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Influence of  El  Niiio/La Nina events 

on Autumn Rainy Season in Japan

Nobuto TAKAHASHI*

Abstract Though the factor of the year-to-year variation of autumn frontal 

activity in Japan has been investigated, its relation to El  Nino/La Nina events 
is almost  unknown. Here we show the characteristics of the frontal activity in 

the autumn rainy season, so-called the Akisame, and their factors during El 
 Nitio/La Nina events. 

   Using the frontal frequency data during August to November for the  22-

year period 1979-2000, we perform the composite analysis of frontal frequency 
during El  Nino/La Nina years, which are defined by using  Nino-3.4 index. We 
find the areas where the frontal frequency is strongly influenced by El  Nino/La 

 Nina events are different in each event. During El  Nino years (1982, 1987, 1991, 
and 1997) the frontal frequency in the peak of the Akisame (pentads 52-56 , 
September 13-October 7) is lower along  130°E, while it is higher along  140°E 
during La  Nifia years (1988, 1998, and 1999).  In the  post-Akisame (pentads  61-
65, October 28-November 21), the frontal frequency tends to persist in the south 

of Japan during La  Nina years. 

   We conclude these characteristics of the frontal frequency are closely 
relation to the circulation patterns at  850hPa during El  Nifio/La Nina years . 
The circulation patterns at  850hPa abruptly change in the end of the  Akisame 
near pentad 60 (October 23-27) during El  Nino/La  Nina years . These circula-
tion changes from the Akisame to the winter are inferred to be relation to the 
tendency of the cool summer and the warm winter during El  Nino years and the 

hot summer and the cold winter during La  Nina years.

Key  words  : Akisame, autumn rainy season in Japan, frontal frequency , El 
 Nino/La Nina events, composite analysis

1. Introduction

   The autumn rainy season in Japan (September-October), so-called the Akisame, is 

one of the major rainy seasons as  well as the Baiu (June-July). The rainfall is mainly 

caused by the stationary fronts around south coast of Japan (Sekiguti and Tamiya,
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1968). Most important vapor transport for the rainfall near Japan is accomplished by 

the southeasterly, which flows anticyclonically around the Pacific high in the lower 

troposphere (Murakami et. al, 1962). Matsumoto (1984) also pointed out that south-

easterly is dominant over Japan in September. 

   As for the year-to-year variation of the Akisame, the zonal variation of the 

southeasterly at 850 hPa has a strong effect on the Akisame (Takahashi, 2003). 

Takahashi (2003) also reported that such a southeasterly is closely related to the 

typhoon activities influenced by the sea surface temperature (SST) in the western 

tropical Pacific. Therefore, the conditions of the Pacific high and the SST in western 

tropical Pacific are supposed to be very important for the year-to-year variation of the 

Akisame. 

   On the other hand, the atmospheric condition in the western tropical Pacific is 

strongly connected with El  Nitio/La Nina events. Several workers  (Nishimori and 

Yoshino,  1990  ; Lander,  1993  ; Chen  et.  al,  1998  ; Wang and Chan, 2002 etc.) also 

showed that the averaged locations of typhoon formation tend to shift southeastward 

in El  Nirio years and northwestward in La Nina years. 

   From these previous researches, it seems that there are some effects of El  Nino/ 

La Nina events on the  Akisame. Therefore, it is very important to reveal the 

relationship between the Akisame and El  Nino/La Nina events, because El  Nino/La 

Nina events are the oceanic phenomena and a useful indicator of the long-range 

forecast. 

   In this study, we intend to clarify the characteristics of frontal activities and their 

factors in the Akisame during El  Nino/La  Nina years. Our investigation is performed 

utilizing the frontal frequency data as an indicator of the Akisame.

2. Data Arrangement and Definition of El  Nifio/La  Niria Years 

   In order to make the frontal frequency data, the twice-daily surface weather maps 

published by Japan Meteorological Agency from August to November for the period 
1979-2000 were utilized. The frontal frequencies are counted by every pentad and 

 10°  x grid over the East Asia from  110°E to  160'E between  20'N and  50°N. These 

are defined as the percentage of the occurrence. For the purpose of investigating the 

circulation pattern over Asia region, the pentad average  850hPa geopotential height 

extracted from the National Centers for Environmental Prediction-National Center 

for Atmospheric Research (NCEP-NCAR) reanalysis data (www.cdc.noaa.gov/cdc/ 

reanalysis) are utilized. Nino-3.4 index (SST anomalies (SSTA) in the region of  5'S-

TN,  120°E-170°W, see Fig. 1) are extracted online at the Climate Prediction Center 

Web site (www.cpc.ncep.noaa.gov/data/indices/) in order to define El  Nino/La Nina 

years. This index is better correlated with the overall typhoon activity in the western
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Fig. 2. Time series of  Nino-3.4 index. 

   A simple 5-months running mean filter is  applied. Character "E" and 

 Nino year and La Nina year respectively.

1998 2000 
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tropical Pacific (Wang and Chan, 2002). Therefore, this index is a proper indicator for 

this study because the typhoon activity is also related to the Akisame closely (Takaha-

shi, 2003). Fig. 2 shows the time-series of the 5-months running mean  Nino-3.4 index 

from 1979 to 2000.  In this study, the El  Nino (La Nina) years are defined as the year 

when index shows more than  +1.0o- (less  than  —1.0a). As a result, 1982, 1987, 1991, 

and 1997 are defined as the El  Nino years, and 1988, 1998, and 1999 are defined as the 

La Nina years.
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3. Characteristics of Frontal Frequency in Akisame during El  Nitio/La Nina 

   Years

   Takahashi(2003) defined the term of the Akisame as pentads 50-90 (September  3-

October 22) and showed the peak of the Akisame is pentads 52-56 (September  13-

October 7) using the frontal frequency data. Therefore, in order to identify the 

difference of the frontal frequency between El  Nino and La  Nina years, we investigat-

ed three characteristics of the frontal frequency as  follows  : the distribution of the 

frontal frequency during the peak of the Akisame (pentads 52-56, September  13-

October 8), the time-series of the 3-pentads running mean frequency during pentads 

45-65 (August 9-November 21), and the time-series of the position of the frontal zone, 

which is defined as the latitude where the highest frequency is seen in the  5-pentad  x 

 3° filtered frequency. 

   Fig. 3 shows the distribution of the 22-year averaged frontal frequency. As in 

Fig. 3, we set seven regions along  130°E and  140°E (130B, 130C, 130D, 140A, 140B, 140C, 

and 140D) to cover the high frequency areas around the southern coast of Japan. The 

time-series of the frontal frequency are averaged in these regions respectively. 

   We present the characteristic of the frontal frequency during El  Nifio/La Nina 

years respectively as follows.
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 Fig. 3. Distribution of frontal frequency (%) during the peak of the Akisame (pentads  52-

   56, September 13-October 7) in 22-year average and seven regions where the time-

   series analyses are performed. contour  interval  : 5%. 

 (130B:  33'N-36'N,  130'E  ;  130C: 29'N-32'N,  130'E  ;  130D:  25'N-28'N,  130*E  ;  140A  : 

 37'N-40'N,  140'E  ;  140B:  33°N-36'N,  140'E  ;  140B:  28'N-31'N,  140'E  ;  140D:  25'N-

   28'N,  140'E)
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3.1. El  Nino years 

a. Distribution of Frontal Frequency 

   Fig. 4a shows the distribution of the frontal frequency and anomaly averaged for 

the four El  Nino years (1982, 1987, 1991, and 1997). Areas where a positive anomaly 

is more than  +4% and a negative anomaly is less than  —4% are shaded the light gray 

and the dark gray respectively.
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Fig. 4. Same as Fig. 3 except for a) in the four El  Nino years average or b) in the three 

   La Nina years average. 

   Areas where a positive anomaly is more than  +4% and a negative anomaly is less 

   than —4% are shaded the light gray and the dark gray respectively. 

   contour  interval  : 5%.
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   We can see the negative anomaly area around the Tsushima Island. This area is 

corresponding to the north side of the high frontal frequency. This means the frontal 

activity is limited to the region in the south than usual. On the other hand, the positive 

anomaly areas are located in the region of  —25°N,  110°E-125°E and the region of  4T 

 N-48°N,  135°E-140°E. However, these positive anomalies seem to be not important 

because the frontal frequencies are small in these regions.

b. Time-series of Frontal Frequency 

   Fig. 5 displays the time-series of the frontal frequency in the seven regions (see 

Fig. 3) from pentads 45-65 (August 9-November 21). The thin black line, the bold 

black line, and the bold gray line denote the time-series of the frontal frequency in  22-

year average, the four El  Nino year average, and the three La Nina year average 
respectively. The painted marks on the line such as circle and square mean the 

significant anomaly pentad, when the signs of anomaly in the four El  Nino or the three 

La Nina years are all the same and the amounts of anomaly indicate more than +4% 

or less than  —4%. 

   Along  130°E, we can find some continuous significant anomalies during El  Nino 

years. In the region 130B  (33°N-36°N,  130°E, see  Fig.  5a), the significant negative 
anomalies are found during the early Akisame (pentads 50-53, September 3-22). In 

this region, these periods correspond to the peak of the frontal frequency on 22-year 

average. Moreover, in the region 130C  (29°N-32°N,  130°E, see Fig. 5b), the significant 

negative anomalies are also observed during the late Akisame (pentads 57-60, October 

 8-27). 

   On the other hand, along  140°E, the significant anomalies are not found except for 

the region 140A  (37°N-40°N,  140°E) during pentads 63-64 (November 7-16) (see Fig. 5d), 

the region 140C  (29°N-32°N,  140°E) during pentad 65 (November 17-21)(see Fig.  5f), and 

the region 140D  (25°N-28°N,  140°E) during pentad 60 (October 23-27)(see  Fig.  5g). 

Because these significant anomalies don't continue several pentads, it is suggested that 

there is not large signal along  140°E during El  Nino years. 

  This difference of the frontal frequency between along  130°E and along  140'E is 

correspond to the distribution of the frontal frequency during the peak of the Akisame 

(pentads 52-56, September 13-October 7) as shown in Fig4a.

c. Position of Frontal Zone 

 Fig.  6a presents the time-series of the position of frontal zone during El  Nino 

years. It is necessary to note that more than two peaks are sometimes observed. In 

that case, the peak of the higher frequency is plotted in this figure. In this figure, the 

thin black line, the bold black line, and the bold gray line denote the position of the 

frontal zone in the 22-year average, four El  Nino year average, and three La  Niria year
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3.2. La  Nifia years 

a. Distribution of Frontal Frequency 

   Fig. 4b shows the distribution of the frontal frequency in 3-La Nina year average. 

The positive anomaly area is found all over Japan and the frontal frequency is larger 

than usual in this region. We can also point out that this area is located to the north 

of the higher frontal frequency area. This means the area of the high frontal fre-

quency extends to the north than usual. On the other hand, the some negative 
anomaly areas are seen in the west of  120°E. However, these anomalies are not 

important because the frontal frequency is low.

b. Time-series of Frontal Frequency 

   The bold gray line in Fig. 5b denotes the frontal frequency in the three La  Nina 

year average. As already stated, the painted circle denotes the significant anomaly 

pentad and so we note this mark especially. 
   In the region 140B  (33°N-36°N,  140°E, see  Fig.  5d), we can find the significant 

positive anomalies near the peak pentad on 22-year average (pentads 53-55, September 
18-October 2), while the significant negative anomalies are found before the peak 

pentad (pentad 50, September 3-7) and after the peak pentad (pentad 60, October  23-
27). In the region 140C  (29°N-32°N,  140°E, see Fig. 5e), the significant positive anomaly 

is also found near the peak pentad on 22-year average (pentad 59, October 17-22) and 

the negative anomalies are found before the peak pentad (pentad 53, September 18-22) 

and after the peak pentad (pentad 64, November 12-16). In the region 140D  (25°N-28° 

N,  140°E, see Fig. 5g), the significant large positive anomalies are observed in pentads 

58-59 (October 13-22) and 61-62 (October 28-November 6). These characteristics 

indicate that the frontal frequency is higher in the peak pentad, and the southward 

movement is faster than usual. Akisame is also tends to prolong than usual in the 

south of Japan. 

   In the region 130C  (29°N-32°N,  130°E, see Fig.  5b), the significant positive  anom-

alies are seen in pentads 56-57 (October 3-12) and the significant negative anomalies 

are found in pentads 60-61 (October 23-November 1). However, in the other regions 

along  130°E, we can't find the significant anomalies. 

   In this way, the major characteristics of the frontal frequency are especially seen 

in the region along  I40°E during La Nina years.

c. Position of Frontal Zone 

   In Fig. 6, we can find that the positions of the frontal zone along  130°E and  140°E 

shift southward largely in the post-Akisame (pentad 61-, October 28-) during La Nina 

years. These tendencies are also correspond to the faster southward movement of the 
frontal zone than usual as shown in Fig. 5.



58  N  obuto TAKAHASHI

3.3. Comparison between El  Niiio and La  Nifia years 

   We can find two major differences between El  Nino and La Nina years through 

comparing the characteristics of the frontal frequency. 

   One difference is the area where there is strongly influence by events during the 

Akisame. The area influenced by El  Nino events strongly is the region along  130°E 

near Japan and the frontal frequency tends to be small, while the area influenced by La 

Nina events is the region along  140°E near Japan and the frequency tends to be large. 

   The other difference is observed in the post-Akisame (pentads 61-, October 28-). 

The frontal frequency during La Nina years is higher and the frontal zone moves 

southward than usual. For these reasons, the velocity of the southward shift of fronts 

is faster than usual. On the other hand, during El  Nino years, the frontal frequency 

is low as well as usual and we can't see the particular characteristics in the post-

Akisame. 

   From these reasons, we conclude that the difference of the frontal frequency 

between during El  Nino and during La Nina years is striking in two  seasons  : the peak 

of the Akisame and the post-Akisame.

4. Circulation Pattern 

   In this chapter, we examine the 850 hPa geopotential height field in order to clear 

the factors of the frontal frequency difference during El  Nino/La Nina years. 

Because the 850 hPa geopotential height has a strong connection to the both of the 

frontal generation and SST, it is useful for investigating these relationships. In the 

western Pacific Ocean, it is well known that El  Nino events are associated with 

negative SST anomalies, while La  Nina events are associated with positive SST 

anomalies. These anomalous SSTs affect the atmosphere in not only tropical Pacific 

region but also the various places of the world. We note the characteristics of the 850 

hPa geopotential height around Japan especially. 

   We present two figures based on the characteristics indicating in previous chapter. 

One is Fig. 7 showing the composite maps of the 850 hPa geopotential height and 

anomaly in the peak of the Akisame (pentads 52-56, September 13-October 7) and the 

post-Akisame (pentads 61-65, October 28-November 21) during the four El Nino years 
and the three La Nina years. The other figure is Fig. 8, which shows the time-latitude 

section of the  850hPa geopotential height and anomaly along  140°E-160'E average. In 

these figures, a positive anomaly area (more than +5 gpm) is shaded gray and a 

negative anomaly area (less than  —5 gpm) is hatched.

4.1. El  Nino years 

   Fig. 7a shows the 850 hPa geopotential height and anomaly in the peak of the
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Akisame (pentads 52-56, September 13-October 7) during El  Nino years. In this 

figure, we can see the positive anomalies around the tropical region from middle 

Pacific to Indian subcontinent. These anomalies also extend to the subtropical region 

in the west of Philippine. Such characteristics suggest that the convection is suppres-

sed around the South China Sea and the southeasterly, which flows round the western 

edge of the Pacific high, is limited to the east in south of Japan than usual. At high 

latitude region, the negative anomaly is found around the Amur river basin in the north 

west of Japan. However, it is suggested that this anomaly is far from the frontal 

positions and so it is not important. From these characteristics we conclude that the 
decrease of frontal frequency along  130°E during El  Nino years is related to the 

suppression of the convection around the South China Sea and the southeasterly which 

is limited to the east in the south of Japan. 

   In Fig. 7c, which is the same as Fig. 7a except for the post-Akisame (pentads  61-
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    Fig. 7. 850 hPa geopotential height and anomaly. 
       a) in the peak of Akisame (pentads 52-56, September 13-October 7) during El  Nino 

        years 
       b) after the Akisame (pentads 61-65, October 28-November 21) during El  Nino years 

       c) in the peak of Akisame (pentads 52-56, September 13-October 7) during La  Nina 
        years 

       d) after the Akisame (pentads 61-65, October 28-November 21) during La Nina years 
       A positive anomaly area (more than +5 gpm) is shaded gray and a negative anomaly 

       area (less than -5  gpm) is hatched. 
       Black  area  :  �1,500 m mountainous area
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    Fig. 8. Time-latitude section of the 850 hPa geopotential height and anomaly a) during El 
 Nino years b) during La Nina years. 

       A positive anomaly area (more than +5 gpm) is shaded gray and a negative anomaly 
       area (less than  — 5 gpm) is hatched. 

65, October 28-November 21), we find the positive anomaly in the tropical Pacific from 

 80°E to  170°W. The positive anomaly is especially large from the South China Sea to 

the Philippine Sea and extends to Japan. Therefore, the subtropical high-pressure 

belt is robust in the south of Japan and the southeasterly seems to be weaker than 

usual. 

   Fig. 8a displays the time-latitude section of the 850 hPa geopotential height and 

anomaly along  140°E-160°E during El  Nino years. We can see the positive anomaly, 

which is seen around the south of Japan in Fig. 7c, is gradually increased in the region 

of  —50°N from pentad 62 (November 2-6). Consequently, this robust subtropical 

high-pressure belt causes a decrease of the frontal frequency in the post-Akisame. 

4.2. La  Nifia years 

 Fig.  7b is the same as  Fig.  7a except for La Nina years. In this figure, the 

negative anomaly is found in the west of western Pacific Ocean during the peak of the 

Akisame, while the positive anomaly is observed in the southeast of Japan. These 

anomalies generate the larger zonal gradient of geopotential height and the stronger 

southeasterly to Japan than usual. It is suggested that this large zonal gradient 

induces the high frontal frequency along  140°E in the peak of the Akisame during La 

 Nina years. 

   Fig. 7d is the same for Fig. 7b except for the post-Akisame. We can see that the
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negative anomaly covers Japan and the low-pressure trough extends to south of Japan. 

The negative anomaly is also seen in the western tropical Pacific. Therefore, the 

subtropical high-pressure belt is weaker than usual in the south of Japan, while it is 

robust in the peak of the Akisame. Thus, the southeasterly which is dominant in the 

peak of the Akisame is persistent until the post-Akisame. From this reason, the 
frontal frequency tends to be higher than usual until the post-Akisame during La  Nina 

years. As in Fig. 8b, we can find that this anomaly pattern's change from positive to 

negative near the Pacific high abruptly happens near pentad 60 (October 23-27).

4.3. Comparison between El  Nino and La  Niiia years 

   It is known the major difference between El  Nino and La Nina years is SSTA in 

the tropical Pacific Ocean. In this study, we indicated that the response of atmosphere 

influenced by SSTA is different between the peak of the Akisame and the post-

Akisame, especially during La Nina years. Near pentad 60 (October  23-27), the 

positive anomaly in the south of Japan changes to the negative anomaly during La 
 Nitia years, while the positive anomaly becomes large during El  Niho years. We 

conclude that the characteristics of the frontal frequency have a strong relationship 

with the circulation patterns and transitions which are caused by SSTA during El 

 Nino/La Nina years. These anomaly changes at 850 hPa geopotential height during 

El  Nino (La Nina) years suggest to be correspond to the tendency of the cold (hot) 

summer and warm (cold) winter in Japan.

5. Conclusion 

   In this study, we revealed the influence of El  Nino/La  Niha events on the autumn 

rainy season in Japan, what is called the Akisame, utilizing the frontal frequency data. 

Major findings obtained in this study are summarized as  follows  : 

   During El  Nino years, the frontal frequency along  130°E near Japan is lower than 

usual in the Akisame (pentads 50-59, September 3-October 22), because the develop-

ment of the trough near the South China Sea is suppressed and the southeasterly is 

limited to the east than usual in the south of Japan. In the  post-Akisame (pentads  61-

65, October 28-November 21), the subtropical high-pressure belt becomes robust and 

the southeasterly tends to be weak. As a result, the frontal frequency is low as well 

as usual over Japan. 

   During La Nina years, the frontal frequency along  140°E near Japan is higher than 

usual in the peak of the Akisame (pentads 52-56, September 13-October 7). Such a 

high frontal frequency continues to the post-Akisame (pentads 61-65, October  28-

November 21). However, the circulation patterns around Japan are different between 

the Akisame and the post-Akiasme. In the peak of the Akisame, the cause of high
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frontal frequency is related to the robust Pacific high, which generates large zonal 

gradient near Philippine at 850 hPa geopotential height with the development of the 
trough near South China Sea. On the other hand, in the post-Akisame, the cause of 

high frequency is related to the persistent of the trough in the south of Japan and the 

Pacific high retreats to the east than usual. 

   The influence of El  Nino/La  Nina events doesn't emerge in the same region. In 

El Nino years, the most influenced area is  130'E near Japan, while it is  140°E during La 

Nina years. 

   The circulation patterns at 850 hPa geopotential height abruptly change in the end 

of the Akisame near pentad 60 (October 23-27) during El  Nirio/La  Nina years. These 

changes are relation to the tendency of the cool summer and the warm winter during 

El  Nino years and the hot summer and the cold winter during La Nina years 

   These results suggest that the frontal frequency near Japan has a closely relation-

ship with the transition of the circulation patterns influenced by El  Nino/La Nina 

events. We infer that the change of circulation patterns from the Akisame to the 

winter has relationship with the air-sea interaction in the western tropical Pacific. 

We need clear it in the further investigation.
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