kinds of Niflo indices have been
widely used in the climate analysis of precipitation, especially
in China (e.g., Wu et al. 2003; Zhang et al. 2007; Wu et al.
2009). This raises the question of does the change of preced-
ing ENSO also can affect the autumn CEC precipitation?
Hence, we selected different indices for comparison with

Fig. 6 a Spatial distribution and b . (a) . ) ) . 36.0%
time series for the unrotated 60°N (S o
EOF1 mode (multiplied by 0.01) S ey, T 9
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Fig. 7 Correlation coefficients between the autumn mean upper-
tropospheric (300-200 hPa) 7" (°C) over the region 0-60°N, 60°E—
120°W and the a CECPI and b APOI. Correlation coefficients between

APOIL. The correlation coefficients between the CECPI and
Nifio indices of the preceding 12 months (Fig. 8a) indicate
there is a significant negative correlation holds for CECPI
with Nifio3.4 in July (Nifio3.4Jul) and Niflo4 in August
(Niflo4Aug), with the correlation coefficient of —0.41 and —
0.40, respectively (passes the significance test at 90%).
Furthermore, the 21-year sliding correlation was chosen to
investigate the interdecadal relationship between the CECPI
and the APOI (Nifio3.4Jul and Nifio4Aug), proving that all
three indices had a significant interdecadal relationship with
CECPI before 1985, while after 1985, the relationship with
the APOI maintains significant (passes the significance test at
90%) until 2003, but the other indices abruptly decrease (Fig.
8b). The above analyses show the APO’s performance is su-
perior to Nifio3.4Jul and Nifio4Aug for prediction autumn
CEC precipitation whether in interannual or interdecadal
changes.
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Fig. 8 a Correlation coefficients between the CECPI and different Nifio
indices of the past 12 months, and b the 21-year sliding correlation coef-
ficients of CECPI with Nifio3.4Jul, Nifio4Aug (both multiplied by —1)

(b)
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the vertical structure of zonal 7" (contours) averaged in the region 15—
50°N and the ¢ CECPI and d APOI. The shaded values are significant at
the 90% (light) and 95% (dark) confidence level

To more facilitate our research, we evaluated the prediction
performance of different indices on CEC precipitation events,
corresponding to the 15 strongest and the 15 weakest CECPI
years. It is evident that the strongest positive (negative)
CECPI shows differences, corresponding to the strongest pos-
itive (negative) APOI, negative (positive) Nifio3.4Jul, and
negative (positive) Niflo4Aug during different years, respec-
tively (Table 1). As shown in Table 2, the obtained statistical
results show that the outcome of APOI’s excellent /
excellent&good rate was 36.7% / 56.7%, which is better than
the other two indices, indicating the APO is an effective signal
for precipitation prediction. However, the performance on pre-
diction will be greatly improved by combining the strongest
positive (negative) APOI, negative (positive) Nifio3.4Jul and
Nifio4Aug (the excellent / excellent&good rate =63% /
73.3%), suggesting that APO should not be used only as a
single index, but also combined with other indices (e.g.
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and the APO], respectively. The short (long) dashed line indicates a sig-
nificance level of 90% (95%)
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Table 1
years of the CECPI, respectively

The APOI, Nifio3.4Jul (multiplied by —1) and Nifio4Aug (multiplied by —1) values corresponding to the 15 strongest positive and negative

Year | CECPI | apor | 03 | Ninod |y e | cECp1 | apop | 03 | Ninod
4Jul Aug 4Jul Aug
1961 | 083 | 1.77 | 001 | 037 | 1985 | 137 | 080 | 0.76 | 045
1964 | 1.08 | 0.17 | 086 | 137 | 1987 | -098 | -1.14 | 2.18 | -1.62
1965 | -1.74 | -1.08 | -141 | -133 | 1993 | -087 | -137 | -0.55 | -0.64
1966 | -1.51 | 020 | -057 | -0.70 | 1994 | -0.94 | 0.16 | -0.57 | -1.66
1969 | 1.09 | -1.12 | -0.18 | -1.24 | 1995 | -1.66 | -1.10 | 0.11 | -0.09
1970 | 122 | 0.00 | 1.10 | 065 | 1996 | -083 | 026 | 045 | 026
1973 | 165 | 060 | 179 | 155 | 1997 | -1.19 | -0.66 | 246 | -1.21
1975 | 175 | 1.04 | 161 | 234 | 1998 | -1.55 | 036 | 128 | 1.58
1976 | 0.93 | 058 | -0.17 | 0.30 | 2001 | -1.04 | 097 | -0.07 | -0.29
1977 | 0.89 | -1.69 | -0.53 | -0.66 | 2002 | -1.13 | -0.23 | -1.20 | -1.33
1978 | 0.90 | 048 | 042 | 029 | 2005 | 1.10 | 022 | 025 | 001
1979 | 088 | 0.15 | 031 | 0.06 | 2010 | 1.01 | 1.06 | 152 | 230
1980 | -128 | -130 | -027 | -020 | 2011 | 112 | 095 | 059 | 120
1983 | 145 | 041 | -0.17 | 007 | 2012 | 069 | 121 | -038 | -0.04
1984 | 152 | 1.04 | 041 | 050 | 2014 | 223 | -142 | 0.10 | -032

* red number > =1.0, Excellent, 1 > blue number >=0.5, Good

Nifo3.4Jul, and Nifio4Aug) for the autumn precipitation pre-
diction in CEC.

4 Summary and Discussions

Based on observations and ncep/ncar reanalysis data, a relation-
ship between the preceding apo and autumn precipitation in
china from 1960 to 2016 was investigated using correlation
and regression analyses. The following conclusions were drawn.

There was a significant positive correlation between the
August APO and the autumn CEC precipitation with a corre-
lation coefficient of 0.45. Further analysis of the atmospheric
circulation patterns associated with the APOI indicates that
significant negative / positive SLP, 500 hPa geopotential
height anomalies over East Asia / North Pacific and vertical
shear of the East Asian jet stream at 200 hPa cause more warm
and humid air transported by the southwesterly winds con-
verged with dry and cold air from the north over CEC, which

is conductive to strengthen convergence conditions and up-
ward movement, introducing an increased precipitation.
However, this configuration became much diminished during
weak APOI years. The possible physical mechanism for such
a colse connection is that the thermal effect of August APO
can be maintained until autumn, which further causes atmo-
spheric circulation anomalies and precipitation variability in
CEC.

Besides, this study has shown that preceding SST anoma-
lies can be important factors for predicting precipitation in
CEC, with a significant negative correlation between CECPI
and Nifio3.4Jul (r=-0.41) / Nifio4Aug (r =—0.40). However,
the APOI’s prediction performance for autumn CEC precipi-
tation is greater than the Nifio3.4Jul and Niflo4Aug no matter
in the interannual or interdecadal variations, indicating the
August APO is an effective signal for predicting autumn
CEC precipitation.

The APO is considered to be one of the key factors affect-
ing the Asian—Pacific climate (e.g., Zhao et al. 2007; Zhou

Table 2 Index’s rate between the CECPI and different indices at different levels

APOI Nifio3.4Jul Nifio4Aug APOI&Nifi03.4Jul&Nifio4 Aug
Excellent rate 36.70% 26.70% 33.30% 60.00%
Excellent&Good rate 56.70% 50.00% 50.00% 73.30%
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etal. 2010; Liu et al. 2017). Although the relationship between
the preceding APO and autumn precipitation in CEC was
revealed, there are still many issues that need further discus-
sion. For instance, does the preceding APO have an impact on
the precipitation elsewhere (such as Southeast Asia, the Indian
peninsula, and Australia)? If so, how do the fluctuations in
atmospheric circulation correspond to changes in precipita-
tion? Furthermore, the surface air temperature is also consid-
ered to be an important meteorological factor affecting human
productive activities. Therefore, the influence of the preceding
APO on the surface air temperature needs to be further ex-
plored. Such efforts will help to improve our understanding of
the interaction between the APO and the Asian—Pacific cli-
mate changes.

Acknowledgments This research was jointly funded by the National
Natural Science Foundation of China (41775072, 91537214), the
National Key R&D Program of China (2018YFC1505702), the
Outstanding Young Talents Project of Sichuan Province
(2019JDJQO001), the Scientific Research Foundation of CPI Power
Engineering Company LTD (CPIPEC-XNYF-91208000100), the
Scientific Research Foundation of Chengdu University of Information
Technology (S201910621105) and the Scientific Research Foundation
of Key Laboratory of Meteorological Disaster (KLME), Ministry of
Education (KLME201803).

References

Barriopedro, D., Gouveia, C.M., Trigo, R.M., etal.: The 2009/10 drought
in China: possible causes and impacts on vegetation. J.
Hydrometeorol. 13, 1251-1267 (2012). https://doi.org/10.1175/
jhm-d-11-074.1

Chang, C.P., Zhang, Y., Li, T.: Interannual and Interdecadal variations of
the east Asian summer monsoon and tropical Pacific SSTs. Part I:
Roles of the Subtropical Ridge. J. Clim. 13, 4310-4325 (2000).
https://doi.org/10.1175/1520-0442(2000)013<4310:1aivot>2.0.co;2

Chen, T., Wu, R.: Interannual and decadal variations of snow cover over
Qinghai-Xizang plateau and their relationships to summer monsoon
rainfall in China. Adv. Atmos. Sci. 17(1), 18-30 (2007). https://doi.
org/10.1007/s00376-000-0040-7

Chen, S., Huang, J., Qian, Y., et al.: Effects of aerosols on autumn pre-
cipitation over mid-eastern China. J. Trop. Meteorol. 20, 242-250
(2014). https://doi.org/10.3969/).issn.1004-4965.2012.03.006

Cherchi, A., Navarra, A.: Reproducibility and predictability of the Asian
summer monsoon in the ECHAM4-GCM. Clim. Dyn. 20, 365-379
(2003). https://doi.org/10.1007/s00382-002-0280-6

Ding, Y., Johnny, C.L.C.: The east Asian summer monsoon: an overview.
Meteorog. Atmos. Phys. 89, 117-142 (2005). https://doi.org/10.
1007/s00703-005-0125-z

Ding, Y., Wang, Z., Ying, S.: Inter-decadal variation of the summer pre-
cipitation in East China and its association with decreasing Asian
summer monsoon. Part I: Observed evidences. Int. J. Climatol. 28,
1139-1161 (2010). https://doi.org/10.1002/joc.1615

Gu, W., Wang, L., Li, W., et al.: Influence of the tropical Pacific east-west
thermal contrast on the autumn precipitation in South China. Int. J.
Climatol. 35, 1543—1555 (2015). https://doi.org/10.1002/joc.4075

Harris, P.D. Jones, T.J. Osborn, D.H. Lister, 2014: Updated high-
resolution grids of monthly climatic observations-the CRU TS3.10
dataset. Int. J. Climatol., :https://doi.org/10.1002/joc.3711

Kalnay, E., Kanamitsu, M., Kistler, R., et al.: The NCEP/NCAR 40-year
reanalysis project. Bull. Am. Meteorol. Soc. 77, 437-472 (1996).
https://doi.org/10.1175/1520-0477(1996)077<0437:-TNYRP>2.0.
CO;2

Lau, K.M., Yang, S.: The Asian monsoon and predictability of the trop-
ical ocean—atmosphere system. Q. J. R. Meteorol. Soc. 122, 945—
957 (1996). https://doi.org/10.1002/qj.49712253208

Liu, Y., Fan, K.: A new statistical downscaling model for autumn precip-
itation in China. Int. J. Climatol. 33, 1321-1336 (2013). https://doi.
org/10.1002/joc.3514

Liu, G., Zhao, P., Chen, J.: Possible effect of the thermal condition of the
Tibetan plateau on the interannual variability of the summer Asian-
Pacific oscillation. J. Clim. 30, 9965-9977 (2017). https://doi.org/
10.1175/JCLI-D-17-0079.1

Nan S, Zhao P, Yang S, et al, 2009: Springtime tropospheric temperature
over the Tibetan plateau and evolutions of the tropical Pacific SST. J.
Geophys. Res. Atmos. 114, https://doi.org/10.1029/2008JD011559

Niu, N., Li, J.: Interannual variability of autumn precipitation over South
China and its relation to atmospheric circulation and SST anomalies.
Adv. Atmos. Sci. 25, 117-125 (2008). https://doi.org/10.1007/
s00376-008-0117-2

Rasmusson, E.M., Carpenter, T.H.: Variations in Tropical Sea surface
temperature and surface wind fields associated with the southern
oscillation/El Nifio. Mon. Weather Rev. 110, 354-384 (1982).
https://doi.org/10.1175/1520-0493(1982)110<0354:VITSST>2.0.
CO;2

Tan, M.: Circulation effect: response of precipitation 5180 to the ENSO
cycle in monsoon regions of China. Clim. Dyn. 42, 1067-1077
(2014). https://doi.org/10.1007/s00382-013-1732-x

Trenberth, K.E.: Recent Observed Interdecadal Climate Changes in the
Northern Hemisphere. Bul.l Am. Meteorol. Soc. 71, 377-390
(1990)

Trenberth, K.E.: The Definition of El Nifio. Bul.l Am. Meteorol. Soc. 78,
27712777 (1997). https://doi.org/10.1175/1520-0477(1997)0782.
0.CO;2

Trenberth, K.E., Stepaniak, D.P.: Indices of El Nifio evolution. J. Clim.
14, 1697-1701 (2001). https://doi.org/10.1175/1520-0477(1990)
0712.0.CO;2

Wu, R., Wang, B.: A contrast of the east Asian summer monsoon: ENSO
relationship between 1962-77 and 1978-93. J. Clim. 15, 3266-3279
(2002). https://doi.org/10.1175/1520-0442(2002)0152.0.CO;2

Wu, R., Hu, Z.Z., Kirtman, B.P.: Evolution of ENSO-related rainfall
anomalies in East Asia. J. Clim. 16, 3742-3758 (2003). https://doi.
org/10.1175/1520-0442(2003)016<3742:eoerai>2.0.co;2

Wu Z, Wang B, LiJ, et al, 2009: An empirical seasonal prediction model
of the east Asian summer monsoon using ENSO and NAO. J.
Geophys. Res. Atmos. 114, https://doi.org/10.1029/2009JD011733

Zhang, Q., Xu, C.Y., Jiang, T., et al.: Possible influence of ENSO on
annual maximum streamflow of the Yangtze River, China. J.
Hydrol. 333, 0-274 (2007). https://doi.org/10.1016/j.jhydrol.2006.
08.010

Zhang, W., Jin, F., Zhao, J.X., et al.: The possible influence of a noncon-
ventional El Nifio on the severe autumn drought of 2009 in
Southwest China. J. Clim. 26, 8392-8405 (2013). https://doi.org/
10.1175/JCLI-D-12-00851.1

Zhao, P.,, Zhu, Y., Zhang, R.: An Asia—Pacific teleconnection in summer
tropospheric temperature and associated Asia climate variability.
Clim. Dyn. 29, 293-303 (2007). https://doi.org/10.1007/s00382-
007-0236-y

Zhao, P., Cao, Z., Chen, J.: A summer teleconnection pattern over the
extratropical northern hemisphere and associated mechanisms.
Clim. Dyn. 35, 523-534 (2010). https://doi.org/10.1007/s00382-
009-0699-0

Zhao, P, Yang, S., Wang, H., et al.: Interdecadal relationships between the
Asian-Pacific oscillation and summer climate anomalies over Asia,


https://doi.org/10.1175/jhm-d-11-074.1
https://doi.org/10.1175/jhm-d-11-074.1
https://doi.org/10.1175/1520-0442(2000)013<4310:iaivot>2.0.co;2
https://doi.org/10.1007/s00376-000-0040-7
https://doi.org/10.1007/s00376-000-0040-7
https://doi.org/10.3969/j.issn.1004-4965.2012.03.006
https://doi.org/10.1007/s00382-002-0280-6
https://doi.org/10.1007/s00703-005-0125-z
https://doi.org/10.1007/s00703-005-0125-z
https://doi.org/10.1002/joc.1615
https://doi.org/10.1002/joc.4075
https://doi.org/10.1002/joc.3711
https://doi.org/10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2
https://doi.org/10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2
https://doi.org/10.1002/qj.49712253208
https://doi.org/10.1002/joc.3514
https://doi.org/10.1002/joc.3514
https://doi.org/10.1175/JCLI-D-17-0079.1
https://doi.org/10.1175/JCLI-D-17-0079.1
https://doi.org/10.1029/2008JD011559
https://doi.org/10.1007/s00376-008-0117-2
https://doi.org/10.1007/s00376-008-0117-2
https://doi.org/10.1175/1520-0493(1982)110<0354:VITSST>2.0.CO;2
https://doi.org/10.1175/1520-0493(1982)110<0354:VITSST>2.0.CO;2
https://doi.org/10.1007/s00382-013-1732-x
https://doi.org/10.1175/1520-0477(1997)0782.0.CO;2
https://doi.org/10.1175/1520-0477(1997)0782.0.CO;2
https://doi.org/10.1175/1520-0477(1990)0712.0.CO;2
https://doi.org/10.1175/1520-0477(1990)0712.0.CO;2
https://doi.org/10.1175/1520-0442(2002)0152.0.CO;2
https://doi.org/10.1175/1520-0442(2003)016<3742:eoerai>2.0.co;2
https://doi.org/10.1175/1520-0442(2003)016<3742:eoerai>2.0.co;2
https://doi.org/10.1029/2009JD011733
https://doi.org/10.1016/j.jhydrol.2006.08.010
https://doi.org/10.1016/j.jhydrol.2006.08.010
https://doi.org/10.1175/JCLI-D-12-00851.1
https://doi.org/10.1175/JCLI-D-12-00851.1
https://doi.org/10.1007/s00382-007-0236-y
https://doi.org/10.1007/s00382-007-0236-y
https://doi.org/10.1007/s00382-009-0699-0
https://doi.org/10.1007/s00382-009-0699-0

Z. Lin et al.

North Pacific, and North America during a recent 100 years. J. Clim. 24,
4793-4799 (2011a). https:/doi.org/10.1175/JCLI-D-11-00054.1

Zhao, P., Yang, S., Jian, M., et al.: Relative controls of Asian-Pacific
summer climate by Asian land and tropical-North Pacific Sea sur-
face temperature. J. Clim. 24, 4165-4188 (2011b). https://doi.org/
10.1175/2011JCLI3915.1

Zhou, B., Zhao, P.: Influence of the Asian-Pacific oscillation on spring
precipitation over central-eastern China. Adv. Atmos. Sci. 27, 575—
582 (2010)

Zhou, B., Cui, X., Zhao, P.: Relationship between the Asian-Pacific os-
cillation and the tropical cyclone frequency in the western North

Pacific. Sci. China Ser. D Earth Sci. 51, 380-385 (2008). https://
doi.org/10.1007/s11430-008-0014-7

Zhou, B., Zhao, P., Cui, X.: Linkage between the Asian-Pacific oscillation
and the sea surface temperature in the North Pacific. Chin. Sci. Bull.
55, 1193-1198 (2010). https://doi.org/10.1007/s11434-009-0386-x

Zou, Y., Zhao, P.: Relation of summer Asian-Pacific oscillation to tropical
cyclone activities over the coastal waters of China. Journal of
Meteorological Research. 24, 539-547 (2010)

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1175/JCLI-D-11-00054.1
https://doi.org/10.1175/2011JCLI3915.1
https://doi.org/10.1175/2011JCLI3915.1
https://doi.org/10.1007/s11430-008-0014-7
https://doi.org/10.1007/s11430-008-0014-7
https://doi.org/10.1007/s11434-009-0386-x

	Impact of the August Asian–Pacific Oscillation on Autumn Precipitation in Central Eastern China
	Abstract
	Introduction
	Data and Methods
	Data and Indices
	Methods

	Results
	Relationship between the Summer Asian–Pacific Oscillation and Autumn Precipitation in Central Eastern China
	Atmospheric Circulation Anomalies with Changes in CECPI and the APOI
	Possible Physical Mechanism
	Comparison of the Impact of Different Indices on Autumn Precipitation in CEC

	Summary and Discussions
	References


