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FOREWORD 

In accordance vith a request by Army Research Office, Office of the 
Chief, R&D, the Earth Sciences Division, QM R&E Command, has put into 
usable form and brought together in this brief preliminary report, a 
selection from its available material on certain environmental condi- 
tions that might affect military logistics in Thailand. A complete 
study of all aspects of the environment has not been attempted. Mate- 
rial from studies of this Division already completed or in progress par- 
ticularly dealing with climatology, along with current available litera- 
ture, has been used. 

Maps are included showing conditions for sample months, represent- 
ing the two great contrasting seasons that dominate the climate in Thai- 
land: the wet season, when movement is confronted by deep mud and green, 
leafy landscapes, and the dry season, with its clouds of dust and brown, 
dry countryside. Some continuity for the entire yearly cycle is pro- 
vided by the 12-month graphs of climatic elements for Bangkok, a station 
fairly representative of Thailand climates (Figs. 18-20). Figure 20 
suggests the extent to which the climates of the different parts of 
Thailand resemble those of tb-- vest of Southeast Asia. 

The report is designed to provide some insight into the character 
of the environment and its relation to human activity in an important 
part of Southeast Asia. Insects and other animal life are dealt with as 
a part of the environment of special concern to people moving into the 
area. Food geography is closely related to natural geographic factors, 
is an element of considerable practical importance logistically to any 
American forces in the area, and is of concern in relations with the reg- 
ular residents. 

This report was prepared by the utembers of the Desert and Tropic 
Section of the Regional Environments Branch, and the Logistics Applica- 
tions Section of the General Environments Branch, Earth Scleiices TUvicion. 
The cartographic work was accomplished by thf members of the Cartograpnj.». 
Branch. Individual acknowledgements are made in Section 5« 

PEVERIL MEIGE 
Chief 
Earth Sciences Division 
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ABSTRACT 

Thailand's climate is characterized hy a rainy and a dry season, 
except for small areas of year-long wet conditions. Shortage of potaole 
■water is a problem in much of the country especially during the dry sea- 
son. The amount and color of the foliage and the problems associated 
with mud or dust, change greatly with the seasons. Average annual rain- 
fall varies from W to 180"; differences in intensity and in dates oi 
beginning and end of the rainy season, fluctuate strikingly from year to 
year and place to place. Temperatures are relatively high throughout 
the year, with maxima above 90 P possible in any month. Cold weather is 
rare, but an occasional reading as low as ^0 F is reported in December 
or January. Compared to the climate elsewhere in southeast Asia, the 
climate of most of Thailand is most analogous to that of Burma to the 
west, and Laos, Cambodie, and Vietnam to the east. Only the southern 
part of Thailand, in the Kra Peninsula, has a climate with heavy "ain 
throughout the year such as prevails in most of the Indonesian Islands 
on the south. 

The dietary structure of the Thai people reflects a crucial depend- 
ence on rice for all meals. Of secondary importance are fish, vegetables, 
and fruit. Too great a dependence on a single food type, coupled with 
long-practiced dietary habits and taboos that depress the consumption of 
available foods, such as eggs, creates a problem of malnutrition in the 
form of deficiency diseases. NeveiLh-less, Thailand is a food-surplus 
nation. 

Mosquitoes, files, bitlag gnats, midges, mites, lice, ticks, spiders, 
scorpions, and leeches are common pests in Thailand. Insects and similar 
pests, because of their presence, bites, and stings, can lover the morale 
of even well-seasoned troops. Insect-borne diseases remain a problem 
even >.t)- military personnel possessing innoculative immunity. It is 
necessary to maintain preventive measures for disease control 1r Thailand. 
Anti-venom should be available for all field personnel. 

Iv 



NOTES OH SOME  ENVIRONMEMTAL COMDITIOMS APPECTIKG MILITARY LOGISTICS 
IN THAILAND 

1.  CUmate 

Thailand has a modified tropical climate, largely a product of its 
peninsular location on the warm southeast side of the Eurasian land 
mass. The entire Indochiness peninsula, of which Thailand is a part, 
lies south of the Tropic of Cancer and extends almost to the equator. 
It is bordered on three sides by warm seas in such a manner that no part 
of Thailand is more than 350 miles from a maritime water body. The 
country is Joined on the north to the vast reaches of interior Asia, the 
region of origin for the coMer air masses of the "Inter season that 
occasionally make their presence felt as far south in Thailand as 
Bangkok (Figs. 1 and 2). 

The greatest seasonal contrasts in the climate of Thailand involve 
the alternation of wet and dry seasons. The rainy season is the season 
of the southwest monsoon, lasting from the latter part of April or early 
May to late October or early November in most of Thailand. The dry sea- 
son is generally considered to extend from the end of one rainy season 
to the beginning of the uext the following year, to include the period 
of the northeast or winter monsoon (November through February) and the 
hot season (March and April). On this basis, Thailand's climate has 
been described as monso sual by lendleton and others10, though it differs 
slightly from the classic mon^ocu climate. Variability of rainfall, 
both areally and from one year to the next, is a problem of foremost 
military and economic importance in Thailand. The length and intensity 
of the rainy season hap. a direct bearing on rice productivity, with the 
rice crop being flooded out br too much rain scant: years, and by desidca- 
tion of soil in others when rain is deficient. The length of the dry 
season, therefore, as indicated by the number of dry months, becoorcB a 
significant climatic Index to regional environmental characteristic» 
(Fig. 20). 

The pattern of climate changes but slightly from one section of 
Thailand to another. Except for a slight cooling toward the north, the 
latitudinal effect on testperr.ture is negligible. The most nuirked tem- 
perature change is that induced by the height of the major mountain 
ranges of the country. This trend fo* decreasing temperatures with in- 
creasing elevation is the chief cause for mean temperature» of the 
coldest month to fall below iS C {6^.h F) in the western and northern 
mountains, a region set apart as too cool for tropical analogy on the 
Climatic Analogs Map (Pig. 20). The tempe-^ture limit of tropical cli- 
mate is reach«d at elevation« rf 1,*JUü feet or below in the valleys of 
North Thailand aH adjoining portions of Burma, IAOS, and V^tnaa, 



whereas in peninBular Thailand to the south, tropical temperatures ex- 
tend up the mountains to 3,000 or more feet of elevation. Shown also in 
Figure 21 is the general increase in the number of dry months from 0 to 
1 at many peninsular locations to more than 6 months in the north. Com- 
pared to the climate of the rest of southeast Asia, the climate of most 
of Thailand is most analogous to that of Burma to the west, and laos, 
Cambodia, and Vietnam to the east. The climate of the Indonesian 
Islands to the south is mostly too wet and lacking in a dry season, to 
resemble any part of Thailand except the southern part of the Kra 
Penins'ila. 

a. Temperature 

Both the hottest and coldest weather ever experienced in 
Thailand occurred during the dry season (Pigs. 3 through 9). This para- 
dox of temperature extremes results from the relatively dry air that 
prevails during the early part of the year, which creates conditions 
conducive to rapid radiational heating and cooling. Radiational cooling 
reaches its peak on clear, cool nights during December and January, a 
period dominated by moderately cool, dry air brought into the region 
from the north by the northeast monsoon; night-time temperatures fre- 
quently drop to the Uo to h;; F range during this period. In contrast, 
daily maxima are highest in March and April, Just before the onset of 
the rainy season, with afternoon temperatures usually exceeding 100 F 
and sometimes 105 F. 

There is a close correlation between temperature seasonality and 
the presence or absence of a cloud cover. This helps explain the occur- 
rence of the warmest weather near the end of the dry season (March and 
April)—a period, too, when incoming solar radiation is at its maximum 
for the year. When the rains begin (generally in May), the skies become 
overcast and temperatures undergo a sharp decline—a direct response to 
the sMelding-out effect of cloud cover on solar radiation, as well as 
to the cooling from the rain itself. IXuring the rainy seascu, tempeni- 
tures often seem higher than they actually are because of the hi<h mois- 
ture content of the air, particularly during the brief periods of bright, 
sunny weather that sometimes follow in the wake of thunder showers. 

In the Kra Plain and neighboring mountains, tenqperaturee are rela- 
tively uniform throughout the year becaub« of low latitude, nearness to 
the sea, and less distinct wet and dry seasons. Here, moderately high 
temperatures persist throughout the year, though some temperature 
changes can be sensed due to seasonal dlfferencet» is relative humidity. 

Temperatures throughout the <>cU*± Valley are remarkably uniform 
and fairly stable fror« «.s-o&n to seacon (Figs. IS and 19). At Bangkok, 
for example, mean monthly temperatures vary from a low of 77 F in 



December and January to a high of 86 F In May. Though January and Feb- 
ruary are the coldest months, the days are hot; daily isaxina exceed 90 F 
on some afternoons. Beginning in February temperatures rise rapidly, 
and in April and May daily maxima exceed 90 F almost eveiy day. The 
highest temperature recorded for Bangkok is 108 F (April and May), and 
the lowest kO F (December). 

Because of the greater distance from the sea and the increased 
elevation of the interior valleys and mountains which cut off iruch of 
the wind, the range of temperatures is much greater in northern Thailand. 
In the northern mountains and valleys, temperatures during the wet sea- 
son are only slightly lower than those in the Central Valley (Fig. 2) 
due to an almost continuous cloud cover over both regions. When the 
rain., season ends in November temperatures drop rapidly in the north, 
influenced by the cold winter monsoon from the interior of the Asiatic 
continent. Dews during this season are remarkably heavy. Frost, how- 
ever, has been reported only in the highest mountains. 

During the dry season the Korat Plateau experiences higher daytime 
temperatures than the Central Valley, but nights are cooler. This is 
the season of the cool northeast monsoon. Skys are cloudless. The rela- 
tive humidity is so low thn*<  intensive evaporati jn thoroughly dries the 
surface soils, and sand and dust storms are cannon. During this season, 
dense palls of smoke caused by numerous grass fires frequently hang in 
the air. 

b. Precipitation 

Annual rainfall In Thailand varies frcm an average of less than 
ho inches in some of the "rain-shadow" valleys of the western mountains 
to more than IfiO Inches on certain of the wet, western slopes of penin- 
sular Thailand (Fig. Ik).    For the country as a whole, more than 80$ of 
the rain falls from mid-April to October, the season of the principal or 
southwest monsoon. The Kra Plain, however, and three other small areas, 
experience two distinct seasons of rainfall peaks, with SOSM rMn in all 
months. In these areas the southwest monsoon causes a primary season of 
rains from mid-April to mid-August, and the northeast, or retreating 
monsoon, a secondary maximum fron September to December. 

The Central Valley is relatively dry, averaging between 40 and 60 
inches of rain annually (Flg. 10)  Most rains fall in the font of brief, 
heavy thunderstorms, originating over the hills and mountains to th? 
southwest. Rainfall decreases inlaud, with amounts and distribution 
largely reflecting the degree of protection tr^o moncconal influences 
afforded by the bordering menntain*  L* winter, the ranges to the west 
blocx or divert all but th« most severe of cyclonic stop«» that occa- 
sionally invade cne area. Those that do reach the valley proper are 
considerably weakened, prriuclng "Little or no rain. 



Like the Central Valley, the Korat Plateau reflects a high degree 
of "rain-shadow" effect and is relatively dry (50-60 inches annually). 
On the west, the plateau Is shielded by the Eong Faya Mountains, and on 
the east by the Annam Range. Because of the protection provided by the 
Annam Bange, typhoons that occasionally strike the neighboring coasts of 
Vietnam from the South China Sea, seldom extend their influence in the 
form of heavy rains as far inland as the Korat Plateau. 

For all Thailand but the Kra Plain, winter is the dry season and 
Bummer the wet. Every month from December to April is dry, usually with 
not more than one rainy day, and with total rainfall averaging less than 
an inch. In late April or early May, heavy rains begin abruptly and 
continue until early or mid-Kovember. The time of beginning and ending 
of the rainy season (Figs. 10 and 11) is extremely unpredictable, vary- 
ing as much as 30 days from one year to the next. At Bangkok the short- 
est rainy season on record was IJk days, and the longest £36 days. 
Monthly rainfall intensities vary from place to place depending upon 
exposure and elevation. For example, southeastern Thailand and nearly 
all of the mountain areas receive 10 to 16 inches of rain in July, the 
wettest month, while the Central Valley and Korat Plateau receive but 3 
to 8 inches. 

In the Central Valley, there is usually a conspicuous recession of 
the rains in August caused by the southwest passage of the inter- 
tropical convergence zone. At this time, partly cloudy skies, bright 
sunshine, and high humidity dandjutr the weather. If tMs "little dry 
season" lasts for more than a few days, rice fields may become dry, but 
unsurfaced roads also dry out and become temporarily usable. 

The relatively low and unreliable rainfall of interior Thailand 
seriously affects river navigation and irrigation of crops. The rivers 
serve both as sewers and all-purpose sources for water. Sane primary 
and most secondary streams are relatively short, and in some years flow 
only during the wet season, later levels consequently fluctuate widely. 
All rivers and streams carry an abnomally heavy load of silt at tne 
onset of the wet season due to the ease with which the initial rains 
scour the dry, dusty surface of the ground. The seasonally fluctuating 
water discharge causes the rivers to build mud flats and sandbars across 
their mouth«. 

Nearly an the Central Valley is In flood during the wet season. 
The flow of the district's principal rijrer, the Chao Praya (Minaa), in- 
creasefe from scarcely k,(XO cu. ft. sec- during the dry season, to 
5^,000 cu. ft. sec^ during the wet s^afoa at e tr'tct approximately 100 
miles north of Bangkok. By late s^tv^ urn annual flood characteris- 
tically reaches depths ^f 10 to 12  feet over considerable areas of the 



central lovlande. This necessitates the planting of floating rice, 
particularly along the western margin of the valley opposite Bangkok. 
At Bangkok the flood discharge is approximately 95»0O0 cu. ft. sec2. 
The rise begins rapidly In May and continues to the end of October, 
after which it falls gradually to a minimum In April. For fifty miles 
Inland the distributaries of the Chao Praya are subject to tidal in- 
fluence, particularly during the dry season. The lower reaches of the 
river are therefore brackish and cannot be used as a source for drinking 
or other potable water purposes. The mouth of the Chao Praya is kept 
open for navigation by regular dredging. Other streams are unsuited for 
navigation even at their mouths. The Mekong, bordering the northern and 
eastern edge of the Korat Plateau, is made unsuitable by many rapids. 
The smaller streams usually dry out during March and April, a period 
when water is In short supply everywhere In Thailand outside the main 
river valleys. 

The dry season leaves its Imprint on the physical landscape In the 
form of an overtone of tan. By Janmry, the drought is at its peak, 
particularly in the north where skies are typically clear, vlslbllitlee 
unrestricted, and rainfall a rarity, occurring on the average of Less 
than one day per month (Fig. 12) and in amounts measuring but fractions 
of an inch. The loose, fins-textured soils, which by now are thoroughly 
dried out, create favoraoie conditions for the development of atmos- 
pheric dust whenever they are disturbed by such factors as wind or ve- 
hicular passage. All unpaved roads become a primary source for heavy 
dust clouds, whenever agitated by heavy traffic such as Army convoys, 
etc. All deciduous trees of the uroadleaf variety have shed their 
leaves and the natural grasslands are dried out and dormant. Croplands 
are either being harvested or are In state of fallow, so that the land- 
scape is characteristically light tan or brown in color. Since there is 
a strong correlation between the lowlands (or lower mountain slopes) and 
the light-colored vegetation types during January, there is a camouflage 
requirement for standard Army tan throughout most of Thailand (Fig. l£). 
Evergreen forests predoalnatfi on ths upper slopes (generally above 3»000 
feet), however, so that standard Anay green is recoonended f~r the up- 
lands even during the dry season. 

The wet season is a period of special logistical significance to 
the military. By September, the wettest month, flooding has reached a 
maximum for the year, with all low-lying districts (Central Valley, etc.) 
subject to inundation that reaches deptöe of 10 to 12 feet in some dis- 
tricts. Vehicular traffic is generally confined to the few paved roads 
of the country, and cross-country tiuvs? Is unthinkable. Water is fre- 
quently made unsafe for drinking through contamination during this 
period, and is therefore in general short, «"^ply. Flying weather is 
generally joor because of th»  extensive cloud cover and frequent rains 



(Fig. 13) which limit air-to-ground support capabilities severely.    The 
vegetative cover, including both natural and agricultural types, is gen- 
erally at the height of its growth stage and therefore lush green in 
color. Consequently, etandard Army green is recommended throughout the 
country for camouflage purposes (Pig. 15). 

2.  Food Geography 

Thailand is a food-rich nation where malnutrition flourishes in the 
presence of «in over-abundance of basic food types. This anomaly of want 
in the midst of plenty stoms from cultural rather than economic causes, 
with long-established feeding habits providing the stimulus for the 
growth and support of a uniquely unbalanced dietary sti .cture. 

Traditionally, the diet of the working class Thai consists almost 
entirely of rice seasoned with spices and supplemented by small quanti- 
ties of fish or meat. Such a diet satisfies energy requirements moder- 
ately well, but; provides lower amounts of vitamins, minerals, and pro- 
teins than are generally considered adequate for jaaintaining good 
health. 

a. Food Productivity 

The cultivated lands of Thailand total some 23 million acres, 
or a little less than l/5 the total area of the country. Rice is the 
predominating crop type (Pig. 17) wich 78 per cent of the total har- 
vested area given over to paddy rice (Table I). Forty-five per cent of 
the gross national product 1c derived from agriculture, and of the total 
working population, 85 per cent Is engaged in either farming or fishing. 
As a food-surplus nation, Thailand exports more than a million tons of 
rice each year (since 195^) which brings an average annual income of 
about 1&0 million dollars. Other food exports include peanuts, oung- 
'neans, soya beans, tapioca flour, and salt. Imports include sugar and 
milk products. 

(1) Rice 

Thailand's rice production is characterized by large annual 
variations in both acreage and tonnage due to fluctuations in rainfall 
aaounts. During 1956, for example, 1U.5 million acres were planted to 
rice, as compared with 12.2 million acres in 1957. Keverthelese, a crop 
totalling betveen U.5 and 5.5 million ton*  (before milling) is produced 
in most years. 

Records show that production or rice declines when: (a) rainfall 
is below average durlr^ lae plowing and sowing season in April and May; 
(b) heavy early monsoon rains cause prematurely early floods and a large 
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initial rise of the Chao Praya (Jfenam) river; or (c) rainfall in July 
and August is below average. A study of rainfall records for the past 
12U years indicates that rainfall distribution was favorable in 60 of 
these years, and that in the remaining 6h,  rainfall was either too much, 
thereby flooding out crops, or so little that the ground dried out be- 
fore the crops reached maturity. 

Because of the instabilicy of the rainfall regime, the government 
decided that a more dependable water supply systcs was necessary, and 
began construction of several irrigation projects. Tue most important 
of these, the Chalnat Project, was completed in i960 and serves more 
than 3 million acres of rice fields or "paddies" in central Thailand. 
This district, frequently described as the "rice-bowl" of Thailand, Is 
nearly synonymous in area with the Central Valley shown on the Physical 
Regions Map (Fig. 2). Other irrigation proj^its are being developed in 
the north and northeast (Northern Hills and Valleys and Kurat Plateau) 
which will bring another million or so acres under irrigation when 
complete. 

Since World War II, the production of rice has increased. The out- 
put, given in Table II, shows, for example, that in 1957 rice production 
was 90 per cent above the prewar average; experts have increased, but 
not nearly so much, with 1957 showing a 13 per cert increase over prewar 
levels. The relatively small increase in rice export as compared to 
production indicates a much higher domestic rate of rice consumption. 
According to the Thai Ministry of Agriculture, the rate of rice consump- 
tion within the country increased by an average percentage of 3,7 each 
year from 19117 to 1956. 

(2) Corn 

Since World War II, the production of com (maize) has 
shown a decided upswing, both in acreage and yield. As compared to a 
production index of 100 for 1938, for example, the 1957 lnd»x vae 23U. 
Though acreage planted to com increased by about 12 tines from 193b tu 
1957, it still totalled only about 2 per cent of that planted to rice. 
Com is not a popular food locally and is seldom included in the daily 
fare of the average Thai; rather, it is produced principally as an ex- 
port crop. 

(3) Other Crops 

Other crops of agricultural significance In Thailand in- 
clude tubers, pulses (soy beans, raun^b^aae).. r^Anut», sugar cane, coco- 
nuts, fruit (principally mangoeb. dviriaua, bananas, and oranges), vege- 
tables (principally eWIicb, spices, onion, garlic, cucumbers, cabbages. 



TABLE II 

Thailand: Population and Rice Production, Consumption and Exporte, 
193^-1938 Average and 1^7-1957 

Population Domestic 
Mid-year Prciuction Coüsumption Expo: 

(1,000) (1,000 metric tons, milled rice e qulvalen 

193I+.1938, average .   .     (a) 
2,832 • • • 1,388 

19^7 17,^78 2,887 2,598 385 
19k6 17,806 3,579 2,674 812 
19^9 18,11*5 kM3 2,767 1,215 
1950 18,1*88 ^5 2,876 1,508 
1951 18,837 4,408 2,959 1,622 
1952 19,193 4,761 3,035 1,413 
1953 19>556 4,291 3,265 1,3^ 
1951* 19,925 5,355 3,471 1,018 
1955 20,302 3,711 3,377, x 1,226 
1956 20,686 4,769 3,4450») 1,239 
1957 21,076 5,393 • • • 1,571 
1958 7,128 

(a)   1937. 
(b)   Preliminary. 

Source: May, Jacques M., The Ecology of Malnutrition In the Ear 4 Itear East. 



lettuce, tomatoes, bamboo shoots, and green peas), cottoü, and rubber. 
Separately, each contributes but a tiny fraction to the gross national 
product, but collectively they are important to the econony of Thailand 
either for cash return or for consumption locally. Those grown princi- 
pally for internal consumption include the fruits, vegetables, sugar 
cane, and coconuts. 

(k)   Meat and Fish 

Fish is the principal source of animal protein for the 
average Thai. Fishing is important to the ecoacm of the country as 
(a) a source for essential food, (b) a livelihood for an unusually large 
segment of the population, and (c) e. source for governw^nt revenue 
through license fees. 

Most of the catch is consumed locally and is made up principally 
of fresh-water carp and catfish caught in the numerous rivere and ca- 
nals. Various other fresh-water species are represented in the overall 
catch but are of far less importance to the local economy. The many 
species of salt-water fish caught in the bordering seas are also of 
relatively minor importance. 

Domestic animals provide only a small percentage of the animal pro- 
teins consumed by the Thai. Cattle and water buffalo are both well 
represented in Thailand, with nearly 6 million head each scattered 
throughout the countryside, but they are used principally as draft ani- 
mals. Consequently, the livestock industry is not at all oriented 
toward meat producing purpose»: The gcvemment is hopeful of develop- 
ing meat production for export. 

b. Diet Ifrpes 

In Thailand as elsewhere, what actually reaches the table in 
the form of a aeal, is controlled by many factors, both econtaiic aci 
social, with the result that certain groups or classes of people eat 
better than others. These privileged well-to-do are not truly represent- 
ative of the people as a whole either in number or in dietary cuctoo, 
which frequently is dictated by inclination rather than need. The ^ d- 
dle and working class groups of any society, which in Thailand corre- 
sponds closely to the rural population, best represent the total popula- 
tion, both in number and customs. The diets discussed here, therefore, 
relate principally to the rural or f&m pcr'tlation. 

In the farm areas of Thailand, toe dietary structure reflects a 
seasonal pattern of change that c:irelates nicely with the annual cycle 
of farm activities. 
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The harvest seaßon for rice begins in November and ends in early 
February. During this period, the work-day begins before sunrise, con- 
tinues through the day., and generally terminates after dark, vith thresh- 
ing frequantly continuing well into the night. The harvest season coin- 
cides with the best fishing of the year, so that each family usually 
dividet. its adult labor between harvesting and fishing, while young 
children stay home to care for the babies and toddlers. 

The post-harvest hot-dry season is a period of family and religious 
febtivities which terminate about the time of the onset of the spring 
rains. In April and May, the cycle begins anew with the preparation of 
the fields for the next rice planting. 

During the busiest parts of the year (sowing, harvest seasons) food 
is customarily cooked once a day in sufficient quantities to supply all 
needs for that day. Meals are either served in ttv, home or taken to the 
fields. If the latter, fish and sweets must be protected from ants, and 
rice must be made secure from dogs. 

During the least busy time of the year (post-harvest season) food 
is cooked twice a day, with rice the principal ingredient of all meals. 
Nearly everyone, including children from six years in age, knows how to 
cook rice. Breakfast usually consists of rice and coconut milk, fla- 
vored with curry, served about 6 o'clock In the morning. For lunch and 
dinner, several additional dishes are served, all seasoned with fish 
sauces. These dishes Include «re^etables, occasionally eggs, and roasted 
or boiled flsn. Fruits are seldom included as part of the main meal, 
but are eaten as in-between snacks. 

A typical dally menu is given in Table III. It is based on an 
actual survey of the food consumption for a family of five adults and 
three children of the Minburi district of Pranakara province, about ^0 
kilometers fron Bangkok. From this It might be conclude" that the aver- 
age diet of the people of Minburi is deficient in quality proteins, fats, 
and B vitamins. More eggs, fish, beans, vegetables, and ruit woula 
help balance this diet. 

c. Food Inadequacies 

Because rice so thoroughly uuninates the dietary structure of 
the Thai, the nutritive value of this basic food must be kept at or 
above a minimum level for the general eood health of the people. This 
requirement is not always met however, particularly in those parts of 
the country where the rice is poLUhed and ■filled aechanlcailr. The 
processing removes much of th* thiamln-rich hull from the rice kernel, 
thereby reducing <ti.  uutrient content significantly. Because of the 

11 



TABLE III 

Topical Daily Menu for a 
pamily of 5 Adults and 3 ChiläreD (1^ yra., 12 yrs., 9 yrs.) 

Quantities Carbohy- 
Number of Cookings Dally  Consumed  drates in Proteins Fat    Calories 

in Grams   Grams    in Grams in Grams 

First  Cooked rice 3880 122U.32 51.58 16.30 5456.44 

Green bean pun- 
gent soup with fish 

&*o 162.33 151.69 124,90 2378.18 

Fried fish (Tri- 
chopodus pectora- 
11s) 

100 - 32.02 21,93 325.40 

Boiled duck's egg 50 0.25 7.12 8.0 105.0 

Ripe banana 990 295,20 10,40 2.77 1128.60 

Second Cooked rice 264o 846.64 52,48 11.08 3712.64 

Roasted fish 
(Clarlue batrachus) 

l£o 0.14 29.26 7.6o 122.14 

Fried sweet and 
salted fish 

120 18.0 39.60 28.80 423.60 

Total daily quantitl« iB 2566.88 396.23 221,38 13652.0 

The following values are based on an adult person coefficient of 7.2 
for the 8 member family listed above. 

Calorie value per person: 1896 
Protein value per person: 55.03 grams 
Fat value per person: 30.75 grams 
Carbohydrate value per 
person: 356.51 grams 

Source: May. Jacques K., The Ecology of Malnutrition in the Far & Hear East, 
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savings in time and labor, most Thai farmers have the family rice supply 
processed at the local rice mill. Unfortunately, this practice has re- 
sulted in an upturn of beriberi, particularly in the densely populated 
Menam delta, the heart of the "rice bowl." Only in a few isolated areas 
is rice still hulled at home by wooden pestle and mortar. Where home 
hulling persists, the incidence of beriberi remains low. 

The swing toward mechanically hulled rice has created the problem 
of how to re-establish a safe 0.18 or higher thiamin-to-calorle ratio. 
Reconmendations aimed at correcting this deficiency include the rather 
obvious one of reverting to hand pounding methods. The savings in labor 
by milling, however, are too great a temptation to be resisted, with the 
result that hand-hulling is gradually becoming a lost eXt. 

One of the most practical solutions to the thiamin deficiency pro- 
blem would be to parboil all rice intended for home ronsunption. This 
procedure yields a product very similar in appearance to white rice. It 
is less acceptable to the people, however, because the flavor of the 
parboiled rice is slightly different from that to which they are accus- 
tomed. 

Enrichment of rice offers another easy vay to attain the deiired 
efx'ect. This involves the addition of snail quantities of thianin- 
impregnated rice grains to the bulk rice as it is being milled. Dovever, 
it is difficult to induce the village miller to purchase this specially 
treated rice and mix it carefully with each family lot as it is being 
milled. 

Still another method is to control the amount of hull removed from 
the rice kernel. This, however, involves a break with convention, since 
the people are accustomed to the traditional fine-textured product pro- 
duced by the mills. 

Diveibification of the present rice-danlnated diet, to include 
adoption of dishes rich in protective nutrlmts, affords another practi- 
cal way to lessen the dangers of thiamin deficiency. Fresh vegetables 
and fish are excellent sources for the needed vitamins and minerals, 
but are sometimes in short supply, particularly in the wc    inaccessible 
districts of the northern hills and plateaus. Pulses, which could easily 
be produced in sufficient quantities to supply the needed protection, 
are eaten only as special festival dishes, and not as part of the day- 
to-day menu. Similarly, eggs, which are rich in animal protein, are ron 
sumed locally in insignificant nusberb only. In the rural districts, 
egg production could easily be increased to meet even the cost extra- 
ordinary demands for local lonsumptio*»; luatead, most eggs are sold for 
cash return. 
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Suimnarizing, it appears that the Thai neglect certain native foods 
that are high in nutrient value either because of Inadequate knowledge 
about sound dietary practices or because eating habits have become so 
firmly entrenched that a change of menu is an intolerable thought. 
Either way, the government recognizes the need for re-educating the 
people to accept better balanced menus. Children and pregnant vomen In 
particular, are badly in need of the nutrition supplied by such foods as 
eggs in order to assure good health and well being. 

3.  Insacts and Similar Pests 

Natural factors and cultural practices of the inhabitants combine 
to foster the development of large Infect populations In 'T,halland. As 
in other tropical areas where tenrperature and moisture conditions are 
favorable, most insect groups are active through most months of the 
year, especially in the lower parts of the country. Among the insects 
and similar pests that directly affect the comfort and health of man, 
mosquitoes and files are represented by the greatest number of individual 
species in Thailand. No part of the country Iß without flies and mosqui- 
toes. Many rivers and streams and the widespread use of irrigation, 
with a high percentage of the cropped land in wet rice fields for several 
months of the year, provide breeding habitats for mosquitoes. Sanitary 
conditions, primitive by western standards, particularly in the villages 
and rural areas, promote the development of large fly populations. Among 
these two groups of Insects are some of the most inportant vectors 
(carriers) of insect-borne diseases. 

Mortality rates for disease in which insects play an important role 
are still Impressive, although the incidence of these diseases has been 
significantly reduced In recent years by public health measures under- 
taken by the government and other organizations. The Animal Epidemlo- 
logical and Vital Statistics Reports for the year 1958, published by the 
W»rld Health Organization in 1961, lists the rates for diseases in which 
Insects or related species play a role (Table IV). 

Although no cases of cholera were reported for 1957» ^W-8 disease 
appears as an epidemic from time to time. In 1958, for example, 11,582 
cases and 1,7^7 deaths were reported. IXiring some years there u*ia &lao 
been sporadic outbreaks of plague, though no cases were reported in 1957* 

The malaria-transmitting Anopheline mosquitoes are widely distributea 
throughout the country. More than a dosed species of Ancrpheles, breeding 
in a variety of environmental conditions Iran low rice fields to moun- 
tain streams and each capable of trans&ittinft «"«l^ila, have been reported 
from Thailand. Among the more darv^'oas species are A. aconitus. A. 
cullclfades, A. fluvi».tills, A. hyrcanus nigerrlau8,~and A^ minimus'. 
Other species of Anopheles may~also transmit malaria or be important 
only as pests; some of these are abundant throughout the country. 
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TABLE IV 
Mortality Rates for Most Important Arthropod-Borne Diseases in Thailand 

Death Rates per 100,000 Population 

Disease Year 19^0     Year 1^7 

Malaria 272.2 49.6 
♦Dysentery (all forms) 96.6 Ik.'-* 
■»Typhoid Fever 4.8          7.3 
^Cholera 1.           0 
♦Plague .2          0 

■"Occurrence of disease not solely dependent upon insects or other arthro- 
pods as vectors. 

More than twenty species of Aedes mosquitoes have been reportedj 
species of this group occur in all the major geographical regions of 
Thailand. Their disease relationships have not been extensively inves- 
tigated in Thailand, but iihcj are known to carry disease. Although yel- 
low fever is not reported from this country, Aedes aegypti, the vector 
of this disease in other areas of the world, has been found in the 
Bangkok area and in several other provinces. It is also a vector of den- 
gue, a disease attended with f vor, eruptions, and stvere pains. This 
disease occurs chiefly in the central and southern portions of the coun- 
try. Aedes albopictus, reported from Bangkok, Koh Chang and Krabi, is 
also a possible vector cf dengue. 

At least twenty-five different species of Culex mosquitoes occur 
in Thailand. Often found around human habitations and inside homes and 
other buildings, these mosquitoes are widely distributed geographically. 
Moct species are troublesome only as pests, but Culex pepiens fatigans, 
a common vector of filarlasis (a pathological condition caused by u»c 
presence of threadlike neraatodes in the blood and tissues), Is reported 
from several provinces. 

In addition to the above, several genera of other mosqultot-s ure 
represented by species which are only post«.. 

Among the many types  of flirs which find favorable breeding habi- 
tats In Thailand are species capable of war.Rmitting diseases and caus- 
ing discomfort by biting or depositing thei»" rg^c in wounds. The com- 
mon house fly, Musca domestic^,, 1c- *',c most widely distributed and is 
important in the spreM o. intestinal (typhoid fever, dysenl.*y, chcl- 
t-ra), rhin, anc eye diseases. 
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Numerous other flies, varying in distribution by species, are pre- 
sent. Among these are species of the genera Chrysops, Culicoides, 
Haematopota, Sarcophaga, Simulium, and Tabanus, which include the con- 
raonly knovn blood-sucking deer and horse flies, eye flies, blow flies, 
and biting gnats and midges. In addition, several species of sand 
flies (Phlebotcmus), have been identified. Certain species of these, 
ca.pable of transmitting sand-fly fever and leishmaniasis, occur. 

Although it is known that ticks are abundant and widely distrib- 
uted in Thailand, very few studies on them have been conducted, A dog 
tick and a few other species have been identified. Available informa- 
tion indicates that no tick-borne diseases have been reported in this 
country. 

Because of favorable environments and the presence of Jarge numbers 
of rodents and similar animals, it is assumed that mites coy be common 
in certain areas of the country, particularly in open forests and along 
streams. Reports of mite typhus fever from Thailand also indicate the 
presence of mites, though apparently no studies on them are available. 

Head, body, and pubic lice occur throughout the country. The body 
louse, perhaps the most carmon, 1*  capable of transmitting epidemic ty- 
phus fever and one form of relapsing fever. Neither of these diseases 
is at present common in Thailand, the latter only being reported 
occasionally. 

Several species of fleas are common. Among these are species able 
to transmit plague, but the incidence of this disease is very low, and 
in some years no cases are reported. 

Other pests found in Thailand are cockroaches, scorpions, spiders, 
and bed bugs. These are not important in the transmission of human dis- 
eases, but they may be a considerable nuisance temporarily in certain 
areas until proper control measures are established. Scorpion stings 
and spider bites, although painful, are not generally dangerous. 

Land leeches are common in the lowland Jungle areas, especially 
during the wet season. Found on grasses and plants along paU  ad near 
water holes, they attach quickly to passing individuals. Their bites, 
which bleed freely, and itch, may becooe Infected, 

Military personnel, disciplined to field conditions and poescsbing 
Inoculative immunity to the connon enderoJc dinca^es, are not subject to 
the same health hazards as civilians ^.n ar. area but Insect-borne dis- 
eases renMn an important proble«, nr^ziajäy in warm countries such as 
Thailand. Moreover, insert; ona similar pests, because of their presence. 
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bites, and stings, can lower morale of even veil-seasoned field troops. 
It is necessary to maintain preventive measures for disease control and 
to have protective anti-insect equipnent and repellents immediately 
avail£.ble for issue in Thailand. 

k.      Snakes and Other Dangerous Animals 

Species of several snake families are common in Thailand; the pres- 
ence of individual species varies somewhat with the environment. Since 
a few of these species are dangerous, personnel should be able to dis- 
tinguish them and be familiar with first-aid measures. Antivenom should 
be quickly available to field personnel. 

The common Indian cobra (MaJanaja) and the king cobra (Naja hannah) 
are fairly abundant. The former, rarely more than 5 feet in length, dis- 
tinctly brown in color, with the characteristic "spectacles" on the back 
of its head, is usually found in the Jungle and open field. The king 
cobra, brownish in color and shiny, up to 12 to 15 feet long, with a 
small hood, may be encountered in the forest or Jungle. The venom of 
both these snakes is neurotoxic, and that of the king cobra is especially 
dangerous because of its quantity and extreme toxlcity. 

The poisonous pit vipers are found chiefly in areas of sandy soil 
or along the coast. There are three common species of this family in 
Thailand. One is recognized by a pair of large dark brovn spots along 
its back, which is grayish or iwllish brown. The common tree or bamboo 
viper usually has a dark green back, but it may also be olive or yellow. 
The third species has large spots on its back. The hematoxic venom of 
these snakes causes poin and swelling, but it is not normally fatal to 
man. One very dangerous viper (Russell's Viper) inhabits eastern and 
central Thailand. The hematoxic venom of this fawn or sand-colored 
snake, with a heart-shaped head, is thought to cause more deaths in Asia 
than any other snake. 

At least three species of kraits inhabit the country. These smooth- 
headed snakes are banded or striped, and one species is identified by 
its yellow head. They readily enter houses or tents and sleeping bags. 
Their very poisonous venom is neurotoxic, but these snakeb —ase very 
few deaths because of their reluctance to strike. 

In addition to the above snakes, the snail spotted coral, the vnlte- 
striped coral, and the belted cornl cr» sometimes found in Thailand. 
These snakes do net often bite nan. 

Other possibly dangerous "'J.LMXB  in Thailand are bears, boars, leop- 
ards, tigers, wild «Ic-yhants and cows, and wild dogs. Seldom encoun- 
tered, these animals present littlt menace to military personnel. 

17 



5, Acknovledgements: 

Maps and graphs used in this report were drafted by Messrs. Aubrey 
Greenwald, Russell Dearborn, and William Loughlin, and Misses Gertrude 
Barry and Pernel Leuvelink from fair sheets prepared by Messrs. Richard 
Pratt, Jack Chambers, and Lt. Gordon Nishimoto. The text was prepared 
by Messrs. Howard Ohman and Carl Ross. Coordination was effected by 
Dr. Robert L, Anstey, Chief, Regional Environments Branch. 

IB 



6.  Bibliography 

1. Barcon, Thomas F., Thailand's Rainfall Distribution by Geo- 
graphic Regions. Journal of Geography, Vol LXI, No. 3, March 1962, 
pp 110-118. 

2. Blanchard, Wendell, et al, Thailand, Human Relations Area Files 
Press, New Haven, 1958- 

3. Bunnag, Charoon V., and Khun Visikt Dhararaks, Climates of 
Slam, Royal Siamese Navy, Meteorological Department, 19^7- 

k.    Dobby, E.H.G., Southeast Asia, Univ of London Press, London 
I960, pp 259-287. 

5. Environmental Protection Division, Environment of Southeast 
Asia, QM R&D Laboratory Rpt. No. 219, Natick, Mass., Aug. 1953. 

6. Gherzi, Emet, Climatological Atlas of East Asia, Shanghai, 
Tou'sewe Catholic Mission Pr., 19^. 

7. Huke, Robert E., Thailand, Focus, Vol XII, No. 2, Feb 1962. 

8. May, Jacques M., The Ecology of Mnlnutrition In the Far & Near 
East, Hafner, K.Y., 1961.  '     - - ^ ... 

9. Pendleton, Robert L., Thailand, Duell Sloan and Pearce, N.Y., 
1962. 

10. Thailand Meteorological Dept., Monthly and Annual Rainfall of 
Thailand. Bangkok, 1952. ' " ' 

11. Thailand Meteorological Departr^nt, Monthly Meteorological 
Summary for Aviation, Jan 1951 - Dec 1951. 

12. Thailand Meteorological Department, Pilot Balloon Data (Sept 
10^-1949). Vol. 13, 19^9. - —» 

13. Travis, B. V., James S. Fisher and Barbara H. Hoyt, List of 
Anthropods of Medical Importance (Thailand), Dept. of Entomology, College 
of Agriculture, Cornell University, Tthaca, N.Y., Contract DAi9-129-QM- 
310. 

ll*. Weather Bureau, U.S. hep*,  or ccnnerce. Index of Climatic and 
Weather Data, Washln^cn, j.C, (00 date). 

19 



15. Weather Bureau, U.S. Dept. of Commerce, World Weather Records 
19^1-50, Washington, B.C., 1959. " 

iß. Weather Information Branch, Eq.  Army Air Forces, Climate of 
Bangkok, General Climatic Information Guide No. 75« 

If. World Health Organization. Annual Epidemiological and Vital 
Statistics, 1958, Geneve, 1961.      "'        ~   ' 

l8. World Health Organization. Annual Epidemiclogical and Vital 
Statistics, 1939-19^6. Part II. Geneve, 1952. 

20 



7.  List of Maps and Graphs 

Figure 1. Climatic Station Locations 

Figure 2. Physical Regions 

Figure 3. Mean Temperature (0F) April 

Figure k. Mean Temperature (0F) December 

Figure 5. Mean Daily Minimum Temperature (0F) April 

Figure 6. Mean Daily Minimum Temperature (0F; December 

Figure 7. Mean Daily Maximum Temperature (0F) April 

Figure 8. Mean Daily Maximum Temperature (0F) December 

Figure 9. Absolute Maximum Temperature - Warmest Month - April 

Figure 10. Start of Wei. Season 

Figure 11. Start of Dry Season 

Figure 12. Mean Number of Rainy Days - Driest Month (January) 

Figure 13. Mean Numtoer of Rainy Days - Wettest Month (September) 

Figure 1^. Mean Annual Precipitation (inches) 

Figure 15. Color Regions - September 

Figure l6. Color Regions - January 

Figure 17. Principal Rice Field Areas 

Figure Iß. Climate of Bangkok 

Figure 19. Cumulative Frequency of Hourly Temperature - Bangkok 

Figure 20. Climatic Analogp - Southeast Asia 

21 



Flg. 1: Climatic Station Locations 
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Fig. 2:    Phyeical Regions 
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rig. 3: Hign average nionthly temporaturep indicate needs for light- 
weight clothing, supplemental iiquido in master menus, and air condi- 
tioning equipment for hospitals. 

2i* 



i?v-r/--- 

Fig. it: Mesm December temperatures .i^ange betveen 70 and 80 F througri- 
out ThaiLaud except in the mountainous areas located on the Burma- 
Thailand border. Requirements for special cold-weather clothing are 
not indicated by ^hese temperatures, K period of acclimatization, how- 
ever, will be necessary for visitors arriving from temperate countries. 
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Fig. 5: April mean minimum temperatures are in the 70'B throughout the 
country except for the mountains. These temperatures may be concidcred 
to approximate mean dew-point temperatures. (See comparison of mean 
dew-point temperatures and mean minimun temperature for Bangkok, Fin. 
16.) These high minimum temperaturep end high dew-pointr are conducive 
to deterioration of materials due to ndAdew and fungus growth. 
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Fig. 6: December .nean iriniraun temperatures range from 60 F in the north 
to the low TO'r on the Eouthern coast and the Kra peninsular region ol" 
Thailand. These high miniraxijn temperatures for the coldest month indi- 
cate little or no need for cold-weather clothing or equipment except in 
the highest r.ountainc. 
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Fig 7: Average dally MBCIJMB teaperatures for April, the hottest 
month, are aoitly In the aid to high 90*8 for southeast Asia. The only 
exceptions are the cooler coasts and eastern highlands where the tmxim. 
average in the 80% and two hot-spots, both with average aaxiaa of 
100 F, ate near Uttaradlt, Thailand, and the other near Toungoo, Bun«. 
When occurring in conjunction with high humidity, such temperatures pro- 
duce a tei^erature-humidlty Index sufficiently high to cause heat strain 
in active ami. 
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Fig. 8:   Tte «venge äally eaxiaua t«sj»i»ture8 In Vtemtour, tte coldest 
Booth, *r« in the aid to M# 80*• for Mutbaatt AsU, except in the 
eastern MgMÄOd« and coastal arms.   The latter areas are usualljr in 
the TO's, which are not enough lower to cause any eoM-wsather probleBs. 
During this tlws of year no great heat stress should be encountered. 
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flg. 9: Absolut« wmximm to^ezmtvur«« la&icste vwtiwr hotter than im 
Ukely to be mt during «ay given yew. The heet center for ThfeliUmd 
Is located In the interior lowlands, soee distance removed froa aarl- 
tloe Influence. Occurrence of air tenperatures In excess of the 125 F 
limit adopted by the Any for design criteria purposes is highly 1m- 
l^dWjle, even in the areas of greatest heat stress. 
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THAILAND 

START   OF   WET   SEASON 

ND —   NO  DRY   SEASON 

tdlgll  »mi 

Fig. 10:   A« tte m% SMBOH jrognvM« tbroutfi Tteilud, it it «ecoofiA- 
nied by floods, iaereaMd rettrictioas to vchieutar awblUty due to WJA, 
tad iacNMod pribUm* in v*t«r potobUi^r.   This wp •hew only ttw 
average startiag Booth of tht rainy saason.   In a given s^ar the season 
My «tart a ■oath earlier or be delayed for a ■oath. 
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Fig. 11: During the dry season clouds of dust characterise heavily, 
traveled unpav*d roads and, unless carried avay by winds, seriously slow 
truck convoys. Respirators and goggles should be provided for drivers 
during this season. 



Fig, 2:    In January, the driest Month, there is usually less than one 
day with rain over an extensive area in the north. The clear pkies and 
good visibilities provide excellent conditions for aerial delivery op- 
erations. In the northeastern coastal areas and in southern Thailand 
near the ftelayan border, the increased number of rainy days limits the 
number of hours of contact-flying and cloudiness may conceal ground 
movements. 
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Fig. 13: In September, the wettest nonth, the number of rainy dayr in- 
creases from aVcut 10 in the rain bhadow of the mountains along the Buraa- 
Thailand boi"der to between 20 and ^5 days along the south coast. Flood- 
ing of lowland areas reaches its maximum extent at this time. Weather 
suitable for flying air support missions is generally confined to only 
a rew hours a day. 
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Fig. lh:    Meau Arnual Precipitation ^ives a rough eßtimate of vater 
availability in various parts of the country. Where rainfall is low, 
vater supply problems are acute, particularly in areas distant from the 
main streams where well-water only is available for use. Activities 
requiring water in quantity, such as bathing, showering, or laundering 
nust be careful!;* regulated. In areas of high rainfall, flooding may 
be a problem. 
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THAILANO 

) ! O R    REGIONS 

Fig 15- The D^ember color map shows a near total dependence on stand- 
ard'green for general camouflage use. This color represents broadltaf 
evergreen trees and, during the growing season, cultivated crops, grasses, 
and other herbaceous plants, and broadleaf deciduous treec. The Munsell 
color nomenclature should approximate Ijfflf U/5. 
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THAILAND- 
COLOR   REGIONS 

JANUARY 

| INTERSPERSED TAN   AMD GREEN 

TAN 

I GREEN 

Fig. It: The January color map shows areal camouflage requirementc for 
two standard Amy colors, tern and green. Tan represents areas of Eond 
or thin mountain soils, harvested cropland, and broadleaf deciduous 
trees during the dormant season. Green represents broadleaf evergreen 
trees and deciduous fee«; during the rainy season. Munsell 7-5 1CR 6/6 
is the approximate color nomenclature ^or tan, and 5 GY 4/5, for green. 
In parts of the nountainous regions areas of evergreens alternate with 
those of leaf-shedders. 
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Fig. i?: Much of the rice grown is of the "wet" variety that develops 
and matures bert in a thoroughly flooded field or "paddy." Durlag /ne 
flood season, particularly in the Central Valley, the rice-growing dic- 
tricts are sometimes under 10 to 12 feet of water. Motor travel along 
unpaved roads is made extremely difficult by ponding during the flood 
season, and cross-country movement through the network of flooded pid- 
dles is impracticable. 
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Fig.  18:    Cliraate of Bangkok. 
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Fig. 19: CXanulative frequencies of tenperatureD, Bankok, based upon 
obserrotions at D700, 1300, and 190C hours. 
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Fig. 20: The climate of central Thailand, with a long dry EeaBon, Is 
most analogous to that of Burma on the west, and Laos, Cambodia, and 
Vietnam on the east. The climate xb  ;j"ite different in most of the 
Malay Peninsula and the large islands of Indon^-ia, where heavy rains 
prevail in all or nearly ell montn« thiviughout the year. In Thailand, 
this type of tropical i-iuy climate occurs only in smal1 areas in the 
Kra Penincul/i, in the south. 
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