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FOREWORD 
Research to increase food production requires detailed knowledge of the characteristics of 
the climate within which the farmer must work. Recognizing the importance ofclimate, an 
IRRI-sponsored team of meteorologists developed and published An agroclimaticclassi

fication for evahlating cropping systetns potentials in Southeast Asian rice-growing 
regions in i974. I 

Agroclimatic maps have since been published for the Philippines, Bangladesh, and 
portions of Indonesia. Agroclimatic and dr'-seasonmnaps ofSouth, Southeast, and East 
Asia goes further; the series of three dry-season maps portray the length, time, and 
intensity of the water-deficit period for the rice-producing area from Pakistan through 
Korea. 

Each map set presents a climate-based regional division of the area producing the vast 
majority of the world's rice. The regions are generic to enable ready identification of areas 
of similar climatic regime. 

The maps were developed by Dr. Robert E. Huke, visiting scientist from the Depart
ment of Geography, Dartmouth College, Hanover, New Hampshire, USA; the carto
graphy was done by Ms. Eleanor Huke, cartographic technician, Cold Regions Research 
and Engineering Laboratory, Hanover. 

Earlier work by E. Manalo of IRRI's Multiple Cropping Department was found 
valuable and was relied upon extensively for the Philippine portions of the agroclimatic 
maps. 

The IRRI Multiple Cropping Department and Dartmouth College allowed the author 
use of computer facilities to process data from about 3,000 stations to develop the 
dry-season maps. 

The text was edited by Dr. Thomas R. Hargrove and Ms. Corazon Mendoza of IRRI's 
Information Services Department. 

Marcos R. Vega 
Acting Director General 
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This study was initiated to provide intermediate-scale maps 
illustrating two views of the climate over a broad arc of 
rice-producing regions, from Pakistan to Japan, including 
offshore archipelagos of Indonesia and the Philippines and 
most of China. In climatic characteristics, the agroclimatic 
map set is conventional and the dry-season set, nonconven-
tional. The agroclimatic maps portray the relative lengths of 
the wet and dry periods in the tradition of the useful maps 
developed and presented by Oldeman (1975,1977, 1979) and 
Manalo (1977a, 1977b). The dry-season maps portray the 
length, intensity, and timing of the dry season. 

Most climate classifications originated as teaching tools 
have been helpful in developing a general understanding of 
environmental differences over broad areas. The classifica-
tion schemes have provided a shorthand system for express-
ing information about the amount and temporal distribution 
of rainfall, with some consideration for both the mean 
monthly and the ann, al march of temperature. Systems of 
this type provide a bas -for understanding regional patterns of 
atmospheric circulation and may even help explain the spatial 
pattern of cropping systems or of natural vegetation. Often 
the regions produced by such systems are named correspond-
ing to the dominant natural vegetative cover of the area, i.e., 
tropical rain forest, and taiga. The original training as plant 
geographers of several authors of climate classification sys-
tems may partly account for the apparent coincidence of 
vegetative and climatic boundaries. Thus climates arc classi
fied largely on the basis of vegetative limits, as observed and 
mapped in nature. 

The widely used and well-known Koppen system (Miller 
1964, Rumney 1968, Critchfield 1960) is probably the out-
standing example of this tradition. Perhaps the use of natural 
vegetation to indicate climatic boundaries was widely ac-
cepted because the pattern of natural vegetation is often an 
excellent expression of the interaction of a wide range of 

environmental phenomena, including climate, soil, and slope 
characteristics on a continental scale. 

Soon after the turn of the century, when Herbertson's 
(Miller 1964, Rumney 1968, Critchfield 1960) climate classifi
cation was developed, the aim was to produce a unique 
system of broadly delimiting climatic regions. In the 1930s, 
when the Koppen system was proposed, the aim was to have a 
generic system that would identify similar climates across the 
world. In the early systems, providing a tool to help in 
agricultural planning was not an objective partly because at 
the time there was little pressure on available food supplies. 
Production could be increased by cultivating new land. Thc 
emphasis turned toward intensification of production on the 
existing farm base after World War 11. 

The early classification systems provided fine deccriptive 
materials but were insufficiently detailed to serve the needs of 
agricultural scientists. Agronomists, multiple cropping spe
cialists, and plant breeders needed an analytic classification to 
help them best use the environmental resources to produce 
the volume and range of crops needed by a rapidly growing 
population. In the late 1970s, researchers focused on the 
characteristics of transition periods such as the variability in 
time and intensity of the rains at the beginning and end of the 
dry season. The focus of studies in agricultural meteorology 
shifted from general aspects of climate to timing and severity 
of potential plant stresses. 

COVERAGE 
The maps cover less than 15% of the world's land surface. 
This area, however, iscrowded by 50% of the world's popula
tion. The population density is roughly six times that of the 
rest of the world, and the population of South and East Asia 
is predominantly agricultural. 'he 2 billion 100 million per
sons who lived in the mapped area in 1979 each had an 
average of less than 0.2 ha of cultivable land from which to 
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produce not only their food but also a surplus to sell. 
In contrast, the per capita farm land in the remainder of the 

world is 2.5 times that of South and East Asia. The pressure 
on the land is greater and the need to increase productivity 
clearly more urgent than in any other major portion of the 
earth. 

PRFVIOUS STUDIES 
Many climatologists have studied thearea between Pakistan 
and Japan. The studies have ranged in scale from the micro-
climate of a Singapore garden to the date of onset of the 
monsoon rains over the entire Indian subcontinent. Results of 
some studies are presented in atlas form; others as descriptive 
or analytic essays. A variety of classification schemes has been 
proposed and probability estimates for precipitation, by 
week, have been published. 

Most of the available studies focus on rainfall or a special 
aspect ol the rainy seas on. A comprehensive knowledge of the 
wet portion of the year has already been developed for much 
ol the agricultural portion of South and East Asia. As we 
ente the 9 Js. the attention of agricultural scientists appears 
directed toward an Undcrstanding of the prerainy, the post-
'ainv ;ind the drv season. Hiopefully a better understanding 
of these critical periods vill help in tile successful intensifica-
tion of cropping patterns. 

Interest in the length and intensity of the dry season as it 
varies over tinie and space is considerable. There is concern 
with residual soil moisture and its possible use by a second or 
third crop. lhe question of how to improve the productivit\ 
of dryland rice locuses on the same problem as do a series of 
questions concerning the expansion and improvement of 
irrigation facilities. 

The current inadequacy of knowledge of weather and 
climate hampers the portrayal of the conditions under which 
Asia's small farmers must operate. In part this is because 
"Rainfall in the monsoon regions more often than not is 
characterized by a high spatial and temponil va;iability lead-
ing to atmospheric and soil drought conditions affecting crop 
growth and development" (Sastry 1977). The onset of 
drought may not be noticed at first, but its progress is expo-
nertial and its impact on the farmer is devastating. 

THF SYSTEMS USED 
The agroclitnatic maps in this series are modeled directiv after 
those of Oldema nand Manalo. The classification system was 
first developed in November 1973, when a working group of 
specialists, including meteorologistsand hydrometeorologists 
representing a wide range of assistance programs, met at the 
International Rice Research Institute (IRRI) to establish test 
sites for Southeast Asian cropping systems. The group's first 
task was to identify and characterize the various climatic 
zones of Southeast Asia. It was assumed that although many 
macroclimatic par;,meters were important, the data on the 
character of the rainy season were most readily available and 
would ultimately determine the success or failure of innova-

tive multiple-cropping systems. Thus, monthly rainfall was 
the first criterion used in delimiting major climatic zones. 

An arbitrary boundary was set at 200 mm, based on two 
assumptions: 1)Losses due to evapotranspiration, although 
variable over the year, generally amount to around 
100 mm/month; and 2) Losses due to percolation and seep
age, although variable, depending on soil characteristics are 
generally set at around 100 mm/month (IRRI 1974). 

The second criterion was the number of months with 
200 mm or more rainfali. An arbitrary boundary was set at 
5-9 consecuive wet months. If there are less than 5 consecu
tive wet months, the possibilities of growing 2 crops are 
limited. If there are more than 9 consecutive wet months, the 
Southeast Asian farmer is most likeli to grow 2 crops of 
puddled rice. 

Using this system, the IRRI group categorized major por
tions of Southeast Asia anci adjoining territories into 8 rainfall 
or agroclimatic zones ranging from areas with more than 9 
consecutive wet months to areas with less than 2.1%i'.port, 
with its accompanying maps, appears to have !aid the 
groundwork for later work by Oldeman (1975, 1977, 1979) 
and by Manalo ( 1977a, 1977b). Those authors each deve
loped agroclimatic maps based on aclassification scheme that 
gave equal emphasis to wet months> 200 mm of precipita
tion and to dry months < 100 rum in the delimitation of 
regions. Thus, Manalo's agroclimatic map of the Philippines 
delimits 13 generic regions ranging from the humid extreme 
of .2dry months and > 9 wet months to the arid extreme of 
> 6 dry and < 3 wet months. Each author indicates areas of 
exceptionally heavy precipitation in addition to a series of 
generic regions. 

'[he agroclimatic maps of South and Southeast Asia use 
Manalo's system, retaining limits of 200 mm and 100 mm for 
wet and dry months, respectively. The limit for exceptionally 
heavy precipitation remains at least I month with> 500 mm. 

But in East Asia, the mean latitude is considerably higher 
than in Soutn or Soutbast Asia and the climate ranges from 
subtropical to continental. In most of China, Japan, and 
Korea, moisture losses in the winter are so low that the 100
and 200-mm limits have no significance. As monthly mean 
temperatures approach the freezing point, potential evapo
transpiration (PE) approaches zero. Under these conditions,
precipitation of much lower than 200 mm results in a pro
nounced surplus of moisture. Because the definitions used for 
wet and d/ri"nontlts" in tropical areas clearly do not apply in 
East Asia, no agroclimatic maps were prepared. 

Tihe Thornthwaite (1948) formulas, however, take into 
account the annual march of temperature and the greatly 
varying length of daylight hours. Thus, use of this system for 
midlatitude locations produces a map consistent with farmers' 
experience. A dry-season map has been developed for East 
Asia. 

The dry-season set of accompanying maps shows the char
acter of that season, where it exists. The length of the dry 
s ason is the primary mapping determinant; drought severity 
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is the secondary parameter. Rainfall bar graphs indicate the 
timing of the dry period for a range of representative 
locations, 

On these maps a dry month refers to a month during which 
the PE exceeds the actual evapotranspiration (AE). The 
months qualifying as dry under this definition are often fewer 
than the months in which PE exceeds precipitation, because 
when soil moisture storage is very close to the soil's storage 
capacity, the plant roots can continue to withdraw soil mois-
ture at a rate almost equal to that under saturation. As soil 
within the root range of the plant cover becomes drier, how-
ever, it becomes progressively more difficult for the plant to 
fully satisfy its moisture needs. Actual evapotranspiration 
drops below the PE and water stress manifests itself in some 
way. As the World Meteorological Organization (WMO) 
suggests, "Drought in the agricultural sense does not begin 
with the cessation of rain but rather when available stored 
water will support actual evapotranspiration at only a small 
fraction of the potential evapotranspiration rate" (Hounam 
1975). 

SOIL MOISTURE 
The plant initiates what O'Fooie and Chang (1977) term 
drought avoidance mechanivm as the soil begins to dry and 
the moisture availability within the main root zone of the crop 
drops below field capacity. Such mechanisms often include a 
downward and horizontal extension of the root system to 
reach new water sources (Fig. 1). Such adaptations may 
enable the plant to maintain modest transpiration, but almost 
always at an ever-decreasing rate. When the soil moisture 
content drops to roughly 15 bars (soil moisture tension of 15 
atm.), the plant has removed essentially all the soil moisture it 
can and reaches the perm'inent wilting point. 

As soil moisture content falls, an increase in the PE often 
aggravates drought conditions. This is due to a radiation 
increase related to a decrease in cloud cover. Drought severity 

increases during such periods of higher than normal ,empera-

fure and lower than nornalhumiditY, 

' ' 

S -In 
. ... 

,state7 

I" , 

I. Drought avoidance mechanisms - plant characteristics that prevent 

severe water deficits or prevent long duration of water stress, 

The character of the soil, especially its moisture-holding 
capacity, greatly influences the success of agriculture in dry 
periods. In this mapping program, soil moisture capacity was 
included in the estimation of water balance. It was determined 
by identifying data for the field capacity of the specific soil 
found at each location for use in the formula. Soil moisture 
capacity fell into one of three levels, as defined by the FAO--
UNESCO Soil Map of the Worla. 

Syarifuddin (1979) suggests that soil moisture may be lost 
more rapidly from puddled soils with no cover of standing 
water than from nonpuddled soils under similar climatic and 
environmental conditions. That suggests that even small 
excesses of PE over AE during short time periods may cause 
water stress. Therefore this mapping program defines as dry 
any month during which the AE falls below the PE. 

LONG-TERM PRECIPITATION MEANS 
Normal precipitation for a specific date, week, month, or year 
isdetermined by summing the observations recorded over the 
available record and dividing by the number of observations. 
The size of any individual record entering the tabulation of 
the normal or mean has ,,irtually no upper limit but clearly it 
cannot fall below zero. A single very high figure can easily 
distort the meaning of nornialprecipitation. Individual read
ings below the mean will always outnumber those above it 
bccause the distribution of precipitation data for any period 
shows a moderate positive skewness. The shorter the period, 
the more pronounced the trend: thus monthly rainfall records 
are likely to be more skewed than yearly records. 

An example of this tendency may be seen in the 94 years of 
rainfall hi!;tor for Cuttack, Orissa, India. Here the clino or 
94-year mean precipitation is 1,545 mm. The 94 years com
prise 54 years with totals below the clino and 40 years with 
higher readings. For.January the clino of 10 mm includes only 
25 (of 94) years with readings higher than th . mean, 2 years 
with readings equal to it, and 67 years with 'ess than 10 mm 
(Table 1). Even for the wettest month, Augu! t, 60 of 94 years 
show precipitation below the mean. 

Temperature data, on the other hand, show no such bias 
although they may be characterized .by small long-term 
changes. Temperature readings below the mean are as com
non ats figures above it. 

his situation using normalfigures to map the length and 
intensity of a dry period clearly causes a tendency to under

the case. Dry periods will be somewhat more frequent 
with greater impact on the farmer than the mean data indi
cate. Mapping only deficits ofgreater than, say, 10 min would 
further the distort; n. 

The relative wetness or dryness of the climate in a location 

is determined by the relationship between moisture, gain and 
moisture loss. On a regional basis, moisture gain isby precipi
tation alone while moisture loss results from both evapora
tion and transpiration. In periods of excess precipitation, 

moisture is also lost through surface runoff and loss to the 
ground water table after soil moisture has reached capacity. 
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Table 1. Rainfall by month - 94 years, Cuttack, Orissa, India. 

Year 
---.-

1867 
1868 
1869 
1870 

Mean 

Jan 

0 
3 

10 
27 

-

Feb 

38 
1 

3 
0 

-

Mar 

20 
3 

44 
23 

Apr 

60 
36 
42 
31 

_______ 

May 

55 
82 
22 
47 

Precipitation (mm)
Jun Jul Aug 

197 275 242 
435 257 227 
171 382 146 
188 186 254 

Sep 

257 
249 
234 
224 

Oct 

137 
50 
136 
219 

Nov 

9 
0 
0 

69 

Dec 

0 
0 
0 
0 

To:al 

1290 
1343 
1222 
1268 

1871 
1872 
1873 
1874 
1875 

1876 
1877 
1878 
1879 
1880 

Mean 

0 
0 
0 

46 
26 

0 
15 
3 
0 
1 

9.1 

14 
16 
0 
57 
0 

0 
31 
4 
2 

53 

17.7 

11 
0 
69 
17 
2 

1 
22 
25 
29 
0 

17.6 

147 
17 
42 
0 
65 

5 
98 
19 
0 

34 

42.7 

107 
60 
28 
88 
84 

85 
145 
145 
216 
170 

112.8 

189 
450 
76 

430 
506 

142 
150 
225 
91 

203 

246.2 

389 
323 
268 
410 
691 

249 
234 
300 
311 
278 

345.3 

151 
242 
256 
518 
212 

192 
114 
296 
482 
538 

300.1 

246 
223 
159 
308 
489 

250 
159 
163 
240 
261 

249.8 

23 
410 
65 

272 
260 

124 
77 
125 
124 
131 

161.1 

0 
61 
9 

56 
0 

0 
0 

72 
6 

35 

23.9 

4 
5 
9 
1 
0 

0 
0 
10 
39 
0 

6.8 

1281 
1807 
981 

2203 
2335 

1048 
1045 
1387 
1540 
1704 

1533.1 
1881 
1882 
1883 
1884 
1885 

1886 
1887 
1888 
1889 
1890 

Mean 

0 
2 
0 
1 
0 

9 
15 
21 
0 
0 

4.8 

0 
14 
5 

18 
86 

9 
0 

16 
8 
0 

15.6 

56 
1 

32 
53 
27 

144 
46 
54 
1 

61 

47.5 

15 
34 
2 

89 
49 

0 
23 
0 

21 
0 

23.3 

31 
143 
126 
50 
146 

138 
111 
79 
84 
97 

100.5 

430 
172 
586 
453 
78 

509 
387 
26 

472 
311 

342.4 

356 
624 
364 
251 
296 

280 
297 
226 
323 
537 

355.4 

255 
374 
219 
300 
175 

219 
268 
645 
371 
356 

318.2 

286 
301 
328 
220 
212 

355 
181 
255 
142 
534 

281.4 

59 
194 
14 
61 
66 

299 
25 
36 

225 
217 

119.6 

13 
70 
8 
0 

37 

51 
6 
72 

293 
49 

59.9 

5 
0 

24 
11 
41 

12 
0 
0 
0 
0 

9.3 

1506 
1929 
1708 
1507 
1213 

2025 
1359 
1430 
1940 
2162 

1677.9 

1891 
1892 
1893 
1894 
1895 

1896 
1897 
1898 
1899 
1900 

M~an 

0 
0 

48 
0 
0 

0 
0 
0 
0 
0 

4.8 

15 
0 
58 
1 
0 

0 
14 
3 
5 
1 

9.7 

143 
0 

81 
4 
2 

13 
137 
0 
1 

21 

40.2 

0 
4 
15 
17 
36 

0 
40 
50 
126 
37 

32.5 

136 
44 

483 
4 

46 

87 
3 

85 
149 
80 

109.7 

54 
299 
161 
494 
587 

466 
218 
192 
291 
101 

286.3 

267 
316 
165 
264 
292 

303 
260 
151 
268 
209 

249.5 

508 
162 
419 
166 
481 

353 
337 
386 
167 
551 

353.0 

786 
234 
380 
130 
173 

209 
180 
159 
153 
535 

293.9 

46 
317 
139 
135 
74 

0 
153 
206 
300 
221 

159.1 

124 
9 
0 

67 
42 

2 
53 
0 
0 
0 

29.7 

0 
0 
0 
0 
1 

0 
5 
0 
1 
0 

0.7 

2079 
1385 
1949 
1282 
1734 

1433 
1400 
1212 
1461 
1756 

1569.1 

1901 
1902 
1903 
1904 
1905 

1906 
1907 
1908 
1909 
1910 

Mean 

31 
18 
9 
0 
8 

9 
0 

24 
0 

20 

11.9 

66 
0 

44 
5 
14 

70 
11 
0 
32 
0 

24.2 

0 
3 
4 
6 

63 

3 
47 
16 
0 
0 

14.2 

23 
100 

1 
0 
9 

2 
146 
0 

141 
26 

44.8 

77 
69 
113 
135 
128 

138 
81 
47 
58 
59 

90.5 

102 
197 
164 
268 
68 

195 
202 
439 
208 
277 

212.0 

324 
643 
358 
137 
219 

259 
156 
243 
443 
360 

314.2 

189 
371 
332 
335 
169 

155 
902 
658 
326 
412 

385.5 

145 
147 
358 
243 
182 

195 
203 
255 
297 
334 

236.5 

97 
36 

311 
55 
42 

146 
14 
41 
31 

250 

102.3 

100 
0 

14 
0 
0 

23 
1 
0 
0 
0 

138 

0 
60 
1 
5 
0 

1 
18 
0 

62 
0 

14.7 

1154 
1650 
1709 
1189 
902 

1196 
1787 
1723 
1598 
1738 

1464.6 
1911 
1912 
1913 
1914 
1915 

1916 
1917 
1918 
1919 
1920 

Mean 

0 
0 
0 
0 
4 

0 
0 
0 

81 
0 

8.5 

3 
39 
39 
60 
25 

0 
133 
0 
17 
16 

33.2 

127 
7 

23 
1 

42 

0 
25 
25 
0 

103 

35.3 

44 
19 
14 
22 
34 

34 
36 
37 
27 
1 

26.8 

55 
30 

163 
160 
184 

65 
89 
98 
69 
56 

97.2 

381 
198 
153 
252 
225 

509 
309 
318 
263 
160 

276.8 

100 
259 
542 
455 
172 

99 
281 
147 
369 
608 

303.2 

257 
347 
195 
214 
377 

391 
413 
289 
472 
185 

314.0 

324 
203 
181 
343 
252 

125 
198 
53 

156 
169 

200.4 

97 
167 
133 
0 

218 

289 
417 

3 
134 
40 

149.8 

0 
101 
19 
0 

250 

87 
10 
0 

132 
0 

59.9 

0 
0 
2 
8 
0 

0 
0 
1 
0 
0 

1.1 

1388 
1370 
1464 
1515 
1783 

1b02 
1911 
971 
1720 
1338 

1506.2 
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Table 1 continued 

Year _ -Precipitation (mm) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1921 75 1 19 241 248 2441 8 184 38 0 0 1058
 
1922 10 8 1 0 21 311 586 191 330 67 21 
 0 1546
 
1923 0 108 1 9 59 117 299 283 
 197 216 197 8 1494 
1924 32 10 0 0 161 47 217 297 288 76 235 0 1363
 
1925 0 
 0 0 34 60 582 512 187 325 295 2 20 2017
 
1926 5 6 137 45 61 142 
 372 669 299 164 0 0 1900
 
1927 0 1 0 0 42 128 366 351 265 93 6 0 1252
 
1928 0 0 0 108 115 292 281 320 5 0
418 168 1707
 
1929 1 32 0 0 38 
 143 302 436 259 249 0 51 1511
 
1930 0 12 6 25 72 233 315 
 313 201 52 215 0 1444 
Mean 12.3 17.8 14.6 22.9 64.7 223.6 363.5 319.2 257.6 157.0 68.1 7.9 1529.2 

1931 4 6 10 0 63 146 252 474 248 294 
 29 5 1531
 
1932 0 15 93 9 105 67 569 164 40 177 0
200 1439
 
1933 33 4 1 26 179 427 823 330
328 126 4 0 2281
 
1934 0 11 2 0 19 263 260 537 323 138 3 0 1556 
1935 1 9 18 51 3 153 567 
 158 221 5 0 0 1186 
1936 6 54 4 0 230 517 374 533 218 352 17 1 2306 
1937 0 91 7 84 86 241 355 230 336 50 0 0 1480
 
1938 9 5 I 0 103 
 211 250 288 141 172 3 0 1183
 
1939 14 18 36 123 390
2 6 209 247 277 6 2 1330
 
1940 0 27 100 30 148 337 644 311 209 85 2 
 2 1895 
Mean 6.7 22.4 25.4 20.6 97.2 238.6 408.8 372.7 247.3 153.9 24.1 1.0 1618.7 

1941 34 0 
 3 7 36 245 542 173 302 197 29 0 1568
 
1942 1 0 12 114 267
16 31 440 240 55 179 0 1355
 
1943 31 0 8 35 29 195 680 366 202 43 9 0 1598
 
1944 30 188 49 61 12 201 
 460 328 174 178 2 0 1683
 
1945 7 0 46 85 419 194
0 33 312 354 0 15 1405 
1946 0 0 23 15. 155 355 369 511 220 184 84 0 2053 
1947 34 71 6 32 46 310 347 526 137 56 0 96 1661
 
1948 24 111 13 18 38 171 288 
 488 327 73 64 0 1615
 
1949 0 8 0 21 70 142 166 229 202 259 0 
 0 1097
 
1950 0 9 87 1 59 
 216 210 398 404 54 233 0 1671 
Mean 1G.1 18.9 50.3 2034 374840.3 39.1 377.1 240.2 145.3 60.0 11.1 1576.6 

1951 0 0 71 40 81 173 453 325 213 111 57 0 1524 
1952 1 -  201 261 218 228 0 0
 
1953 32 
 0 0 0 58 159 245 417 148 77 91 0 1227
 
1954 0 34 0 13 50 266 
 178 320 390 223 0 10 1484
 
1955 0 17 117 147 148
0 14 376 455 494 135 0 1903
 
1956 0 59 3 1 157 465 345 521 445 349 
 27 0 2372
 
1957 12 20 8 1 3 
 101 246 337 146 10 0 0 884
 
1958 29 67 3 10 101 
 260 297 293 206 93 0
 
1959 11 16 1 81 102 95 255 326 164 244 0 
 5 1300
 
1960 0 0 21 9 35 298 
 487 258 215 95 0 4 1422
 

Mean 8.5 ?1.8 13.8 19.9 681 2006 2818 J43.8 2687 203.7 40.3 1.9 1472.9 
Clino .... 10 19 70 207 3557 26 365 252 168 41 5 1545 

EVAPOTRANSPIRATION flowering (Fig. 3). The variability in evapotranspiration rate 
Evaporation is by far the major component of evapotranspi- under constant solar radiation ranges from about 15% below, 
ration during the plant's early growth stages when the canopy to 15% above the crop mean. The Thornthwaite system does 
covers only a small portion of the soil surf ce. Evaporation not model this variability within the growth period of an 
from the shaded soil surface decreases sharply and the role of individual crop but portrays conditions in a soil covered by a 
transpiration increases at the approach of active tillering, and vigorously growing and healthy crop. hlie system i designed 
also at flowering (Fig. 2). Toniar and O'Toole (1978) sug- to show similarities and differences in the quality of the 
gested that the evapotranspiration in wetland rice for a range climate for apiculhural purposes from place to place. The 
of Asian countries reaches an early peak just before the method defines and describes a region, a spatial unit which in 
maximum-tillering stage, then reaches an even higher peak at the real world would surely include subregions covered by 
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Potential evapotranspiration (mm/day) 
5 

Tronsplanting FIo',rinng Maturit 

22. Evapotranspiration model of an irrigated rice crop under a constant level of solar radiation (4(X) cal/cm per 
day) (Yoshida 1978). 

ET4E rtocrops in various development, stages. Rather than assuming 
constant solar radiation, "Thornthwaite v'aries the radiation 

0 component month by month according to latitude, and 
attempts to present an evapotranspiration rate close to the 

3-Foer 
t mean for the crop growth period. 

In limited areas such as the equatonal regions and the 
windward slopes of coastal highlands in the midlatitudes, 

stagemonthly moisture gains exceed year-round evaporation and 
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evaporation (E!})ratio for wetland rice for Asian c:ountries lTontar and 
o'roole 1978). 
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the climnate isc!assed as huttmid orperhwnid. In other areas the 
potential evaporation exceeds the available moisture supply 
every month and the climate is classed as arid. But through

most of the world, the relationship between moisturegains and potential losses is such that certain periods of the 

year are marked by surplus while other periods are character
ized by moisture deficit, with accompanying stress on plant 
life and possible yield losses. The attached maps are con
cerned with such moisture-deficit periods. 
T .E
TORNTHWAITE CLASSIFICATION 

co}ncept of PE and the climate water balance were first 
developed and presented by Thornthwaite (1948) and were 

fundamental to the logic of his Rational Clarsi/icationz of 
Climate. Though a pionczr who became perhaps the most

known worker in the field, Thornthwaite by no means 

worked alone. 
J. Papadakis (1961) published a thoughtful monograph on 

his modification of the Thornthwaite system. Papadakis sug
gested that the Thornthwaite method of computing evapo
trnspiration gave results that were too low for the dry season 
in the tropics and suggested the avoidance of this alleged 
shortcoming by basing the computation on the average daily 
maximtznt temperatures and by considering the water 'vapor 
pressure. He presented impressive evidence to show his classi
fication's superiority over that ofThornthwaite when applied 
t aafo h ihAdsi euadBlva u ne
 
conditions closer to Asian rice environments, Peruel (1976) 
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graphed the measured pan evaporation over a 4-year period 
against the computed evapotranspiration figurcs, using both 
the Papadakis and the Thornthwaite formulas. Peruel con-
cluded that for Los Bahios data and for both the wet and the 
dry season, "Thomthwaite's formula [has shown a] signifi-
cant relationship with pan evaporation." In contrast, the 
Papadakis formula produced significantly lower results than 
did the measured data for all seasons, 

Almost simultaneously with the Thomthwaite publication, 
Penman (1948) introduced a formula for the estimation of 
PE, which he described as the amount ofwater transpired in a 
unit of time by a short green crop, completely shading the 
ground, of uniform height and never short of water. Penman 
argued that a location's PE varies only slightly from year to 
y'ear, because incoming solar radiation, which is constant 
from year to year, is the main controlling factor. In contrast, 
the Thornthwaite formula shows considerable yearly variabil-
ity for any station because it is strongly influenced by annual 
temperature range and the individual monthly temperature 
means. 

The Penman formula appears to give slightly lower read- 
ings in the high-sun period (the local summer or period of 
longer daylight) and slightly higher readings in the low sun 
period than the Thornthwaite formula. In this respect it is 
responsive to the criticism of Thornthwaite by Papadakis and 
by Rao et al (1976). Some authors prefer the Penman for- 
mula, arguing that it is based on sound physical and mathem- 
atical theories while Thornthwaite is more empirical. Thornth-
waite has been more widely used in the literature and has the 
advantage of being based on the station's precipitation and 
temperature data in combination with its latitude (and thus its 
potential solar radiation). Penman requires additional data 
(for example cloudiness expressed as a decimal fraction) that 
the Thornthwaite system does not call for and that are not 
available for most of the world's reporting weather stations. 

Using data from agricultural experiment stations across 
Canada, Baier and Robertson (1965) developed a series of 
regression equations to estimate latent evaporation using 
what they called simple weather ob.srvaiion.ts. The funda- 
mental formula required both maximum and minimum 
temperature: the inclusion of data for vapor pressure deficit 
and wind markedly improved the accuracy of the estimate, 
Unfortunately, most reporting locations seldom publish even 
such basic information. 

Linacre (1977) worked closely with the Penman formula to 
develop a methodology to estimate evaporation (not evapo-
transpiration) rates using temperature data alone. The for- 
mula appears to provide realistic results over a wide range of 
climates but, unfortunately, it too requires infrequently 
reported data on daily temperature range. 

Tamisin et al (1979) thoroughly analyzed potential evapo-
transpiration fo 35 Philippine stations using a modified 
Penman equation. Results were excellent but the technique 
requires wind speed and cloudiness data not normally avail-
able for a wide range of stations on a continental scale. In 

,GR(KTIIMA 

addition, the Tamisin analysis used eight radiation equations 
to represent conditions in a range of contrasting regions in the 
Philippines. The combination of complexity of calculation 
and inadequacy of data prevented this technique's use on a 
continental scale. 

There is no method by which evapotranspiration over a 
wide range of environments can be predicted precisely on the 
basis of simple, available weather element data, although re
search suggests that Thornthwaite's empirically based system 
has consistently produced the most accurate results. Such a 
systcm clearly has no value in explaining enironmental 
processes (for which Thornthwaite never intended it). In 
Thornthwaite's day (as today) the system was useful only 
because it provided answers where no better ones were 
available. 

TI-M PORAL VARIABILITY 
Any map based on the use of long-term means of climatic 
elements has the disadvantage of masking variability. Rain
fill records for individual stations are not normally distri
buted. but are positively skewed. To illustrate the degree of 
variability and conditions that all climate classifications mask 
to some degree, many years of data for Cuttack, Orissa, India 
were analyzed. Cuttack was chosen because of its location -
in the heart of a major Indian rice region where food short
ages haVL .,ften been serious. The city lies at the head of the 
Mahanadi River )elta, in , district where about half of the 
rice area is nonirrigated. Tlie record for both temperature and 
rainfall is continuous from I 78: only rainfall data are availa
ble for I867-1877. 

1he data for each of the 83 years (1878-19(4)) were pro
cessed by a computer program based on Thornthwaite 
(hornthwaite and Mather 1955) formulas for PE, soil mois
ture storag,., AE.and waterdeficit. The program fortheycars 
1867-1 N77 was run using the pre-1930 temperature mean and 
the rainfall records for the in,. ridual N'ears. 

The i'ormal data for Cuttack indicate that the mean 
monthly precipitation for the 5-month period from June 
through October exceeds the PE in every month ('Fable 2), 
that soil moisture isat full capacity for the entire period, and 
that some runoff takes place each month. The normaldata 
indicate no %iater deficit from .June through October - fine 
conditions for rainfed rice production. 

Unfortunately for the farmer, there is seldom a year in 
which actual field conditions parallel normalconditions. The 
Cuttack data were processed emphasizing June through 
October -- the 5 months critical to wetland rice. Table 2 
indicates the years when actual rainfall for each of those 
months was less than the PE for the same month. Foreach of 
those years there was an important deviation in the weather 
from normnal a condition masked by the analysLs of mean 
data. 

Over the 94-year period. PE exceeded acttal precipitation 
in only 10, 9, and 12 years during July, August, and Sep
tember, respectively. lhese months are the least drought 
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Table 2. Years in which precipitation was less than potential evaporation (PE) in the wet season, by montha Cuttack, Orissa, India. 
Month Year when precipitation was < PE Occurrence Mean (mm)


(total no.) Precipitation PE 
 Surplus
June 1869, 1870, 1871, 1873, 1876. 1877, 1879. 1882, 1885. 1888, 1891, 37 207 187 20

1893, 1898, 1900, 1901, 1905. 1913, 1920, 1923, 1924, 1926, 1927,

1929, 1931, 1932, 1935, 1939. 1942, 1945, 1948, 1949, 1951, 1953,
 
1955,1957, 1958. 1959
 

July 1893, 1898, 1904, 1907, 1911. 1915, 1916, 1918,1949, 1955 
 10 355 168 187 
August 1869, 1871, 1877, 1892, 1894. 1899, 1905, 1932, 1935 9 365 174 191
September 1889, 1894, 1899, 1901, 1902, 1916. 1918, 1919. 1938. 1947, 1953, 12 252 165 87
 

1957
 
October 1867. 1868, 1869, 1871, 1873, 1876, 1877, 1878, 1879,1880, 1881, 

1883, 1884, 1885,1887, 1888, 1891, 1893, 1894. 1895, 1896, 1901, 
54 168 147 21 

1902. 1904,1905, 1906, 1907, 1908,1909,1911. 1914, 1918,1919,
 
1920,1921. 1922, 1924, 1927,1930, 1932, 1933, 1934, 1935, 1937,
1940. 1942. 1943, 1947,1948. 1950 1951, 1953, 1957, 1960


aLength of record, 94 years, 1867 through 1960
 

prone at Cuttack. Interestingly, in 4 of the 12 years when Table 3. Examples of Thorthwaite data on water balance for Cut-
September was dry, either July or August was also dry. In tack, Orissa, India. 
1894 and 1899 bo.h August and September were dry and a Precipitation Potential Soil Water Actual
modest famine prevailed in Orissa. In 1916, July and Sep- (mm) evaporation storage deficit evaporation

tember combined had 383 mm less than normal rainfall; that m (mm_(am_(am

drought year was closely followed by 1918 when the water 188¢', a typical year
deficit in the same 2 months slightly exceeded 400 mm and the 1 67 15 52 1553 98 10 39 58
2-month total rainfall was the lowest in 94 years of rainfall 0 8161 2 153
record. This disastrous season - one of the most serious of 34 183 0 148 36
170 191 
 0
tile famine years in Orissa's history -- ended with only 3 mm 21 170203 181 23 0 181of precipitation for October rather than the normal 168 mm. 278 179 100 0 179

The data suggest that a dry month early in the core of the 538 174 100 0 174
rainy season is often followed by another dry month later the 261 150 100 0 150131 147 85 1 146 same year ---a potential disaster for tile farmer on nonirri- 35 86 52 17 69
gated land. This phenomenon should be investigated further 0 57 29 
 35 22
 
so that cropping systems that minimize such losses can be 1956b, wettest year recorded 
designed. 0 78 18 62 16 

Table 2 indicates that June and October have almost iden- 59 83 11 213 62167 2 155 11
 
tical mean surpluses of precipitation over PE. Under these 
 1 186 0 184 3

conditions one might reasonably suspect that frequencies of 157 197 0 40 157
 

465
drought in these months will be roughly equal. But the record 345 
164 100 0 164168 100 0 168

shows that June suffered from drought 37 times while 521 174 100 0 174 
October was hit 54 times. That evidence strongly suggests that 445349 159 100 0 159138 
 100

temporal variability is far greater during the period of the 

0 138 
27 85 56 14 
 71 

retreat than during the onset of the rainy season, and empha- 0 66 29 39 27
sizes the pitfalls of any classification scheme based on long- 1957. driest year recorded 
term means. At Cuttack, the mean data shows a 5-month wet 12 84 2 70 14
 
season but that wet period included 122 months of drought 208 96 1 75 21151 0 143 9 
over 94 years. 1 183 0 182 1In 1956 Cuttack had the highest rainfall ever; in 1957, it had 3 208 0 205 3 

101 198
the lowest. During the 20-month dry period beginning with 246 179 0 97 10167 0 179
the record low rains of the 1957 monsoon season, the Palmer 337 174 100 0
(1965) drought index reached a 

174 
record low of -5.90, and 146 159 88 1 158

George eta] (1973) reported the drought asexreme during 10 10 156 20 79 770 99 8 86 13 
of the 20 months. Table 3 shows water balance data for the 0 74 4 70 4extreme years 1956 and 1957, as well as for 1880, a year quite aTotal water deficit (TWD) = 464. bTWD 515. rWD 1006.= 
close to normal. 

10 AGROCIIMAIIC ANt) DRY-SEASON M1APS OF SOtIll. SOUTHEAST, \N) EAST ASIA 



SPATIAL VARIABILITY 
Maps by nature portray a static condition. A line separating 
regions on a climatic map suggests a permanence seldom 
found in nature. As at Cuttack, the data, and possibly, the 
classification, forany station changes considerably from year 
to year. A perturbation ir,the data for one station is often 
mimicked by data from nearby stations. Thus, over time, 
entire regions can be shifted from one side of a boundary to 
another. The map indicates the mean position of a boundary 
in which spatial range may be considerable. 

The map of Central Burma (Fig. 4) shows an example of 
this mobility. Here Thornthwaite's humid-arid (Cl / D) hnund-
ary was plotted using daily data from 83 Central Burmese 
stations. The divide was plotted in position for each of the II 
consecutive years (1950-1960) for which data were available. 
The map shows the mean position of the divide as determined 
from the normal data for the 83 stations. The map also 
outlines all areas that were included within the boundary for 
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at least I year when mapping was based on data for individual 
years, and shows the core area classified as arid for the entire 
span of II years. The core area includes only 650 ki 2; its 
maximum extent is almost 45,000 km 2. Thus the core area 
includes only 1.5% of the outer limits of coverage. Such 
spatial variability, inherent in all climatic boundaries, should 
be considered when using the accompanying maps. 

WET-DRY TRANSITION 
The Cuttack data suggest that the end of the dry season comes 
more abruptly, with less variability over time, than its onset. 

This observation appears to agree with that of Morris and 
Zandstra (1978) in their study of probabilities for certain 
weekly rainfall totals at the onset and at the termination of the 
rain) season at lloilo and Pangasinan, Philippines. At those 
two sites. the date beyond which a given precipitation level 
could be expected at the end of the wet period varied over 20 
days but the expected date of a given level at the start of the 
rains varied by only 14 days. 
To further check :his pattern, the likelihood of wet and of 

dry days was studied at 3 stations in Burma using daily 
rainfail records for a 29-year period. Each date was classified 
as rainy ( 0.01 in., or 0.025 cm of precipitation) or dry 
(<0.01 in., or 0.025 cm). Any date that had a record of 15 or 

with dry days represented along the Y axis and wet days on 
the A'. Graphs 1.2, and 3 in Figure 5show the daily rainfall 
expectationsat Rangooin the Irrawaddy Delta, at Taunggyi 

-1-in the Shan Plateau, and at Mvitkvina in the far north. The 
transition from vertical (dry) to horizontal (wet) 

>-."- occurs in May at all three stations. The transition from wet to 
vdry occurs in September-October and fluctuates considerably 

-more than the May transition. The Burmese dry season at 
.I._leastappears to start slowly but ends abruptly. The transition 

in September-October is much longer than that in May. 
This same pattern of a dry season that ends more abruptly 

it begins was found in three spatially diverse Asian 
-locations north of the equator and markediy contradicts a 

conclusion reached in an IRRI (1974) study. The earlier work 
observed that. "While the onset of the rainy season isgradual, 

- the retreat of the equatorial low pressure belt and the cooling 

land masses at the same time causes a very abrupt end of 
rainy season, followed by a marked dry season." 
The dry season appears less understood than the wet sea

son and has seldom been the focus of either weather and 

climate studies or of classification schemes. Much of the hope 
for increasing food production in Asia depends upon increasing the cropping intensity of current agricultural lands. Suc

cess will largely depend on more effective use of transition
and of the dry season. The dry-season maps are 

intended to increase our understanding of that season. The 

4. Central Burma's dry belt. Annual variabiliiy ofarca classed as arid by the foci of interest are the length, timing, and intensity of the dry 
Thomthwaite system. portion of the year. 
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5. Three Burmese stations. Mean expectation of dry conditions (vertical) or w\et conditions (horizontal) hy date. Note sharp transition at Rangoon and more
gradual transition at Myitkyina. 

DATA USED 
Data from about 3,000 stations (see bibliography for a note 
on sources) were used to prepare the accompanying agro-
climatic maps. For some areas such as Jlava, data are avail-
able for many moke stations than could be used at the scale of 
this study. The grid of weather stations is sparse for other 
areas such as interior China and Indonesia's West Irian. In 
developing the agroclimatic maps, the work of Manalo for" 
the Philippines and Bangladesh was consulted, and the maps 
of Oldeman were used to supplement areas of.Tava, Sumatra, 
and Sulawesi, Indonesia, where data were less than optitnal. 

The dry-season maps were based on the same 3,000 sta-
tions, using the following criteria: 

* number of months during which a water deficit occurs in 
anormnalyear(saterdeficit isdefined as the condition in 
which actual evapotranspiration is less than potential 
evapotranspiration) and 

* the total water deficit for the year (the sum of 12 monthly 
deficit figures). 

For these maps it was necessary to process the data to 
calculate the climaic water budget for each station according 
to the Thornthwaite empirically based system. A simple pro
gram was written in BASIC to simplify the tedious process of 
hand calculation. The algorithm requires input of monthly 
temperature and rainfall data as well as the station's latitude 
to the closest degree and the soil moisture storage capacity in 
millimeter(default when data not available are 100 mm). The 
program prints five animal index figures as well as monthly 
totals for: I) potential evapotranspiration, 2) soil storage, 3) 
water deficit, and 4) actual evapotranspiration. 

The processed data points were plotted and the isolines 
were drawn with consideration of topography and other 
climate controls for each map set. All of the maps are on the 
same scale. One map set emphasizes the wet months; the 
other, the dry season. Analysis of the two sets together may 
lead to a clearer understanding of the annual march of 
seasons and thus help improve the agricultural use of avail
able moisture. 

12 AGROCLIMATIC AND DRY-SEASON MAS oF'SOUTH, SOUTHEAST, AND EAST ASIA 



BIBLIOGRAPHY OF SOURCES CONSULTED
 

NOTE: Items marked with an asterisk (*) were found to be of 
special interest because they contained raw data on rainfall or 
temperature, or both, that were used in the development of 
the maps. The asterisked items contain data for about 8,000 
stations, most of which are duplicated in at least one other 
source. The most valuable single data source was Thornthwa-
ite Associates (1963); it contained data for more than 1,400 
stations across the mapped area. 

Angus, J. F. 1979. The uses of water balances and their 
limitations for land chssification. Paper presented at 
the IRRI-CSEAS Workshop on Land Evaluation for 
Rice-based Cropping Systems. 

*Arakawa, H., ed. 1969. Climates of northern and eastern 
Asia. World Survey of Climatology. Vol. 8. Elsevier, 
Amsterdam. 

Baier, W., and G. W. Robertson. 1965. Estimation of latent 
evaporation from simple weather observations. Can. J. 
Plant Sci. 45:276-284. 

Baier, W.,and G. W. Robertson. i966. A new versatile soil 
moisture budget. Can. J. Plant Szi. 46:299-315. 

Barker, R., and R. W. Herdt. 1979. Rainfed lowland rice as a 
research priority --an economist's view. IRRI Res. 
Pap. Ser. 26. 50 p. 

*Berlage, H. P., Jr. 1960. Rainfall in Indonesia. Pertjetakan 
Negara, Djakarta. 

*Burma Meteorological Department. (published yearly). 
Statement showing the monthly and annual rainfall at 
rain-recording stations in Burma for the year. Govern-
ment Printing Office, Rangoon. 

*Committee for Coordination of Investigations of the Lower 
Mekong Basin. 1975. Summary of monthly and yearly 
hydrometeorological data in the Thai part of the lower 
Mekong basin. Mekong Secretariat, Bangkok. 

Critchfield, H. J. 1960. General Climatology Prentice Hall, 
Engelwood Cliffs, N. J., U.S.A. 

Decker, W. L. 1974. Unsettled and variable climate 
uncertain food supply! Ind. Res. 16:51-56. 

Denmead, O.T., and R. H. Shaw. 1962. Availability of soil 
water to plants as affected by soil moisture content and 
meteorological conditions. Agron. J. 45:385-390. 

*Ekanayake, L. A. D. I. 1972. Report on the Colombo 
observatory for 1967: with maps and statistics. Dept. of 
Gov. Printing, Sri Lanka. 

*George, C. J., K. S. Ramasastri, and G. S. Rentala. 1973. 
Incidence of droughts in India. Meteorol. Monogr. 
Agrimet 5. India Meteorological Department, Poona. 

*George, C. J., P. E. Moray, and V. P. Abhyankar. 1974. 
Rainfall pattern of rice-growingareas prone to drought 
in India. Meteorol. Monogr. Agrimet 6. India Meteoro-
logical Department, Poona. 

Hadikoemoro, S., and U. M. HasL n. 1961. Climatic classifi
cation of Java and Madura according to Thornthwaite 
System 1948. Soil Research Institute, Bogor. (mimeo.) 

Hounam, C. E., J. J. Burgos, M. S. Kalik, W. C. Palmer, and 
J. Rodda. 1975. Drought and agriculture. Report of the 
CAgM Working Group on the Assessntlnt of Drought. 
World Meteorological Organization Fech. Note 138. 
Geneva, Switzerland. 

India Meteorological Department. 1962. Weather anl the 
Indian farmer. 2nd ed. Met. Dep., Poona. 

*India Meteorological Department. 1974. Climate of Maha
rashtra State. Controller of Publications, Delhi.
 

*India Meteorological Department. 1976. Climate of Andhra
 
Pradesh. Controller of Publications, Delhi. 

*India, Orissa, Agricultural Information Section Directorate 
of Agriculture and Food Production. 1980. Agricultu
ral guide book 1979-80. Agricultural Information Press, 
Bhubaneswar, Orissa. 

Indonesia Meteorological and Geophysical Service. 1971. 
Climatological data of Indonesia. Vol. 29. Meteorologi
cal and Geophysical Service, Djakarta. 

IR R I (International Rice Research Institute). 1974. An agro
climatic classification for evaluating cropping systems 
potentials in Southeast Asian rice growing regions. Los 
Banos, Philippines. 10 p. + maps. 

Kuelemans, N. C., M. Fathan, and Suparto. 1976. An analy
sis of agrometeorological dataDarmaga - West Java, 
196') and 1970. Institute for Meteorology and Geophys
ics, Djakarta. 

*Kyuma, K. 1971. Climate of south and southeast Asia 
according to Thornthwaite's classification scheme. 
Tonan Ajia Kenkyu 9:136-158. 

Kyuma, 	 K. 1972. Numerical classification of the climate of 
south and southeast Asia. Tonan Ajia Kenkyu. 9:502
521. 

L.inacre, E.T. 1977. A simple formula forestimatingevapora
tion rates in various climates, using temperature data 
alone. Agric. Meteorol. 18:409-424. 

Manalo, E. B. 1977a. Agro-climatic survey of Bangladesh. 
Bangladesh Rice Research Institute and International 
Rice Research Institute, Dacca, Bangladesh and Los 
Banos, Philippines. 

Manalo, E. B. 1977b. Agroclirnatic map of the Philippines. 
International Rice Research Institute, Los Banios, 
Philippines. 

*Meteorological Office. 1958. Tables of temperature, relative 
humidity and precipitation for the world. Part V -Asia. 
Her Majesty's Stationary Office, London. 

Miller, 	H. A. 1964. Climatology. Barns and Noble, N. Y., 
USA. 

*Ministry of Agriculture and Rural Development. 1974. 

AGROCLIMATIC AND DRY-SEASON MAPS OF SOUTH. SOUTHEAST. AN) EAST ASIA 13 



Rainfall records for peninsular Malaysia. 1965-1970. 
Drainage and Irrigation Division, Kuala Lumpur. 

Morris, R. A., and H. G. Zandstra. 1978. Soil and climatic 
determinants in relation to cropping patterns. Interna-
tional Rice Research Conference, 17-21 April. Interna-
tional Rice Research Institute, Los Baiios, Philippines. 

*Nuttonson, M. Y. 1947. Ecological crop geography of 
China and its agro-climatic ana!,gues in North Amer-
ica, American Institute of Crop Ecology, Washington, 
D.C. 


*Nuttonson, M. Y. 1958. The physical environment, land use, 

farm crops and agricultural practices of central and 

south China, l-longkong, and Taiwan (Formosa) with 
some climatically analogous areas in Southeast Asia. 
American Institute of Crop Ecology, Washington, D. 
C. 436 p. 


*Nuttonson, M. Y. 1963a. The physical environment and 

agriculture of Vietnam, Laos, and Cambodia. Ameri-

can Institute of Crop Ecology, Washington, D. C. 


*Nuttonson, M. Y. 1963b. Climatological data of Vietnam, 

Laos, and Cambodia. American Institute of Crop 

Ecology, Washington, D. C. 


*Nuttonson, M. Y. 19 6 3c. Agro-climaticanalogues of South-

ern China in Southeast Asia. American Institute of 

Crop Ecology, Washington, D. C. 


*Nuttonson, 	M. Y. 1963d. The physical environment and 

agriculture of Burma. American Institute of Crop Ecol-

ogy, Washington, D. C. 


Ohman, H. L. 1965. Climatic atlas of Southeast Asia. U. S. 

Army Natick Laboratories, Natick, Massachusetts. 92 

P. 

Oldeman, L. R. 1975. An agro-climatic map of Java, Contrib. 
Cent. Res. Inst. Agric. Bogor, 17. 22 p. + map. 

Oldeman, L. R., and D. Syarifuddin. 1977. An agro-climatic 
map of Sulawesi. Contrib. Cent. Res. Inst. Agric. 
Bogor, 33. 30 p. + map. 

Oldeman, L. R., I. las, and S. N. Darwis. 1979. An agro-
climatic map of Sumatra. Contrib. Cent. Res. Inst. 
Agric. Bogor, 52. 36 p. + maps. 

O'Toole, J. C. and T. T.Chang. 1977. Drought and rice 
improvement in perspective. IRRI Res. Pap. Ser. 14. 
27 p.

Palmer, W. C. 1965. Meteorological drought. Res. Pap. 45, 
U. S. Dep. of Commerce, Weather Bureau. 

Papadakis, J. 1961. Climatic tables for the world. Cordoba 
4564, Buenos Aires. 

Penman, H. L. 1948. Natural evaporation from open water, 
bare soil and grass. Proc. R. Soc. London, Ser. A: 193. 

Peruel, E. 1976. A study of climatology in agriculture. 
Department of Agronomy, International Rice Research 
Institute, Los Bahos, Philippines. 

Rainbird, 	A. F. 1970. Methods of estimating areal average 
precipitation. WMO/IHDProj. Rep. 3, Geneva, Switzer-
land. 

14 AGROCLIMA'IIC AND DRY-SEASON MAS OF SOU rTH,SOUTHEAST. ANI) 

Ramamurthy, K. 1972. A study of rainfall regimes in India. 
Madras Univ. Geogr. Ser. 1,University of Madras. 

*Rao, K. N., C. E. J. Daniel, and V. K. Bhargava. 1975. 
Rainfall of India - rainy days of I cent (0.3 mm) or 
more. Mem. India Meteorol. Dep. 32(4). 

*Rao, K. N., C. J. George, and K. S. Ramasastri. 1976. The 
climatic water balance of India. Controller of Publica
tions, Delhi. Mem. India Meteorol. Dep. 32(3). 36 p. 
+ figs. 

Rumney, G. R. 1968. Climatology and the world's climates. 
MacMillan and Co. London, England. 

Sastry, P. S.N. 1977. Evaporation and water balance in a 
semi-arid monsoonal climate under advective condi
tions. Proceedings, Symposium on improving crop 
productivity by nuclear and allied techniques. New 
Delhi. 

Schneider, S. H. 1975. Is there really a food-climate crisis? 
Pages 106-143 in R. J. Kopec, ed. Atmospheric quality 
and climatic change. University of North Carolina at 
Chapel Hill. 

Subrahmanyam, U. P. 1956. Water balance of India accord
ing to Thornthwaite's concept of potential evapotrans
piration. Ann. Assoc. Am. Geogr. 46:3. 

Syarifuddin. 	1979. Establishment and performance ofrainfed 
corn (Zea mays L.) and soybean (Glycine max [L.]
Merril) in the dry season after puddled flooded rice. Ph 
D thesis, University of the Philippines at Los Bahos, 
Philippines. 354. p. 

Tamisin, M. M., D. T. Franco, E. B. Manalo, and H. G. 
Zandstra. 1979. Modelling of potential evapotranspira
tion and solar radiation for different regions of the 
Philippines. Paper presented at a Saturday seminar, 13 
October 1979. International Rice Research Institute, 
Los Banos, Philippines. 

*Thornthwaite Associates. 1963. Average climatic water bal
ance of the continents: part II, Asia. Publications in 
Climatology, Centerton, New Jersey. 

Thornthwaite, C. W. 1948. An approach toward a rational 
classification of climate. Geogr. Rev. 38:55-94. 

lhornthwaite, C. W., and J. R. Mather. 1955. The water 
balance. Publications in Climatology. Centerton, New 
Jersey.

Tomar, V. S., and J. C. O'Toole. 1978. Evapotranspiration 
from rice fields. Paper presented at a Saturday serminar, 
12 August, 1978. International Rice Research institute, 
Los Banos, Philippines. 

*U.S. Air Force 20th Weather Squadron. 1965. Climate of 
Malaysia. Clearing house for Federal Scii ific and 
Technical Information, Springfield, Va. 

*U.S. Environmental Science Services Administration. 1967. 
World weather records 1951-60. Vol. 4, Asia. U. S. 
Department of Commerce, Washington, D. C. 

*Watts, 	I. E. M. 1967. Climatology of China and Korea. 
Government Press, Hongkong. 

EAST ASIA 


