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INTERANNUAL VARIATIONS OF SUMMER PRECIPITATION IN EAST ASIA: 

THEIR REGIONALITY, RECENT TREND, AND RELATION TO SEA-SURFACE 
TEMPERATURE OVER THE NORTH PACIFIC*> 
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MASATOSHI YosHINO and TAKASHI AoKI 

Zusammenfassung: Interannuelle Variabilitat der Sommer
niederschliige in Ostasien: Regionalitat, rezenter Trend 
und Zusammenhange mit der Meeresoberfliichentempera
tur iiber dem Nordpazifik 

Zur naheren Untersuchung der interannuellen Variabi
litat der Sommerniederschliige in Ostasien wurde der Mit
telwert und die Standardabweichung des Niederschlags im 
Juni und Juli dargestellt und eine Regionalisierung nach 
der Clusteranalyse fiir die 25jiihrigen Niederschlagsbeob
achtungen 1956-1980 vorgenommen. Dabei zeigen sich 
auffallende Beziehungen zur Aktivitat und Lage sowohl der 
Mai-yii und Bai-u Frontalzonen als auch der eurasiatischen 
Polarfrontalzone. Weiterhin wurden auch die langfristi
gen Veranderungen der Niederschliige diskutiert. Dabei 
konnte gezeigt werden, daB die Niederschliige seit der zwei-

ten Hfilfte der 60er J ahre in allen Regionen stiirkerer Po
larfront-Aktivitat abnehmen, was mit dem langfristigen 
Temperaturtrend der nordlichen Hemisphiire iiberein
stimmt. Kurzfristige Niederschlagsveriinderungen traten 
ebenfalls parallel zu den Temperaturveriinderungen auf, 
allerdings nicht mehr seit den 70er J ahren. SchlieBlich wur
den die Korrelationskoeffizienten zwischen den Gebiets
niederschliigen und der Oberfliichentemperatur des Meeres 

* > The manuscript of the present study was completed 
during the stay of the first author at the University of Mainz 
under the DAAD-JSPS-Exchange of Scientists Programme 
in May, 1984. He would like to express his thanks to Prof. 
Dr. MANFRED DoMROS for inviting him to Mainz under this 
programme. 
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(SST) iiber dem Nordpazifik fiir drei zuriickliegende und 
zwei vorausgehendeJahre berechnet. Dabei ergaben sich in 
einigen Monaten fiir verschiedene Gebiete signifikante 
Korrelationen, z. B. fiir die Kalifomien-Stromung, den 
Kuroshio und die zentrale Subtropische Antizyklone. 

1. Introduction 

Summer precipitation, called Bai-u in Japan and 
Mai-yii in China, is one of the essential climatic com
ponents in East Asia. It has been a subject for many 
years not only for climatological studies, but also for 
practical purposes such as agriculture, electric power, 
water supply, etc. 

In the present study, an attempt is made first to 
clarify the regionality of its interannual variation, 
secondly to describe the changing trends during the 
last 30 years, and thirdly to analyze the relation
ship with the sea-surface temperature (SST) over the 
North Pacific. The first results may contribute to a 
regional division of climates in East Asia as a whole 
which has never been dealt with before. The second 
part of this study will show an actual variation pattern 
of regional precipitation, which is more important 
for considering the climatic changes. The third part 
has been one of the main topics of climatology in 
recent years for understanding the air-sea interaction 
mechanism in macro-scale climatic processes. 

We are particularly indebted to the Institute of Geo
graphy, Chinese Academy of Sciences in Beijing, and North 
Korean Hydro-Meteorological Services in Pyongyang, for 
having made available to us the climatological data 
used in this study. 

2. Previous studies 

In China, climatic divisions have been studied by 
combining the climatological elements over many 
years. The studies by CHu (1929) and Tu (1936) 
are considered important forerunners in this connec
tion. Based on these results, Lu (1954), CHANG et 
al. (1956), and the Natural Division Committee, Aca
demia Sinica (1959) presented the climatic divisions of 
China, with consideration being given to the aridity 
index (K) of G. T. Selianinov (K = E/r, where E is the 
potential evaporation and r precipitation) as well as 
the subjective divisions made in the early period, 
i. e. de Martonne's aridity index, and Koppen's or 
Thornthwaite's classification system (ZHu 1962, 
WATTS 1969). QmN et al. (1965) and Lu et al. (1965) 

introduced a slightly modified index for the climatic 
division of China expressed by the ratio of moisture 
deficit and precipitation. In recent studies on agro
climatic regions, Qm et al. ( 1980) and Qm ( 1983) also 
used the same index for the 3rd-order division. In 
short, there are few studies on climatic division by 
precipitation with the aid of a statistical method. 
Therefore, YosHINO et al. (1984) tried to perform a 
regional division by using the annual amount of 
precipitation and the variation type of annual pre
cipitation by means of principal component analysis 
method. As a result, China was subdivided into 3 
regions governed by 11 different types of variation. 
This study also shows that summer precipitation is 
the determing factor of annual variation tpyes and, 
therefore, the regional division. For China, the clima
tic division is still being studied, however, without 
statistical methods (CHEN 1982). 

On th� other hand, many attempts have been made 
to divide the climatic regions ofJ apan. A comprehen
sive review has been given elsewhere together with a 
new division in five orders from macro-scale to micro
(local-)scale (YOSHINO 1980). NoMOTO et al. (1983) 
recently proposed to apply the eigenvector analysis 
for a regional division of Japan according to precipi
tation. KIKUCHIBARA (1984) investigated in detail 
regional divisions of Japan with the aid of statistical 
methods, however, without applying them to other 
regions of Asia or the world. 

For the remaining regions of East Asia, some re
sults have been published on climatic division by 
applying de Martonne' s, Koppen' s or Thomthwaite' s 
system. Details are not provided due to lack of space. 

In conclusion, it may be stated that no attempt has 
been made to study the regional division of climate or 
of precipitation for East Asia as a whole. 

With regard to the changing pattern of summer 
precipitation in East Asia, the following facts have 
been established for Japan. The secular variation 
curve of annual precipitation during the 30-year 
period from 1951-1980 shows a marked maximum for 
the Fifties with a gradual decrease in the later decades 
(JapanMet. Agency 1984). In the case of summer preci
pitation, the picture is somewhat different: After a 
maximum in the early Fifties, a second sharp maxi
mum occurred at the beginning of the Seventies, 
which was particularly striking in Southwest Japan. 
These maxima were caused by the increased activity 
of the so-collad Bai-u front during the period mentio
ned above. Similar patterns are found with regard to 
the secular changes of the number of days with 1-30 
mm/day and 30-50 mm/day in Tokyo (YoNETANI 
1978). 



96 Erdkunde Band 40/1986 

Quite similar trends have been reported for summer 
rainfall in China: ZHANG (1981) showed that Shang
hai and Quangdong experienced a wet period in the 
Fifties as opposed to a dry period in the Sixties. WANG 
et al. (1981 a) as well showed the longer Mai-yii 
period with increased rainfall in the Fifties and a 
shorter one with scarce rainfall in the Sixties. 

From a study on the chronology of summer rainfall 
patterns over East Asia it becomes evident that the 
wet years tended to occur in the Fifties and the dry 
years in the Sixties (YosHINO a. U RUSHIBARA 1982). It 
was also concluded that they are attributable to the 
zonal index anomalies at the 500-mb level of the nor
thern hemisphere and the positional shift of the Paci
fic and Eurasian polar frontal zones. 

The relationship between the interannual variation 
of summer precipitation and SST over the North 
Pacific have been studied intensively in recent years. 
Particularly variations of summer rainfall (Mai-yii 
period) in the Yangtze River region or other parts 
of China were analyzed in relation to SST in the 
Kuroshio region for the preceding winter at a high 
significance level (Long-Range Weather Forecasting Group, 
Inst. Atmos. Sci., Acad. Sinica 1978). Also Guo et al. 
(1979), SHA et al. (1979), PAN (1978), LI H.-ZH. 
(1978) and Long-Range Weather Forecasting Group, Inst. 
Atmos. Sci., Acad. Sinica (1979) have stressed the im
portance of SST for predicting summer rainfall in 
China. In the last paper, the distribution of correla
tion coefficients between rainfall inJune and the SST 
in October or November of the preceding years shows 
significant positive correlation areas in the Kuroshio 
region in the low latitudes of the south western part of 
North Pacific, and negative areas in the California 
Current region or the eastern part of the equatorial 
Pacific. 

From one of our previous studies on summer preci
pitation in the six main regions of East Asia and on 
SST over the North Pacific, it becomes evident that 
the areas showing a high significance level are the 
California Current area, the Alaska Current area, the 
Humboldt (Peru) Current area, the Anti-Equatorial 
Current area, the Equatorial Current area, and the 
central part of the Pacific (YOSHINO a. XIE 1983). It 
was also pointed out that these areas are subject to a 
seasonal shift that depends on the respective location 
of the rainfall regions. 

In conclusion, the following phenomena should be 
studied: (i) The seasonal movement of significant 
correlation areas and their relationship with the ocean 
circulation and atmospheric circulation, (ii) the lag 
effect of SST, and (iii) the areal division or selection of 
points grouped by using the high level correlations. 

The present study was carried out by taken into 
account the problems specified above. 

3. Data and analysis method 

Monthly rainfall data of a 25-year period from 
1956 to 1980 were used for the months of June and 
July. These data were also utilized for determining 
the mean monthly rainfall for June and July. The 
rainfall data were taken from 150 Chinese, Korean 
and Japanese stations, which were selected in such a 
manner that they show an approximate even spacing. 
The area covered for the analysis and the numer of 
stations are considered to be large enough to repre
sent the characteristics of monthly rainfall over East 
Asia. 

The first step in the analysis consists in the stan
dardization of the cubic root of monthly rainfall at 
each station. The rainfall field is denoted by P (s, t), 
where s = 1 to 150 stations and t = 1 to 25 years from 
1956 to 1980 for each month of June and July, in
cluding the mean for these two months. 

We define Pa (s, t) = (P (s, t)- Pm(s)]/S(s), where 
Pm and S are the mean and the standard deviation 
calculated for a 25-year period. Thus, the mean of Pa 
is 0.0 and its standard deviation 1.0 for each station, 
which facilitates a comparison of the time series of 
rainfall at 150 stations. 

In order to classify the regional distribution of the 
interannual variation of monthly rainfall, a cluster 
analysis is carried out for the standardized data. In 
cluster analysis, a measure of similarity or measure of 
difference D ( s1, s2) between the two time series profi
les, i. e. Pa (s1, t) and Pa(s2, t), is defined by: 

25 

D (s1, s2) = [ L (Pa(s1, t)- Pa(s2, t)]2 J½. 
t = 1 

This is the usual Euclidian distance between two 
25-dimensional vectors. A small distance implies that 
the profiles at the stations are similar, whereas, a 
large distance between two stations arises from dis
parities in the interannual variations. The stations at 
the minimum distance are amalgamated to a cluster. 
Then its nearest neighbour is added. The distance 
between two clusters is calculated from the centroids 
of the stations in the cluster. This clustering process is 
continued until the regions are classified relevantly. 

SST data were taken from the materials compiled 
by the Institute of Geography, Academia Sinica, and the 
Shanghai Central Meteorological Observatory (1979, 1980) 
and from the maps (NOAA, Southwest Fisheries Center) 
at 5-degree mesh point intervals in the North Pacific 
for each month from 1951 to 1980. Correlation coeffi-
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Fig. 1: Precipitation (mm) in June, mean 1956-1980 

cients between monthly precipitation and the SST 
were also calculated on the basis of the thirty-year 
records. The calculation is carried out by combining 
monthly precipitation with the SST for the three pre
vious and the two subsequent years. 

4. General description of summer precipitation 

The distribution patterns of monthly precipitation 
in June, July, and June plus July are discussed in 
brief, although they have already been described in 
the Climatic Atlases for China ( Central Met. Bureau 
1979),Japan Uapan Met. Ageniy 1971) and for Korea 
(Central Met. Office 1962). 

In order to provide a clear picture of the distribu
tion features in East Asia as a whole, the following 
general description is given: 

lnjune, as shown in Fig. 1, the area receiving more 
than 200 mm of rainfall covers South China and 
Southwestjapan. The maximum amount of 400 mm 
occurs in South Kyushu and the northern parts of 
Nansei Shoto, where the Bai-u front is significantly 
developed. The only exception is the west coast of 
Hainan Island, which receives less than 200 mm. In 
North and Northeast China as well as northern] apan 
rainfall is less than 100 mm, in which the rainy season 
has not yet set in. The distribution of standard devia
tion of precipitation in June, as given in Fig. 2, also 
shows a close relationship with the Bai-u front activi
ties; namely Southwest Japan, including the south
ernmost part of the Korean Peninsula, shows a stan
dard deviation of more than 150 mm. On the other 
hand, the South China coast and some parts of Tai
wan, where the typhoon frequencies are subject to 

Fig. 2: Standard deviation of monthly precipitation (mm) 
injune, 1956-1980 

great interannual variations, also experience a stand
ard deviation of more than 150 mm. In short, the 
Mai-yii and the Bai-u regions receive more than 150 
mm of precipitation per month with a standard devia
tion of about 100 mm, while the typhoon regions have 
more than 300 mm of monthly rainfall with a stand
ard deviation of 150 mm for the month of June. 

In July, the zonal precipitation maxima indicated 
by the 300 mm isohyet are to be found on the Pacific 
coast, Southwest Japan and the central parts of the 
Korean Peninsula, as can be seen from Fig. 3. These 
zones with two maxima are quite striking as has al
ready been emphasized in previous studies (YosHINO 
1963, 1965, 1966), i. e. the southern maximum coin
cides with the normal position of the Pacific polar 
frontal zone and the northern one with the eastern
most part of the Eurasian polar frontal zone exten
ding from Mongolia to the Korean Peninsula. In an
other interpretation, it may be said that the southern 
maximum occurs during the stronger summer mon
soon and the northern one during the weak summer 
monsoon, as has been shown in synoptic climatologi
cal models by TANAKA (1980). These areas of maxi
mum rainfall are enclosed by the 200 mm isohyet 
clearly showing the Bai-u and Mai-yii frontal zones. 
Another area with heavy rainfall extends from Tai
wan to the coast of South China and further to Yun
nan and Guangxi. 

Fig. 4 shows the distribution of standard deviation 
of monthly precipitation for July. The western part of 
South China, the eastern part of Central China, the 
Korean Peninsula, and the western portion of Cen
tral Ja pan show a standard deviation of more than 
100 mm. In the western part of Kyushu and the south
ern part of Taiwan values of 200 mm can be regi-
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Fig. 3: Precipitation (mm) in July, mean 1956-1980 

stered. In short, the areas experiencing more than 
150 mm represent the active Bai-u frontal zone, the 
Mai-yu frontal zone and typhoon (or ITCZ) zone. 

5. Regional divisions 

The following section deals with the result of cluster 
analysis for the interannual variations of precipita
tion at the 150 stations 1956-1980. Fig. 5 shows the 
regional division by grouping the stations, which 
have the same rainfall tendencies for the month of 
June. In this connection, it becomes clearly evident 
that Region I appears in a zonal form stretching from 
the eastern part of the Tibetan Plateau to the Ryukyu 
islands across South China. Region II is located in 
the southwestern and central parts of Japan, whereas 
Region III occupies wide areas of North China, the 
Korean Peninsula and some parts of North Japan. 
Regions IV, V and VI are distributed in various parts 
of China, but are not mentioned here as a result of 
their location. Types of Regions VII and VIII are 
considered a variant or similar type of Regions II and 
III. 

In July, Regions I, II and III show the same loca
tion as inJune, i.e. Region I is located in South China 
and Region II in Japan (excluding Hokkaido) also 
covering the lower Yangtze River region. Similarily, 
Region III mainly covers Northeast China and Hok
kaido as shown in Fig. 6. The seasonal change of the 
area covered is striking; Regions I and III become 
smaller in July, whereas Region II grows larger. 

This change is attributable to the great effects of the 
Bai-u and Mai-yu fronts inJuly, which show parallel 
interannual variations. Bot? the shape and location of 

Fig. 1-: Standard deviation of monthly precipitation (mm) 
inJuly, 1956-1980 

Region I are also interesting interms of synoptic cli
matology. The zones are similar in both month, 
but show a slight southward shift in July, extending 
from Yunnan to Taiwan across Guangxi and Guang
dong. However, their southernmost parts are not in
cluded in Region I. So far, only one study exists, 
which clearly shows that the southward shift of synop
tic climatological phenomena is related to the rainfall 
received inJ une and] uly in East Asia: TANAKA ( 1980) 
showed the southward shift of the ITCZ in the maps 
of geopotential height at the 850-mb level inJ une and 
July. 

If we take a closer look at the shape of Region III, 
we will notice a branch extending in a northwestern 
direction to Northeast China, which may correspond 
to the eastern part of the Eurasian polar frontal zone 
(YosHINO 1963, 1965). The main part of Region III 

Fig. 5: Regional division of East Asia by interannual varia
tion of precipitation in June, 1956-1980 



Masatoshi Yoshino and Takashi Aoki: Interannual variations of summer precipitation in East Asia 99 

d C)I 

JULY 

Fig. 6: Regional division of East Asia by interannual varia
tion of precipitation in July, 1956-1980 

runs from west of the Bo Hai to the southeastern part 
of Northeast China and further to Hokkaido, exten
ding in a zonal form from southwest to northeast. 
This shape and location has often been analyzed in 
synoptic climatological studies (KuRASHIMA 1968). 

Fig. 7 shows the regional division of East Asia ac
cording to precipitation for June plus July. Since the 
numbering of Regions differs from that of Figs. 5 and 
6, it is difficult to compare them with each other. 
However, the following facts are noticeable: Regions 
IA, IB and III of Fig. 7 roughly correspond to Region 
I of Figs. 5 and 6. Regions le and In are very similar 
to Region II whereas Region lp corresponds to Re
gion III for precipitation of June and July. It is quite 
remarkable that Regions la and IH, which are grou
ped into the Region I family, extend from the eastern 
part of the Tibetan Plateau to the North China plain, 
which means that all of these Regions are under the 
influence of the polar frontal zones in a broader sense. 
This is also reflected by the regional division of China 
according to the change of seasonal patterns of preci
pitation (YOSHINO a. CHIBA 1984). The border line 
between Regions I and II in this study corresponds to 
that of Regions IH and la of Fig. 7 in the present 
study. Region II of the other study has a marked 
summer maximum of precipitation, whereas Region 
I has no significant maximum. In addition, Regions 
IH and la of Fig. 7 have almost the same location as 
the SD (semi-dry) regions determined by QroN a. LIN 
( 1965). North of this region are the D (dry) regions of 
their climatic division of China, which is based on 
dryness-wetness criteria. 

In conclusion, the following summaries may be 
provided for the regional division of precipitation in 
June-July: (i) Broad region; Regions IA-IH are stati
stically grouped as one unit. In this region, the activi-

Fig. 7: Regional division of East Asia by interannual varia
tion of precipitation in June plus July, 1956-1980 

ties of the polar frontal zones may vary parallel from 
year to year. (ii) Strictly speaking, Region le reflects 
the Mai-yu frontal zone, Region In the Bai-u frontal 
zone and Region lp the eastern part of the Eurasian 
polar frontal zone. (iii) It is interesting to note that 
Region le is influenced by the more tropical charac
ter of the Mai-yu polar frontal zone and Region In by 
the more polar frontal nature of Bai-u frontal zone. 
(iv) Regions Itt and la are located on the border bet
ween the arid and wet regions in China, and their 
parallelism of year-to-year variation, their zonal 
shapes and direction should be noted. (v) Regions le 
and In which, as shown above, are characterized by 
the polar frontal zones, correspond to Koppen's Cf 
climate, with an annual frequency of occurrence ex
ceeding 25% (YosHINO a. URUSHIBARA 1981). 

6. Secular variations in the main regions 

This section of the study deals with the secular va
riations of area-average precipitation in the respec
tive main regions determined in the preceding part of 
the study. The calculation results of the long-term va
riations in June andJuly in Regions I, II and III for 
the period 1956-1980 are shown in Figs. 8 (a) and (b). 
It is remarkable that the variations differ from region 
to region and from June to July. 2-, 3- and 4-year 
cycles are observable in the secular changes, but the 
series of years is not long enough to evaluate these 
cycles statistically. 

Qualitatively the following facts can be seen from 
Figs. 8 (a) and (b): (i) In Region I the maxima and 
minima in the June and July curves mainly occur in 
opposite phases before 1968 and after 1968. (ii) In 
Region II the maxima and minima in June and July 
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Fig. 8: Secular variations of precipitation in Regions I, II, 
and III in June (a) und injuly (b). Y-axis: standardized 
values 

largely occur in same years prior to 197 4, but not after 
1974. (iii) Region III shows the same trends as Re
gion II. (iv) A general decreasing trend is only observ
able inJuly for the secular change in Region III. The 
other curves do not show any distinct trends. 

In Figs. 9 (a) and (b), the secular variations of pre
cipitation for June plus July in Regions IA-IF are 
shown. They reveal the following facts: (i) The clear 
minima in Regions IB, le and Ip occurred in 1958; in 
Regions IA, IB and le in 1967; in Regions lo, IE and 
Ip in 1968; in Regions 10 and IE in 1973 and 1977; 
and in Regions IA and le in 1978. (ii) The maxima 
show similar characteristics. (iii) The maxima and 
minima mainly occurred in the same years in Regions 
lo and IE. 

Fig. 10 shows the secular change of precipitation in 
June/July in the entire area of Region I. This figure 
presents as general view of the trend summer precipi
tation in the polar frontal zone of East Asia during the 
years 1956-1980. In this connection, the following 
characteristic features are observable: (i) A general 
decreasing trend prevails after the second half of the 
Sixties. (ii) Clear minima appeared in 1958, 1968, 
1973, and 1978. (iii) In contrast to this, there are 
no distinct maxima. High amounts of precipitation 
occurred in 1962, 1963, 1966, 1969, 1970, 1974, 
1975, and 1979. The fact (i) mentioned above has 
been reported in previous papers for Shanghai (WANG 
et al. , 1981) and for the Yangtze River region (SHA et 

a JUNE end JULY b JUNE end JULY 
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Fig. 9: Secular variations of precipitation in Regions IA-le 
(a) and in Regions lo-IF (b) in June and July. Y-axis: 
standardized values 

al. , 1979). It may also be interpreted as a result of the 
decreasing frequency of occurrence of the Bai-u fron
tal zone (YosHINO a. KAI 1974). The minima in 1958 
and 1968 have generally been reported as droughts in 
the Mai-yii period (YOSHINO a. URUSHIBARA 1982). In 
these years with minimum rainfall the average zonal 
index ( 40-60° N, 90-170° E) shows a marked positive 
anomaly for June and July at the 500-mb level. 

The fact (i) strikingly coincides with the curves 
showing the temperature change in the lower layers of 
the atmosphere over the northern hemisphere compi
led by H. FLOHN (LAMB 1981). In addition, the ma
xima and minima of precipitation inJune andJuly of 
Region I mainly coincide with the maxima and mi
nima of the temperature variations before 1970. After 
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Fig. 10: Secular variations of precipitation in the entire 
area of Region I in June andjuly, 1956-1980 
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about 1970, the maxima and minima occurred inde
pendently in these curves and/or in an opposite 
phase. However, it is interesting to note that the 
maxima and minima in July of Region III shown in 
Fig . 8 (b) appeared in a same phase as the tempera
ture change in the northern hemisphere, even after 
1970. Therefore, it must be concluded that , due to 
decreasing temperatures in the northern hemisphere 
during the period of observation (HARLEY 1980), 
summer precipitation has generally been decreasing 
in the region of the polar frontal zones over East Asia. 
The interannual variation of precipitation, the ma
xima and minima, however , coincide with the air 
temperature variation in the northern hemisphere 
before approximately 1970. After this year, both 
variations are not synchronous and some times even 
contrary to each other . This means that the synoptic 
climatological process has changed under the in
fluence of the lower temperature conditions, espe
cially after 1974. However, precipitation in July in 
Northeast China and Hokkaido which is influenced 
by the Eurasian polar frontal zone still shows a certain 
parallelism with the temperature variation in the 
Seventies . 

1 Relation to sea suiface temperature 

This section deals with the relationships between 
the average precipitation in the respective main re
gions, which have been determined in the previous 
chapter , and the sea surface temperature (SST) over 
the North Pacific by calculating corr�lation coeffi
cients. The precipitation data are identical with those 
used in the preceding chapter. The correlations were 
calculated between the annual amount of precipita
tion in June and/or July and the monthly SST of a 
period from January of the third year before to De
cember of the second year after. Thus for every year 
of the period 1956-1980 72 correlation coefficients 
between precipitation and SST were calculated at 
each point at 5° latitude and 5° longitude intervals in 
the Northern Pacific. To summarize the correlation 
calculation results, the following "degree of correla
tion" was defined . As the correlation coefficient for a 
significance level of 5 % is + 0, 40, the "degree of cor
relation" was defined as the sum of the correlations 
higher than 10.401 . The positive and negative correla
tions were added up separately . The calculations 
were made for precipitation in June in relation to the 
SST, for July, and for June/July in Regions I, II and 
III . 
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Fig. 11 :  Distributions of correlatiQ,n coefficients between: 
(a) June plus July precipitation in Region I as shown in 

Fig. 7 and the SST in September of the second year 
before ; 

(b) June plus July precipitation in Region I as shown in 
Fig. 7 and the SST in August of the previous year; 

(c) June precipitation in Region III as shown in Fig. 5 
and the SST in June of the same year 

Examples of the distribution of correlation coeffi
cients are given in Figs . 11 (a) , (b) , and (c) . Fig . 11 (a) 
illustrates the distribution of the correlation coeffi
cients for precipitation in June plus July in Region I ,  
which is shown in Fig . 7, and the SST in September of 
the second year before. In Fig. 11 (b) the precipitation 
is correlated with the SST of the month of August of 
the previous year . 

In the preliminary study on the climatic anomalies 
in East Asia and the SST over the North Pacific (Yo
SHINO a. Xrn 1983), the correlations were only calcu
lated for a two-year period. In Fig . 11 (a) , the signifi
cant positive correlations are found in the Alaska 
Current area and central and southern parts of the 
anticyclonic area of the North Pacific, while the nega
tive ones occur only in isolated locations of the south
eastern part of the anticyclonic region. In Fig . 11 (b ) ,  
the significant positive correlations are found east of 
the date line at 35 or 40° N, whereas rather broad 
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Fig. 12: Secular change of degree of correlation between: 
(a) June plusJuly precipitation in Region I as shown in Fig. 7 and the SST of the period fromJanuary of the third year 

before to December of the second year after. Y-axis shows the ,,degree of correlation" (cf. text) 
(b) June precipitation in Region III as shown in Fig. 5 and the SST of the same period 

negative areas extend from the California coast into a 
west-southwestern direction to the central part of 
Pacific, i. e. the North Equatorial Current. Determi
nation of these areas with correlations at a higher sig
nificance level are particularly important for provid
ing information for longe-range weather forecasting. 

One example of the distribution of the simultane
ous correlation coefficients is shown in Fig. 1 1  ( c ), i. e .  
the correlation coefficients of precipitation for June in 
Region III, as shown in Fig. 5, and the SST for June 
of the same year. The significant positive correlations 
are found in the Kuroshio area and in the central part 
of the North Pacific. In contrast to this, significant 
negative correlation coefficients are observable in the 
eastern part of the central North Pacific and the mid
section of the Equatorial Current. One additional 
area with negative correlation values is located in the 
Bering Current area. 

Fig. 12  (a) shows the monthly change in the degree 
of correlation between the June plus July precipita
tion in Region I, as shown in Fig. 7, and the SST. 

From this figure it becomes apparent that the positive 
correlation values do not prevail for the SST in the 
year before and in the same year. However, it indi
cates positive relationships with the SST in the third 
previous years and in the second succeeding years. 
The negative correlation values, however, are quite 
marked in the previous year and in the same year. 
Fig. 1 2  (b) presents the same time series, however, for 
the precipitation in the month of June in Region III, 
as shown by Fig. 5. In this case, the negative correla
tion values prevail inJune of each year, except in the 
subsequent year. 

The reason for such long-term fluctuations is not 
clear, but will be particularly interesting for studies 
on climatic air-sea interaction processes . Some short
term fluctuations can also be detected by further stati
stical investigations into the monthly change in the 
degree of correlation. 

The Long-Range Weather Forecasting Group, Institute of 
Atmospheric Science, Academia Sinica ( 1979) presented a 
map showing the distribution of correlation coeffi-
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cients between precipitation in the lower Yangtze 
River region in June and the SST in the North Paci
fic . This result and the results gained in the pre
liminary study for Region C (YosHINO a. XIE 1983) 

correspondend well with those of the present study . 
CHAO et al . ( 1984) wrote that a long-term in-phase 
oscillation of 32-48 months (3-4 years) exists for the 
tropical SST, the intensity of the subtropical anti
cyclone and the cloudiness over the central North 
Pacific . The long-term fluctuations mentioned above 
should show some of these relationships .  Further stu
dies on these subjects are necessary. 

8. Summary and conclusion 

The present study first provides a general view on 
the precipitation distribution patterns in June , July 
andJune/July that are based on the mean values and 
standard deviations for the period 1 956-1980 . Se
condly, a regional division was attempted by apply
ing the cluster analysis method to the precipitation 
values recorded at the 1 50 stations for 1956-1 980 . 

Thirdly, the secular variations in the main regional 
units were studied. Finally, annual variations of pre
cipitation inJune , July andJune/July were analyzed 
for the main regions in relation to the SST over the 
North Pacific . The most important results can be 
summarized as follows : 

( 1 )  The regional divisions according to the inter
annual variations of precipitation in June , July and 
June/July are closely related w1th the seasonal change 
in the Mai-yii and Bai-u frontal zones as well as with 
the eastern-most part of the Eurasian polar frontal 
zone . 

(2) Summer precipitation in the region influenced 
by the frontal zones decreases in the second half of the 
Sixties .  This long-term trend coincides with the tem
perature change in the lower layers of the troposphere 
over the northern hemisphere . 

(3) The maxima and minima obvious in the short
term fluctuation coincide with those of the air tempe
rature in the northern hemisphere before 1 970.  After 
this year, both variations are not parallel or out-of
phase , which means that the synoptic climatological 
process has changed under the influence oflower tem
perature conditions ,  particularly after 1 974. 

( 4) The correlation coefficients between the spatial 
distribution of mean precipitation in the main regions 
and the SST of the 3 previous yeras (lag-correlation) 
and the 2 subsequent years were calculated for the 
areas in the North Pacific . Significant correlations 
were found in the California Current , the Alaska 

Current , the North Equatorial Current , the Kuro
shio , and the Central Subtropical Anticyclone areas 
in some months of the five-year period mentioned 
above . 
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