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SYNOPTIC FEATURES OF THE YUNAN RAINY SEASON 

BEF0RE THE ONSET OF THE TROPICAL MONSOONS 

Chen Yuxiang Zhu Baozhen 
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'".is article f^^^^^ST 
phenomenon associated ^hth^eward s 1 p   g ^     Jfc 
Qinghai-Tibet Plateau-- th« J^directly create continuous 
difcusses weather systems ^^e^I^hlracteristicB of 
precipitation as well as the ^pecia       lysis Qf static ?Cir^easonal development  DxagnostxCeas J± 

energies clearly sh°" *hat there     and the arr1Val of the 
between the Yunnan early rainy seas        of its rainy 
subsequent Indian monsoon with "e J 9    correlation 
season.  It was.discovered that theref ^ eariy 
between the period °f ^he öegin 0f the appearance of the 
season each year and ^period of     P*   -t discusses 

^l&SjZ^^"*  seasonal changes m East 

Asian atmospheric circulation. 

I.  FORWARD 

as far as monsoon phenomena which are prevalent on 
•   H »frica are concerned, among them, 

the continents of Asia and »*«««•    prevalent on the 
the tropical sonthwest monsoons whrch are P"™* 

1th side of the Qinghai-Tibet Plateau -  « ^^ %Q 

peoples' attention. Ynnnan "^^thl najority of 
the Qinghai-Tibet Plateau.  The altitude 

,  H „r« is over 1000 meters above sea level. The 
the  aohv i complicated. Famous transverse mountain 
topography is compx-i. WMtern part of Yunnan. 
ranges stretch away -broken to ^^^ here to 

special geographical .«»^^ »»^ the surface of the 
nave a form all its own. Layers f°s almost 

ground see the constant blowzng of southwest 

 T^^n^argins indicate foreign pagination. 

CommasN™bnrumbers indicate decimals. 



throughout the -le T«- Because^ - —^n 

the classical concept <> mo,.os, on s ^ ^ ^ ^ 

has - -nsoon^ How ve ,^ ^^ ^ ^ and October, 

rainfall .' and wet season.  Thls is a 
presenting a clear ** monsoons. Due to the 
classical clinatic characteristic 
* ,. H-hat the monsoons of Yunnan do not have tne sp 
fact that the m average wind direction 
feature of an opposite shifting o    J e Qf thls, 

between winter and summer, * " ~"'B^^*'  cl itation [i]. 
to begin studies from seasonal changes in precip 

on the basis of data from the Yunnan Province weather 

r!ll rainy seasons all begin in the middle ten 
bureau, normal rainy se .,rller than the onset of 
oays of May HI- ™is is a men«  ar« *      ^ study ^ 

tha Indian tropical --oons  Th s art> ^ ^ 

question» tropical monsoons, 
seasons before the onset of the tropi 

„.  DEFINITION OF THE YUNNAN RAINY SEASON 

The topography of Yunnan is ^f^^J^Z^ 
area in the dates of the beginning of the ra ny 

v-y great. Up to ^ *~" '^~ rainy season 
„ethod for how to precisely fix th        ^^ ^ 

which satisfies people  We recog ^ ^ 
rainy season in a particular area * ^  the 
out a comprehensive examination «*/"£*     ^ cltaatic 
region as a whole. On the basis of a ^°n        ^ 

oistricts by the Yunnan Province  «^  ^^„^ 
j„ 4.prms of climate, tne raxiry 

;e;in"t select:seven representative stations (Kunming, 

7haotong, bincang, Maosi, Lancang «engsi .and       ^ 

«B^)-^^^.«S1^r^rr«»tt of the rainfall in the majority of areas 



central part or Yunnan Province.  For the varrous statro 

discussed above and the rain days and amount of rainf.ll 

for April and June each year fro, 1975 to 1979, the 

calculation integral is 

R-^rO,»<tiä< (1) 

,.„ R is the total amount of precipitation,  i /102 
in the equation, R is trie to        ^ ^ • „  +   is the time 
is the identification number of the station, t is the tim 

or duration serial number, t, and t2 are, respectively the 

dates forthe starting and stopping of statistics on the 
dates tor ^  ^^ ^^ of 
amounts of rainfall.  r(t,i) 
precipitation.  R structures associated with April 

including the development of precipitation in Yunnan 

^ vlnce from winter to summer, also includes change m 

Ynnnan precipitation before and after the onset of th 
on  the basis of formula (i), «e 

xndian monsoo».. °" th* > ^.„t^-Kig.l. Taking it as 

inte9ra tatl" we only drew out the example for the year 

^ii t the middle of May, precipitation wan very sparse, 

with the arrival of May 17th, the amounts of rainfall 
I  pi increase, marking the establishment of te rainy 

season. This date is approximately on,M^J>~ *. 

establishment of the """•^^•^Hx rainiall for 
seven stations in Yunnan, the daily ™ mm_ 

the :i—r:-::-:: local farmers and 

of the rainy season is also appropriate. 



TABLE 1 

• „ ^-F fhp Yunnan Rainy Season (4) 
Key: (2) Year (3) Beginning °f^„^lishment of the First 
H^bhe^^-rarin'^faafin Question (., 
Month (7) Day 

We recognize that the beginning of the rainy season 
J: 4.x.    *w  epaqon which is maintained 

marks the conclusion of the dry ^ o£ ^ 

through the entire winter, that is, tne 

Yunnan rainy season. 

^o *ccnrTATED WITH THE ESTABLISHMENT OF 
TTT  SYNOPTIC FEATURES ASSOCIATED Wim 
"   THE YUNNAN RAINY SEASON 

•  4-i«T, piparlv show that weather The results of our examination clearly sn 

season are rrontai ^  F eastern part of 
•i  4.*«» whole winter season, xn the eastern v 

of April, the whole win v,rtnBrv fronts associated _llv has auasi-stationary ironus» 
Yunnan, one normally has qua vicinity of 

r rr;r ;=: :rrr.',r,... —*. 
,„ 5 days  The longest are capable of reaching 

rr.rr.; r.™:: ?i.. -»—— 
west.  However, these are very rarely seen. 



, Curve for Rainfall Amounts in 1979 
Fig.l integral curv Yunnan Rainy 

££!«! «0-— in BOmbaY- 
Key: (1)  Hontn  (2)  Date 

1 R(mm) 

Dotted Lines AX 
Fronts.        2) Month  (3) 
Key: (l)  U£1* 



Beginning in May, moving cold fronts advance fro, the 

103 northeast corner of Yunnan toward the southwest, 
103 nortneabL .*.a*.inn       The rainy season 
creating large areas of precipitation  The rauy 

begins.  From this time on, one sees the appearance of 

Z  t in Yunnan. They are almost all cold fronts and 

^si-stationary fronts become individual phenomena. 

Fig.2 gives the statistics for the nature of fronts 
,-„ June  The horizontal coordinates are the 

from January to June. vertical coordinates are the 
time or duration sequence. The vertical 

* H,™ frontal processes were maintained. The 

dominant position.  Some ye everything 
1979--before the beginning of the rainy 

was guasi-stationary frontal proce-^  ™ ^ ^ had 
1975 and 1976, in the months from January to Apr , 

onlY a single instance of "^J^Z^^ 
1977 was somewhat special. Before tne r . 
"ere four instances of cold front processes. However 

•4-v, 4-hiq there was no creation of large 
conjunction wxth this there        beginning of the rainy 
amounts of precipitation. After the  g thing 

<-h<= situation changes abruptly. Almost    y   * 
season, the situai-j-u"    ^ „j-t-h rold front 

• *-« «rtivitv processes associated with cola changes into activity pro 
-PVII'Q tvoe of transition, m the aata 

systems.  This type oi ra/Tll1flritv  It seems 
five years, demonstrates a very good regularity. 
that this Is not a kind of coincidental phenomenon.  Rather, 

it is the demonstration of ^^"j'J       ^ 
transformation in the nature of weather in 
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• .tationary fronts associated with 
transformation from quasi-station y eQ wlth the 
tb. «inter (dry) season to cold fronts ^ 

~r, in 1Q7 9 (see Fig•■*)•  rj-y 

summer (wet) season in of 

^ei- stationary ™ ^  etoie winter season, 
Yunnan from 1-6 April. Through       ^ ^ ^^ rf cold 

there is this type of pa«^-   * ^ northeastern part 
front which began on 17 £Y        sQUth and becomes a 
of Yunnan. After that, ic .^ rf tne 

Cold front process "•°
c^d^tanc. of cold front activity 

rainy season. Fig.3c is one ^^ the 
,, .. Tvme  it represents tne pan 

from 16-19 June.      f     season. This time is 
„# t-ha Yunnan rainy season, beginning of the Yunn mdian 

positioned sguarely in the ~~*£~  i» «*» -~* 
monsoons (June 19th).  i  *        stationary fronts to 

«- —■ "tl^r "he special characteristics 
cold fronts.  It also r v 

of other years. 

Fig-3 

2. 

Frontal Activity in Yunnan in 1979 

» listed with "Static Energies 
Transition Features Associated wi 

(surface winds, that is), we  y 



.n ,-,-rri^r to distinguish what 
~-F ofai-ic enerqy in oraer i-<-> ^-^^       ^ 

i: :r;e c £r«. £~»«- -«-^winds in
d 
winter 

various . and rd ay s       ^ ^ ^^ layers. 

"Tn/rte- differential valne summations for 
Following tnat, we uw«      ^ 

the layers as a whole:   E,= S(c'T + «z + ^)i 

,-=1,2, ■•-,#. (2) 

* ~> 700 500, 300, and 200 mb with 
We selected th<= surface, 700, 5J^  ^      ^ 

„ . 5.  In the ^-
0n;e

th;es°u
t

1
h
ts forthe five year, dearly 

US6d t: rTrolTrU To Mne, static enemies generally all 
show that, from April t coincides 

show two jUmps  -f^rrlns aeon which we determined, 
with the beginning of the rarny ds with the 

The other instance rr --•  ^ ^ „„ ,. an 
Indian monsoons inf luenc „g ^ .^  ^ _ 

exceptron  Ith  ye ,   ^ ^ ^ ,„ the 

durxng May. Fig.4 gr possible to clearly see 
year »79. From the Fig., it   P ^ ^ ^ 

that, before the middle te    =     *      ^  ^ rainy 

vicinity of 45 «^'^ ; ^L. fluctuating in 
season on May 7thE. abrup y        ^ £<>r thi. is 

the vicinity of 54 calorlf        beginning of the rainy 

that »—;-^:.
th

SoutL8terIy winds after 
season are one ^ °     ^^  by contrast, are a 
the beginning of the rainy ^ ^ ^ are 
different type of air mass. T ^ 

absolutely different. Moreove,^ ^. This 

Indian monsoons, Yunnan ls.influenc 

increases flows of moist air even». There 

differences between these three-despite 

all blow from the southwest toward Yunnan. 

8 
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3.  The Appearance of the First Storms in the Bay of Bengal 

^r, o-r-at-ir enerqies which were 
AS far as the changes m static eneryx 

,1 4-h*v are one of the synoptic 
discussed above are -^^ ^ Beasons. They 

different periods of time have their own special 
different pe ,. attention to Indian weather 
,-hsracteristics. We also paid attention character! ^ ^^ ^ beglnnlng of 
diagrams for each day activity on 
the Yunnan rainy season, there was 
,-„» surface of the sea in the Bay of Bengal. Fig.b g 
T      tns of the first storms in the Bay of Bengal during 

the P r - -S. establishment of the Vunnan rainy season 

for these several years. Their life histories, at the 

latest, were three days  At the longest, they^re^ ^ 

r:S fn the Bay of Bengal  ^^ ^arf 

ssrrs: =1= * Bay - ^ ***. 



surface of the sea.  Speaking only in terms of these five 

years, in the interval between 6.5-13° N, there is a 
deepening in the processes shifting toward the north.  After 

hitting land, they rapidly weaken and disappear.  The 

southerly air flows on the eastern side take the moist air 

from the surface of the sea and transport it to the eastern 

side of the plateau, having obvious effects on the 

establishment of the Yunnan rainy season.  Even though the 

storm path for 1979 was shifted west, due to the fact that 

the scale of the storm was relatively large, however, air 

flows shifted south still had definite effects in the 

transportation of moist air. Of course, at this time, the 

relative influence on Yunnan was somewhat smaller. 

i-N MP'P 

„.„ R paths of the First Storms in the Bay of Bengal 
Before and After tne Beginning of the Yunnan Rainy Seasons 
from 1975-1979 

Key: (1)  India  (2) Indo-China Peninsula 

One phenomenon worthy of attention is that these storms, 

which have a close correlation with the establishment of the 

Yunnan rainy seasons, are all the first storms to appear on 

the sea surface of the Bay of Bengal from winter to summer 

in the years in question.  We know that the sea surface m 

the Bay of Bengal in winter is normally controlled by 

anti-cyclonic circulations.  Summer seasons, by contrast, 

shift to cyclonic circulations.  As far as the appearance of 
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the storms is concerned, it marks the beginning of this type 

of circulation transition. 

Referring to Table 1 and Fig.5, it is possible to know 

that the occurrence of storms in the Bay of Bengal, in the 

majority of cases, is 2 to 4 days before the beginning of 

the rainy seasons.  However, there was also one special year 

when the rainy season started first.  The first storm did 

not occur until a few days after that.  To sum it all up, 

the storms in the Bay of Bengal and the Yunnan rainy seasons 

are both components of complex, large scale weather 

processes which occur in the same periods of time.  As far 

as the appearance of the storms in the Bay of Bengal is 

concerned, this shows that obvious changes have occurred in 

the weather of tropical areas.  The transition in Kunming 

from guasi-stationary fronts to moving cold fronts, by 

contrast, clearly shows that abrupt changes have occurred in 

subtropical lower layer weather.  This explained by the fact 

that there is a relationship between the establishment of 

the Yunnan rainy seasons and large scale circulations. 

IV.  RELATIONSHIPS BETWEEN THE BEGINNING OF RAINY SEASONS 
AND PLANET SCALE CIRCULATIONS 

From the facts disclosed above, we can see that the 

establishment of the Yunnan rainy seasons is a weather 

process possessing special characteristics and occurring in 

the middle ten days of May.  These special characteristics 

or features are related to changes in large scale 

atmospheric circulations. 

We know that, beginning in March each year, the 

Qinghai-Tibet Plateau and the East Asian mainland begin to 

warm up.  In April, the scope of the warming increases 

greatly.  As far as this type of heating is concerned, it is 

11 



gradually transmitted from lower layers to higher layers. 

The thermodynamic effects associated with plateaus and 

continents cause the average locations of the great East 

Asian troughs to move inland from the sea coast. 

Atmospheric warming is capable of causing a weakening in the 

strength of west winds.  Passing over the terrain, its 

compelling effects also cause the troughs flowing down the 

plateaus to shift even farther to the west.  This special 

characteristic of large scale flow fields causes the cold 

air which invades China in the spring to show patterns of 

activity in April and May which are somewhat different.  In 

April, cold centers are generally all brisk in North China 

and Central China.  In the majority of cases, they choose 

routes through the various provinces of eastern China and 

enter the sea in Fujian.  A very small number are capable of 

reaching Yunnan, Guizhou, and Sichuan (see the distribution 

of black dots in Fig.6).  The method by which Yunnan is 

influenced is one where reflux air flows associated with 

surface cold high pressure on the southwest side meets the 

southern branch of westerly winds on the south side of the 

plateaus, forming guasi-stationary fronts.  Under the 

screening effects of the Yunnan-Guizhou Plateau, these 

linger in the interval between Kunming and Guiyang.  In May, 

due to the retreat of the great East Asian troughs, the high 

altitude east-west pulling forces weaken.  The positions of 

cold air centers shift obviously to the west and south 

compared to April.  They normally advance to the south into 

the two provinces of Guizhou and Sichuan (see the 

distribution of x symbols in Fig.6). At this time, Yunnan 

fronts can move west so that cold front processes influence 

Yunnan.  Because of this, the rainy seasons begin. 

12 
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Fig.6 Ground Cold Air Center Activity Locations. • is 
April, x is May. 

Key:   (1)  Kumning 
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Fig.7  100 mb High Pressure Center Locations   Black Dots 
Represent Locations Before the Beginning of Rainy Season. 
Circle Symbols Represent Locations in the First Five Days 
After the Beginning of Rainy Season.  Black Triangles 
Represent Locations on the Day the Rainy Season Began.  The 
Star Symbol Represents Kunming City. 
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As far as the increase in warmth produced by the 

thermodynamic effects of the Qinghai-Tibet Plateau is 

concerned, it causes the convection layer or troposphere to 

warm up.  Because of this, it is advantageous for the 

northward shifting of South Asian high pressure (200-100 mb) 

over the Phillipine Sea in April.  In May, the centers shift 

to the Indo-China Peninsula.  High altitude anti-cyclonic 

divergence will increase low altitude convergence.  This is 

advantageous for increases in the amounts of precipitation. 

Fig.7 is a point distribution diagram of the locations of 

100 mb high pressure centers before and after the beginning 

of the Yunnan rainy season.  Before the rainy season, 100 mb 

South Asian high pressure was located on average at 15° N. 

After the establishment of the rainy season, high pressure 

was positioned on average at 25° N. 

V.  CONCLUSION 

As far as the analysis in this article is concerned, it 

is possible to know that the average date for the 

establishment of the Yunnan rainy season is in the middle 

ten days of May.  During the period of the establishment of 

the rainy season, synoptic features are a shift of the great 

East Asian troughs inland from the sea coast, Kunming 

quasi-stationary fronts turning into moving cold fronts, a 

movement northward of South Asian high pressure in the upper 

layers of the troposphere with an average position around 

25° N, and the beginning of the appearance of storms in the 

Bay of Bengal.  These are circulation characteristics before 

the onset of the southwest tropical monsoons.  In general, 

the onset of the tropical southwest monsoons is indicative 

of the establishment of the tropical monsoons in Bombay, 

India.  This is generally in the middle or latter ten days 

of June.  In this time period, atmospheric circulations in 

the northern hemisphere give rise to seasonal adjustments. 
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The southern branch of the jet stream leaps north.  South 

Asian high pressure is established in the air above the 

plateaus with an average location around 30° N.  Plum rain 

or "meiyu" phenomena begin in the Yangtze River valley [3]. 

The atmospheric circulation characteristics of this are 

obviously different from those of the period of time of the 

establishment of the Yunnan rainy season discussed above. 

This article fixed the establishment of the Yunnan rainy 

season in the middle ten days of May.  This coincides with 

the results of research done by the Yunnan Province weather 

bureau [2].  This is approximately 30 days earlier than the 

date for the onset of the tropical monsoons in Bombay.  In 

terms of atmospheric circulation features, this is also 

obviously different from the characteristics of seasonal 

changes in atmospheric circulations in June. 
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