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　The purpose of this paper iSﾚ to clarify the regional characteristics of the summer monsoon onset

in the western part of the Indochina Ｐ朗inSｕla‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥‥　　‥‥‥1　ト

＼Ｔｈｅ＼onset of the Indochina summer ｍりnsoon differs∧regionally along the west coast whose

boundaries are located around lグN and 19°N. The onset connected with the十tropical cyclone

reprりents 50% of ａ１１onsets south of 19°Ｎ and tropical cyclone originating in the Bay of Bengal

is 血 important factor on the onset of the Indochina summer monsoon. The onset date north of 19°N

along the west coast and that of the northernmost region of Ｍy皿mar correspond closely with those

of Kerala, the southern tip of Indiaレ ･.・.･.･　　　　　　　・.・･..　　･･.･･.　　　　　　　・.･　・.･･　　　　・.

　　The precipitation distribution changesしbefore, at and after thし onset. Before the onset of the

Indochina summer monsoon, precipitation is more abundant in Thailand than along the west coast.

During the period from the first onset of the �dochina sumn!er monsoon ･ to the ･ onset .･･of the

summer monsoon　in the　ｗhole＼ Indochina Peninsula, heavy rains トoccur十around ITCZ　and　the

regional differences in precipitation are relative!y small. After the ol!set of the summer monsoon in

the　whole　!ndochina　Peninsula, precipitation　increases in　the　windward　regions　against　the

southwesterlies　but　decreases　in the　leeward　basins　and plains　against the　southwesterlies. The

regional difference ｉｎﾄprecipitation becomes large.　　十　　　　　　　　ト
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I. Introduction　＼　　　　　　　　　　　　　＼

　　The Indochina Peninsula is located at the centraトｐａｆレofthe Monsoon Asia and also at the

boundary　between　the　subcontinent　ｏ卜India (or Indian　Ocean) and the　western Pacific. In　the

Indochina Peninsula, the onset of summer monsoon is early and the :period of summer monsoon is

long, comparing with the other regions十〇ｆMonsoon Asia (6･g. ｈ!dia Meteorological Department,

1943). Thereforeレthe Indochina Peninsula is one of the key regions in order to clarify the ASi飢

summer monsoon. However, the summer monsoon has been mainly studied in the subcontinent of

India (e.g. Ananthakrishnan and Soman, 1988; Yasunari, 1979; Shukla, 1987) and the sumn!ｅｒ･monsoon

have not been fully clarified in the Indochina Peninsula. One of the reasons why the summer

monsoon have not been fullyでlarifiedin the Indochina Peninsula is considered to be the large

regional diversity of climate (Eguchi, 1996), because the mountainous areas 町Q widely distributedin

the Indochina Peninsula. Therefore, iトis necessary to clarifyつthetemporal changes and variations in

the Indochina summer monsoon considering the relationship between climate and topography･
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　　The purpose of this paper is to clarify the regional characteristicsof summer monsoon onset in

the　western part　of the　Indochina尚Peninsula. Firstly, the　regional＼characteristics　of〉interannual

variation in the onset date is analyzed. Secondarily, the」regional difference鋤precipitation around

the summer monsoon onset is clarifiedin relation to topography･　　　　　　　　　ト

II. Data and method　　　　　　　　　　　:･.・　･･..　　　･.．

　The study area is Myanmar and Thailand, with 3↓precipitation stationsin Myanmar and 44 1n

Thailand (Fig. 1). The original precipitation data used in this study are the 10-day total precipitation

data in Myanmar and the daily precipitation data in Thailand√The daily precipitation data in

Thailand are compiled into 10-day total precipitation data. and the temporal and regional differences

in precipitation are mainly analyzed using the 10-day total precipitation data. Each month is divided

into three 10-day peiでiods,early, mid- and last 10-day period, namely 1st t0 10th,」1th t0 20th and

21st and the last day of month, respectively. The precipitation data cover ａ period of 79 years

from 1951 to 1979.　　　　　　　　/

ト　From　the　analysis　of the　Indochina　summer monsoon　in　1979, at the　onset, precipitation

increases largely along the west coast of the Indochina Peninsula and the equatりrial westerlies

invade over the Indochina Peninsula (Shinoda et al･，1986). He ｅtａ!.(1987) and Orgill(1967) also

showed that t恥 same　phenomena occurred　ａt犬the onset　of the　Indochina　summer monsoon.

Therefore, in this　study, the　onset date　of the Indochina summer〉monsoon　is　defined by　the

increase of precipitation along the west coast of the Indochina Peninsula and by the invasion of

equatorial　westerlies　over the　Indochina Peninsula. The　wind data　are　derived from　the　Daily

３０

２０

１０

　　　　　　　９０　＝ニ　　＼　１００　　　　　　　　110　　し　犬

Figure l. Location ｍａｐトofprecipitation stations in Myanmar 面d Thailand.

　　The contour lines in the figure indicate 200m， 1,000m and 3,000m, and

　　:the areas more than 1,000m are hatched.　　　　　　　　　　　十
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Weather Bulletin Thailand. The onset date is defined using both precipitation and wind data for 20

years from 1960 t０１９１９.While,it is defined only using上precipitationdata for g years from 1951

t0 1959 basedコon the change of precipitation distribution around the onseレShoｗｎﾚby the analysis

for 20 years from 1960 t0 1979.　ト　　　　　　　‥，　　　　　　　　　　　　　　　　ト　　　　　　し

III. Interannual variation of the summer monsoon onset｡・..・　　　　..　　・・　　　　　　　.・

　Based on the analysis Of the onset of the summer monsoon over the 29犬years from 1951 to

1979, the onset date differs regionally along the west coast of the Indochina Peninsula, i.e･.the

region between 10°Ｎ皿dlアN, between 17°N and １９°Ｎand the north /ｏ「19°N (Table 1). In

Table l. Onset date of summer monsoon in the Indochina Peninsula and the southern tip of India.

　The onset of Indochina summerしmonsoon is defined the monsoon westerlies in the lower

　　toroposphere and the rainfall along the west coast of Myanmar. ノ　　∧　‥‥‥

ト　SI, south Indochina (10°N-17°N);CI, Central Indochina (17°N and 19°Ｎ);　　ト

　　　NI, north Indochina (north of 19°Ｎ)　　　　　　　　＼　十　　　　　　　　‥‥‥

　　　Onset date of Indochina shows as f0110ｗS;　　　j　　　　　犬　　　　犬　　　　，..･・..　　　･1

　　5, May; 6，June　　　　　　　　　　　　　ト　　　＼し

　　　E, early (1-10); M, mid (11-20); L, late (21- end of the month)　　　　　十

　　For example, 5E indicates early May.　　　　　　　　　　　　　　　　　　　ト

　　　TC in the parenthesis after the onset date of Indochina indicates that the : tropical cyclone or

　　depression of the Bay of Bengal is connected to the onset of Indochina sun!mer monsoon in the

　　　region of SI and CI for 20 years from 1960 t0 1979.ト　　　　‥‥ ‥‥‥‥‥‥‥‥‥‥

　　　Number of onset type is four, i.ｅレOTl －0T4. The content of each onset type is shown in tｅχt.

　　　The data of India are from Ananthakrishnan and Soman (1988).

　　　SK, Onset date over south Kerala; NK, Onset date over north Kerala;!MD, Onset date for Kerala

　∧　as per India Mereorological Department records.　　　　　　上　　　　　　コ

　　　　　犬　　　I　　　　　　　Indochina　　　　　　　　　　　つ　　　　　　上India (Kerala)

　　　　　　　　　　　　　　　　　　　　　　　　ト　　　　　　　　Onset type
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1979, theﾆonset periodニ巾rth of」9°Ｎ '･is different:from :that south of 19°Ｎ along the west coast.

While, it is the same time as that in tｈむごnorthernmost region:of Myanmar, northﾄof 2ダＮ.

Therefore, the onset in the northernmost region isしanalyzed犬instead o卜that north of 19'Ｎ along the

west coast because of the insufficient of precipitation data むχceptfor 1979.・.･.･..･　　　　.・.=………

　The mean onset date is mid-May 耶d the range of onset date is from early May t６early June

in the region south of 17°N (Table 1). In the region between １７Ｎ 叩d 19°N, the mean onset date

is the firsthalf :of late May and the range of∵onset date is from early May to early June. In the

northernmost region north of 19°Ｎ，the meanﾀﾞonset date is jin〉thelatter half of late May 訟d the

range of onset date is mid-May to mid-June. Many authors showed that the mean onset date was

mid-May (e･g. India Meteorological Department, 1943; Orgill, 1967; Tanaka, 1992; Matsumoto, 1989,

1992; Nakazawa, 1992) and this∧onset dateｌcorresponds to that south o卜 iア Ｎ of this study. Orgill

(1967) also analyzed the interannual variation of tt!ｅonset using the 29 years of data from ･1936 to

1964, and showed that the range of the onset date was from May l to June ３. This range of onset

date also corr必中onds to that south of･１７Ｎ in this study.　＞　　　　　　　犬　ト　　　　　………　：

　The northward advance of the onset is classifiedinto four types as follows (Table 1)∩

Onset type l（ＯＴＩ）．＼　　　　　　　〉　　　　し

　　　　　The onset occurs at the same time in the whole regions; 8トyears　out of 29 years from

　　　1951 to 1979, 6 years out of 20 years from 1960 t0 1979　　　　　犬　　　十　十十

〇nset type 2 (OT2)　　　　　　　　　　　　　　　犬　　　　　　　　　　　　　　　　　ト　づ　　　し

　　　　　The first onset occurs in the region between 10°N and 1アＮ and the second onset occurs

　at the same time in the ｒｅがon noitりof 17°N; 7 ･years out of 29 years from 1951 t0 1979√5

　　　years out of 20 years from 19160 t0 1979　　　　　　　　　　コ　　　　　　　　　　　　　　　犬

Onset type ３１（ＯＴ３）　　・．･･･．･　　　･･．　　　　　・　・．．　･．　　　　　　　　　　　　・・　　．･･　　・．．に

　　　　　The first onset occurs at the same time in the region south of 19°N and the second onset

　　　occurs in the･ region north o卜19ﾀﾞＮ; Ｕ years〉out of 29 years 餓）m 1951 to 1979, S years out

　　　of 20 years from 1960‥to 1979　　　　　　　　　　　　　　　　　　　　　　　　　　　　　∧　　＜

Onset type 4（ＯＴ４）　　　　　　　　　　　　　　＼　　　＼　　　　　　　　　　　　’

十二　The onset date is different among the three regions, i.e. the region between １０°N and 17°N,

　　　between lアN and 19°Ｎ and the north of 汐9 N; 3 years out of 29 years from 1951 t0 19ﾌﾟ9，

　　　1 year out of 20 years from 1960 t0 1979　　十　　　　　　　　　　　　　　　　　＞　　上 ｊ

　　The number of years that the onset are regionally different√OT2-OT4, is　14 out of 20 years

from 1960 t0 1979. The most frequent onset pattern in the ln(!ochina summer monsoon isしOT3 as

classified above. The onseレsouth of 19°Ｎ ｏむcursin mid-May and that north φf 19°Ｎ in early

June.　　　　　　　　　　　　　　　　　　　　..　　　　　　　　●●●●●●　　　　　　●●●

　Most of the onsets occur in May in the Indochina Peninsula. During May, ａ tropical cyclone

also develops in the Bay of Bengal and it is connected with the northward shift of ITCZ. In the

region south of」9°N, the number of years that the tropical cyclone connected with the onset is 10

years (50%) based on an analysis of 20 years from 1960 to 1979 (Table 1). Orgill･(1967)showed that

two thirds of the onsets were connected with tropical cyclones based on his analysis (jf the 29

years　from 1936 to 1964∧Although the onsets connected with the cyclone decreaseしduring the 20
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years　from　1960 t0　1979　0f 市沁study in comparison with……Orgill's　study period, the: tropical

cyclone or depression皿at originated in the Bay of Bengal is an import飢t factor forﾕthe onset of

the Indochina summer monsoon. ‥　　･･.･.・･･.・　　　　..l‥‥‥‥　‥‥‥　　‥‥‥‥‥‥‥‥‥し‥　　‥‥‥‥‥‥

　　The relationship between the onset along･ the. west coast ofﾄthe Indochina Peninsula and Kerala,

the southern tip of India, is analyzedしinプorder to determine the relationship between the Indochina

summer monsoon and the Indian∧summer monsoon using the onseレdates for theし29 years 丘om

1951 to 1979 as data. The onset十north of〕25°N in the Indochina Peninsul亀the northernmost region

(NI), corresponds closely with that in Kerala (Table≒1 and Fig. 2). In pボicular,しthe onseレdate for

Kerala, according to India Meteorological Department records (IMD), corresponds closely with that
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Figure 2. Relationship of the onsets between the Indochina Peninsula and the

　　southern part of India(Kerala).

　　The onset dates are also shown in TableＬ
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of NI. From the onset date of IMD ｉμ Kerala, the mean onset date is the end of May with a

t皿ge from ｍｉ(トMay to mid-June. Ｔｈｅﾕmean onset date anc卜its range in Kerala correspond well

north of 25°Ｎin the Indochina Peninsula. The number of years in which一the onset of IMD occurs

during the onset of NI is 15,ニrepresenting moreトthan half of the study period. When the onset of

NI is earlier than that ofﾄIMD, the onset of NI occurs in mid-May. ０ｎ the other hand, when the

onset of NI is later than that of IMD, mostぺjf the onsets in NI occur one 10-day :period after that

of IMD. The second onseレof ＯＴ３√theトmost frequent onset pattei‘ｎ……:intheﾚIndochina summer

monsoon as classified above, is in accordance with: the onset iれ Kerala.　　　ト　　　＼

IV. Regional characteristics of precipitationトaround the onset　　ニ　　　ｊ　　　　　六白

　　The　regional　characteristics　of precipitation　distribution　before, at　ａりd　afterthe　onset　are

皿alyzed based on the mean precipitation maps of three types of onsets. OTl, OT2 and OT3 as

clarified above. The 10-day mean precφitation maps for each type of onset are made based on the

fo!lowing criteria.The mean 10-day precipitation data before the onset are those of two 10-day

periods just before the onset√and the mean 10-day precipitation data after the onset represents:two

10-day periods just after the onset. When the onset occurs in two stages, OT2 and OT3, the mean

!0-day precipitation data at the firstonset are from the firstonset to the 10-day period just before

the second onset.・The onset of OTl and the second onsets of OT2 and ＯＴ３･are analyzed only

using the 10-day precipitation data at the onset. Secondly, the mean 10-day precipitation data for

each year are averaged in each climatic type. Three mean maps ａｒeﾄprepared in the case of OTl

and four mean maps are prepared for OT2 and OT3.　　　　　　　　　　　　　　　　　　　　　　十

　　During the prｅ“monsoon season. the regional differences ･in precipitation are not so obvious in

the three typりof ･onsets, OT1-OT3 (Figs. 3-a, かａ√5-a).Heavy rains occur around 10°Ｎ along the

west coast. While, the 10-day precipitation in the central and northern parts of Myanmar is less

than that in Thailand. The distribution of pre-monsoon precipitation does not show a large regional

diversity compared with the lO-day precipitation disti･ibutionat and after the onset.

　　When the onset is different between north and south of 17°N,〉in the case of OT2, the mean

10-day precipitation during the first onset is more tｈ皿　100mm south of 17°Ｎ and more than

５０ｍｍトbetween １７°Ｎａｎｄトt9°Nalong the west coast (Fig. 4-b).The precipitation in the northern

mountainous areas is more than 50mm south of 23°Ｎａｎｄコismore abundant than that at the same

latitudes along the west coast. In Thailand, precipitationis more abundant than that of 脚ｅ second

onset, and regional diversity of precipitationis slight.In this case, ITCZ is located in也ｅ central

part of Thailand for ａ longer period than the :other types of onset. Therefore, it is considered that

precipitationis abundant in Thailand and the regional diversity of precipitation is small compared

with that at and after the second onset.　　　　...十　　　　　　　・・＼

　　When the onset is different between north皿d south of 19°Ｎ，in the case of 0T3, the mean

precipitation at the first onset is more tｈ郷 100mm 'aS far as 19°N along the west coast (Fig. 5-b)･

The precipitation in the northern mountainous region is moi･ｅ than 50mm south of 25°Ｎ and the

isohyets of 50mm as further north than OT2. In Thailand, the regional diversity of precipitationis

also small compared with at and after the second onsetレ　　……
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　When the onset occurs in the whole Indochina Peninsula, in case of the onset of OTl 皿d the

second onsets of OT2 訟d OT3, precipitationincreases in the northernmost part of Myanmar (Figs.

3-b, 4-c, 5-c). The precipitatioかdistributionis almost the same as that after tbeﾄ onset. However,

after the onset√precipitation decreases in the basins 6f northern Myan印面and the Central Plain of

Thailand, and the regional differenceトin precipitationトisobvious (Figs. 3-c, 4-d√5-d). During this

period, ITCZ shifts north of皿e IndochinaトPeninsula〉and theトsouthwesterliesレprevail over the

Indochina Peninsula. Precipitation isトabundant in tb6トwindward上regions against the southwesterlies

but decreases in the leeward basins and plains against the southwesterlies.十l　…………

　These changes in precipitation distribution before, at and after the onsetﾚare considered tc?be

related to the changes in synoptic conditions. At the onset period.。precipitationis mainly brought

by ITCZ and tropical cyclonesトThe precipitation brought by ITCZ shows an abundantトprecipitation

zoneトalong ITCZ and the regional difference in precipitationis ｒQ1飢ively small. However, after the

onset, the　southwesterlies prevail　over the　Indochina Peninsula　ａｎｄくtheprecipitation is mainly

brought by disturbances in the southwesterlies andﾚthe monsoon troughs. The precipitation brought

by the southwesterlies・is restricted in the windward regions of mountains and▽the difference in

precipitation between the windward and leeward rｅがons of mountains becomes large.　　　＼

V. Conclusions　　　　　　　　　　　　　　　　　　　　　　　　●　∧　　　　　　　　　　　．

　The regional characteristicsof the summer monsoon onset are analyzed in the western part of

the Indochina Peninsula.　　　　　　　　　　　　　　　　　　　　ト

　ダBased on data covering a period of 29 years from 1951 t0 1979√ the onset of the Indochina

summer monsoon differs regionally along the west coast and their boundaries上are locatedヽaround

17N and 19°Ｎ. The mean onset date is micトMay south of 17°Ｎ√the first half of late May

between １７Ｎ and １９°Ｎ帥d the latter half of late May north of 19°Ｎ. The onset connected with

the tropical cyclone represents 50％ of all onsets south ･of 19°Ｎ ･and tropical cyclone originating in

the Bay of Bengal is 卸 important factor on the onset of the Indochina summer monsoon. The

onset date north l of 19°N along the west coast and that of the northernmost region of Ｍyａりmar

correspond closely with ･those of Kerala, the souther tip of Indiaト

　The precipitation distribution changes before, at and after 由ｅ onset. Before the onset of the

Indochina Peninsula, precipitationis more abundant in Thailand than along the west coast (Fig. 6-a).

During the period from the first onset of the Indochina summer monsoon to the onset of the

summer monsoon in the whole Indochina Peninsula, heavy rains occur around ITCZ and the

regional differences in precipitation are relatively small (Fig.り-b). After the onset of the summer

monsoon in the whole Indochina ･Peninsula, precipitationincreases in the windward regions against

the∧southwesterlies but decreases in the leeward basins or plains against the southwesterlies. The

regional difference in precipitationincreases (Fig. 6-c).　　　　　　　　　　　　＼
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Figure 6. Schematic map of regional differencesin precipitationaround the

　フ　onsetof the Indochina summer monsoon. . ∧
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