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Abstract Based on the concept of East Asia-Pacific ( EAP) teleconnection which influences
East Asian summer monsoon, an index for East Asian summer monsoon circulation anomaly
was defined and it was pointed out that this index can describle the interannual variation character of summer climate in East Asia, especially in the Yangtze River and Huaihe River Valley.
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MONSOONindex is not only a criterion of measuring the strength of monsoon, but also a precondition for
researching the interannual variations of monsoon. Because China is located in the East Asian monsoon
region, much attention has long been paid to the definition of the East Asian summer monsoon. For a long
time, many scholars have studied this
and put forward various definitions. However, since
the focuses of these researchers are different, there are many differences among the indices of the East
Asian summer monsoon. Due to the complexity of the East Asian monsoon system, each index cannot reflect all characteristics of the East Asian summer monsoon. In fact, the variations of East Asian summer
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monsoon climate are closely related to some special large-scale circulation anomalies, therefore, concerning the large-scale circulation anomalies is important in the investigation of this problem.
show that the East Asian summer monsoon has a close relationship with
Some previous
the East Asia-Pacific (EAP) teleconnection pattern. Therefore, in this note based on the concept of the
EAP teleconnection pattern, we defind an index of the East Asian summer monsoon circulation anomalies,
and investigated the relation between this circulation index and the interannual variations of the rainfall
and other climatic elements related to the East Asian summer monsoon.

1

Data and method

Using NMC (NCEP) monthly data from 1946 to 1957, the monthly data from 1958 to 1996 reanalyzed by NCAFUNCEP, and the data of rainfall and temperature at 160 stations in China from 1951 to
1996, with the methods of statistical correlation and composite analysis, we examined the relationship between the 500 hPa geopotential height anomalies in East Asia and the resultant drought and flood in the
eastern part of China in summer. Special attention was paid to the following two regions: the Yangtze
River and the Huaihe River Valley (29ON-33" N , 114"E-125" E ) and North China ( 34" N-40" N ,
l 10°E-125"E).
2

Definition of East Asian summer monsoon circulation anomaly index and other indices

Because the EAP teleconnection pattern has a close relationship with the East Asian summer mon, we defined an East Asian summer monsoon circulation anomaly index (or EAP index in short,
I E A P ) ,and studied the relationship between the interannual variations of the East Asian summer monsoon
circulation anomaly and the interannual variations of some climatic elements in the East Asia summer
monsoon region. The definition of IEAP
is
IEAP
= Nor(- 0.25Z,'(20°N,1250E) + 0.50Z,'(40°N,1250E) - 0.25Z,'(60°N,1250E)),
(1)
where Z' = Z - z ( Z is the seasonal-mean 500 hPa geopotential height in a summer, Z is the climatological-mean geopotential height) , 2,' = Z' sin45O/sing; , y, is the latitude. Nor( X ) means the normalization of X .
We also defined other indices in order to study the relationship between the north boundary of the
East Asian summer monsoon and the transportation of the water vapor field. One is the regional south
wind area index in North China in summer. In this region, we calculated the anomalous number of the
grid points with south wind u 3 1 m/s and performed the normalization. This index can describe the advance and retreat of south wind in summer. Although the region is fixed, it can reflect the northward advance of the East Asian summer monsoon, because the East Asian summer monsoon has an obvious northward or southward movement in together. In addition, according to the definition of pseudo-equivalent
temperature by Tu and ~ u a n ~ and
' ~ ]the calculating method suggested by ~ i n ~ ' ' ' ] ,we calculated the
variability of pseudo-equivalent temperature, and defined the region' s pseudo-equivalent temperature
strength index in North China. It is calculated over the whole region and is normalized. This strength index can show the strength of water vapor transportation in the East Asian summer monsoon region. Because the stream field and the water vapor field at 700 hPa have the most obvious character, we used the
700 hPa data reanalyzed by NCARlNCEP to calculate the above-mentioned indices.

soon[7.81

3

Result

Figure 1 shows the interannual variations of IEAP
calculated by using formula ( 1 ) . It shows that in
the summers of 1954, 1980, 1983 and 1991, when floods occurred in the Yangtze River and the Huaihe
River Valley, the EAP index was smaller than or equal to - 1 On the contrary, in the summers of 1994,
1961 and 1978, when droughts occurred in the Yangtze River and the Huaihe River Valley, the EAP index was larger than or equal to 1 . The summer of 1991 was a serious flood season in the Yangtze River
and the Huaihe River Valley, but the index was not so small as expected. This may be due to the fact
that the EAP index was negative in June and July, but this index turned to stronger positive in August,
1991.

.
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In order to investigate the difference
3.5
between the circulation in the summers with
3.0high I E A P and that in the summers with low
2.5I E A P I a composite method was used to study
2.0the anomalies of 500 hPa geopotential height
fields over East Asia in summer. When I E A p
is greater than or equals 1 , the index is defined as a high index, on the contrary, when
I
I E A P is smaller or equals - 1 , the index is
-1.0d e f i n e d a s a l o w i n d e x . Fig. 2 ( a ) , ( b )
shows the 500 hPa geopotential height anoma- 1.5 ly patterns for the summer with high I E A p and
-2.0 for the summer with low I E A p , respectively.
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From fig. 2 ( a ) , ( b ) it may be seen that the
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
500 hPa geopotential height anomaly pattern
Year
for the summer high I E A p is opposite to that
Fig. 1 . Interannual variations of the East Asian summer monsoon cirfor the summer with low ' E A P ' When I E A P is culaion
index from ,946 to 19%.
higher, the western Pacific subtropical high
shifts northward, and drought in summer may occur in the Yangtze River and the Huaihe River Valley;
on the contrary, when I E A P is lower, the western Pacific subtropical high shifts southward, and flood may
occur there in summer.

I

1

Fig. 2 .

The composite 500 hPa geopotential height anomalies in East Asia for the summers with high index ( ( a )

1) and with low index ( ( b ) IWP < - 1 ) , respectively (unit :

Iwa

GPM) .

In order to study the relationship between this index and other climatic elements in the eastern part
of China, we calculated the variations of rainfall and temperature in the Yangtze River and the Huaihe
River Valley, and the variations of south wind area index and pseudo-equivalent temperature strength index in North China. Fig. 3 ( a ) shows the interannual variations of the East Asian summer monsoon circulation anomaly index and the seasonal mean rainfall and t e m p e r a t u ~in the Yangtze River and the Huaihe
River Valley in summer, and fig. 3 ( b) indicates the interannual variations of I E A P , the south wind area
index and the pseudo-equivalent temperature strength index in North China in summer. It can be seen
from fig. 3 that there is a negative correlation between I E A P and the rainfall of the Yangtze River and the
Huaihe River Valley, and a positive correlation between I E A P and the temperature in the Yangtze River
and the Huaihe Valley. Moreover, there is a positive correlation between I E A P and the south wind area index and pseudo-equivalent temperature strength index in North China. All the correlation coefficients pass
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Fig. 3. (a) The interannual variations of the East Asian summer monsoon circulation anomaly index (curve 1) and the
interannual vnriatiom.of the normalieed rainfall (curve 2) and temperature anomalies (curve 3) in the Yangtze River and
Huaihe River Valley in summer. (b) The interannual variations of the East Asian summer monsoon circulation anomaly index (curve 1) and the interannual variations of the south wind area index (curve 2) and the peudo-equivalent temperature
strength index (curve 3) in North China.

99% statistical significance test. Thus, there are close relations between IEAPand these elemente, and it
can be said that IWp has a close relationship with the climatic elements variations in East Asia. This index can show not only the variations of rainfall or temperature in the Yangtze River and the Huaihe River
Valley, but also the northward shift of the East Asian summer monsoon system and the northward transportation of water vapor. In short, IEAPcan well describe the interannual variations of the East Asia summer monsoons.

There is a close relationship between the EAP pattern and the drought and flood patterns in East Asia, especially in the Yangtze River and the Huaihe River Valley in summer. When the East Asian summer monsoon circulation anomaly index IEAP is above nonnal, droughts occur in the Yangtze River and
Huaihe River Valley, on the contrary, when the IEAP is below normal, floods happen there.
IEAP defined in this note can describe the interannual climatic variability in East Asia. It can describe not only the variations of the rainfall and temperature in the Yangtze River and the Huaihe River
Valley, but also the northward shift of the East Asian summer monsoon system and the notthward transportation of water vapor.
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