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T H E  S U M M E R  M O N S O O N  

ABSTRACT 

The Asian monsoon circulation system can be divided into two subsyslems, i.e.. I hc Easl Asian monsoon ,,y,,ICml I.!A M S) and 

the Indian monsoon system (IMS). In this paper the main elements including the Indian monsoon trough, the Soulh &,,ian hi,_,h. 

the upper easterly jet etc. and the interactions between EA MS and 1 MS arc dealt with. The basic cmpha~i~ ~s pttl on the medium- 

range variations of the EAMS. Some significant results are obtained. 

I. I N T R O D U C T I O N  

For a long time, many meteorologists are used to studying the monsoon system over eastern Asia 

with the same idea of Indian monsoon system. In recent years, it is found that there exist many 
differences between these two monsoon systems. For example, the activities of monsoon over East Asia. 
such as 1TCZ and typhoon, are frequently reverse as compared with that over India 1,.21. This fad 

reveals that the structure and the main elements of the monsoon system over East Asia are independent 
of the India monsoon system even if there exist some interactions. That is to say. the wt~t Asian 

monsoon circulation system can be divided into two subsystems which are independent of each other 
but have some in/era, ctions. TM So we call them respectively the Indian monsoon system I I M S) arid the 

East Asian monsoon system (EAMS). So far as we know, the IMS has been discussed so much and it 
was found that its main elements are the Indian monsoon trough, the south Asian high (the upper 
anticyclone over South Asia), the upper easterly jet and its cross-equatorial current, the Mascarcine 
cold high and the Somalia's lower cross-equatorial jet. {'*j As for the EAMS, we also have found some 

elements similar to that in IMS. TM The purpose of this paper is to discuss the main elements in EAMS 

and its interaction, and the interactions between EA MS and IMS. Our  discussions mainly concern the 
medium-range fluctuations of summer monsoon. 

II. THE FLOW PA'I-/ 'ERN AND THE FEATURE OF  OSCILI .ATION OI- THE. FAST ASIAN M O N S O O N  SYSTt!M 

In this part, we are going to discuss the medium-range variations of flow pattern of the EA M S ~nd 

its features of oscillation. The flow pattern of the East Asian monsoon region has been studied by many 
Chinese meteorologists. 15"6] 

Based on the stream-line map at 850 mb and 200 mb during summer, a model of flow pattern for 
the active/weak ITCZ in the EAMS is made I6] (see Fig. !.). During the active period of ITCZ in East 

Asia, most of the main elements in the EAMS, such as ITCZ, the southern easterly jet and its upper 
cross-equatorial current, the Australian cold high, the lower-layer cross-equatorial current in East Asia 
and the monsoon meridional cell, are rather strong, the position of the subtropical high is northward. 
However, they are reverse during the weak period of ITCZ. At that time, the subtropical high spreads 
southwest wind into the South China Sea. 
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In mid-summer, there also exist some quasi-periodic oscillations in the EAMS. Like that in the 
I M S .  I'*x'~l it also can be found in the EAMS that there exist the 4 - 5 day, 1 4 -  19 day t~ and 40 -  50 

day 13-7J oscillations. These osci/lalions appeared in tbe variations of the lower-layer monsoon, ihe 

,,urface pressure in the equatorial region t7l and the 1TCZ. Fig. 2. shows the horizontal distribution of 
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the density of the power spectrum of u and v components in 14-day and 40-day periods at 850 mb in 
summer, 1980. For the two spectra ofv oscillation, there also exists a belt of maximum power spectrum 
located from the northern seaside of Australia to the middle and western parts of the South China Sea. 
For the 40-day oscillation, there exists a belt of maxirfium power spectrum for u just to the eastside of 
thc center of maximum spectrum for v in the South China Sea. Besides, northern Australia is also a 
region of the center of maximum spectrum ofu for the 40-day oscillation. This fact probably shows that 
this oscillation originates from the SE trade wind in northern Australia, so the spectrum changes from 
the v component near the equator to the u component in the eastern part of the South China Sea. For  
14-day oscillation, the features of power spectrum are similar to that for 40-day oscillation in many 
ways, but the position of the center ofu  spectrum is near the equator as compared with that for 40-day 
oscillation. We have also computed the power spectrum of the geopotential height at 850 mb in summer 
1980 and found that its position of the center of the maximum geopotentiai height in the EAMS 
coincided very well with the center maximum of v spectrum and the center minimum of u spectrum is 
located over the middle part-of the South China Sea. 

III. THE SYNOPTIC SUBSTANCE O F  THE 14-DAY AND 40-DAY OSCILLATIONS IN THE EAST ASIAN 

M O N S O O N  SYSTEM 

The propagation direction and the synoptic substance of the oscillations in the EAMS have been 
studied in different aspects by some Chinese meteorologists. To sum up, it can be suggested that one of 
the oscillation propagates from the Southern Hemisphere into the Northern Hemisphere in the lower 
layer, while the other one propagates in a reverse direction in the upper layer. For the 14-day 
oscillation, it mainly reflects the oscillation intensity of ITCZ, but for the 40-day oscillation it reflects 
the activity or break of the large-scale monsoon. 

Fig. 3 shows the distribution of phase angle o fu  and v components at 850 mb computed by the 
cross-spectral analysis with the Singapore station as a reference point in the summer 1980. The data 
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Fig. 3. The distribution of phase angle of the cross-slx-ctrum of 4t and r components  at 850 mb with 

the Singapore station as a reference point in the summer,  1980. 

from 40 stations are taken into account and only the values of coherence larger than 0.5 are considered 
in the analytical process. 

As we can see in this figure except the 40-day oscillation ofv spectrum, both the 14-day and 40-day 
oscillations of u and v components in the lower layer originate from the northern part of Australia and 
spread toward the Northern Hemisphere and finally to the northern part of the South China Sea. 
Fig. 4. shows the same analysis, but at 200 mb, the Kuching station is taken as the reference point, the 
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sources of the two oscillations are located over the nor thern  ITCZ,  and  the oscillations propagate  

southward to the Southern Hemisphere. According to the analyses in different years, a l though most of 

lower layer oscillations originated from the Southern  Hemisphere,  a few oscillations originated in a 

nor thern  developing ITCZ or after typhoon developed, and then the s t rengthening of the lower and 

upper cross-equatorial  currents  appeared. So the nor thern  ITCZ is another  source of oscillations. 

Fig. 4. The di,4rihulion of pha,,c angle of the cross-spectrum ofu and I" components at 200 mb with 

thc Kuchin~ sl~tlion as a reference point in summcr. 1980. 

-,,, 
.1 

Fig. 5. The compo,ttc 850 mb flo w pattern of four phases for the 14-day o~illaiion of surface pressure in the middle parl of the 

South China Sea in summer. 1980. (a) phase of high pressure; (b) phase: of high to low pressure; (c) phase of low 

pressure: (dl phase of low to high pressure. 
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Fig. 5 shows the compo,,,itc flow pattern at 850 mb for the four phases of the 14-day oscillation of the 

.,,ttrfacc pressure in the middle part of the South China  Sea in the summer,  1980. Fig. 6 is the same as 

Fig. 5 but for 2(X) rob. In the composite process, we take three day's data for every phase, so that about  

t5 day's  data arc used in a composi t ion pa. ttern. The surface pressure over the middle of the South 

China Sea indicates the weakening and s t rengthening of ITCZ. In gcneral, the ITCZ is weakening 

dur ing  the period of high pressure and is s t rentheni  ng dur ing  the period of low pressure (see Fig. 5). As 

we can sec in Fig. 5, dur ing  the phase of high pressure, most of the  main elements of the  EAMS, such as 

IT( 'Z ,  the cold high in Australia. the upper and lower cross-equatorial  currents,  the southern easterly 

jcl are wcakening atld the upper trough in the Southern Hemisphere is located over the western part of 

Au~tr~Jlla. On the COl'dr:.try, all the above-ment ioned  n~on.~oon elements are s t rengthening dur ing  the 

phage <,f Iov, Ole,,~,ure m the middle part of the .~oulh ( ' h ina  s 111 lhal period, lhc tll'q~cr trough 
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in the Southern Hemisphere is located over the eastern part of Australia. We also can see that for the 14- 

day oscillation, the axis of the subtropical high of the Western Pacific mercly moves back and forth 
belwccn the northern part of the South China Sea and South China, but can not spread into the middle 

and southern parts of theSouth  China Sea. In this situation, the 1TCZ is maintained all the time, but 
has a,n oscillation of its own intensity. The monsoon in the south side of ITCZ also shows an oscillation 

of intensity without break. 

The Indian monsoon reaches its maximum intensity of state in the phase of low to high pressure 
(Fig. 5~dl).i.e, it lags behind the strongest phase of the monsoon in the South China Sea by one-fourth of 

an oscillation. In fact, the strengthening of the monsoon in thc South China Scat can not bc simply 

cxplaincd by the strcngthcning of the Indian monsson. 
Wc have made a series oft ime cross-section ofcloudincss. Fig. 7 shows tile cross-section adong 132 

- 140 E. We can see in this f'~ure that there exists a 40-day oscillation of cloudiness. Thc propagation 

direction is from the Southern Hemisphere to the Northern Hemisphere. The original area i.,, located 
over the northern coast of Australia and propagates to about ~; N with a velocity of 0.8 latitude.,, day. 

Fig. 8 shows the cross-section along equator. Wc also can sec in this figure that there exists a 4()-day 
oscillation of cloudiness which propagates westward from the eastern part of the Bay of Bengal to the 

West Pacific along the equator. So wc can conclude that there exists the 40-day oscillation amt it 

propagates from the Southen Hemisphere to the Northern Hemisphere and from the Bay of Bengal tO  

West Pacific. The propagation direction is very similar to that in the Indian monsoon system, so thai 
this type ofoscilhdion has a glob,1 ~,calc and han some stimulation regions, such a~, the western Indian 
Ocean and the northern coa.,,t of Australi,. 
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Fig. 9. Time cross-section of the surface pressure along 12.5N during the summer,  1979. 
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IV. INTERACTION BETWEEN THE EAST ASIAN M O N S O O N  SYSTEM AND THE INDIAN M O N S O O N  SYSTEM 

It has long been believed that the variation of the monsoon in the South China Sea and the West 
Pacific is caused by the Indian monsoon and the latter would propagate eastward to the South China 
Sea after strengthening. In recent years, we have found that the development of the depression in the 
Bay of Bengal caused by the activity of typhoon or the monsoon depression in the South China Sea can 
propagate westward from the South China Sea to the Bay of Bengal and finally influences the Indian 
monsoon. This fact is very obvious during the' summer, 1979--1980. Fig. 9 shows the time cross- 
section of the surface pressure along 12.5~N during summer, 1979. We can see that during the summer 
of 1979, lots of pressure waves propagate from the West Pacific to the South China Sea and finally to 
the Bay of Bengal. Table I shows the values of phase angle of the cross spectrum and its coherence for 
the surface pressure along 12.5'~N. In the calculation, we took the I 15 ~ E point as the reference point. We 
can see that for the 40-day oscillation, the phase angle in the east of 100~ (in the EAMS) is alrfiost 
equal, but shows the eastward propagation in the region in the west of 100~ (in the IMS). So we can 
conclude that the boundary line of these two monsoon systems for the 40-day oscillation is located at. 
100~E. So far as the 14-day oscillation can propagate westward from the West Pacific to India, the 
situation in summer 1980 is the same. Fig. 10 shows the analysis of phase angle of cross spectrum for 
the geopotential height at 850 mb in the summer of 1980 in which the Xisha station was taken as a 
reference point, we have found that for the 40-day oscillation, the ph~tsc angle in the EAMS is almost 
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Fig. 10. Phase angle ofcross spectrum for the geopotential height at 850 mb in the summer  of 1980. 

The Xisha station is taken as a reference point. (a) 40-day oscillation, (b) 14-day 

oscillation. 

equal but different in the IMS. However, the 14-day oscillation can propagate westward from the West 
Pacific to India. According to the above-mentioned results, we can conclude that during summer, the 
influence of the EAMS on the IMS is very important and the reverse influence is rather weak. Besides, 
the boundary line between these two monsoon systems seems to be located at about 100~ 
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The above analyscs are limited in the region to the north of 10~ Because the number of 

aerological stations in the south o f ' 1 0 N  is too small to study, the main direction of the influence is not 
obvious. We have investigated a series of lag-correlation analyses (! - 15 days) using the u component  

at 850 mb along 10 N (Madras, port Blare, Bangkok, Sisha and Clark air-base) taking Madras 'as  a 
reference point (Fig. !1). We can not find any fact to show the eastward propagation of the Indian 
monsoon. In the region in the cast of Bangkok. there is no correlation coefficient to satisfy the 
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confidence 0.01. That is to say, we can not find sufficient evidence to indicate that the strengthening of 
the Indian monsoon may infleunce the east Asian monsoon. We think that this problem has not been 

resolved yet and is necessary to study continuously. 

V. CON( ' I .USIONS 

According to the above-mentioned discussion, it can be concluded that the EAMS is a rather 
independent system and is different from the IMS. Its features are as follows: (I) It has got its own main 

elements. They are the subtropical high in the western Pacific, ITCZ, the upper- and lower-layer cross- 
equatorial current, the southern upper easterly jet and the Australian cold high. When the ITCZ in the 
South China Sea and the western Pacific changes its intensity, all of these main elements vary 
correspondingly, in the lower-layer, the infleuence of the elements over the Southern Hemisphere on 

the northern monsoon is important,  but it is reverse in the upper-layer. {2) The variations of the east 
Asian monsoon and the Indian monsoon usually are reverse. This fact shows that we can not attribute 
the variation of the east Asian monsoon to that of the Indian monsoon. On the contrary, some evidence 

suggests that the influence of the EA M S on the I M S should be important.  (3) There exist the 14-day and 
40-day oscillations in the EAMS.  The 14-day oscillation is characterized by the intensity variation of 
ITCZ and monsoon, but the 40-day oscillation is charaterized by the large-scale break and activity of 
monsoon and its corresponding intense variations of the monsoon meridional cell and the subtropical 
high. Accord ing  to the results obtained in this paper, the boundary of these two monsoon 
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sys tems is loca ted  at a b o u t  100 ~' E. 

We  th ink  tha t  up  to now,  m a n y  features  of  the  E A M S  rema in  u n k n o w n ,  therefore,  a fur ther  

i nves t iga t ion  seems to be ex t remely  necessary.  
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