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Monthly rainfall data of the last 20 years were obtained for 16 locations in Thailand, and for
7, 4, and 1 location(s) in Indonesia, Bangladesh, and Viet Nam, respectively, under tropical to
subtropical monsoon and tropical rainforest climates. They were used to calculate the average
and variability of rainfall at those locations and to examine the recent rainfall trend by appli-
cation of the first regression analysis. The rainfall trend, expressed as a regression coefficient of
the first regression equation, was only significant at some locations, but the positive rainfall
trend was identified at locations in Peninsula Thailand, whereas the negative rainfall trend was
indicated for locations in Sumatra and Java Islands of Indonesia. At locations under tropical to
subtropical monsoon climate, the significant trends in the annual and seasonal rainfall were
hardly indicated, but the large annual variability of rainfall was observed in the dry-season.
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INTRODUCTION

Rainfall is the most important agricultural resources in the tropics and subtropics.
The amount and distribution of rainfall in a year fundamentally control land use and crop-
ping patterns in the regions. However, annual and seasonal or monthly rainfall varies con-
siderably with years. As a result, the rainfall trend is a current concern by researchers,
administrators, and farmers (Ohno et al., 2002). In the previous papers (Egashira and
Karim, 2001; Egashira, 2002), a decreasing tendency of the annual and dry-season rainfall
was recognized by the data recorded at the meteorological station of Bangabandhu Sheikh
Mujibur Rahman Agricultural University, located in the center of the Pleistocene
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Madhupur Tract of Bangladesh. In the present study, monthly rainfall data recorded at
different locations during the last 20 years in Thailand, Indonesia, Bangladesh, and Viet
Nam were collected. Features (amount and variability) of the annual and seasonal rainfall
were clarified and the recent trends of rainfall were examined by application of the first
regression analysis to the collected data.

MATERIALS AND METHODS

Locations and rainfall data collection

Locations where rainfall data were collected are listed in Tables 1 through 3, with
their latitude and longitude and the duration of available data. Rainfall data of 16 loca-
tions throughout the country were collected in Thailand, and those of Indonesia came
from 7 locations in the main 3 islands. Four big cities are locations for data collection in
Bangladesh, and only the data of Ha Noi were collected in Viet Nam. The rainfall data in
Thailand, Indonesia, Bangladesh, and Viet Nam were collected through Prasop
Virakornphanich (International Training Center for Agricultural Development at Khon
Kaen), Darmawan (Bogor Agricultural University), Abu Zofar Md. Moslehuddin and Md.
Abdullah Al Mamun (Bangladesh Agricultural University), and Do Nguyen Hai (Ha Noi
Agricultural University). The data were taken as monthly rainfall but were partly missing
at some locations.

Statistical analysis

The average and coefficient of variation of annual rainfall at different locations were
calculated from the collected monthly rainfall data. First regression analysis was applied
to examine the rainfall trend, and the significance of the regression coefficient was veri-
fied by assuming fitting of rainfall data to the t—distribution. In addition to annual rainfall,
in Thailand, Bangladesh, and Viet Nam of the northern hemisphere, analysis was made to
3 cropping seasons of the dry (November to February for Thailand and November to
March for Bangladesh and Viet Nam), premonsoon (March to May for Thailand and April
to May for Bangladesh and Viet Nam), and monsoon (June to October) seasons.
However, subdivision to the 3 seasons is only applicable to the locations under monsoon
climate. In Indonesia of the southern hemisphere, analysis was made to the 2 seasons of
April to September and of October to March.

RESULTS AND DISCUSSION

The average and coefficient of variation of rainfall, and the regression coefficient of
the first regression equation between the rainfall amount and the year are given in Tables
1 through 3.

Thailand

Results for Thailand are given in Table 1. The north and northeast divisions of
Thailand are under tropical monsoon climate (Kawaguchi and Kyuma, 1977; Region V
according to their climatic region). Mean annual rainfall of 11 locations of these divisions
ranged from 833 mm at Nakhon Ratchasima to 1,541 mm at Ubon Ratchathani and tended
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Table 1. Average and coefficient of variation, and regression coefficient of the first regression equation
in rainfall during recent 20 years at different locations in Thailand

Annual® Dry-season® Premonsoon-season®  Monsoon-season®

Latitude- Dura— (November to February) ~ (March to May) (June to October)
Division ~ Location

Longitude* tion Ave CV RC ‘Ave CV RC Ave CV  RC Ave CV RC
(mm) (%) (mmyear?) (mm) (%) (mmyear') . (mm) (%) (mmyear?) (mm) (%) (mm year?)

North ~ MaeHongSong, 19.I8N- 1985 1311 16 64 7368 53 295 50 134 945 16 29
RiceExp.Sta.  9801E to '
Mae Jo, 18.55N- 2001 1048 17 -35 71 8 60 227 53 55 752 14 -32
Field Crop Res.  99.00E
Center
Nan, 18.47N- 1289 16 228 54 83 -1l 309 36 14 929 19 229+
Horticultural 100.50E
Res. Exp. Sta.
Nakhon Sawan,  15.47N- 1201 21 7.1 57 122  -24 295 48 101 850 18 -0.1
Field Crop Res.  100.04E
Center
Phetchabun, 16.25N- 1089 22 6.8 35 81 59 307 32 35 740 24 59
Field Crop Exp.  101.08E . )
Sta. )
North-  Maha Sarakham, 16.12N- 1985 1248 13 108 34 68 11 312 43 6.9 899 15 38
east Field Crop Exp. 103.16E to
Sta. 2001 .
Kalasin, 16.29N- 1071 18 6.0 31 86 04 252 34 3.1 785 21 32
Field Crop Exp.  103.30E
Sta.
Chaiyaphum, 15.46N- 1100 17 49 33 84 10 281 26 59 788 22 -18
Sericulture Exp. 101.55E
Sta.
Nakhon 15.00N- 833 26 28 3T 111 -15 200 38 32 597 29 0.8
Ratchasima 102.06E
(Korat)
Roi Et, 16.04N- 1292 13 130 30 84 04 287 32 100* 964 12 02
Field Crop Exp.  103.67E
Sta.
Ubon 15.24N- 1541 15 28 41 90 22 338 41 9.2 1150 19 -74

Ratchathani, 104.88E
Rice Res. Center

West - Suoh R 1445N- 1985 1006 25 56 83110 07 195 48 40 728 29 ~74
uphanBurl, 109 195 1o ;
Rice Exp. Sta. 2001
Phra Phutthabat, 14.44N- 1265 18 9.1 45 91 18 327 46 10.6 892 17 -34
Field Crop Exp.  100.36E
Sta. .
South  Surat Thani, 909N~ 1992 2125 16 -243 84 35 30 332 41 169 987 30 342
Ol PalmRes.  9920E  to
Center 2001
Krabi, 8.04N- 2167 13 382 373. 23 27.9* 438 32 . 302 1358 19 -84
Rice Exp. Sta.  98.52E
Songkhla, TI2N- 1985 1947 22  503* 895 37  47.0% 303 43 34 764 20 84
Rubber Res. 10035E  to :
Center 2001

*Degree (°) is not shown in the expression of latitude-longitude.
® Ave: average; CV: coefficient of variation; RC: regression coefficient in the first regression equation.
** and * mean significance at 1% and 5% levels, respectively.
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to increase from the central region to the eastern and northwestern regions. The average
rainfall in the dry-season (November to February) was in a range between 35 and 73 mm
in the north division and between 30 and 41 mm in the northeast division with the large
annual variability, as expected from the relatively high coefficient of variation, and occu-
pied only 3.2 to 6.8% and 2.3 to 4.4%, respectively, of the mean annual rainfall. The
regression coefficient of the first regression equation, as an index of the rainfall trend,
was mostly positive in the annual rainfall, ranging from 2.8 to 22.8 mm year, except for
Mae Jo, although it was only significant for Nan at 5% level. The positive trend was gen-
erally suggested to the premonsoon-season rainfall, but the significant trends were only
noticed at Roi Et in the premonsoon—season rainfall and at Nan in the monsoon-season
rainfall.

Mean annual rainfall of 2 locations in the west division of Thailand was 1,006 and
1,265 mm and within the rainfall range observed in the north and northeast divisions. The
average rainfall in the dry season was 83 and 45mm with occupation of 8.3 and 3.6%,
respectively, of the mean annual rainfall. The positive trend in the premonsoon—-season
rainfall and the negative trend in the monsoon-season rainfall were suggested, although
the regression coefficients were all insignificant. In general, features and trends of the
annual and seasonal rainfall in the west division were considered similar to those in the
north and northeast divisions.

Tropical rainforest climate (Region II of humid to perhumid equatorial climate by
Kawaguchi and Kyuma (1977)) is prevailing in the south division of Thailand. Mean
annual rainfall of 3 locations in the south division was in a range of 1,947 to 2,157 mm and
considerably larger than that of the other divisions. Rainfall distribution was rather
uniform throughout the year at Surat Thani and Songkhla located along the eastern side
of the peninsula, whereas it was a little concentrated in the season of June to October at
Krabi located along the western side of the peninsula. Concerning the rainfall trend, the
negative but insignificant trends in the annual and seasonal (June to October) rainfall
were shown at Surat Thani. However, the positive and significant trend in the seasonal
(November to February) rainfall was indicated for Songkhla and Krabi with regres-
sion—-coefficients of 47.0 and 27.9mm year™, respectively. The significantly positive trend
was also indicated in the annual rainfall of Songkhla with a regression—coefficient of

50.3mm year™.

Bangladesh and Viet Nam

Results for Bangladesh and Viet Nam are shown in Table 2. Major 4 cities of Dhaka,
Sylhet, Rajshahi, and Chittagong in Bangladesh, and Ha Noi, the capital, in Viet Nam were
selected for the rainfall analysis. These cities are distributed between 21.0°N and 25.4°N
around the Tropic of Cancer. In Bangladesh, mean annual rainfall increased from
1,526 mm at Rajshahi (western region) to 4,244 mm at Sylhet (northeastern region)
through 2,154 mm at Dhaka (central region) and 2,941 mm at Chittagong (southeastern
region). The whole country of Bangladesh is under tropical to subtropical monsoon cli-
mate (Kawaguchi and Kyuma, 1977; mainly Region VI with IV and VII according to their
climatic region). Percentage of the average rainfall in the dry season (November to
March) to the mean annual rainfall was in a narrow range of 4.8 to 7.0% for the 4 loca-
tions, although the amount varied from 73 mm at Rajshahi to 264 mm at Sylhet. The
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Table 2. Average and coefficient of variation, and regression coefficient of the first regression equation
in rainfall during recent 20 years at different locations in Bangladesh and Viet Nam

Annual® Dry-season® Premonsoon-season®  Monsoon-season®
Latitude- Dura- . (Novermber to March) (April to May) (June to October)
Longitude* tion  Ave €V RC Ave CV  RC Ave GV RC Ave CV  RC

(mm) (%) (mmyear’) (mm) (%) (mmyear’) (mm) (%) (mmyear?) (mm) (%) (mm year!)

Country  Location

Bangladesh Dhaka 2342N- 1981 2154 21 -153 151 46 -21 49 38 -38 1507 22 -84
90.22E  to
Sylhet 2543N- 2001 4244 15 393 254 56  -16 928 31 -173 3063 17 -211
91.51E
Rajshahi 24.24N- 1526 21 -14 78 8 05 215 48 63 1235 22 70
88.40E
Chittagong ~ 2220N- 1981to 2941 15 115 167 70 41 432 49 76 2327 18 6.2
91.48E 2000
VietNam  Ha Noi 21.0IN-  1980to 1596 30 -19.2 100 84 92 265 57 38 1117 & 61

105.52E 1999

¢ Degree (°) is not shown in the expression of latitude-longitude.
®Ave: average; CV: coefficient of variation; RC: regression coefficient in the first regression equation.

negative trends at Dhaka and Sylhet while the positive trends at Chittagong in the annual
rainfall and the rainfall in the 3 seasons were indicated, but all trends were insignificant.
The negative but insignificant trend in the premonsoon-season rainfall was indicated for
Rajshahi; rainfall in the dry season is already in a insufficient level in the west region, and
the decrease in rainfall in the premonsoon season has a severe damage on the cultivation
of rabi crops and aus rice without irrigation.

Ha Noi in Viet Nam is under subtropical monsoon climate (Kawaguchl and Kyuma,
1977; Region VII according to their climatic region). Mean annual rainfall was 1,596 mm.
The average rainfall in the dry season (November to March) was 84 mm with occupation
of 5.3% in the mean annual rainfall. The negative trends in the annual rainfall and the
rainfall in the premonsoon and monsoon seasons and the positive trend in the rainfall in
the dry season were indicated, although all trends were not significant.

Indonesia

Results for Indonesia are presented in Table 3. Seven locations were selected from
major 3 islands of Sumatra, Kalimantan, and Java in Indonesia. These locations are under
tropical rainforest climate and belong to humid (Region I) and perhumid. (Region II)
equatorial climates according to the climatic region by Kawaguchi and Kyuma (1977).
Mean annual rainfall was higher for Tabing (Padang) and Darmaga (Bogor) under perhu-
mid equatorial climate, with values of 3,717 and 3,775 mm, respectively, than for Polonia
(Medan), Sepinggan (Balikpapan), Jakarta, Bandung, and Juanda (Surabaya) having
mean annual rainfall ranging from 1,759 to 2,422mm. The average rainfall was almost
similar between the seasons of April to September and of October to March at Polonia,
Tabing, Sepinggan, and Darmaga, whereas it was considerably higher for the season of
October to March than for the season of April to September at Jakarta, Bandung, and
Juanda, as expected from the example of the rainfall distribution shown to Region I by
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Table 3. Average and coefficient of variation, and regression coefficient of the first regression equation
in rainfall during recent 20 years at different locations in Indonesia

Island Location  Latitude— Annual® Dry-season® Rainy-season®
Longitude't, ra- (April to September) (October to March)
ion
Ave CV RC Ave CV RC Ave CV RC

(mm) (%) (mmyear!) (mm) (%) (mmyear’) (mm) (%) (mm year)

Sumatra  Polonia® 3.34N- 1970 2132 16 -1.7 1056 27 2.5 1085 22 —4.9
(Medan) 98.41E to

Tabing 0.638- 1997 3717 22 482 1722 28  -36.1** 2028 23 -5.5
(Padang)  100.21E

Kalimantan Sepinggan 1.165- 1971to 2422 20 -5.8 1210 28 -5.9 1233 20 2.0
(Balikpapan) 116.54E 1997

Java Jakarta  6.10S- 1970 1895 19 _17.8* 522 32 05 1376 22 -15.7*

106.49E_ to
Bandung®  6555- 1997 1761 30 415 627 43 174 1085 22 203
107.36E

Darmaga®  6.305- 1971to 8775 16 —420 1670 20 345  gg02 16 -121
(Bogor)  106.45E 1997
Juandas  7.135-  1972to 1759 26 100 449 45 08 1339 23 23
(Surabaya) 112.43E 1997

®* Degree (°) is not shown in the expression of latitude-longitude.

b Ave: average; CV: coefficient of variation; RC: regression coefficient in the first regression equation.

¢ Significance of the regression coefficient could not be calculated for Polonia, Bandung, Darmaga, and
Juanda due to partial missing of monthly rainfall data.

** and * mean significance at 1% and 5% levels, respectively.

Kawaguchi and Kyuma (1977).

Concerning the rainfall trend, Tabing in Sumatra Island indicated the significantly
negative trends in the annual and seasonal (April to September) rainfall with regres-
sion—coefficients of —48.2 and -36.1 mm year, respectively. Jakarta in Java Island also
gave the significantly negative trends in the annual and seasonal (October to March) rain-
fall, and the corresponding regression—coefficients were —17.8 and -15.7mm year®. No
significant trend in rainfall was recognized for Sepinggan in Kalimantan Island.
Significance of the regression coefficient could not be verified to the other 4 locations due
to partial missing of monthly rainfall data, but the negative trends in the annual and sea-
sonal rainfall were strongly suggested for Bandung and Darmaga in Java Island but not for
Polonia in Sumatra Island and Juanda in Java Island, based on the magnitude of their
regression—coefficients. In Java Island, Jakarta, Bandung, and Darmaga are located in the
western half while Juanda is in the eastern half of the island. In Sumatra Island, Polonia is
located in the side along the Straits of Malacca while Tabing is.in the side along the Indian
Ocean. No significantly positive trend was found in Indonesia, different from Peninsula
Thailand.

CONCLUSIONS

Significant trends in annual and/or seasonal rainfall during recent 20 years were
identified at several locations under tropical rainforest climate in Thailand and Indonesia.



Recent Rainfall Trends in Tropical to Subtropical Asia 225

The positive rainfall trend was recognized at locations in Peninsula Thailand, whereas the
negative rainfall trend was identified at locations along the side of the Indian Ocean of
Sumatra Island and in the western half of Java Island. Under tropical to subtropical
monsoon climate, very few locations showed the significantly positive trend in the annual
and/or seasonal rainfall in Thailand.
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