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I. INTRODUCTION

Directive

Contract No, DA 19—129-QM-1655 between the Headquarters of Quartermaster
Research and Engineering Command, U.S. Army Quartermaster Research and Engi-
neering Center, Natick, Massachusetts, and the Department of Geography, The
University of Michigan, directs that ilhe contraciter "siwall eacit his best ef-
forts with a view toward:

"l. Determining the environmental elements (e.g., weather and climate,
landforms, soils, vegetation, native animals, diseases, and the physical works
of men) in the coastal areas of Southeast Asia (Burma, Thailand, and Malay
Peninsula, and the countries of former French Indo-China) which should be cou-
sidered in the design and cperation of all types of military equipment."

Assumptions

Certain assumptions were made by the contractor within the broad frame-
work of the directive to limit and guide the research work. These were:

A. The "coastal area" was considered to be an area extending inland for
an arbitrary distance of fifty miles and included the offshore water,.
B. That "operation” implied military operation by a commander who would
need to know the environmental character of whatever part of the coastal area
in which his operations were being conducted. '

o a T the elements listed in the di-
rective would not be available in the same degree cf detail for all of the
area, so that the several sections of the report should not be confined ‘o
any given degree of detail and that each one should be relatively complete in
itself,

O

(o

. \
. That basic information ab 1

he report would be used for both of the purposes (design and
cned in the directive and should be easily understood by per-
e

nsive geographic knowledge and vocabulary.

D. Thet t
operation) menti
sons without ext



Presenvation

The envirommental elements are presented in topical form with regional-
ization, when applicable, made on the basis of the individual element. Qual-
itative descriptions are supplemented by quantitative analyses in those parts
of the repnrt where the data lend themselves to quantification.

Basic Map Coverage

In several of the tables, maps are referred to by numbers 1 to 85. These v
represent the numbers given to the maps of several series on the 1:250,000 and
similar 5cales, arranged in series around the Project Area from northyest to
northeast. ' For purposes of identification the exact designations of these
numbered maps follows:

Number Series and Index Number Scale
1 Usk2  NF L6-10 1:250,000
2 Ush2  NF L6-1k 1:250,000
% Usk2  NF L6-15 1:250,000
L Usk2  NE L6-3 1:250,000
5 Ush2  NE W6-7 1:250,000
6 Usk2  NE 46-8 1:250,000
T Usk2  NE L6-10 1:250,000
8 Ushe  NE 46-15 1:250,000
9 Uske  NE 46-16 1:250,000
10 Ushe  ND L6k 1:250,000
11 ushe  NE W7-13 1:250,000
12 Usk2 NE h7-9 1:250,000
13 L509  NE L7-1h4 1:250,000
1k 5h2 NE L7-1b 1:250,000
15 Usk2  ND 47-2 1.:250,000
16 Us42  ND L7-6 1:250,000
17 Usk2 1D 47-10 1:250,000
18 Usé2 - ND L7-1h 1:250,000
19 Usk2  NC b7-2 1:250,000
20 Uske  ND L7-6 1:250,000
21 L508 ¢ k70 1:253,440
22 L508 C-L7v 1:253,hl0
23 1508 B-L7C 1:253,440
2L 1508 R-L7D 1:25%,hho
25 1503 B-L7J 1:253,4h0



Number

26
27
28
29
30
31
%2
33
3l
25
36
37
38
Lo
b1
ho
43
Ly
L5
L6
k7
L8
49
50
52
53
54
55
56
57
58
59
60
61
62
63
6l
05
66
67
68
69
7C
71
T2

Series and Index Number

1501 B-4TK

1501 21
GS GS L4218 13-47R
1501 B-4TW
L501 B-L47X
1501 3A

1501 313

1501 A-4TL

L501 A-4T7G & part A-LBM

1501 3L
1501 A-L8 ©
GS G5 4218 A-481
GS GS L4218 A-48H
1501 C3

CS ¢S L4218 B-L8T
GS ¢S L4218 B-L48S
GS GS 4218 B-L8N
GS GS L4218 B-L8M
GS ¢S L4218 r-L48G

1501  13-47L
1508 B-4LTE
1508 c-b7w
1508 C-ktv

L1508 C-L7P & C-UT7Q

1509 NC L7-7
1509 NC L7-3%
1509 ND L7-15
1509 ND 47-11
L509 ND h7-12
1509 ND L8-9
I509 ND L7-16
1509 ND L8-13
1509 NC 48-1
1509 NC h8-2
1509 NC 48-5
L1509 NC L48-6
1509 NC 48-10
1509 NC 48-15
1509 NC u8-11
1509  NC 48-7
L509 NC 48-8
L509  NC 48-4
1509 NC Lg9-1
1505 D 49-13
1509 ND 49-9
L1505  ND 49-5
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:253, 440
253,440
253,440
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1253, 440
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:253, 440
253,440
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:253, 440
1253, 440
1253, 440
:253, 440
:253, 440
253,440
253,440
:253,Lho
:253,440
253,440
253,440
253,440
253,440
:25%,4ho
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:1250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,000
:250,0C0
:250,000
:250,000



Number Series and Index Number Scale

T3 1509 ND L48-4 1:250,000
Th 1509 ND L9-1 1:250,000
75 1509 NE 49-13 1:250,000
76 1509 NE 48-16 1:250,000
T7 1509 NE 48-15 1:250,000
78 1509 NE 48-12 1:250,000
79 I509 NE 48-11 1:250,000
80 1509 NE 48-7 1:250,000
81 1509 NE 48-3 1:250,000
82 1509 NF 48-15 1:250,000
83 1509 NF 48-16 1:250,000
8h 1509 NF 48-11 1:250,000
85 1509 NF L48-12 1:250,000
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IT. APPROACHES TO THE COAST

It seems a reasonable assumption that any military operations in South-
east Asia will involve landing of personnel and equipment on the shore. It is
also probable in any widespread operations that several such landings would be
made because the ecapacity and extent of the road and railroad system would not
permit long supply lines. During World War II the Japanese forces used ccast-
wise amphibious movements to circumvent defense lines across the Malay Penin-
sula.

For these reasons it seemed useful to analyze the coastal conditions of
the area. This analysis has been done in two parts: first, a study of the
offshore water depths; second, an analysis of the nature of coastal structure
and cover which might affect amphibious landings. The offshore water depth
study is complete for the entire coastline but the coastal type analysis had
tc be limited to the areas for which large scale map coverage was available.
For both studies the raw material data is presented with some summaries and
generalizations.,

Tho data of the analyses indicate that approximately 30% of the examined
coast is easily approachable; that about the same percentage is inaccessible,
mostly because of mangrove growth; and that the remainder presents problems
either in the approach itself or -on the immediate shore. The inaccessible
areas as well as the problem areas are interspersed with accessible areas so
that amphibious landings would be possible within almost any considerable
strip of the coast.

Offshore Water Depths

There is a common but not universal relationship between the offshore
depths and the coastal geomorphology. This may be stated: deep water is
closer onshore along hilly and mountainous coastlines and farther offshore
on flat alluvial coasts and deltas; on bhay-and-headland coasts the deep water
approaches most closely onshore at the headlands and is most distant cffshore

n the bay bottoms. Considering the whole of the coastline of Southeast Asia
and medians of measursd samples, the five fathom contour will usually be lo-
cated from one to two miles offishore and the ten fathom contour twe to five
miles offshore.

MEASUREMENTS

The 1:250,000 coverage was used for measurement because the HO charts were
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on smaller scales and the fragmentary coverage of larger scales (1:50,000 and
1:63,360) did not always include hydrographic. information and also the sheets
seldom extended far enough offshore for the purposes of this aralysis.

The five and ten fathom contours were used in the analysis because they
were available on the 1:250,000 coverage and also because it was probable that
transports and larger vessels could approach the shore landward of the ten
fathom contour but not beyond the five fathom contour.

One or more measurements were made on each of the 85 maps of the ares
coverage except those with no shorelirne. For summary purposes the data has
been divided into distributional areas in terms of location from Burma around -
to the China border. The data itself does not show any regionality except
for the association with geomorphology mentioned above. The accompanying map
(Map 1) shows the locations of the samples; two of the same number means two
samples from the same map. The names of the locational areas are also shown
on the map.

Coastal Type Analysis

A survey of incomplete map coverage indicates that about 30% of the coast-
line is open to easy access by any kind of landing craft and about l)m presents
some but probably not serions offshore obstacles such as rocks, coral, or sand-
banks. About 25% has onshore conditions that present difficulties and some 31%
is inaccessible, almost entirely because of mangrove growth. The poorest
coastal conditions were found along the west coast of Thailand and Scuth Burma
and the best conditions, as judged from incomplete coverage cccur aiong the
South China Sca Coast and the southern rart of the Gulf of Torkin.

A survey of coastal types was made from the available large-scale map
coverage to determine the frequency and geographical distribution of the types.
The objective was to ascertain the availability of coastal areas on which land-
ings could be made.

AVATLAELE MAP COVERAGE

FaXN - . y s 4 ey o o oy 2 ) der t 4 LN - . 2
ATTer some exnevimeontation it was decidad that the informetion shown on

the 1:220,000 and similar scales was not use ul for the purpeoces of the ob-

Jective.  The 1:2%,000 gave the bost and mest detailed information but the
arca covercd at this scale was confired to ore part of the ccast ard therctore
did not make a good sample T*e ,bB,EéO oks iable for most of

l
T of the Indo-China
S from the 1:250,000

g L
the west coast area arnd 1:50,000 for appreximately on
cast. An attempt was made +o gereralicze the miszing par
maps but the results of trial checks were not comparablie,
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TA3LE 1

OFFSHORE LOCATIONS OF THE FIVE- AND ‘THE TEN-FATHOM CONTOURS

(Arranged by distributional areas in terms of increasing distances from shore)

VC - very close, computed as 0.0 in figuring aversages.

OM - off map, commonly distances of ten miles or more (where OM readings occur the average
distances are n % computed).

Measurements in miles perpendicular to shore direction.

5 Fathoms 10 Fathoms 5 Fathoms 10 Fatroms
BAY OF BENGAL (9 samples) MALAYA EAST COAST (8 samples)
VC 0.0 1.0 ¥C 0.0 1.5
0.5 1.0 VC 0.0 2.0
0.5 2.0 0.25 2.0
1.0 2.0 0.5 2.5
1.0 2.0 0.75 3.5
1.0 6.0 1.5 5.0
2.0 12.0 3.0 5.0
2.0 13.0 3.0 6.0
3.5 13.0 Average 1.1250 Average 3.4375
Average 1.27 Average 5.77° Median 0.5 Median 2.5
Medisn 1.0 Median 2.0
GULF OF SI21 (16 samples)
CULF OF MARTABAN (4 samples) Ve 0.0 0.5
1.0, 3.0 vC 0.0 0.75
2.0 oM 0.5 2.0
2.0 oM 1.0 2.5
20.0 o 1.0 2.5
Average 6.25 Average = 1.0 4.0
Median 2.0 Median == 1.5 3.0
X . 1.5 9.5
ANDAMAN COAST {9 samples, 1.5 6.0
. 2.0 T7:0
VC 0.0 0.25 2.0 9.0
V€ 0.0 0.50 2.5 19.0
VC Q.0 1.25 3.0 10.0
0.75 2.0 4.0 13.0
1.0 2.0 7.0 1.0
2.5 4.0 19.0 oM
4.0 4.5
5.0 7.0 Average 2.5687 Average ==
5.0 7.0 Median 1.5 Median 5.5
Average 2.0 (1.9722) Average 3.166 SOUT: CHINA SEA COAST (11 samples)
Mediar 1.0 Median 2.0
‘ Ve 0.25
MALACCA STRAIT (11 samples) ve 0.5
] Ve 0.5
g‘375 (l’-g 6.25 6.75
. . 0.25 0.75
1.0 1.25 0.25 1.0
1.0 1.50 0.25 1.0
1.0 2.0 0.5 Lo
1.5 3.0 6.5 1.5
;'? ;'g 0.75 1.0
. . -
3.0 6.5 9.0 7.5
5.0 8.0 Average 0.7045 Average 1.7045
6.0. 16.0 Median 0.25 Median 1.0
Average 2.1818 Aveinge 4,3409 GULF OF TONKIN (5 samples)
Median 1.5 Median 3.0
Ve 0.5
.5 1.0
1.5 8.0
3.0 13.0
14,9 24,0
Average 3.8 Average 10.9
Median 1.5 Median 8.0




TABLE 2

EXACT LOCATIONS BY PLACE #AMS, LATITUDE, LONGITUDE, AND MAP NUMBER OF SAMPLED AREAS ‘
WITH OFFSHORE DISTANCES OF FIVE- AND TEN-FATHOM CONTOURS

5-Fathom Line,

10-Fathom Line,

Map No. Lecation niles niles
Country: BURMA
(1) NF b6-10 Cut of territory
(2) wF 46-14 Thawinchaung 20°25' N 2 12
92°35' B
(2) NF b6-14 Dahaing 20°10' N 3-1/2 13
52°50' E
(3) NF 46-15 No coastline
(4) & 46-3 #Kyunzon Taung 19°47' N 1/2 1
) (an island) 93°02' E
(4) NE 46-3 West Point 19°20' N 1 2
(an island named Remree) 93°26' N
(5) KE 46-7 ‘Thandougzu 18°50' N lose off shore 13
93°55' E
(5) NE 86-7 Agat Eaung 18°16' N 1 2
oh°20' E
(6) & (7) Sheets off coast
(8) mE bh6-15 Tazin 16°52" N 1/2 1
gh°22t |
(8) M b6-1 Al 167331 N 1 2
=15 egon 9’!'145' E
(9) Sheet off coast .
(10) D h6-4 Purian Point 15°50' N 2 6
ghe22t B
Both following are in Gulf of Martaban:
(11) ME 47-13 Tawpalwe 16°15' N 20 Cannot be found
96°00' B on map
(11) NE 47-13 Fadaukkon 16°%0"' N 2 Cannot be found
97°22' E on map
(12), (13), & (14) 0ff coast
(15) ND b7-2 Rocky Ledge 15°16' N 2 3
97°Lke' E
(15) D 47-2 Fagoda 15°55" N 1 Indefinite
97°35' E
(16) ND b7-6 White Point 1452 N Extremely close 2
97°L7t E to shore
(16) ND b7-6 S. of Pagoda Foint 1°12' N 1 2
98°03' E
(17) ND b7-10 Than Maw 13°32' N Extremely close 1/2
{18) ND L7-1h4 North of Mergul 12°29' N " ha1/2
98°35' E




TABLE 2 {Continued)

Map No. Location 5-Fathom Line, 10-Fathom Line,
miles miles
Country: BURMA (Concluded)
(19) Nc b7-2 Alyne 11°10' N 5 7
98°44' E
(20) NC 47-6 Tutkabo Maw 10°36' N 2-1/2 4
99°29' E
Country: THAILAND
(21) c-470 Laem Pho 9°38' N 3 7
98°28' B
(22) c-b7U Laimtam Chak 8°%2' W 3/h 1-1/%
98°13' E
(22) c-47 U Laem Son 982%: g Extremely close 1/2
(23) B-47 C Laem Mum Nai 47" N Extremely close 1/4
98°16' B ‘
(24) B-4T D B Ta Pe 7°21' N 6 8
99°78' B
(25) B-47J B Bau Ched Luk 6°52' N 5 16
99°h0! E
Country: MALAYA
(26) B-4T K Kg Kubang 6°07' N 3 5
100°16' E
(27) Sheet 21 Yen 50°k7' N 3 6-1/é
100°22' E
(28) No shoreline
(29) B-bT W Bt Batu Tiga 4°10* N 3/4 1
100°37' E
(20) B-W7 Y No shoreline
(31) Sheet 3 TaJjong Sauk 3°h7' N 1-3/l 3
100°49' B
(32) Sheet 3B West of K Selangor Fort 3°020 N 1-1/2 3
101°10' E
(33) A-LT L Fort Dickson 2°32t N Extremely close 1/2
: - 101°47' B
(34) a-48¢ Tg Klinz 2°1h' N 1 1-1/2
' 102°07' E
(34) A-486 Kg Java 1°52' N 1 1-1/h
102°40' E
(35) Sheet 3-L Tg Pial {Bules) 1°15 N 1 2
103°%0' E
(36) a-480 Kg Telck Ramunia 1°17' N Extrerely close 2
104°15' B




TABLE 2 (Centinued)
Mep Yo. Location 5-Fathom Line, lO—Fatk-xom Line,
miles miles
Country: MALAYA (Concluded)

(37) Very little shoreline

(38) .A-L8 H Tg Penyabony 2°38' N 1-1/2 5
103°4T' E

(39) A-48 B Kg K Pahang 3°32' N 3 6
103°27' E

(40) No shoreline

(k1) B-b8 T Kg Telok Kalong L°17' N 1/ 2
103°27! E

(h2) No shoreline

{(h3) B-k8 N Bt Chenering 5°16' N Very close 3-1/2
103°10' E :

(b)) B-48 M Kg Mcrang 5°32' N 1/2 2-1/2
102°52 E

(45) 3-k3 G Kg Sabak 6°10" N 3 )
102°20" E

(56) B-L7 L Kg, Tauk Ha 6°50" N 3/b 1-1/2
101°32! E

Country: THAILAND

(47) B-h7 Songxiila 7°13' W 2-1/2 14
100°10' E

(48) c-47 w Laem Lum Phuk 8°30' u 3 10
100°10' .E

(49) c-k7 Vv Sichon 9°00' N 1
99°55' E

{0} ¢-Lyp Pak Khleng 5°07' N 1-1/2 9
99°55" E

(71) uC hy-7 North of Kowiang Island 10°50" N Very close l,/'?_
99°32" B

(32) ng 47-3 ¥hac Mae Ramphung 11°13' N 1/2 2
99°33' E

(78) uwnoa7-18 Ran Khung Tanot 12°10' N 1-1/2 2-1/2
100°C2' E

(") wnoatenn Hat Pak Khlong 13°00' N 2 "
100°CS' E

(55) w0 L7-) Laem Chutang 13°05" 1 51/«
100°52" &

(=5) o coastline

(57) S Laem Pu Chac 12°h0" W Vary close 3/
1CG°52 E

(=3) W A& Ban Thammochat Lung 12°10" % 2 6
100°17" =




TABLE 2 (Continued)

Location

S5-Fathom Line,

10-Fathom Line,

Map No. miles miles
Country: CAMBODIA

(59) NC 48-1 Pointe Keh Kussat 11%5' N 1 4
103°05' E

(60) No shoreline

(61) NC 48-5 A point SE of Ream 10°30"' N 1-1/2 2-1/2
103°38' E

Country: VIETNAM

(62) NC 48-6 Mui Ong Thoa 10°08' N 19 Extremely far
104°38' B

(63) NC 48-10 Point South of Les Mamelles 9°02' § 7 13
104°L8" B

(64) nHC BB-15 Xam Muil 8°38' N 4 5
104°43' E

(65) nC 48-11 Ap Hsa Thanh 9°ko' N 5 7-1/2
106°40" E

(66) =nC 48-7 Cap Saint Jacques 10°20 N Very close I
107°15' E

(67) wWC 48-8 Pointe de Ke Ga 10°L0' N /4 1
108°00' E

(68) No shoreline

(69} NC 49-1 Mui Sung Truu 11°18' X Very close 1/2
109°00' B

(70) ND 49-13 Dam Van 12°25' N Very close /4
109°20" E

(11) D L49-9 "Phu Oc 13°18' N 374 1
109°18' E

(72) WD 49-5 Vinh Tuy 14°Lor N 1/ 3/4
109°05' E

(73) No shoreline

(74) ND U9-1 Cap Nan Tram 15°25' N 1/2 3/
108°50* E

(75) NE 49-13 Cap Chon May (east) 16°20" N 1/ 1/2
108°02' E

(76) NE 48-16 vinh Tri 16°L0" N 1/4 1-1/2
107°35' E

(77) No shoreline

(78) NE u8-12 Cap lay 17°05' N 1/2 1
107°05' E

(79) No shoreline

(80) NE L8-7 Cap Mu! Ron Ma 18°08* N Very close 1/2
106°28' £
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TABLE 2 (Concluded)

5-Fathom Li -Fat
Map No. Location S-Fathon Line, 10-Fathom Line,
miles _ miles .
Country: VIETNAM (Concluded)
(81) NE hB-3 Cap Talus 19°20'' N 1/2 7
' 105°48" E
(81) wE 483 Cap Chao 19°42' N 1-1/2 . 13-1/2
105°52' E
(82) lo appreciable shoreline
(83) nr u8-16 Point nearHon Dau Sight 20°h2' N. 3 8
106°48! ®
(84) No shoreline
(35) P 48-12 Nul Cat 21°20° N 1 ok
107°37" E

Complete coverage was obtainable for the Burma Coast (see Coastal Regions,
below) the Gulf of Martaban, and for most of the Andaman Sea Coast and Malacca
Stralts. For these areas meaningful generalizations can be made. The coverage
for the East Malay Coast is all in one scction representing more than half of
the coast. There 1s so little coverage in the Gulf of Siam as to be useless but
that on the South China Sea Coast represents a good sample. In the Gulf of Tonkin
the parts representing the Red River delta are missing but the rest is complete.

TARLE 3

AREAS COVERED BY COASTAL TYPE ANALYSIS

- ) Eotimated
: No. of Estimated Estimated Miles ¢
Reglon : o . ) rored 4 Missing o Miles
Maps % Covered Missirg Covered Miscing
Riirma Coast. i 100 O 200 0
1:63,360 < » :
Gulf of Martsban N R
1:63,360 19 100 o 388 0
Aandaman Sea Const . o ~ . 2
1:63, %0 o1 Th z6 92 152
Mrlacen Strafte . ~n (e
1163, 360 b i 22 €03 169
Malayn East Coast = . . ;
1:63,360 ¥ & “2 156 134
Gulf of Stiam : . . 205
1:50,000 8 5 g3 ] 1805
fauth Chinn Sea Coast . . s
150,000 & ot Y 2% e
Gulf of Tonkin e X .
150,000 16 - o 2k b
Tctals 163 Py 2
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VARTABILITY OF MAP DATA AND NOMENCLATURE

In this part of the survey, we are compelled to rely upon maps which vary
from series to series, possibly from map to map, in the criteria and the names
used to identify coastal conditions. As examples, the designation "Sand Bank"
occurs on-only one map and "Mud Bank" on only eight. The entire areas of the
South China Sea Coast and the Gulf of Tonkin, represented by 99 maps do not
show such designations. On the same 99 maps there is no designation "T!del
Flats" which must be common in most places. On the 58% coverage of the Melay
East Coast there is no designation "Mangrove" although some 21% of the covered
coast 1s designated "Swampy." Because of these and many other inconsistencies,
the raw materlal of the survey is presented end implications and assumptions
must be understood as being subject to the limitations implied above.

COASTAL REGIONS AND GEOMORPHOLOGY

For purposes of convenience in analysis, the coastal area has been sepa-
rated into eight sections. Some of these have recognizable geomorphologlical
differences, but these differences are those of inland structure and sre not
statistically recognizable in comstal types. The eight sections described
below are delineated on Map 1.

Burma Coast (15 to 21° north latitude). Much flat plain north of 20°;
Areken Range, 17 to 20° but fronted with wide plains; tidal and swampy flats
around Ramree Island; narrow plains south of 15° latitude.

Gulf of Martaban (15 to 17° north latitude and 9% to 97° east longitude).
fostly wide plains and the delta fringe of the Irrawaddy.

Andaman Sea Coast (8 to 15° north latitude). Mostly hilly fronted with
narrow coastal plains. Islands of the Merugl Archipelago fringe the central
part of the coastal stretch.

Malacca Straits (2 to 8° north latitude). Mostly broad plains, some
alluvial; protected to south by Sumatra.

East Malay Coast (2 to 7° north latitude). Wide coastal plains with a
few hilly spurs.

ulf of Giam (7° north latitude and 101° east longitude to 8° north lati-
tude and 105° east longitude). Wide alluvial plains and delta coasts of the
Chao Phraya. Hilly on the east coast between 10 and 13° north latitude.

South China Sea Coast (8 to 18° north latitude). Wide delta plains at
mouths of the Mekong ( to s8bout 11° north latitude) north of this the coastal
zcne 1s hilly with relatively narrow plains with hilly spurs projecting as head-
lands. Many beaches are covered with blown sand or moving sand dunes in parallel
rovs.
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LOCATION OF DEPTH SAMPLES

285
¢83
)
.2 GULF OF
X:) 281
o4 o TONKIN
°5
BAY OF o5 80
BENGAL P
== 78
°8 76
or 2 ol! °. 75
Q” 9
ol
07‘1
ol5 7y
CULF OF °16 °
MARTABAN, al6 '
ol7 71
54 55 °
70
857
8!8 653 458 s
69
0 S GULF OF 59 °
/ 7 £ ° 67 -
A/%ﬁﬂ?/?iﬁiv 020 09l 5/;?/‘3‘7 i 066 °
COAST 462
2l ’ 5 SOUTH
50 .
2 63 | CHINA SEA
2! 48 264
022
°23 \
e24 047
e25 646
026 045 MALAYA
o2t 44
: [
. 043  LAST
DOTS INDICATE LOCATION OF SAMPLES
029 4 COAST
NUMBERS FREFER TO MAP SHEETS Ze
% »39
HEAVY LINES SEPARATE COASTAL Z, "%
REGIONS q;, o33 V38
AREAS COVERED BY S 034
COASTAL TYPE ANALYSIS ,p‘q 034

Map 1. Loéation of Depth Samples and Areas Covered by Coastal Type Analysis.
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Gulf of Tonkin (18 to 22° north latitude). Narrow cocastal plains in
south with delta of the Red River in north. A small hilly area  near the

Chinese border (about 21° north).

Coasctal Types

From map analysis of the available coverage the following coastal types
d for each map.

(]

were identificd and measur

Accessible Types

Flat Foreshore. Flat beach area, usually several hundred yards or more
in width, not identified as sandy, marshy, or tidal in character; commonly
the coastal feature of alluvial plains.

Sandy Foreshore. Same as flat foreshore except that maps indicate sand
by symbol o¥ name but do not indicate dunes. Probably some dune area included
_because of differing symbolization on different map sets. In a few places sandy
foreshores include lagoons immediately inland from the sandy shoreline (Map 2).

-Types with Onshore Terrain Problems

Hilly Foresnore. Hills as identified by contours reach to the coast;
with or without narrow strand areas between the actual slopes and the shore;
iimited beach area for assembly or supply functions (Map 3).

Sand Dunes. Single or multiple sand ridges high enough to be indicated
by contours or specifically so labeled on maps. Especially abundant along the
South China Sea Coast and southern Gulf of Tonkin (Map U).

Swampy. Fresh or brackish water commonly inland of a beach ridge and
other kinds of indicated swampy land. Probably includes mangroves in some

placcs (Maps 5 and 6).
Tidal Flats. Marshy areas especially in estuaries and along other low
coastal types; grassy vegetation where indicated on maps. Probably much over-

lap with the "swampy" category above (Map 7).

Types that Present Difficulties in Approach

Rocky Offshore. Rocks in shallow water =sdjacent to the actual coast-

line {Map 8).

Sand Banks or Mud Banks. In shallow water offshore probably ruch more




TABLE 4

SUMMARY OF COASTAL TYPE ANALYSIS
(Coastal Reglons by Miles and Percentages)

w [
%] 2] + W
) 7] .é ] )]
[} [J] ,!5 — Q
E . A B g o4 =,
o z 5’ 2 o i ) g A 9 o 3 3
o] =] O 44 L] [} el =1 kel 19 +
~ a 4 Q ~ 54 g 2 =5 o o~ [o] [e)
fxy 5] td & O 3 0 S % = 0 £ [s] 2]
B ML 136 30 61 123 107 7 5 7 2k 500
Coast % 27.3 6.0 12.0 24 .7 214 1L 1.0 1.h 4.8 100
’ ) A ¢
Gulf of ML 105 12 9 8 151 1 29 9 24 338
M
arteban $ 270 31 2.3 2.0 S 38.9 106 7.5 23 6.2 100
Andaman Mi 25 81 6l 2h1 L 17 20 452
ot
SeaCosst 4 55 7.8 1.2 555 1.0 3.8 Wb 100
Malacen ML 155 14 19 5 202 188 60%
o
Stralts 4  25.7 2.2 3,1 .8 37.0  31.2 100
, . a
Malay East Mt 89 16 5 39 39 186
Const 4 4.8 8.6 1.6 21.0 ' 21.0 100
1 b1 ‘ 5
Gulf of Mo > 1 il L 5
c
Slam 4 26.3 5.3 27.8 49.5 1.1 100
South China Mi 36 78 64 50 26 144 118 . 6 11 533
Sea Coast % 6.8 148  12.0 9.4 4.9 27.0 2.1 1.1 2.1 100
h ~
Cult of M1 3 129 6 5 1 11 11 206
Tonkin 4  20.9 62.6 2.8 2.4 5 5.3 5,% 100
ML 614 270 255 308 32 b 897 297 51 9 51 35 2963
Totals
4 20.7 9.1 8.6 10.4 1.1 4.9 %0.3  10.0 1.7 3 1.7 L2 100
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Map 2. Sandy Coast. TFrom Series L 805, No. 213 TTE.
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Map 3. Hilly Coast. From Series L 805, No. 125 33E.



Sand Dunes and Lagoon Coast. From Serles L 805, No. 125 29E.
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Map 8. Rocky Offshore. From Series L 805, No. 138 SOE.

common than indicated. Absent on maps cast of Culf of Martaban (Map 3).

Coral. Coral barrier in shallow water offshore; uncommon in muddy
situations along delta coasts.

Inaccessible Types

Cliffs. Precipitous slopes actually reaching shore, so designated on
maps. Probably wave beaten in storms or high water (Map 7).

Mangroves. Tree covered tidal shallows presenting a barrier to landing
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(Map €).

i

Raw Inventory Data. Pecause of the incomp
sistencies of data mentioned earlier in t >
the coastal inventory are included for th
analyses and summaries must be Interpret

ete coverage and the incon-
ion the raw data sheets of

ific locality value. The

ms of these limitations.

H O

Cecastal Types Aralyzed by Accessibility. The following table summarizes
the complete mileage fnventoried. It is not a s*atistical sample because of
the missing coverage but does present the categories as proportions of the
availa®rle whole. 1In terms of accessibility it shows the following:
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TABLE 5

COASTAL TYPES ANALYZED BY ACCESSIBILITY

Percent

Miles of Total
Easily Accessible Coast 29.8
Flat 61k 20.7
Sandy 270 9.1
Approachable with Difficulty 13.6
Rocky 308 10.k
Sand or Mud Banks 60 2.0
Coral Fringe 35 1.2
Tnaccessible 31.h
Mangrove 897 30.3
Cliffs 32 1.1
Onshore Problems 25.2
Hilly 255 8.6
Sand Dunes 14k 4.9
Swampy 297 10.0
Tidal Flats 1 1.7
2963 100.0

Implications. Within the limitations of the data it may be inferred that
there is about as much readily accessible coast as inaccessible coast and that
these two categories compose some 60% of the coastal miles. Another 13% (hilly
and sand dunes) may not present serious problems to getting onshore or estab-
lishing a foothoid.

Relationship of Accessibility of Geomorphological Structure. Table 6
resents a percentage analysis of the areas in which continuous coverage is

available. It indicates some obvious facts.

1. A larger percentage of wet piain coast is inaccessible than dry plains.
This comes from the mangrove growth on the wet coasts.

2. All types of coast have enough available areas of ready access for
military cperations.

3. All types of coast have a surprising percentage of inaccessible
mileage. This comes from mangrove growth.

Distribtution of Inaccessitility and Lack of Easy Accessibility. An anal-
ysis of the complete coverage slong the west coast between 10 and 21° N. lati-

21
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tude covering 1340 miles of coastline indicated that short stretches of in-
accessibility were scattered through the whole of the coast and that the long-
est continual stretch of insccessibility was 146 miles along the wet narrow
‘plains of the Andaman Sea. The areas of lack of easy accessibility fcllowed
the same pattern, the longest stretch was 236 miles also along the wet narrow
Andaman coestal plain. ’
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ITI. SURFACE QUALITY

In coastal Southeast Asia as a military environment the two most impor-
tant factors in terms of operations are the surface quality and the nature of
the climste.

In this part of the report the nature of the land surface is presented,
first by qualitative description of its components, next by its regional pat-
tern, and finally by quantitative analyses of its roughness and its slopes.

The analysis of roughness shows that about L45% of the project area is in
plains surface; with less than 600 feet of relative relief; some 55% is in
hills with relative relief between 600 and 2000 feet, and the remainder is
rough enough to be called mountainous although much of it does not tear typ-
ical mountainous landforms.

Analysis of the slopes by comprehensive random sampling shows that, with-
in the hill-mountain part of the project area, 19% of the slopes are slight;
(3 to 15%) 56% are moderate; (16-30%) and 25% are steep. (31- 50%) .

The surface conditions of coastal strip are most easily understocd in

terms of the general gecmorphology of Southeastern Asia for which purpose a
short description of the principal elements of the struchure is necessary.

Geomorphological Elements

From the lard mass of South Chine four chains of mourtainous uplands ex-
tend scuthward to form t*e skeleton of Southeast Asia. Between these uplands
stretch the plains and deltas of the four great rivers. The ocean margin of

his complex is rimmed with a generally narrow fringe of coastal plain. The
eight principal elements, four uplands and four plains, are briefly described
herearter and their distribution shown on Map 9.

1. The coastal mountains of North Burma between the Bay of Bengal and
the Irravaddy vally are composed of the narrow dissected ridge of the Arakan
Range which diminishes in both width and altitude from the Chin Hill country
of the north to its iLermination at Cape Negris west of the Irrawaddy delta.

2. The valley of the Irrawvaddy together with that of the Sittang on the

east compose a lowland some 150 miles in breadth exterlding from the north and
terminating in the flat and poorly drained deita area.
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3. The hill country of northern Burma separates the drainage of the
Irrewaddy and Sittang from that of the Thailand rivers. This upland extends
to the south over the Melay Peninsula almost to the equator and terminates
in the mountains of Malaya. The northern part is formed by the Dawna and the
Eilauktaung ranges. To the south through the Kra Isthmus it is a discontin-
uous series of hilly strips.

L. The lowland of Thailand is separated into the watershed of the Chao
Phraya on the west and that of the Mekong on the east by a low, hilly water-
divide. The western part of the lowland is the valley of the Chao Phraya,
some 150 miles wide which terminates in the Rangkok plain formed of the deltas
of the Chao Phraya and the Tachin.

5. The low water-divide mentioned above is the central portion of the
third narrow upland which depends to the south from the China massif. Its
northern part is rugged as is also its southern extension which, through
coastal Cambodia, is composed of the Cardamomes and the hign (000 ft) Chaine
de 1'Elephant that reaches the coast and forms the western margin of the
Mekong Valley.

6. The Mekong Valley: a broad lowland, up to 200 miles wide, extending
through eastern Thailand and terminating in the river delta in South VietNam.

7. The fourth upland belt is the widest. This is the Chaine Annamitique,
from 50 to 150 miles in breadth extending in a broad arc paralleling the South
China Sea Coast between the Tonkin and Mekong Deltas. t 1s a succession of
ercded plateaus bearing high peaks and has relatively steep slopes toward the
eastern coast.

8. The most easterly lowland is that of Tonkin, formed by the valleys
and deltaes of the Red River and its neighbors, the Ma, the Chu, and the Ca.
It lies between the Chaine Annamitique on the south and the China massif on
the north.

These eight elements are narrow in proportion to their lengths and ex-
tend generally in north-south directions. They give a "grain" to Southeas
Asia formed by the alternation of broad flat riverine lowlands with narrower,
rugged and dissected strips of hilly uplands.

The 50-mile wide strip of coastal country which comprises the area of
this study contains only the edges of these major geomorphological elements:
the flanks and focthills of the upland surfaces, the seaward margins of the
deltas, but it does include almost all of the fringing coastal plain.
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Land Types

The landforms of the area may be grouped into four associations, called
the Land Types. Three of these are lowland types characterized by plains and
the fourth is composed of the rougher upland surfaces. They are: delta plains,
alluvial coastal plains, complex plains, and complex hills.

Delta Plains are the most uniform of the land types. They are level al-
luviaisga;faces on which elevations are rare and the most conspicuous surface
forms other than the plains themselves are man-made dikes and barriers con-
structed to prevent flooding. Gradients inland from the coast are almost im-
preceptable, usually less than 1 in./mile. The most important facts of mil-
itary environment in delta country are those of drainage and water-logged soils.
The gradual slope toward the sea produces an indefinite coast line including
a broad shallow tidal zone which may be a mangrove swamp extending several
niles inland from lowtide water.

Alluvial Coastal Plains have one character in common with deltas: bas-
ically they are flat alluvial surfaces. The difference is found in Lhe pres-
ence of several kinds of minor landforms which are absent in deltas. These
include beach ridges, sana dunes, coastal lagoons, offshore rocks, and also

in many places, tidal mangrove fringes.

Complex Plains are in a way transiticnal between the purely alluvial types
and the hill country. They are assoclations of various flat or subdued land-
forms such as recent alluvial coastal and riverine plains, older, upraised and
dissected alluvium (diluvium), river terraces, and degraded or structurally
flat surfaces. Their common characteristic is that their component landforms
are all relatively low and that such erosion slopes as are present are short
even though they may be steep. The complex plains offer more variety, less
waterlogging and less poor drainage than either the deltas of the coastal al-
Invial plains and therefore would be better passageways from the coast to the
interior of the country.

Complex Hills. All of the rougher and higher surface, that is, all of
the area not classified as plains, has becn grouped into a single category,
complex hills. It includes areas with such landforms as elevated but smooth

Fal

plateau cvifaces, rolling fcothill land, stream-cut uplands, low rounded
mountains, residual blocks, limestone erosion forms (karst topography) and
such parts of truly mountainous areas as come within the 50-mile strip of the
Project Area.

This is not a homogereous category because it covers a wide range of
relative relief as well as of structure and erosional stages. An early at-
tempt was made to separate the areas witﬁfhigh relative relief (over 2000 ft)
and make categories for low mountains and rugged mountains. This produced

small and patchy distributions resulting principally from area with deep

VA



stream cutting rather than of mountainous forms such as ridges. In a statis-
tical sense it is possible to separate these rougher areas. The study of rel-
ative relief which follows in this chapter indicates that the complex hills
category which occupies 55% of the area is composed of:

Hills (relative relief from 600 to 2000 ft), 544
Iow mountains (relative relief from 2000 to 3000 ft), 32%
Rugged mountains (relative relief over 3000 ft), 144,

The common characteristic of the complex hills category is that of steep slopes
which form considerable local relief, On a few of the smoother upland plateau
area (such as that of eastern Thailand) this characteristic is subdued. The
operational problems of the hilly country would be those of slopes which. would
limit movement and observation, in contrast to those of the plains types in
which drainage and bearing strength of the scil would be of greatest importance

Physical Regions

For purposes of description and analysils the Project Area has been divided
into eleven physical regions from the northwest around to the northeast. These
are not homogeneous regions but in each of them the associations of the land
types and their landforms differ from those in adjoining regions. The four
delta areas are generally similar but each has some individually in its struc-
ture. The eleven regions, shown on Map 9, are:

1. Arekan

2., Irrawvaddy Delta

3. Tenasserim Coast

L. South Thailand

5. Malaya

©. PRangkok Plain

7. DMountains and Plateaus of Western Cambodla and Eastern Thailand
8. Mekong Deltsa

9. Chaine Annamitique

10, Tonkin Delta

4

Fast Tonkin Highlands,

e

-

1. The Arakan Coast of North Burma extends southward from the Paxistan
border to Cape Negris between the crest of the Arakan Range and the sea coast.
‘The  nerthern part is some 50 miles in width but the area tapers to the south
where the range borders on the Andaman Sea. It consists of three differing
sections:

a. The Northern Section is composed of the narrow, parallel north-
south belts of complex hills which are the outlyers of the Arakan Range.
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Between these ridges there extends from the south, strips of the alluvial
plain of the Kaladan, Mayu, and Lempo Rivers. North of Akyab there is
only a narrow, sandy coastal plain between the seas and the Mayu Range.
The ridges rise sharply above the alluvial lowland to heights of 500 to
1800 ft. The Arakan Range which is the eastern boundary of the area
reaches heights of 4500 ft. It zontains local relief of 1500 to 2000

ft and slope angles of 25 to 30%.

The local relier stated in the remainder of this description is
measured by the differences between the highest and lowest contours within
the squares of the 10,000 yard or 10,000 meter grid of the 1501, 1508,
1509, and U542 and GSGS 4218 series, an area of spproximately 30 square
miles,

Slope angles are taken from the study vhich is a later part of this
chapter,

Cross-section A, Fig., 1, shows a profile of the area on a line just
south of Akyab, This section and others used in the descriptions have
been made from the map series mentioned above with considerable vertical
exageration to emphasize the surface roughness. The local relief shown
by the figures, in feet, 2bove each section on these profiles is taken
along the profile line itself by 5-mile intervals. The section shows
the lowland of the Kaladin and other rivers and the low hilly strips of
the outlyers of the Arakan Range.

b. The Central Section extends southward from Akyab to Sandoway.
Throughout most of its length offshore islands protect the mainland
coast from heavy surf and permit a wide belt of mangrove growth between
the sea and the inland foothills. The low, swampy coast is additionally
described in the section on solls., The hilly chain is some 50 miles in
width and drops off sharply on the east into the Irravaddy Va alley. Tre
local relief and slcpe angles are atoub the same as those in the northern

)

section,

c. The Southern Section., South cf Sandoway the range decrenses
in altitude and width and its foothills lie directly cn the coast. AL
Cape Negris it terminates in the low hilly vpeninsula between the Ir-
vwwaddy Delta and the szea. The ccoastal fringe is a narrow and swampy

crowth, - In the southern hills the

"I

ringed with mangrove
local relief has decrezsed to 000 to SO0 ft and the slopes from 17 4o

AN

[on ,\

2. .The Irrawvaddy Deita. At Zape Nepris the coastline turns eastward
for some 50 miles along h

I TN A LT I o A VI i ~ v NP -~y e - . o\ ~ E o P
the Gulf of Martzsban und northward to the mouth of the
Sittang River, The cowmtry inl

- 4 KRR N A3 S At 3 AT N U TR e
by the distributaries, iniets, =nd offschore isclends of the Irrowaddy. there

and- 1s a lat delta lowland intricately divided
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are no conspicuous landforms except in the extreme northern part (of the 50-
mile strip of the Project Area) where the southern extremities of the Pegu
Range form belts of hill country. In general the delta is low, flat, and wet.
It is described in some detall in the section on soils.

%, The Tenasserim Coast extends southward from the Irrawaddy Delta to
the southern end of the mountain country at about latitude 8 north and includes
part of southern Thailand. South of latitude 1%, and to the border of Malaya,
it includes the entire width of the Maylay Peninsula. In structure and ap-
pearance it resembles the Arakan Coast and is composed of two sections.

a, The Northern Section is the area between the crest of the Dwana
Range and the ocean, It encloses the broad alluvial plain of the Sal-
ween and other rivers between the mountains and the low coastal hills,
Cross-section B, Fig. 1, shows the coastal hills, Tavoy River Valley,
and inland mountains.

b, The Southern Section, between latitudes 8 and 13 north, in-
cludes the width of the peninsula and the coasts of both the Andaman
Sea and the Gulf{ of Siam, The western or Andaman Coast, protected by
the islands of the Mergui Archipelago, is low and wet and covered, nearly
to the foothills of the Belauktaun Range with mangrove forests. The
eastern coast i1s also narrow and in places outlyers of the range reach
the gulf coast. This plain. howevef, is generally dry and its margins
bear sand and sand dune strips. The Belauktaun Range which forms the
boundary between Burma and Thailand is narrow, and generally below 5000
ft in altitude, Within the range local relief varies from 1000 to 2000
ft and slopes from 25 to 37%. Cross-section C, Fig. 2, shows a profile
of the area from the Andaman Sea to the Gulf of Siam.

L. South Thailand is the low, central part of the Malay Peninsula, some
100 miles in widthvlying between the latitudes of 6 and 8° north. Within it
the hilly chains are present only as isolated hills and mountain masses which
rise above the general level of the rolling lowland. The eastern coastal plains
along the Gulf of Siam are alluvial in nature and some of them extend inland
for many miles, They commonly bear coastal fringes of sand or sand dunes. The
western plains are complex in nature formed of undulating surfaces cut by shal-
low siream ercsion. Cross-section D, Fig. 3, shows the generally level nature
2f the area with the individual hills and one of the-isolated mountain masses.

5. Maleya is described in three parts because the most of the central up~
land is outside the 50-mile strip of the Project Area. The parts are: the
west coast, the Singapore Lowland; and the east coast.

a, The West Coast consists of a coastal plein generally about 15 to
20 miles wide backed by mountains reaching elevations of 5000 to 6000 ft.
The plain is generally of alluvium and broken in a few places by mountain

an
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spurs or outlyers which make parts of it of complex character. It con-
tains an extensive swampy area extending between latitudes 3°30' and
L°30', The coastline is marked by a narrow sandy strand, commonly wet,
and in many places covered with a mangrove fringe. ' The mountains rise
sharply from the coastal plain. Local relief increases from north where
it will average 1500 ft to the south where it reaches 5000 ft. Slopes

vary between 21 and 31%.

b. Singapore lowland. The mountains extend as ranges Lo about
latitude 2°30' where they break up into discontinuous and individual
hilly masses, The general upland surface is a composite of wet lowlands
of negligible clevations and somvwhat higher but flattish areas of com-
plex plain with altitudes of 100 to 300 ft. Along the east side of this
lowland is a large area of freshwater swamp extending from the coastal
sand dunes to the margins of a large isolated hilly mass. Singapore is-
land and the city itself at the extremity of the Malay Peninsula are a
center for the communications lines; roads and railroads from the pe-

ninsula.

East Coast is formed by an alluvial plain some 20 miles in width
which is consistently swampy immediately inland from the strand, The
coast itself is sandy and probably bears low dunes which are not high
enough to show within the contour interval of the maps (250 ft) but are
indicated by presence of short streams parallel to the coast. Mangrove
is uncommon except in the river estuaries. The northern part of the
plain is of complex character and hoids small individual rounded hills
which rise sharply from the level surface to heights of 600 to 1000 ft.

The country behind the coastal plain is =z hilly upland cut by stream
erosion, The summits are between 2000 and 5500 ft in elevaticn with
local relief near the coastal plain of 15CC to 2000 ft and inland up to
%000 ft. Slopes average ‘Trom 19 to 20%. Cross-secticn E, Fig. 4, covers
the entire width of the peninsula., The difference between the high moun-
tains of the w2st and the hill country and plains of Lhe east is apparent,

0. The Bangkok Plain. The flat alluvial lowland formed by the delta of
the Chao Phraya, and three other rivers, is a plain about 100 miles in breadth
along the ocean, The coast is fringed with a narrow tidal sireip of wmaugrove,
The surface is relatively well drained by agricultural conals and contains no
extensive swampy areas, It is entirely under paddy cultivation and has a road

and railroad system centering on Rangkok,

T. DMountains and Plateaus 9£ Western Cambodia and Eastern Thailand., Be-
tween the Bangkok Plain and the Mexong Delta extends an avrea of uplands com-
posed of plateau and mountainous surface which approaches the coast closely
throughout most of its extent. In the western, or Thailand, part of this is
an undulating surface, 700 to 1000 ft in altitude, with tabular mountains and
ranges rising to 2000 ft. The coastal alluvial strip is only two to three
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miles wide but extends farther inland along rivers and the bays. ILocal relief
in the foothill and coastal areas is from 300 to 600 ft but reaches 2000 ft

in the isolated mountain ranges. Slope semples in the area average from 16

to 18%.

The eastern or Cambodian side, somewhat higher and rougher, is formed
by the Chaine des Curdawmones and the Chaine de 1'Eiephant with summit eleva-
tions within the 50-mile zone reaching 3000 ft. The mountains extend to -the
coast as heaalands and the discontinuous coastal strips are very narrow. Local
relief in the coastal foothill areas is from 900 to 1200 £+ but in the moun-
tain spurs is as high as 240C. Slopes in the coastal zone average 16 to 18%
but are as steep as 34% in the mountains.

Cross-section F, Fig. 5, is drawn across the Thailand-Cambodia border.
It shows the low plateau and the isolated hill group of the Thailand (western)
side and the Cardemones on the eastern interior.

8. The Mekong Delta extends southward from the end of the Cambodian
mountains for about 100 miles *o Point de Camau (Cape Cambodia), the southern
extremity of the Indc-China Peninsula, and thence northeastward along the South
China Sea, It reaches inland for 40C miles or more. This is a level, feature-
less lowland intricately patterned by drainage ditches and the distributaries
of the Mekong. Much of the western part for 15 or 20 miles inland is perma-
nently flaoded and covered with wet forest, The northeast-southwest (eastern)
coast bears a mangrove fringe two or more miles wide along most of its extent,
Most of thisg lowland is subject to disastrous floods, 1t would be a difficult
area for cross country movement hut does have a relatively gocd system of
roads.

9. Chaine Annamitique is the extensive avea of hills and mountains which
stretches for 000 miles along the coast of the South China Sea between the
delta of the Mekong and the Tonkin Lowland. It extends inland somewhat beyond
the limits of the 50-mile Froject Area and cun the west drops cnto the Mekong
drainage basin,

neral elevation of
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and ranges reaching elevations of 5000 to 6060 ft. Spurs of the upland reach
the sea and cut the coastel plain into separate segments. The upland has been
strongly dissected into a hill and valley surface.

The southern end of the.chain, for =zhout 100 to 150 miles north of the
Mckong Lowland is an undulas ing upland about 50 miles in width between the
coast and the Mekong drainage to the west. Tt has surface elevations of about
200 to ©00 rt with individual mountains reaching to 2400 ft. Incal reliet
on the undulating surface is from 150 to 300 £+ and slopes are of about 5 to
%, The isolated mountains contain local relief of 2500 % and slopes of 27
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From about latitude 13 to the beginning of the Tonkin Lowland the chain
is a rough dissected upland into which the short streams- flowing into the
South China Sea have cut deep valleys. In the rougher, middle parts of the
chain local relief between the valley bottoms and the higher crests reaches
2500 to 3000 ft with slopes as steep as 35 to 50%,

The coastal strip along the chain is broken into nine segments by head-
lands. These alluvial areas are usually ten miles or less in width but ex-
tend much farther into the hill country along the valleys of the larger streams.
On their seaward fringes they are characterized by sand dune ridges, lagoons,
and offshore sand bars, Inland of the dunes the lowlands are commonly in
paddy cultivation, WNorth of latitude 1&° the coastal strip becomes wider and
merges with the Tonkin Iowland.

Cross-section G, Fig. 5, shows the ruggedness of the terrain of the Chsine
Annemitique, the large local relief and narrow coastal plains. Sections H and
I, Fig. 6, indicate the same general character as wecll as the shorp drop into
the Tonkin Lowland on the east.

JO. The Tonkin Lowland 1s the alluvial plain formed in the north by the
delta of the Red River and its distributaries and in the south by the wide
coastal lowlands and narrow delta deposits of the Ma, the Ca, and the Chu
Rivers. It is a flat, featureless area which is cnly 2 or 3 ft above the sea
along the coast and more than half of its entire area is below the elevation
of 10 ft. An intricate pattern of ditches and low dykes provide drainage
and protection for the densely settled and intensively cultiveted low ground.
Its coastal extent is about 200 miles.

The lowland is divided approximately in half by a ridge of limestone
hills which reach within ten miles of the coast at latitude 20°. (See Fig.
T.) Tiue northern part, the delta of the Red River, extends inland for 150
miles, constantly narrowing in width. The ccast of this part consists gen-
erally of sand or mud banks with much mangrove swamp., The southern half is
narrower, some 25 to 35 miles in width and is broken into two sections by a
hilly uplaend which reaches the coast at latitude 19°15'., Its coastal fringe
is sandy with some dunes, but generally open and smooth,

11. Highlands of Northeast Tonkin., Between the Tonkin Lowland and the
Chinese border is a rough hilly area formed by the southern extension of the
massif of China, t is a dissected plateau with short ranges extending gen-
erally at right angles with the coastline, The highest elevations, 5000 ft,
and the steepest slopes, 20%, are in the extreme northeast ad joining the
Chinese border. Over most of the hilly aren the local relief is between 1200
and 2000 ft. Figures € and § drawn from photographs show the nature of the
hill and valley terrain close to the Chinese border and near the Tonkin Delta.

The coast of the northern half of the upland is an alluvial strip some
five miles wide, bordered by sand ard mud flats and protected by a chain of
1

islands lying two to three miles offchcre.
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The hills rise abruptly from the flat lowland of the delta and sre covered with forest to their summits. In the left foreground
there is a coffee plantation and large modern farm buildings.

Source: P. Gourou, Les Paysans du Delta tonkinois, plate 5 (Paris, 1936).

Fig. 7 ILimestone Hills on the Tonkin Delta.
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Fig. & The highlands of northeastern Tonkin.
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Fig. 9. Country at'Margin Between Highlands and Tonkin Delte,
From: GCeographical Handbook Series, B.R. 510, Naval Intell-
jgence Division, London. '

Analysis of Relatlve Relief

Relative relief is s measure of local roughness. It 1s obtained by meas-
uring the difference between the highest and the lowest elevation within a
limited area. Tt is one of the elements of the environment of Importance in
calculating the difficulty of off-road movement.

METHOD USED I THIS STUDY

The military grid squares, 10,000 yards on a side (or 10,000 meters on
some maps) was used as the basic area. Within each square the difference i1n
elevation wus calculated for the parts of each map within the Project Area.
The maps used were the 1:250,000 and similar scale of the Ush2, 1509, LSO8,
and I501 series., The difference in area between the 10,000 yard and the
10,000 meter squares was not considered significant. The contour interval
ancther. Those used in the analysis were 100
£t, 200 ¢4, 250 £t, 100 meters, and 500 ft (for one map only). A total of
' e ' t hese have peen divided into the Physical Region

his section on Iand Surface and arc presented
findings of relative relief into the simple
categories, plains, hills, ard mountains follows in the main categories by

]
the fArmy Map Dervice for the same maps but calculated by the A8 on 5,000
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yard squares, The AMS classification is:
Plains: under 600 ft of relative relief
Hills: 600 to 2000 ft of relative relief

Mountains: over 2000 ft of relative relief,

For the purposes of this project, the area of the mountain category was in-

cluded within our general category "complex hills." Our original map analysis,
made by counting these same 6372 squares for vegetation and geomorphological

nature showed that hs% of the area was in plains of one or another character
and 55% in complex hills.

The relative relief analysis shows that exactly 45% of the équares have
relative relief of 600 ft or under, so that we have taken this figure which is
the same as that used by AMS as the limit of "pleins." The AMS limit of 2000
ft or under for "hills" includes (together with plains) T79% of the surface and
that of 3000 ft or under, 94% of the surface. Because we have no geomorpho-
logical deta to separate hills from mountains we have taken the AMS limit of
more than 2000 ft of relative relief as the hill-mountain boundary. We have
also subdivided the mountains into two categories: low mountains with rel-
atlve relief between 2000 and 3000 ft; and rugged mountains with relative re-
.lief over 3000 ft. On this .basis the categories of relative relief presented
in Table 9 are: »

Plains: under 000 ft of relative relief

Hills: 600 to 2000 ft of relative relief

low mountains: 2000 to 3000 ft of relative relief

Rugged mountains: over 3000 ft of relative relief,
The physical regions presented avove may be described in terms of their
relative relief from the study summarized in Table 9, In reading these figures
it should be considered that the flat areas such as the Tonkin Delta include
also their surrcunding mountains to the boundaries of the Project Area,



TABLE 9

PERCENTAGES OF PROJECT AREA IN CATEGORIES OF RELATIVE
RELIEF BY PHYSICAL REGIONS

- . ) . Low Rugged
Physical Region Plains Hilly Mountains Mountains

Arskan Cst. N, 34,8 42,0 17.2 6.0
Arakan Cst, Cent. La.2 36,4 11.6 9.8
Arakan Cst, South 78.8 16,3 9.4 1.5
Irravaddy T1.3 18,7 5.9 b1
Tenasserim (N) 10.6 Lh,1 33,0 12,3
Tenasserim (S) 19.9 66,8 12,8 0.5
Malays (West) 38.5 37.3 2.k 11.8
Singapore 62.0 30.4 6.3 1.3
Malaya (Fast) 33,6 La,s5 15.2 9.7
S. Thailand Fast 26.0 41,5 15.1 T.4
S. Thailand West 33.5 51,4 11.8 3.3
Bangkok 62,8 22,5 13,2 1.5
Cemb, Thail, Mts, 37.1 40,0 15.6 7.3
Mekong 93.h4 6.k 0.2 --
Ch. Annam (South) 27.5 29.5 23,1 19.9
Ch, Annam (Cent,) 14,3 30.3 28.9 26,5
Tonkin Delta 2,0 38.0 19.4 18.6
E. Tonkin Highlands 50.6 36, U 9.0 3.8

Analysis of Slope

Of the two general geomorphologic divisions with in area of the study,
plains and complex hills, the former presents few problems in terms of slope
angles. Tmpediments to trafficabiiity on the plains stem from low soil

o v
stren
.

and from paddies,

In the complex hills, one

angle, invinal peints out that

+ - ~ - Y w1
though they may not be able to

slope angle is the controlling
tor in wvalley bottoms,

An analysis was made from

DT m

:250,000C maps which in linear
t

Y
mile radius and counting along

gth for which we have no measurable data, from poorly druined areas,

of the factors of trafficability is the slope
vehicles "seldom bog down on steep slopes al--
climb them"; therefore, we assume that the
condition although soil strength may be a fac-

75 samples, each selected at random from the
sequence cover the coastal area from the Pakistan

© the (ima border, using Wentworth's formuia for a circle with & ten

six or less radii. Each observation is, there-
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fore, sn average of a sample of some 300 square miles, The quantitative dis-
tribution of these samples is shown In three magnitudes of category in Fig,
10, and the actual readings and computations in Tables 10 and 11,

When arranged by the categories used in Envinal the following distribu-

tion is found:

%-15% (slight) 14 samples 19% of samples
16-30% (moderate) L2 samples 56% of samples
31-50% (steep) 19 samples 25% of samples

There is no recognizable, or at least measurable, geographical distribution
of the categories as can be seen by running down the columns for numbers of
contours, as well as percent or degree of slope in Tables 10 and 11.

IMPLICATIONS

1

It is recognized that vehicles do not climb "average'
ited by the steepest slopes. However vehicles are not usually forced to travel
"across the grain" of a surface and may select the easiest way, commonly along
the valleys rather than up the hills. DBy this reasoning, the average slope of
a sample may be a pretty good indication of its trafficability in terms of
slope alone. Envinal gives the following capabilities (disregarding the fac-

slopes but are lim-

tor of soil strength).

0-15% (slight) All wheel-drive trucks, trailed vehicles,
heavy tanks.

15-30% (moderate) fedium tanks, tractors with high contact
pressures, trucks with low contact pressures.

30-U5% (steep) Tractors with average contact pressures,

tanks with low contact pressures,

Under these criteria almost all of the area should be trafficable for
light tanks. It should be stated however, that such conclusions are directly
opposed to those of a military reconnaissance party which reported that in
the steeper parts of the country (somewhat inland from the area under analysis)
cross country movements except by fcot parties were impractical,

Method of Slope Analysis

To give some indication of the character of slope in the complex hills
regions this analysis employed a methced described in the Headquarters Quarter-



master Research and Engineering Command, U.S. Army, Technical Report EP-12k,
"A Quantitative System for Classifying Landforms," issued by the Quartermaster
Research and Engineering Center, Environmental Protection Research Division,
Natick, Massachusetts, February 1960, page 7, was used.

"(5) Average slope - As yet, no quick method has been devised for ob-
taining the data needed to describe the statistical and spatial distribution
of slopes within an area, Therefore the only indication of the angle at which
the surface departs from the horizontal is the average slope.

"A measure for average slope is obtained by drawing traverses across the
area in several directions, counting the number of contours which cross these
traverses, and computing the slope tangent by the Wentworth equation (5):

S tan = I x M/3%61, where S tan is the slope tangent; I is the contour interval
in feet; and M is the number of contours crossed per mile of random traverse,"

After selecting T5 random locations (Map 10) a count of contours was made
along six (north, northeast, southeast, south, southwest, northwest) ten mile
traverses from the random spots. To preserve the maps however no lines were
drawn directly on the maps. Instead the traverse lines were drawn as radiil
on transparent plastic as illustrated and the count of contours made along the
inked lines., Since most of our working maps are at a scale of 1:250,000 the
star was constructed with a ten mile radius at that scale. No adjustments
were made for those maps whose scale was 1:253,440, inasmuch as the difference
is negligible. (Data enclosed.)

‘KhOWing the contour interval and having counted the number of contour
crossings per mile the data were readily applied to the Wentworth equation.
The procedural and concluding figures are attached as Tables 10 and 11. The
final solumns of the Table 11 show the slope in percentage and degree respec-
tively.

Three different histograms (Fig. 10) constructed from findings show the
mean and median figures and to some extent the deviation,
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FREQUENCY OF

OBSERVATION

10-

DISTRIBUTION OF SLOPE FREQUENCIES

Slopes calculated in percentages by the Wentworth
method from ten mile traverses intersecting at
each sample point., Based on 75 Random Samples
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IV. CLIMATE AND WEATHER

The climate of Southeast Asia may be described as tropical and monsoonal.
The temperatures are constantly warm and their variation from season to season
is small by midlatitude standards. The annual alternation of the monsoon winds
produces in most places a wet season and a dry season and a relatively large
amount of annual precipitation. The rainfall in its quantitative and distri-
butional aspects is the most important fact which will affect military opera-
tions in the climatic environment.

The rains of the wet season produce soft and boggy lowlands, flooded
river valleys, and slippery surfaces even on gentle slopes. Together with
inadequate and indifferent roads and lack of bridges, these conditions will
strictly 1limit the operation of heavy equipment.

Climatic Controls

The climatic character of any part or any place in the coastal strip may
be explained in the combinations of the following three factors: latitude,
altitude, and exposure to wind and nature of local topography. The functions
of each of these are briefly describved as preliminary to the general climatic
description.

Latitude. The position of a place in latitude determines in a broad way
its temperature. All of the Southeast Asian coasts lie between the equator
and the Tropic of Cancer in the zone where there are few cool and no cold
monthly temperatures and seasonal variation of about five to twenty degrees
between the warmest and the coolest months.

Altitude. Temperatures decline roughly three degrees per 1000 ft increase
in altitude. 1In coastal Southeast Asia about 45% of the area is low plain and
55% is hilly, the highest elevations of which are around 5,000 ft. Comparison
of the temperatures in degrees of the following two stations within about 50
miles of each other will illustrate the altitude factor.
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Exposure o Winds. All of Southeast Asia lies under the regimen of the
monsoonal system which in combination with local topography is the principal
factor in the amount and distribution of rainfall. The monsoons alternate
their directions with the seasons. In summer they blow into Asia from the
south and southwest and in winter blow out of Asia from the north and east
as illustrated on Maps 11 and 12. The southwest winds bring heavy summer
rainfall to the coasts that face their directions, The northeast monsoons
are dry winds except where they pass over the South China Sea and bring rain
to east-facing coasts. As a generalization the rainfall regimens may be ex-
pressed thus:

For west-facing ccasts, summer rains and winter droughts; for east facing
coasts, winter rains and summer droughts; for peninsular extremities affected
by the monsoons of both seasons, double-maximum patterns with peaks of pre-
cipitation in spring and autumn.

Climatic Elements

TEMPERATURE

As the area iies wholly within the tropics, almost all weather stations
except those of the highlands and the extreme northeast corner (Tonkin) show
normal monthly mean temperature above 7C°. The range of temperatures between
the warmest and the coldest months is low by midlatitude standards, varying
from about two degrees at Singapore near the equator to 22° at Hanoi near the
Chinese border in North VietNam. The maximum temperstures lie some 10° to
15° above the means and vary within a range of approximately 10°. The mean
maximum temperatures (see monthly analysis charts) range from the low 80's
to the mid 90's with the seascns and the extreme maxima from the 90's to

slightly above 100° (Fig. 11).

Temperature Regimens. Four types of temperature regimens may be recog-
nized in the area. These are:

1. Low range-high average temperatures. These occur in the equatorial
and subequatorial stations protected from or outside of the full monsoonal
alternation. Monthly temperatures are high, above and below 80°, with a low
annual range of less than ten degrees. Such a regimen occurs around Singapore
and the Malacca Straits arvea ard around Saigon.

2. Summer maximum temperatures, warm. Tnis is the normal pattern for
the coastal lowlands. Low month temperatures in the 70's: high month tem-
peratures in the 380's.

u

3. Highland regimen. This corresponds with the usual summer maximum
warm Lype except that the temperatures for all months are lowcred as a function
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of elevation. The figures given above for Nahtrang and Dalat will serve as
an example.

L4, The Tenkin regimen. The northeastern extremity of the Project Area
differs in temperature characteristics from the other types because of its higher
lJatitude as well as the effects of winter weather conditions on the Chinese
mainland. The Tonkin area has the coldest winter months, in the low 60's; the
highest annual ranges of temperature, up to 22°; and the greatest diurnal ranges
with variation as much as 30° in a winter day.

Significance of Temperature Regimens. By themselves the temperatures and
their regimens are not of critical importance in military operations. Few of
the monthly average temperature-humidity combinations at varicus hours (see the
sheets of monthly analysis) lie near the Envinal thermal strain value of 30 at
which perfcrmances deteriorate. It is probable that individual days produce
more severe strain conditions but it is doubtful if these would persist very
long.

PRECIPITATION

Precipitation occurs almost entirely in the form of rain. Snow is absent
except for some of the highest elevations .in the northeast; hail and fog, while
present are not common and furnish a negligible amount of the total precipitation.
‘Rainfall is derived from the streams of oceanic air which constitute the
monsoonal flow, It occurs in greatest amounts at times when the boundaries cof
the opposing airflows of the monsoonal system pass over coasts where highland
margins induc2 a 1ift of the humid air. The most intense rains occur, there-
fore, at the "break" of the wet monsoon along the mountain-flanked ccast of
northern Burma where they produce the accentuated rainy maximum described in

Type 1I regimen.

Rainfall Tntensity in a Single Day. [rom statistics of indifferent re-
liability, individual 2L hr periods on the northern Burma coast seem to re-
ceive up to 30 in. of rain during the June or July break of the MONSooNs .
Cherrapunji, to the north in India, has an official record of 40,79 in. in

2k hr. From a study of Malayan rainfall between 1931 and 1940, the maximum
precipitation for any day in mcst of the L7 stations was between two and eight
inches. The greatest falls recorded during this study period were:

Pekan 19.18 in.
Penang 14.29 in.
Kuala Krai 12.15 in.
Port Dickson 12.72 in.
Kuantan 11.05 in.

The avsolute maximum daily rainfall reported for the fourteen "N" type staticns
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appears on Tables 12 a to 12 1. Over a period of ten years in almost all cases,
the occurence of very high daily rainfall, for the approximately 1680 (14 x 12 x 1C
observed months was

19 in. 2 months
13 in. 1 month
12 in. 2 months
11 in, 2 months
10 in. 4 months
9 in. 3 months
8 in. 1 month

A total of 15 months out of 1680 recorded have received the very heavy rain-
fall of 8 in. or more in a 2L-hr veriod.

Diwrnal Distribution of Rainfall. It is a generalization that precipi-
tation over land is more frequent in the afternoon and over seas in the early
morning. This is somewhat modified for coastal stations which may be affected
by the seaward rainfall.

The graphs on Fig. 12 are taken from a manuscript study of diurnal vari-
ation of precipitation in Malaya. They are made by plotting the hours of day
against the percentage of days of the month in which rain falls during the
hour. For the inland station, Temerloh, the gencralization of afternoon rains
is apparent. For the coastal stations the pattern is complicated by exposure.
Westfacing coasts (Sitiawan), exposed to the southwest monsoon have a prepon-
derance of rain in the afternoon during the dry season. During the rainy
season the daily distribution is more even. On east-facing coasts with rainfall
maxima in fall and early winter, (Kota Bharu) the "inter-monsoon" months,
February-April, show fairly even daily distribution; during the summer mon-
soon, which brings little rain to such-located stations, the afternoon maxima
appear; during the rainy months mid-October to January, there are no very
rainless hours of the day.

Rainfall Regimens. For the purposes of analysis, records of rainfall
were obtained for some available stations. The data are not strictly com-
parable in the sense of covering similar periods and some are from very old
sources, They do however serve the purpose of establishing patterns of rain-
fall for the area (Map 13).

Five precipitation regimens can be recognized, one in the hill country
and four on the coastal lowlands Each of the lowland regimens appears in
two separate places to form precipitations regions shown on Map 1h.
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Fig. 12. Diurnal Distribution of Precipitation in Malayé. After lea, C. A.
"Diurnal Variation in Rainfall Over Malaya" (unpublished), cited in Watts,
L.E.M., Equatorial Weather, University of London Press, 1955.

Type I. Hill Country, Summer Rain-Winter Drought

Only a few stations are available within the relatively narrow zone of
hill country included in the project area but these do not seem to 4’7 fer
significantly in their precipitation regimens from other upland stations more
distant from the coast. The hill stations present a remarkably uniform regi-
men of rainy summer months (April-May to September-October) and dry winter
months (November-March). This pattern is a result of the seasonal alternation

of a summer air flow of warm, moist, maritime air with a winter flow of cooler,
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more dry, air of continental origin; a circulation uncomplicated by facts of
coastal exposure. The differences between lowland and upland precipitation
regimens may be illustrated by again citing the two .stations, Nahtrang and
Dalat, in South VietNam of about the same latitude and within 50 miles of
each other:

Nehtrang
At 20ft 2.3 0.9 1.7 0.9 2.6 1.8 1.8 2.0 6.7 13.4 15.1 7.4 56.6

Dalat
Alt 4921 £t 0.4 1.0 2.2 6.5 85 7.3 9.6 8.3 12.1 10.0 3.9 1.1 T1.0

Significance. Traffic through the hill country is difficult at any
season and off-road movement is probably impossible during the wet season.
In places where the lowland precipitation regimens correspond in season with
those of the adjoining Hill Country regimen, the winter months from November
to April are best for operations. However where there is a discordance of
season, such as along the South China Sea Coast (from which the two examples
above are taken) the common dry months for uplands and lowlands are only
those from January to March.

The Lowland Precipitation Regimens which occur along the coasts from Paki-
stan around to China are differentiated by the factors of exposure and
latitude into four patterns:

1. Accentuated Summer Maximum with Dry Winters.(Type II).

2. Normal Summer Maximum (Type ITI).

3. Accentuated Autumn and Early Winter Maximum (Type IV).

L. Double Maximuwm, Transition Type (Type V).

Each of these types is distributed in terms of exposure and protection and
-each occurs in two separate areas within the strip of the coastal lowlands.

Type II. Accentuated Summer Maximum with Dry Winters

rrom Rovemuer to April the rainfall is relatively light, the monthly mean
than one inch to less than five. With the onset of the south-
he monthly precipitation increased sharply to the wettest month

) which receives from twenty-five to fifty c¢r more inches. The
precipitation is usually in excess of 100 in., half or more of
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which is concentrated in the months of June, July, and August.

Distribution. The type is lc.ated on unprotected west-facing coasts
with hilly backgrounds in two areas:

a. The Burma-Thailand West Coast from the Pekistan border to 8° north
latitude. This coast is open to the full force of the summer monsoon which
begins in May and the wettest months, Junec or July, may receive as much as
60 in. of rain. The winter months are very dry; in the northern three-
quarters of this coastal strip, the three winter months, December, January,
and February together receive less than one inch of rain.

b. Thailand and Cambodia Coast, facing west on the Gulf of Siam from
the eastern point of the Bight of Bangkok (Cape Liant) to Isle de Phu Quoc
(10° north latitude). 1In this area the rainy summer months receive some-
what less precipitation, 30 to 40 in., and the dry winter months somewhat
more than those of the Burma coast.

Significance. In this type the occurence of three or more months in
which 30 to 60 in. of rain fall on coastal lowlands with indifferent drainage
suggests that military operations would be difficult during this period.

Type III. Normal Summer Maximum

The precipitation regimen in thesc two areas resembles that of the Hill
Country (Type I). From November to March the dry season months receive rain-
fall of only a few inches. During the wet summer months, June, July, and
August, some L0 to 50 in. will be .received, which amcunt represents about one-
half of the total annual. These areas lack the accentuation occurring in the
reiny months of Type I; the winter months althcugh much drier than those of
the summer, are rainy when compared to the nearly absolute drought of those
in Type I.

Distribution. This type occurs in situations protected from the direct
force of both the southwest and the northeast monsoons. Two such protected
areags are located alcng the coastal zone:

a. The shores of the Bight of Bangkok and extending southward along the
west coast of the Gulf of Siam to about the Kra Isthmus (10° north latitude).
The winter months are relatively warm and dry, the summers are hot and wet.

b. Ccasts cf the Tonkin D2lta in the Gulf of Tonkin and the adjoining
coastal lewland south to about 19° nortn latitude. This arca is protected
ty the configuration cf the Guif of Tonkin and Hai-Nan Island. Pecause of

its proximity to the Asiztic mainland as well as its latitude, the winters
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are quite cool, in the low 60's, and the seasonal ranges (22° at Hanoi) are
highest of any part of the coastal strip. Winter precipitation to the amount

of one or two inches per month occurs in the form of drizzles, called "crachin,"
possibly caused by mainland cyclonic passages.

Significance. The absence of an accentuated maximum of precipitation make
the summer pericd somewhat more acceptable for operations. Winters in the
Tonkin lowland would be less favorable than those in the Bangkok area because
of lower temperatures and poorer visability.

Type IV. Accentuated Autumn and Early Winter Maximum

This type is marked by an accentuated rainy period occurring from.Septem-
ber to December with the remainder of the year receiving only light rainfall
in the magnitude of three or four inches per month. This regimen is the re-
sult of exposure of east-facing coasts to the force of the northeast monsoon
after it has passed across the waters of the South China Sea. The total rain-
fall is considerably less than that in the accentuated summer maximum type
(Type T1).

Distribution. This type occurs in two places where cast-facing coasts
with hilly backgrcunds are exposed to the force of the northeast monsoon.

a. Malaya and Thailand east coast, unsheltered by Indo-China extending
south from the Kra Isthmus (10° north latitude) to the lowlands around Singa-
pore. With the onset of northzast monsocon in November and lasting through
December the ccast and a strip extending inland for about 30 miles receive
heavy rains in the amount of 20 to 25 in. per month. From February through
September the monthly means are below eight inches.

b. The VietNam east Coast extending from about Cape Padaran (10° north
latitude) northward to the Torkin Delta (19° north latitude) where the coast
comes under the shelter of Hai-Nan Island. The rainfall pattern is similar
to that of eastern Malaya with heavy rain from Sopteomber through December and
dry months of 3 to © in. from February through August.

Significance, This distrilution while it covers considerable latitude-
is confined to the coastal lowlands; the hill country which lies behind these
distributions has the regular swmmer rain pattern. For the east-facing coasts,
lowlands and hills together, the only common dry period is from January to
March.



Type V. Doubie Maximum, Transitional Type

This is characterized by a double maximum of precipitation in spring and
autumn, April-May and September-October respectively. The summer maximum and
Type II is replaced by somewhat drier months which receive from 5 to 10 in. of
rainfall per month. The type is transitional both in character and distri-
bution between the two accentuated maximum types (II and Iv).

Distribution. The two occurrences within the coastal strip are somewhat
different in their characteristics.

a. Malacca Straits Coast from about 5° north latitude to and including
the lowland at the Southern extremity of the Malay Peninsula around Singapore.
This area is protected from the southwest monsoons by Sumatra and from the
effects of the noriheast winds by the hilly country of southern Malaya. The
summer maximum of the accentuated type IT is replaced by a drier period leaving
the spring and fsll rainfall to form two maxima. The wettest months of these
periods have less than 15 in. and the drier summer months have considerable
rain, 10 in. or so. The November to March period shows the characteristic
monsoonal dry months of one to four inches. In the vicinity of Singapore the
protection of thes hill country is lost but in this equatorial latitude the
force of the monsoon is somewhat attenuated and the pattern of precipitation
smooths out to a fairly constant monthly mean.

b. The Saigon Area in the lowland extremity at the south of the Indo-
Chine land mass from about Isle de Phu Quoc (10° north latitude) on the
western side to Cape lPadaran (11° north latitude) on the eastern coast. This
is an area of heavy suwmmer rain with a drier but not very dry pericd in July
and August. The resulting pattern shows double maxima with that in the autumn
and early winter being the most pronounced. From December to April the months
are quite dry.

Significance. The absence of accentuated maxima in either summer or fall
is probably of smail significance because all of the swmmer is wet. The best
operating period is during the dry winter months from December through March.

Storms

Thunderstorms are much more common in the tropics than in the midlatitudes.
In inland areas they occur mainly in the afternoon, elcng the coast this after-
noon maximum is supplemented by morning occurrences from offshore conditions.
Thunderstorms not only bring heavy local rains but are also of importance to
alr operations because of the up and down drafts in their convections.
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Typhoons. Typhoons are circulations of winds around intense low pres-
sure spots. Their high winds, 70 mlles per hour or faster, cause destruction
to installations and the waves they generate make landing operations impos-.
sible and sweep sea water far inland over lowlands. Typhoons form over trop-
ical oceans north of 10° latitude and move slowly, 10 to 15 miles per hour,
toward the west., They curve to the north and northeast and lose their force
on entering the midlatitudes.

In the Bay of Bengal an average of 13 such storms per year are formed.
These: occur about one each month from May to July with two in August. Few
occur from January through Masrch. In April-May and November-December the
storms pass onto the coast north of Rangoon. During other months and south
of Rangoon, the typhoon menace 1s slight.

About 20 typhoons are generated each year in the South China Sea and
epproximaetely half of these affect the east-facing coast of Indo-China.
They are most common from July to October and negligible from January to
April. TFilgure 13 shows the typhoon tracks in this area during the years

1911-1929.

Source: E. Bruzon and P. Carton, Le Climat de I"Indockine et les Typhons de la Mer de Chine, following p. 274 (Hanoi, 1930).

Fig. 13. Typhoon Tracks in Indo-China and the South China Sea. From: .Indo-
China, Geographical Handbock Series, B.R. 510, Naval Intelligence Division,
London.
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Monthly Analysis of Weather Stations

For 41 weather station records, selected values have been abstracted and
set down on monthly tables (Table 12). For 14 of the stations "N" type sum-
maries were available at the National Weather Records Center, Ashville, N. C.
These are designated by letters, A through N and their distribution is shown
on Map 14. Selected items fro these 1lb stations are displayed graphically on
Figs. 14 through 27.

The data on the monthly charts present:

1. The average number of dry days and dry spells of various duration
for the month.

2. The average number of wet days in three categories, the absolute
maximum of rain during a single day in the record period, and average number
of wet spells of varying durations.

5. The mean, mean maximum, and mean minimum rainfall for the month.

L. The mean maximum and extreme maximum temperatures for the month and
the average number of cool, warm and hot days.

5. The average relative humidity and temperature at two times during
the day.

6. The average number of days suitable for contact flying at two times
during the day.

The values used in the items are defined as:

@]

Location: Taken from maps. It should be noted that there are few upland

s s 2 ~ I a4 P A |
ticons for which dctailed data are available.

Period 9£ Record. As stated on the source material.

Dry Days and Rainy Days. Dry days are thcse without trace of precipitation.
Ralny days are those with a trace or more,

Dry Spells and Rainy Spells are derived from the number of occurrences
during the record veriod divided by the number of years of the record. Tt
should be noted that these are average occurrences (notl days) for the month

over the record period.

light, Heavy, and Very Heavy Rainy Days are the mean number for the month

over the pericd of the record.
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Cool, Warm, and Hot Days are daily averages for the months of the record
period.

Dayc Suitable for Contact Flight (at various hours) defined as: Ceiling
must be equal to or greater than 1000 feet with visibility equal to or greater
than 2-1/2 miles.
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TABLE 12

ELEMENTS FOR WEATHER STATIONS

(January—December)
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TABLE 12 (Continued)
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V. NATURAL VEGETATTION AND LAND COVER

About two-thirds of the project area, including almost all of the hill-
mountain country and 20% of the plain surface is covered with one or another
kind of forest growth. Most of the remainder of the identifiable cover on

the plains is rice paddy fields.

Because of the concealment it offers, the forest growth is an important
part of the military environment as demonstrated by the current guerrilla
fighting in the area.

Broad areas of rice paddies present a special kind of military environ-
ment in which, during the wet season at least, heavy equipment cannot be used
to advantage.

The character of this cover together with the facts of surface and cli-
mate which have been presented earlier point toward an assumption that mili-
tary operations in this area are likely to be done by relatively small bodies
of troops, with hand weapons, and will require strong air support for communi-
cation and supply.

The land cover of the coastal strip of Scutheast Asia may be separated
into the following broad categories:

1. Littorsl Forests

[AV)

. Tropical Rain Forests—primary and sccorndary

Tropical Dry Deciduous forests

W

li. Savanna Grasslands with thin forests ard brush
5. Freshwater Swamps-—coastal and riverine
0. Cultivated Land—tree plantations and rice paddy

Bach of the natural cafegorleb is a composition of associations of
regetation varying in species and density as well as in changes resulting from
centuries of human occupation. None of them are homogeneous types and all
have gr¢at interspersion and differences resulting from edaphic drainage, and
exposure in their local environments. The fol;ow1ng generalized descriptions
es from those obtained in the United States as well as locally In

<

Littoral Forests. These are those found actually on the sea coast or
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within a few hundred yards of it and extending inland in some places along

river estuaries.

Mangrove. This is a term applied tc forest growth of a variety of trees
which have a common habit of growth. They occur in the shallow water of muddy
coasts which are protected against strong waves and heavy surf. Mangroves
form a relatively thick growth consisting of trees of two characters: one
bears "stilt" roots which support the main trunk from the sides and form "knees"
that make an impassable tangle at low tide; they are about awash at high tide;
the other is supported by a wide lateral root system and is therefore somewhat
more easy to traverse than the former. The available maps do not differenti-
ate these two kinds of mangrove growth. The barrier effect of mangroves oc-
curs partly from the density of the stand and partly from the mud ir. which
they grow. Or the landward side this may be only a foot or more in depth but
on the seaward side is deeper so that it is impossible to wade ashore through
and over the slippery stilt roots.

Other Littoral Cover. OCn fairly stable sand dunes and sandy coasts there
is a sparce cover of herbaceous plants and small trees which presents no prob-
lems of penetration. On waterlogged coastal soils, in places inland of the
mangrove fringe, there may be a relatively dense forest growth of thin-stemmed
trees—"tram" in the Indo-China parts-—together with heavy brush. Some is of
swampy nature in which "visibility at eye level is seldom more than ten yards."
This cover is known from description but is not identified as s separate type
on the available maps; probably it is a kind of fresh water swamp.

Tropical Rain Forest. This is a dense, storied forest, the typical
growth of those parts of the area where the distribution and amount of pre-
cipitation is such that there is no effective dry season in the soil. It is
of evergreen-broadleaf character and is composed of an intimate mixture of
nany specles. The rain forest cccurs in two different aspects, its primary
form and its secondary form.

Primary Rain Forest. TIs an associaticon of tall trees with interlocking
crowng which form a closed canopy over the ground. A few tall trees thrust
their crowns up through the canopy, and on the forest flcor there is a clumpy

growth of shade-tolerant brush and seedlings. It is not difficult to traverse
the tropical rain forest because of the open nature of the grourd but many of
the trees are supported by buttress roots that extend out from the tree trunks
narrowving the space btetween. There is an abundance of epiphytes and lianas.
The closed canopy probably would cut down radio communication. Fig 28 is a
generalized drawing of this forest.

It is our belief that 1little primary rain forest occurs within the coastal
strip under description because of the centuries of occupation by shifting cul-
tivators. Most of that indicated on the general map is protably secondary
torest of somewhat different character, Map 16 shows the interspersion of
primary and secondery forest along the VietlNam coast.
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Fig. 28. Profile of a Rain Forest. From: Indo-Chine,
Geographical Handbook Series, B.R. 510, Naval Intelll-
gence Division, London.

Secondary Rain Forest. TFor some centuries the rain forest has been used
by shifting cultivators who girdle trees to let in light for crops. Within a
few years the resulting Jungle growth prohibits cultivation and the site is
abandoned. It is estimated that several hundred years are required for the
rain forest to regain its climax condition. The secondary forests are, there-
fore, any stage between sbandonment and climax development. Clearings are
first invaded by heavy grass growth which survives under repeated burnings
that destroy some of the other immsture vegetation. The forest floor develops
a heavy bdbrushy growth contalning numerous small trees with lianas and climbers
to form Jungle thickets so dense as to require cutting for penetration. How-
ever this thicket growth occurs in clumps and may be circumvented. Tree re-
production in secondary forests consists of a dense growth of saplings. small
and close together. TFor these reasons the secondary forest is not so readily
traversable as the primary type but probably is much better for radio com-
munication.

Subtropical Mountaln Forest. Above altitudes of 2500 ft this replaces
the rain forest. It is a broadleaf-evergreen forest commonly not with a dense,
closed canopy; somewhat similar in appearance to a midlatitude open forest.
In wet situations there 1s a heavy brushy growth on the forest floor; in dry
places this may consist of a low cover of bracken fern or herbaceous plants.
In the coastal area under description this occurs only in one narrow distri-
bution on the flanks of the mountains of northern Burma.

Tropical Dry Deciduous Forest. Are found in situations where there is
an effective dry season in the climate that cauces the trees to shed all or
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some of their leaves. It consists of a relatively open forest with patches

of dense brush, especially along streams. It is also called "monsoon Ferest"
from its climatic association. In terms of its trafficability, the dry decid-
uous forest resembles secondary rain forest but because of the rarity of
lianas and brushy patches 1is much more easy to traverse. During the dry sea-
son most of the trees are bere so that visibllity and radio communication
probably ars good. The fallen leaves burn readily and the forest may be sub-
Jject to repeated firings.

Grassland, Forest, and Brush. This category appears in four places on
the general vegetation map but probably is not a climax type in itself. Grass
and brush have been described as components of both the secondary rain forests
and the dry deciduous forests and the map distributions may be considered as
somewhat mcre extensive areas of these components. The grassy savanna areas
occur in climatic situations where deciduous forests would be expected and
possibly represent poorer soils where tree generation is slow or which have
been repeatedly burned.

Swamps. The area of fresh-water swamp is less than 6% of the total plains
area probably because much of it hes been converted to rice paddy. The re-
meining parts occur characteristically in strips along river courses, around
lakes, on flat delta plains, or on coasts inland from the area subject to
salt water invasion. The general map of vegetation cannot show these small
patches but there are extensive area long the southwestern and the southeastern
coast of Malaya where even now soll surveys are in progreés to determine their
suitability for paddy development. Swamps are commonly inundated during the
period of heavy rains and retain high water tables throughout the remainder of
the year. The character of the cover varies widely with soil differences, the
duration of flooding, and human utilization. Some swamps are covered with
tropical forest and support considerable undergrowth; others bear a thick
growth of small trees. Some are repeatedly burned so that the vegetative cover
consists largely of tall grass. In almost all situations the swamps would con-
stitute barriers to easy movement of vehicles but only in a few places are
they extensive enough to constitute a special enviromment for military move-

t. The upper Mckong and the country eround the Tonle Sap, outside the areca
under description, is an example of such environment wherein the military op-
erations of August, 1961, utilized landing cratt in ditches and creeks
(Time Magazine —August 25, 1961).

Distribution of Cover Types

The general surface configuration of coastal southeast Asia consists of
a wider or narrower ccastal plain hacked by hill'country arnd interrupted by
river plains and broad deltas. Wherever the coast opposes the course of the
swirer {(southwest) monsoon relatively heavy rainfall occurs and the resultant
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vegetation in the non-swampy plains and hills to elevations of 2500 ft is
tropical rain forest. Such conditions with local exceptions mark the entire
western coastline from Pakistan to Singapore (Map 15). Most delta plains and
some riverine plains have been cleared as rice areas and in western Malaya
there is a large area of tree plantations and other dry cropping. The east
coast of the Gulf of Siam i1s similarly situated and covered in general by
tropical rain forest and strips of rice cultivation,

On coasts protected from the direct force of the southwest monsoon there
are areas where not enough moisture is received to suppcrt the rain forest,
these are covered by dry deciduous forest. A stretch of such coast occurs
along the west side of the Gulf of Siam and spotty distributicns appear in
parts of eastern Malaya and North and South VietNam. The mincr vegetation
types, grasslands, mangroves, and swamps are incidental to this major dis-
tribution pattern, Tt should be understocd that these broad distributions
are not of homogeneous cover types but are based upon dominance of the indi-
cated cover., 1In partiéular the difference between primary rain forest and
secondary rain forest is not indicated on the general map and is of consid~
erable importance in terms of trafficability and radio communication. The
patchy interspersion of cover types is well illustrated by Map 16 which shows
a section of the South VietNam coast northward from Saigon.

Cover Type--Analysis from Map Coverage

A cover survey was made by an analysis of the 87 maps forming the 1:250,000
and similar coverage of the area, recording the indicated cover for each grid
square in ‘terms of its geomorphological character. This provided about ten
thousand samples; not all squares cculd be identified and the coverage in Thai-
land did not commonly carry cover cverprints sc that estimates had to be made
from such vegetation maps as were available, The summary by square miles fol-

lows as Table 13,

Vegetation of Plains. If the alluvial, delta, and complex plains are com-
bined, they form 74,732 square miles or 45% of the aree under description, From
the mep survey, their cover types are as follows:

Type Square Miles Percentage
Forest 2C.72
Paddy 43,25
Tree Flantaiion y 5,43
Mangrove b,525 5. 32
Swamp 5,393 £k
Sandy Shore 7hb 0.78
Mot Tdentified 16,851 17.76



vegetation in the non-swampy plains and hills to elevations of 2500 ft is
tropical rain forest. Such conditions with local exceptions mark the entire
western coastline from Pakistan to Singapore (Map 15). Most delta plains and
some riverine plains have been cleared as rice areas and in western Malaya
there is a large area of tree plantations and other dry cropping. The east
coast of the Gulf of Siam is similarly situated and covered in general by
tropical rain forest and strips of rice cultivation.

On coasts protected from the direct force of the southwest monsoon there
are areas where not enough moisture is received to support the rain forest,
these are covered by dry deciduous forest. A stretch of such coast occurs
along the west side of the Gulf of Siam and spotty distributicns appear in
parts of eastern Malaya and North and South VietNam. The mincr vegetation
types, grasslands, mangroves, and swamps are incidental to this major dis-
tribution pattern, Tt should be understocd that these broad distributions
are not of homogeneous cover types but are based upon dominance of the indi-
cated cover. 1In particular the difference between primary rain forest and
secondary rain forest is not indicated on the general map and is of consid-
erable importance in terms of trafficability and radio communication. The
patchy interspersion of cover types is well illustrated by Map 16 which shows
a section of the South VietWNam coast northward from Saigon.

Cover e~-Analysis from Map Coverage
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A cover survey was made by an analysis of the &7 maps forming the 1:250,000
and similar coverage of the area, recording the indicated cover for each grid
square in terms of its geomor nuologlcal character., This provided about ten
thousand samples; not all squares cculd be 1d€nb¢f1@d and the coverage in Thai-
land did not commonly carry cover cverprints sc that estimates had to be made
from such vegetation maps as were avallable, The summary by square miles fol-
lows as Table 13,

Vegetation of Plains. If the alluvial, delta, end complex plains are com-

bined, they form 74,732 square miles or L45% of the area under description. From
the mep survey, their cover types are as follows:
Type Square Miles Percentage

Forest 19,600 20.72

Paddy h1,0%2 h3,25

Tree Flantation 5,147 5.4%

Mangrove b, 525 5,52

Swamp 5,393 E.7h

Sandy Shore 7hb 0.78

not Hentified 16,851 17.76
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TAELE 13
MAP ANALYSIS CF NATURAL AND CULTIVATZD VEGETATION BY GECMCRPHOLOGICAL TYPES

(By grid squares from 1:230,00C {epproximate) meps in square miles)

Alluvial Delta Co@plex Total Notes
Plain FPlain Hills
Burmg
Ferests 3200 569 35086 35055
Tree Plantation 58 53
M=ngrove 1819 930 2749
Inland Swamp 78 344 422
Sandy Shore
Not Identified L712 1221 g7 6020 o symbcl on maps
Totals 137.9 7761 35383 56563
Ferests 2528 3= 12599 15481
Paddy 1537 6l 1601
Tree Plantation 5011 526 3537 All on west coast
Mangrove 591 150 741
Inland Swarmp 3780 i1 176 3667
Sandy Shore 81 &2 9 152
Not Tdentified L339 107 6530 12076 No symbol on maps
Totals 17367 1782 19904 39555
Forests 2553 6560 9315
Paddy 10695 1055
Tree Plantation
Mangrove 50 0
Inland Sweamp 38 3
Saniy Shore 5 5
Not identified 567 78 ree) No symbol on maps
Totnls 4470 7038 11503
Forests az1 1680
Faddy 2309 11317
Trae Flantation 10 58
Mangrove L0 935
R 1741
N
1725 No symbol on maps
Totals 17460
Foresty S6L2 20630 2z
Taddy 12640 17540

o]
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The percentage of each cover for the three tyves of plains is illustrated
graphically in Figure 29.

Vegetation of the Hill Country. The hilly country is almost entirely in
forest of one or another type. The map analysis by square miles shows:

T Square Miles Percentage
Forest area 101,699 87%
Not Identified 13,910 12%
Other 1,140 1%

It seems probable that most of the unidentified area is actually forest.

Cultivated Land

Almost half of the plains country is under cultivation. This cover con-
sists of rice paddy, 143.25% and tree plantations and dry agriculture 5. L3%.
The hill area is almost entirely in forest and the scattered plantations with-
in it are unimportant in reference to the general forest cover. On the plains,
the tree plantation areas are almost entirely confined to a single area in
western Malays (Map 17).

Tree Plantations in Malaya. In a belt some 20 to L0 miles wide extending
along the entire Malayan west coast, tree plantations are the principal land
cover. There are several paddy rice districts (descriptions below) that have
been reclaimed from swampy areas. These occupy perhaps one-quarter of the land.
The principal crop is rubber with minor areas of coconut palms especially along
the immediate coast in Malacca Strait.

Tree plantation areas in contrast to rice paddies are easy to reach and
traverse, They are situated mcstly on well drained ground and are serviced
by good roads which cennect them with the principal highways or railrosds.
Plantation headquarters are nodes of settlement and communication. In plan-
tations the native vegetation had been almest entirely removed and replaced
by the crop trees. These have been planted praecisely so that there will be
no shading of one by arother with the result that the space between the trunks
is w1dp enough for ordinary vehicular passage. The absence of undergrowth
makes good visability. Although tree crowns touch to form an almost complete
canopy, this is not thick enough to shut out all sunlight from the ground and
i1s much more permeable to light and presumably to radio waves than is that of

3

the dense and storied tropical rain forest.

The plantation arcas are by no means solidly in crop trees. Therse 1is
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COVER ON THE PLAINS

Diagrammatic Representation of Identifiable Types

ALLUVIAL PLAINS

sea | s *:53‘;\\\\@5\\_\.\&\;“\\\.\.\\&&&\\;9"1' e A3 Hills
Forest Padd ree
Mangrove Y Plantation

Swamp

DELTA PLAINS

R o
Sea F N N T N4 Hills
Mangrove Paddy Forest
Swamp
COMPLEX PLAINS
" -%3 Ak \\\\\}\S LT AN Y “" ¢ ’
Sea s B i 1 Hills

Tree

Mangrove Paddy
Plantation.

scaled in percentages observed

Fig. 29. Percent of Cover on Plains.
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much undeveloped forest land within the actual limit of any plantation and more
between plantations. The wetter parts along strcams are in heavy brushy jungle
growth. However the plantations present few problems to trafficability because
of their open character and the presence of the road network which serves them.

Rice Lands. Rice is an aquatic food plant which grows in fields con-
structed to hold some water during the growing season. Most rice areas are
developed from swamp lands by drainage and accompanying irrigation systems and
are divided into small fieids, usually by solid dikes which give some individual
control of water height, or in new areas with common water systems by land-
marking soft dikes of raked vegetation.

The duvual requirement of level land and a plentiful water supply confines
paddy cultivation to plains areas. The delta plains with their smooth surface
and abundant water are the best sites and 71% of the delta plain surface is
used for rice cultivation. The coastal alluvial plains are 29% covered with
rice paddies, somewhat less than their forest cover and the complex plains,
most of which is river flood plain, are 42% in paddy rice.

Rice cultivation consists of four periocds. The rice seedlings are grown
in beds; they are transplanted into flooded fields; thcy mature and ripen as
the water supply dwindles into the dry season; the crop is harvested in rel-
atively dry fields. After harvest there is a reriod of two to five months
when the flelds are dry until the next planting season.

Variations of this cycle occur in places vwhere the water supply permits
two crops to be raised in a single season extending the wet period to ten
months as some fields are harvested while others are being planted. In a
few places, particularly on the Mekong, deeply flcoded paddies produce "float-
ing" rice, which is planted in dry land, then deeply flooded and harvested
from boats (Map 18).

The rhythm of rice operations would be an important factor in military
operations because of the barrier character of flooded paddies (see the study
Gf Malaya rice areas). No sound generalization can be made concerning specific
dry seascons for the whole area. In wost places winter months bring northerly
winds, dry weather, and trafficable rice paddies (Table 1k4), but on protected
coasts with north-south extent the dry paddy time may be through the summer
months. If river water is availabie from irrigation works two or even three
overlapping crops may kezp some paddies flooded throughout the yzar.

Rice Areas as Military Environments. 1In aress where rice paddies arc
interspersed with other cover types such as the paddy strips along river
valleys, they represent only another type of locality in which movement is
limited by the cover. However the trcad continuous paddy areas such as
those of the deltas of the Irrawaddy, Chao Phraya, the Mekong, and the Red
Rivers, represent a unique environmsnt for military operations. Some of the
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elements of this environment are:

3
4 e

During flooded periods or in wet places there would be great diffi-
culties in deployment, lateral movements, circumvention of road-
blocks, etc.

Area would be open to constant alr observation because of the ab-
sence of concealing cover.

Crerations would be completely dependent on roads.
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4., Any off-road cperations would be carried out with hand weapons and
the advantage of mechanization and armour would be negligitle.

5. Extensive paddy areas are densely populated.

Rice Paddy Areas and Trafficability in Malaya

So little information could be obtained about the nature of paddy areas
in terms of trafficability that a special report was obtained covering eleven
rice producing areas in Malaya. The questions asked were these:

1. What are the usual field sizes?
2. How high and wide are the dikes:

3. What is the trafficability of the rice area and adjoining ground in
various seasons for wheeled vehicles such as jeeps?

The eleven areas are located on Map 17.

A. Kelantan Delta. The fields are very small; few of them are as large
as one-half acre. They are separated by field dikes about 2 ft high and some
18 in. wide at the top. The fields dry out about the first of March and re-
main dry under ordinary weather conditions until the middle of July or the
Tirst of August. During this time wvehicles could be driven across them because
the water table is far below the surface. During the remainder of the year
they are wet; the monsoon period from October to February spreads water over
the whole ares.

y would be good during the dry season. At other times there
f Kampong roads that do nct show on our mavs that are pass-
ime. The structure of the delta with old beach ridges and
levees is such that there are dry ridges between wet sloughs that hold some
ater at all times except at the height of the dry seascn. These ave arranged
parallel to the coast so that inland movement would have to pass over the wet
sloughs and lagoons between the ridges which, themselves, are passable at all
tines.

it
o
t

o

, the Balor area in the great bend of the Kelantan,
vhere an irrigation schem: allows dry season flooding from pumped water. This
arca could be circumvented or the pumping stopped. Tt is not a very large area

m 3

A TR a0 C b

There is one local p
,

anyway.

R, Trengganu Deolta. Conditions are almost the same as those in Kelantan
’ \ . . . 3 N . - . -
VAT including a pumping oporaticn near Wukit Pasar which can fiocd a small arca

120



during the dry season for double cropping practices.

C. The Pahang River. All the way upstream to Kuala Lipis there are
small, scattered paddy areas known as "Paya Paddy" or swamp paddy. These
are in old river channels, Oxbow meander scars, lagoons, and similar low
spots behind the river levees. They are usually wet throughout the year
although some of them dry up during July. By September they are all wet
again. Wheeled movement could go along the high levees any time except
in rare years when the levees are flooded in late December. The paddies
are long strips with few dikes and little water control and therefore dif-
fi:ult to cross at right angles. However they are small and discontinuous
and crossing is possible where they end in high ground.

The paddy areas themselves would not be a serious barrier to movement
because they do not form a continuous broad expanse of wet land; it would
always be possible to get through or around area. In this district there
are distributions of swamp forest which would probably be more serious
barriers than the paddy land.

D. North Jahore. The area is included in the paddy summary although
most of it is not yet under paddy but is part of the planned reclamation,
nov alienated and under development. However the development is slow.

The general conditions ars aboul the same as in Kelantan (A) but with
a shorter dry season. Only in April and May would the well drained areas
support wheeled traffic. In this newly developed area there would be fewer
dikes and larger field sizes, some several acres in extent. Drainage canals
are being dug which, as they increase in number, would be all-season barriers
to traffic.

E. Malacca. The wettest period is from July through Cctober and the
dry period from February through June. Many of the lower fields will be wet
even in the dry season. During April, May, and June most of the area would
be passable for wheeled vehicles,

The field size is small and fields are separated by 2-ft dikes. The
paady areas are not so continuous as in Kelantan and commonly separated by
strips of rutber plantation upland, easily passable at any time. During
the dry season the fields near the town of Malacca are planted to vegetables
by their Chinese owners in heaped-up beds which might bog down jeep traffic.
Ficld dikes are not wide enough for jeep travel but there is a good network
of Kampong roads passable in all but the height of the rainy season.

f'. Negri-Sembilan. 1In this areca paddy is commonly confined to the
stream flood plains. The ribbons of rice land on either side of the streams
is usually flanked on the higher ground with rubker plantings and villages.
The rice land is divided in*o small plots with many dikes, few of which would
tear jeep traffic. Most of the villages are joined to the main highways by
short lateral Kampong roads that are passatble in all but the most rainy part

1
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of the season. The fields are wet from March to November but most of them dry
out by January. Those nearest the stream stay wet throughout most of the year
but the higher ores would be passable from January to April.

G. Kuala Selangor. This is a new paddy area recently reclaimed from
swamp forest and because much of the land is low, near the coast, and not
yet well drained, the dry period of the fields is short, December through
March. Near the town of Kuala Selangor there is much double cropping in
fields that can be flooded from the river. The cropped areas nearest the
sea are never dry enough for wheeled vehicles and in addition, this part of
the area is cut up by drainage canals which would be additional barriers to
transportation.

The fields are large and continuous; ccme consist of several hundred
acres owned by many people with the ownerships separated only by strips of
uncut vegetation that do not now provide trafficable roads. Vehicular
traffic off main roads would be difficult in this area at any time and
probably impossible during the rainy season.

H. Telok Anson (Sangei Manik) and the Perak River. This is much iike
Kuala Selangor (G) except that there is no double-cropped areas. The fields
are somewhat smaller but still several acres in éxtent. The dikes are low,
small, weak, and discontinuous. The area is wet throughout most of the year
and should be considered passable only by tracked vehicles with great diffi-
culty, except during the months of March and April. The Perak River is bor-
dered by strips of paddy which are discontinuous along either bank. The
fields are small and separated by firm dikes. The paddy strips are subject
to decp flood during the rainy ssason but dry out to a greater extent than
do the larger areas near Telok Anson. Travel is possible at all seasons
along the high ground of the river levees.

I. Krian District. This area is wet throughout the year. Tt is some-
vhat like Kuala Selangor (G) and Telok Anson (H) but even more wet. Most of
it is deep ex-swamp and probably impassable at any time. The inland margins
might be passable during February and March but this is not certain. The
fields are smaller than either of the two preceding areas because this has

been established longer. Field dikes have been buillt up from vegetation and

are not firm enough for passage of wheeled vehicles at any time.

J. Province Wellesley. This 1s the largest double cropping area 'in
Malaya and the fields are wet throughout the year except a week or two in

ate Qctober and agsin Iin March; these dates vary a little with the growing

o

(T

season. The normal

e}

limatic dry period is in January and February.

Field sizes are small, few are more than an acre in extent. Most of
the dikes are firm and solid but some are of raked vesgetation so the whole
system may not be trusted for passage. There are gocd roads following the
north-south beach ridges; tuhese provide access into the ares but it would be
difficult tc move across it with Jeeps.
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K. North Kedah-Perlis Plain. This is the most extensive area of paddy
in Malaya. It dries out from January through May. There is much variation
in soil moisture from the coast inland. The coastal areas are generally nuch
vetter and do not dry out thoroughly at any time.

Near the coast the fields are large, over an acre in extent but become
‘smaller inland. The dikes are high and firm away from the coast but usually
not wide enough for jeep travel. The area is cut up by drainage canals that
carry some water even through the four-month dry season. The inland parts
probably are passable during the February or March period and then only with
difficulty.

An analysis of this report is presented by Table 14. It indicates
clearly the differences between the dry pzricds on the side that faces the
southwest monsoon (G through K) and those which are on the lee, eastern,
side of the peninsula (A through D) and alsc Negri Sembilan (F) protected
by Sumatra. In the former group the rains come earlier and probably in
greater amountis so that the land is wet by April or May and does not dry
out until December or January. On the other side the paddies are not
flooded until August and remain wet .until March or April.

In addition to this field study for Malaya, the Agricultural Calendar
of South VietNam (Table 15) shows the conditions on another east coast.
Here the rice areas would appear to be fleoded by May or June and not dry
until December. It should be noted that where irrigation water is available
local arsas will produce two crops (Map 18) and therefore fields will be wet
during the otherwise dry season., Because of water supply and prcbably also
from market conditions the rice harvest within a single area (Map 19) may
occcur at two or more times during the year. Trafficability predictibns
should therefore bte made in terms of spacific studies, such as that pre-
sented for Malaya, rather than upon general dry seascon c¢limatic assumptions.

Coi, Jin-Pee, "The Nature and
N 7

1s5tribution of Natural Vegetation in Malaya,"
Pacific Viewpoint, 1.7 tLﬁDO)

pp. 133-20h.

roncad, ¥W,, Forests of hurms.  purma Famphlets No. o, Longmans, Green

varmp, Lewland and Hill Forest
srester, fho2 (195C) pp. 110-121.
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Map 19. Times of Rice Harvest in the Tonkin Delta. From: Ind
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Davis, John H., The Forests of Burma. 23 pp. The University of Florida
(196¢C).

McKinley, T. W., Forests of Free VietNam. 152 pp. USOM, Saigon (1957).

Dempsey, J. M., Agricultural Calendar of VietNam. USOM, Saigon (1961).

Gittinger, J. P., Vietnamese Agricultural Calendar, USCM, Saigon (1959).
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"La Foret Cambodgienne" in Cambodge d'Aujourd'hui Duexieme Anne No. 1

(1959).

Nguyen, Van Chi, "Les Forets Indonees au VietNam,” in Causeries sur le
Developpment des Ressources Naturelles au VietNam. ILe Secretariat

d'etat d' 1'Agriculture (1960) pp. 23-66.

Mapco
Dia Do-Phan Loai Rung-VietNam (Vegetation of VietNam) manuscript, 1:1,000,000.
Probably from the South VietNam Forest Agency.
Land Utilization Map of Malaya, Surveyor General of Malaya 1:760,320 (1953).

IndoChine Forestiere, Institut des Recherches Agronomiques de 1' Indo-China
1:2,000,000, not dated (probably before 1954).
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VI. SO0ILS

It is only during the last decade that systemetic work has been done on
the soils of Southeast Asia, At the present time surveys are being carried
out in a few countries but the results have not yet been generally distributed,
So little information could be obteined in the United Stetes that 1t was nec-
essary for this report to secure the material directly from the soil services
of the countries. In Burme the survey is conducted with the assistance of a
technical group of advisors from the USSR and its preliminary maps are dif-
ficult to obtain., All of the soil information for North VietNam comes through
Russian sources.

Soil descriptions from the various surveys cannot readily be correlated
in detail. In some cases they are collected for agricultural purposes with
emphasis on productivity rather +han genetic classification, There is the
difference between actual soil mapping and soll sampling with boundarles run
out on imperfect geological maps. For these reasons the descriptions are pre-
sented separately for cach country. The map of major soil distributions has
been made from such information as could be obtained and in itself is a gen-
eralization of that presented by countries.

From a military point of view the principal deficiency of the material
lies in the absence of data on which trafficability and bearing-strength esti-
mates can be made. No such information could be obtained; if it has been
collected by the Russian technical groups in Burma and North VietNam it is
understandably not available for general distribution,

Generalized Pattern of Soils

The geomorphological pattern of coastal Southeast Asiae is composed of
three general entities: +the relatively steep slopes of mountains, dissected
plateaus, and footlands composed of igneous and hard sedimentary rocks; the
intcrmediate slopes, mostly on sedimentary rocks, and the alluvial coastal,
riverine and delta plains of recent deposition, The soils of each of these
entities vary widely in texture and structure but they form board grouplngs

of recognizsble characteristics.

1. Mountain, Hill-Country, Dissected Plateaus with Steep Slopes. As a
group the soils of these areas are ilmmzture, shallow, and commonly well dralned,
Some slopes have little soil and are areas of crushed stone surface from which
the finer meaterials have been removed by strong sheet erosion, The valley
soils are generally lateritic red-yellow and red-brown earths of heavy texture

which may have stony profiles,
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2, Intermediate Slopes. The gently to strongly sloping surfaces between
the mountain-hill land and the alluvial plains are covered by residual soils
mostly derived from sedimentary rocks, In almost all situations these are red-
brown or red-yellow forest soils or latosoils although some of the older al-
luviums in VietNam are podsolized. The lateritic process develops clays rather
than sands so the soils are generally heavy with high water-holding capacities
and probebly slippery when wet,

3, Alluvial Soils are those o the coastal, riverine and delta plains,
in some places fringed by mangrove or sand strips. Tn general the alluvial
scils are soft, water-logged during the rainy season, and have a high water
table. The study of the Malayan rice lands indicates that they are passable
with great difficulty during the wet season. The alluvial soils may be grouped

into three subcategories,

a. Water-logged, muddy and sandy soils bearing mangrove forests.

b. Intrazonal meadow soils of the broad river wvalleys and fresh-
water swamps. These are of heavy texture and dark color, some are of
gley (sticky, compact, structureless) nature, Included in the group
are the soils of the deltas of the great rivers.,

b. Sandy Coastal Soils. These are most common along the east
facing coasts of Indo-China and Maleya where they form bands some few
miles in width. Probably they originate from fossil sand dunes. It
should be noted that the coastal survey presented earlier shows many
more miles of coast line with narrow sandy strips than is indicated by
the sandy category on the soll maps because coast lines of other class-
ifications may bear narrow sandy strands along the tidal zone.

The distribution of these rlasses is fairly regular as may be seen on
May 20. The hilly core-land is fringed by alluvial soils which penetrate
into the interior along river valleys and over the greal deltas, On the

flenks of the hills lie residual latosoils but not in all places. Along the
Vietlam ceoast where the hills aDr roach the coast closely and in places ac-
tually reach the lateritic belt is very narrow or absent although it occurs
on the inland side of the mountains,

Such detail as could be obtained is presented in the discussions of the
solls of the several countries. This pcliticel organization is necessitated
falal

by the differences in extent and character of the soil investigations done on
national bases.

My

The Soils of Burma

The soil survey of Zurma, with the assistance of a technical mission
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from the USSR has progressed since 1956, 1In 1959 some hg% of the total area
had been covered by mapping on apprroximately 1:250,000 field scale. The fol-
lowing descriptions make extensive use of such parts of this mepping as could

be secured,

The Burmese coast may be separated into three parts: the northern or
Arakan coast strip, the Irrawaddy Delta, and the Southern or Tennasserim
coast, The first two of these are the best covered by soil surveys.

ARAKAN COAST

On the northern section, from the Pakistan border to Akysb, the mountains
lie principally inland beyond the arbitrary 50-mile limit of this study. Their
long parallel outlying ridges give a northwest-southeast grain to the area,
The soils of the ridges have not been mapped in detail but probably are Moun-
tainous Red Earths of shallcow depths and stony composition.

The valleys between the ridges and the lower hill slopes are covered with
red-yellow forest soils between the elevations of 300 and 1500 ft, Red-brown
forest soils occur above these elevations up to 4000 ft. These two soil cat-
egories are similar; both are residuals developed by lateritic leaching., The
higher, red-browns, occur where there is heavy rainfall, 80 to 200 in, /yr and
have no dry peried in the soil. They bear heavy tropical evergreén forests.
The red-yellows ave in areas of lower rainfall with seasonal soil drought, and

O RE}

.

bear deciduous or semideciducus forests.

The red-brown scils are shallow on the steeper hills “ut 5 to 7 ft in
depth on level ground. They are usually heavy loams with some stoniness in
the lower parts of the surface layer. They contain little humus and are pre-

vious in the upper leyers.

The red-yellow ©oils are intermedizte between the coastal alluviums and
the red-browns, They are light in texture, % to 6 ft deep with a heavy layer
which would hold up water in the rainy sesson.

South of Remwee Island the main mass of the Arakan Range approaches to
within 5 to 10 miles of the coast, 1In this area the strip of the residual
forest soils is much more narrow than in the north.

N

The alluvial soils of the North Burma coast are of two general categories:

the meadow soils and the mangrove soils, The lowland formed. by the basin of

€
the Kaladin River together with tne Lempo and the Mayu extends inland to the
north for some "C miles. It is covered by-alluvium which forms intrazonal
meadow soils of heavy texture, high humus content, and large water-holding
capacity. The water table is clcse to the surface even during the dry season
and probably at the surface during the wet ‘season, Some of the soils are

gleyey, i.e., sticky, compact, and structureless. The lcwer, tidal parts of
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the river banks are swampy and bordered with mangrove forest. Much of the

plain is in paddy.

From Akyab wouthward in the areas of Hunter's and Combermere Bays, the
coast, sheltered from heavy surf action, is covered with swampy saline soils
bearing mangrove forests which reach inland along the tidal streams for dis-
tances up to 25 miles. In the lower parts of this area, affected by daily
tides, the soil 1s deep mud, certainly impassable at any time, The higher
ground, flooded only at seasonal high tides is much more firm and the mangrove
forest less dense,

The seaward coast of Ramree Island and the mainland coast to the south
bears a discontinuous narrow sandy strand strip.

TRRAWADDY DELTA

The alluvial delta plain of the Irrawaddy is some 100 miles wide at the
coast and extends as an entity for about the same distance inland., It is
continued northward along the river vallev for another 100 or more miles. The
following report on the soils includes also the area between the delta and
the Sittang River, The material presented is taken principally from the un-
published maps of the Burmese Soil Survey covering the Districts of Hantha-
waddy, Insein, Toungoo, Pyapon, Tharrawaddy, Henzada, and Ma-ubin. Tor simpli-
fication several of the original mapped catepories have been combined. These
are:

Meadow Soils: in which have been placed meadow soils, meadow loams,
meadow a2lluviums, alluvial soils and meadow light brown,

Meadow Swampy Solls: meadow swompy, swampy gley, swampy soils.

Saline Solls: meadow saline, solonchoks,

3

Saline Mangrove Soils: salty-muddy, saline gley-mengrove,

Latosoils: lateritic brown and yellow, dark brown, forest soils, cin-
soils, light and heavy loams (nonsedimentary).

dilly-Meuntzinous: red mountainous earths, crushed stone, turfy.
The soils of the area may bte sepsarated inte four general g oups, simila
in nature to those described fer Worth Burma., These are: coastal soils,

i hilly-mountainous soils

intrazonal alluviums, latcscils,

W

The Coastal Soils occupy a naryow band along the tidal fringe of the
delta coast and the larger river mouths. There is a strip of mangrove, five
miles or less in width, bordering directly on the crezn on the west side of

-
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the delta but fronted with a wet sandy tidal strand of about equal width on
the east, The meadow soils behind this eastern part are also saline, probably
inundated at seasonally high tides.

Mesdow Soils., The delta plain and the northern valleys into which it
extends are covered with a group of intrazonal alluvium originating from river
detritus. This parent material has been separated into 12 soil groups by the
Burmese meppers, It seems probable from the maps alcne (these are preliminary
manuscript maps for which no textual material is available) that more than
one of the cateogires may apply to the same soil grouping and that such broad
ones as "alluviums" are themselves inclusive of others. For the intended pur-
poses of this report it 1s convenlent to regroup these meadow soll categories
in terms of dralnege into the following:

Meadow Soils: generally good drainege

Meadow Gley Soils: sticky, heavy, with poorer drainage

Swempy Meesdow Soils: poor drainage, probably wet at all seasons
Meadow Saline Soils: subject to seasonal high tides,

The pattern of distributlon of these meadow soils is delineated on Map 22,

Few generalizetions about distribution cen be made because the drainege seems
to be releted to the complexities of the pattern of the distributaries of the
Trrawaddy as well as to centurles of agricultursl use whercby drainage condi-
tions have been changed. The saline meadow solls are located Just inland from
the coastal solls along the estuary of the Sitteng where the tidal bore char-
acteristics of thils estuary or the force of the southwest monsoon winds cause
seasonal flooding by sea water., The swampy soils are usually in areas of small
extent, partly or wholly surrounded by better drsined soills. This suggests
that they may be remnants of much larger areas now drained artificially., The
significance of this distribution pattern lies in the probability that the
well drained and the gley meadow soils are trafficable during the dry season
and that the smaller areas of swamp may be circumvented, There are no con-
tinuous east-west sll-weather roads or railrosds across the lower delte but
the waterways formed by the distributaries could be utilized.

Hill-Mountein and Latosoll Areas of .the North, Finger-like projections
of the hill country extend southward west of the Irrawaddy, east of the Sit-
tang, and in the area between these rivers. The soils of these steep areas
are described as shallow, turfy, of crushed sione, and lateritic in nature.
It seems probeble that they are similar to the red-brown mountainous soils
described for the hilly mountainous area of North Burme in view of the fact
that the western erea is a continustion of the Areken Range of North Burma.
Along the footlands of these southward-extending ridges are broad belts of
forest soils and latosoils, Iike those of northern Burma, they are on gently
to strongly sloping terrain and are usually covered with forest or jungle
growth,
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Soils of Malaya

The Department of Agriculture of Malaya has assembled a map of soils made
from all useful information available extended along lines of geological re-
connaissance, It is in manuscript form and is intended by the Department for
early publication., From this map the distributional information which follows
is taken and the map of Malaya soils (Map 23) of this report is generalized
from it by combining the original fertility categories of the latosoils and
disregarding the separation of the alluvial coils into categories based on the
amount of organic matter and the completeness of the drainage., The blank
spaces on the msp represent unknown soil areas,

The pattern of distributicn is fairly regular; the soils are distributed
in concentric bands around the central hilly-mountainous core in the follow-
ing sequence toward the sea: immature hilly-mountainous soils, lateritic
residual soils, lowland alluviums, and coastal fringe soils.,

The hilly-mountainous soils are poorly known. They are stony and shallow
except in the valleys. The texture characteristics seem to be a function in
the amount of quartz contained in the parent material., Where this is abundant
the soils are light-colored and ccarse textured. Where quartz is scarce the
soils are heavier and darker, probably similar to the Mountainous Red Earths.

The latosoils belt is formed by residual solls developed almost entirely
on sedimentary rocks of gently to strongly sloping surfaces. They are mostly
yellow latosoils which correspond in situation to the red-yellow forest soils
of Burma., The belt of residuals in the northwest at altitudes above 2000 ft,
is probebly tears of red-brown latosoils. The soils of the blank, unsurveyed
aresa on the map, from what is known about its geological character, probably
also are mainly yellow latosoils.,

Alluvial soils cover the broed river basins and the coastal plains in e
belt of some 20 miles or less in width, The riverine and inland alluviums are
better drained than those near the coast and are relatively firm for wheeled
passage. There is much breoad swemp area in the river basins, where the soils
are heavy enough to be classed as organic (peats and mucks).

The westvern coacstal fringe bears strips of saline mangrove soil which
are neither so broad or so continuous as those of the Burma coast, On the
east are relatively wide sandy strands similar to those of the VietNam coast,
in some places there are clay strips between the sandy ridges.
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Soils of Thailand

The soils of Thailand are less well known than those of either Burma or
Malaya. The best source of distributional information is an article and ac-
compaying provisional map by Pendleton and Montrakun, "The Soils of Thailand,"
reprinted from the Proceedings of the Ninth Pacific Science Congress (1960)
by the Devartment of Agriculture of Thailand. It presents 21 categories based
on agricultural utility. 'These are grouped into three divisions, lowland
soils, soils of flat to gently sloping land, and soils of steep uplands. The
geomorphological association of these three divisions is obvious.

Coastal Thailand can be conveniently divided into three entities: the
Bangkok Lowland, the peninsular west coast, and the short east coast between
the lowland and Cambodia.

The Bangkok Lowland is formed by the alluvial deposits of the Neman Chao
Phya and neighboring rivers. The soils are described as dark, heavy, poorly
dreined clays and are differentiated into subcategories for whlch distribution
is not shown on the map. The soils are permanently-saturated at depths of 6
ft or less. This delts does not have the complex pattern of distributaries
that occurs on the Irrawaddy Plain and much less swamp area inland from the
ccean, It 1s probable that these lowland soils are passable during the dry
mo-+hs but no specific information to that effect is available. The delta is
fringed along the ocean by a belt some 5 miles of saline mangrove mud and tidal
marshes,

Peninsular Thailand. The narrow strip of Thailand that extends southward
along the Malay Peninsule consists principally of hilly land that reaches the
coast in several places, This hill country bears shallow and generally sandy
soils derived from quartzite sandstone. The lower slopes contain coarse sandy
loams of about the same nature, Strips of recent alluvium extend along the
coast and into the valleys and lcwlands between the hills, Little is stated
about their comp351tlon Close to the Malayz border the coast contains the
wting sand and clay complex previously described for eastern Malaya.

Fast Coast, Between the Bight of Bargkok and the Cambodia border the
coastline is formed by fine sandy loams of lateritic character loccated on the
plateau surface. These are penetrated ty short and discontinuous intrusions
of alluvial soils in the valleys of streams arising in the mountainous coun-
try some 40 miles inland.

~

Soils of Cambodia

The 200 mile stretch of Cextodian coastline contained within the limits
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of this description is formed by the plateaus, mountains, and hills of the
rough country of the Cardomones and the Chaine de 1'Elephant mountains which
approach near the coast, The soils of these areas are unknown but probably
are of well drained, stony nature similar to those of the Chaine Annamitique
of South VietNem. The very narrow coastal strip is sandy and a few alluvisl
penetrations of the upland occur along the streams. At the west extremity
of the coast, near the Mekong Delta, there is a saline mangrove fringe.

Soils of South VietNam

Material on the soils of South VietNam is derived from a map entitled
"General Soil Map of the Republic of South VietNam" published in 1961 by the
National Geographic Service (Dalat). It was surveyed and compiled by Dr.

F. R. Moorman, with technical and financial support of the FAO (United Nations)
and the ICA (U.S.A.). Tt shows 25 categories of which nine are not present

or not important within the 50-mile belt of the coastal area, The remaining
16 fall into three general divisions:

1. Alluvial soils of the Makong Delta.

2, The complex of red and yellow podsols and lithosols which
occur in the plateau and mountainous country.

5. The discontinuous coastal complex of sands and alluviums which
cover the generally narrov belt between the coast and the hills.

Mekong Delta. This is an area of low, level, alluvial land cut up by
the several distributaries of the Mekong and the lateral drainage ditches
which connect them. The map lists six classes of alluviums differentiated
principally on their acidity (agricultural value). For about 10 miles inland
from the delta margins the soils are tidal and saline muds supporting mangrove
forests. Along the west side of the delta coast is a rather extensive area
of mixed peat and mud, presumably swampy, which supports mangrove and forest
growth, The delta soils as a group are soft, dark in color, level and gen-
erally wet, The eastern half of plain is thickly settled and extensively
cultivated, t is subject to severe flcoding {such as that in 1901) and would
be a difficult area for operations except during the dry months, December to

March,

Yorth of Saigon there is a transitional zone of about 100 miles between
the low delta country and the higher and rougher plateau surface. This is
an area of flat to rolling topography beuring soils which are in part podso-
lized alluviums, now uplifted, and in part reddish latosoils on various kinds
of sedimentary and basaltic rocks, No additional soil information is avail-
able but, in terms of its soils and slopes this transitional area would offer
few impediments to traffic,
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Chaine Annsmitique. Beginning at about 11° north latitude, most of the
width of the 50-mile coastal area is occupied by the Chaine Annamitique, a
succession of eroded plateaus which present a relatively steep slope to the
east and in several places actually reaching the coast as hilly or cliff
headlands., All of the soils of the uplands of this chain are grouped into an
inclusive category entitled "complex of mountainous soils"; mostiy red and
yellow podolic soils and lithosoils. This same structure extends into North
VietNam where the Russian soil mappers classify the soils as "mountain lat-
eritic.” The genetic difference is probably unimportant for operational
purposes, .From title alone the soils of the hilly arees would seem to be
shallow, sandy or rocky, and well drained.

Coastal Complex. The uplands reach to the sea in places and cut the
coastal complex into a number of discontinuous strips which have a character-
istic composition. The immediate coast is marked by an area of sand or of
sand dunes extending inland for a few miles, in places up to ten miles, The
soils are white or yellow dune sands. When these do not reach to the base
of the plateau slopes, the intervening area is covered with strips of alluvium,
recent or older which extend up the valleys into the plateau country in places
for as much as 50 miles. Some of this older inland alluvium is podsolized and
apparently not subject to annual flooding.

Soils of North VietNam

Information on the soils of North VietNam comes from material obtained
through the FAO (United Nations) in Rome. It consists of a Russian map with
legend translated into English, This is from a publication "The Nature of
North VietNem" by V. M, Fridlend, Scientific-Popularized Series, published by
the USSR Academy of Sciences, 1901, The Table of Contents was also obtained,
but not the text. FPresumably the soil mapping represented was done by or
with the assistance of a technical mission from the USSR beceuse the soil
clessification follows cleosely that used by the Russian mission in Burms.,

From the South VietNam border north to the beginning of the lowland of
Tonkin, the geomorphology and the soils are similar to those described for the
adjoining area in South VietNam. The plateau besrs lateritic soils (analagous
to those classed as "podsolic" in South VietNam) and a coastal complex of
send dune strips and alluvium extending up the valleys.

Towland of Tonkin and Northern Annam., This is formed by the delta de-
posits of the Red River and its neighbors the Ma, Ca, and the Chu. Tt is a
flat, alluvial area narroving inland for about 50 miles, The soils are sep-
arated into categories which include gleyey, and those "receiving annual fresh
deposits"” among other subclassifications, Presumably they are like those of
the other river deltas of Southeast Asia: dark colored, heavy, and bearing
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high water tables. No areas of inland swampy soils are shown., The coastal
fringe of the delta is bordered by a narrow strip of sand, sand dunes, and

mangrove mud.

Highlands of East Tonkin, This is the upland between the Tonkin and the
Chinese border. The plateau or hilly country approaches within 20 miles of
the coast; its soils are the same as those of the plateau belt south of the
Tonkin Iowland. The immediate coast 1s fringed with sendy and mangrove mud
s0lls and the area between this coastal strip and the hills is composed of
old lateritic alluvium,

Sources: Soills

Moore, E.C.J, and Van Baren, F, A, ropical Soils, Interscience Publishers,
London, 195k,

Bramed, D. L. and Dudel, R. Tropical Soils. (Menuscript), F.A,O. Rome, 1957.

Mekong Inferieur et leur Utillzation,"

Dudel, R. '"Les Sols dw Bagsin du
60), 2k-L7,

Pedology, 10: (19
Compy, E.Z.W. (Soils Advisor USOM), End of Tour Report, Project No. bL2-12-
054 (1960), Cambodia, (uuﬁﬁocert.)

er, J. K., McMaster, A. R,, and Arnott, G. W, "Trans Perak Swemp."
3 ’ P
(Malaya), Soil Survey Report No. 3, Ministry of Agriculture, Malaya,

Moorman, I, Note Explicative de la Carte General des Sols, VietNam. Mimeo-
graphed, F,A,0. Rome (1900), 50 pp.

engganu, Ministry of Agricult-

r
8).

Panton, W. P. Reconnaissance Soil Survey of T
ure (Malaya), Bull. 105 Kuala Lumpur (195

Rozanov, Boris G. (Soviet Soil Fxpert), FExplanatory Note to the Soils Map of
Burma. (Typewritten Englizh translation), 22 pp. (1959) .

Pendelton, R®. L., Sarat, Montrakan, "Soils of Theiland." Department of
riculture, Ministry of Agriculture, Bangkok (1960). Reprinted from the
Froceedings of the Ninth Pacific Science Congress, 33 pp.

U%s

Pendleton, 2. L. Notes of Soils and Land UtilizetZon in Southeastern Siam
with some Comments upon the Improvement of the Agrlcultu e of the Area.
Tech, Bull, b {19350), l“‘ pp. Thailand “epar*ment of Agrlculture.

Note also the maps and information contained in the soil presentations under
the separate countries.
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VII. ROADS AND COMMUNICATIONS

The importance of roasds in conducting operations in an area such as the
one under description needs no elahcration, The nature of the land surface,
the vegetation, and the drainage inhibits vehicular travel away from roads,
It is obvious from Mep 24 that the communication network is thin, consisting
for the most part of long tentacle roads designed for communications between
parts rather than within parts.

It did not seem useful to delineate the transportation system because
this exists on the general map coverage as well as in the usual road maps is-
sued for the several countries by gasoline producers. In place of this we
attempted an analysis, by quantitative methods, of the effectiveness of the
road system. By sampling methods we sought the answers to these four ques-
tions:

1. How accessible is any point within the Project Area to the transporta-
tion network?

2. What is the quality of the surface and construction of the roads,
especially their seasonal quality?

3. Is the coastal transportation system trend inland or laterally along
the coast?

L. How well is the transportetion network connected?

These questicns needed answers for the two general types of surface within the
area: plains, and hills and mountains,
21 camples take These are an-

An analytical method was devised and 2
alyzed in the following pages. .Much useful information is contalned in the
several analyses for the areas covered by the samples.

It was our expectation that the findings of the samples would hold true
for the Project Area as a whole or at least for the several areas into which
it was divided for the purposes of road analysis. Some characteristics of
and as a result there are large devia-

the road network vary over wide ranges,
les of various kinds of roads and the

09}

tions between the actually measured m

i
prediction from the sampled areas. This cccara,'ﬂe think, because the actual
mileage of road is a very small quantity in relation to the very large size
of sample areas, and the roads are quite unevenly distributed,

This attempt to reduce a road net o measurable numbers is based on map
analysis alone. We do not know just how much and in what ways the measured

1k3
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PRINCIPAL ROADS AND RAILROADS

~N~ MAIN ROADS

awr RAILROADS (MAIN LINES)

- MAIN ROADS EITHER UNDER
CONSTRUCTION OR NOT ALL
WEATHER

Map 24. Principal Roads and Railroads.
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qualities will affect military operations. But when experience has demon=-
strated what these rcad net qualities mean in operations in one area, we can
predict in some measure at least, what they will mean in other areas.

Analysis of the Transportation Network

This section presents a description of the transportation network in the
Project Area. Important properties of the network are identified and measured
by statistical samples. For some properties a complete enumeration is made,

The adequacy of the sampling of these same properties is suggested by compar-
ison of the actual with the sample estimate. The transportation network is
defined as all roads and railroads, but not including tracks and paths., The
entire analysis is based on information ohtained from Army Map Service 1:250,000
and similar scale maps. (See list in Introduction.) Minor ad justments and
interpretations were made on the basis of other information sources——particu-
larly first-hand accounts.

The first part of this section describes the properties of a transporta-
tion network and defines methods for measuring these properties. The second
part describes the sampling procedure and methods of analysis. The last section
presents the results of the analysis and a general impression of the transpor-
taticon network: in various parts of the study area.

THE PROPERTIES OF A TRANSPORTATION NEIWORK

A road network has several characteristics which are quite independent
of one another, A complete description of the network thus requires seversl
kinds of measures., For example, one characteristic of the network is the
relation of road to area., The density of the network defined as miles of
road per squere mile 1s one measure of this characteristic. But two networks
with identical density may look entirely different., Figure 30a shows e grid
pattern network and Flg. 30t a dendritic lattice, The densiﬁy of the road
network is the seme for both diagrems. In fact the diagrems have the same
number of boundary points, road segments and intersections respectively. The
difference between the diagram is in the number of endpoints and in the num-
ber of road segments radjafing from the intersections,

In ligs. 30c and ACd all of the above variahles are constant, but the
spacings between roads vary. The standard deviation of the distances to the
nearest road f{rom a set of randomly chosen points would reflect this differ-
ence in -spacing.

Figures 30e and 30f show-orientation or directional trend in the road
network with respect to the coastline. Whether the network tends to be con-
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nected, on the avergge, more in an inland-seaward direction than laterally 1s
of interest. This may be observed by counting boundary crossings of the

sample area in four quadrants with one direction oriented seaward, or by re-
solving the road mileage into orthogonal components with one component oriented
seaward.

We recognize four general characteristics of the transportation network.
In the following enalysis we attempt to obtain one or more adequate measures
of each of them. The characteristics are:

1. network to area relations;

2. quality of construction and surface material of roades and rail
roads;

3, orientation or directional tendency; and
4. connectiveness or extent of strategic points and alternate routes,

These characteristics were singled out in an attempt to throw some light
on answers to the following questions:

1. How accessible is the study area or any point in the study area
to the transportation network?

2, What is the quality of surface and construction of rail and road
n the area especially with respsct to seasonal weather conditions?

3, Is the coastal region transportation network trend inland-sea-
ward or is the trend laterally slong the coast?

i, How connected is the transportation network? Are there strategic
points and how often do they appear? To what degree are alternate routes
available?

The measures described below attempt to answer these questions.

SAMPLE DESIGN AND MEASUREMENTS

The transportation network analyzed is that shown on the Army Map Service

1:250,000 and 1:2° 5 LYo, sed on British, French, and Amer-
can sources. They are telieved to be the most reliable and current coverage
of the area. The reliability varies from survey to survey and from sheet teo
sheet. Most sheets include a reliability diagram. Most sheets were compiled
or revised by air recomnnaissance in the period 1950-195€ and printed by the
Army Map Service in the period 1954-1G50,

m

;_‘.
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The study region is a coastal strip extending 50 miles inland and includ-
ing major adjacent islands {islands appearing on the sheets showing coastline).
The region includes all the coastal areas of Burma, Malsya, Thailand, Cambodia,

South VietNam, and North VietNam.

Three landform types were defiuned: (1) mountains and complex hills
(called upland); (2) complex and alluvial plains (plains); and (3) delta plains
(delte). Total square miles of each landform type was computed. The sample
wes stratified by proportion of area in each landform type because the trans-
portation network varied considerably by landform type.

SAMPLE AREAS AND SAMPLE OBSERVATIONS

The 221 sample observations were grouped into sample areas containing
from 3 to 12 observations, depending upon how many square miles of each land-
form type were represented, Sixteen of the sample areas were designated as
the upland sample, These areas have an M in their ccde number. Ten sample
areas represent plains and six represent delta. Their code numbers carry &
P and D respectively. All 32 areas are shown in Map 25,

TABLE 16

SQUARE MILES OF AREA AND NUMBER OF SAMPLE OBSERVATIONS
BY LANDIFORM TYPE

Total in No. of p

Sq Miles b Obgervations ¢

Upland 119,731 55 120 54
Plains 68,353 32 68 31
Delte 27,990 13 33 15
Total 216,07k 100 22l 100

Sample cobservations were chosen at random for each area in the following
manner. A square mile grid template was placed on the maps of each sample
area on which the physiographic boundaries had been marked. The total square
miles of each landform type was counted and a table of random numbers was used
to pick the appropriate mumber of sample observations in that sample area, The
center of the square mile chosen was used as the center of the sample observa-
tion. This rather involved procedure was an attempt to insure equal oppor-
tunity tor every square mile to be included in the sample. The physiographic
regions sampled were very irregular in shape and deeply interlaced with one
enother and with water surfaces. The method allowed narrow valleys, isolated
hummocks and/or islands to be in the sample.
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Five-Hundred Sqguare Mile Sample Observations. Fach sample observation
serves as the source of several types of informatiocn regarding the transpor-
tation network, such as density of network, type of roads, number of inter-
secticns, endpeints, and direction trends. A circular area of 500 square
miles, with the randomly sampled point as the center, was chosen in order to
obtain sufficient observations of these variec =lements in a region where the
transportation network is generally rather iight and simple, The 500 square
mile size was arbitrarily chosen and used throughout the study. The circular
shape was considered necessary to avoid bias in the directional measurements,

Figure A1 and Table 17 give five examples of the sample observations.
The measurements and counts made for each of these observations were syste-
matically recorded in the form given in Table 17. Most of the subsequent
analysis is based on these observaticns., One exception is the analysis of
the quality of the roads. The quality varied so greatly from area to area
that the sample was an inadequate measure of quality. total network enum-
eration was taken, measuring the miles of rail or road in each route class-
ourt also provided a check on the method of estimating

ification. -Tais total c¢
g e observation, With the total count available it was
T

density using the
possible to compare ac

vad mileage with estimated mileage.

CHARACTERISTICS OF THE TRANSPORTATION NETWORK

the section below each of the four general properties of a transpor-
tation network is measured for the coastal Scutheast Asia study area,

Network to Area Reiations. 7Three measures characterize accessibility
of the *and area to the transportacion network, They are the density, the

average distance to the nearest road from randomly chosen points in the area,
and the standard deviation of the.distributiorn of the distances to the near-
est road.

Network, ie method of counting boundary croscings of an

Density of the

arbitrary cirecle tc determine dPFb ty of the network is not appropriate here
becexse of the interlacing of upland, plains, and water in most of the 500
square mile circles used as sample observations. Road and railroad mileapge
are measured in each landform area and, using a square mile template, the num-
ber of square miles In ezch of these areas is also measured. The density of
timated for plains and upland by dividing the road mileage
ap

by lotal square miles in the.

the network ic es
ropriate landform areas,

13
]
*r'!

The density for the entire area has little meaning because of the large
dirferences in density in the two lazniform types. However, the separate dens-
ity estimates may be uvsed to estimate the road and railroad mileage in the
entire area simply by meking seporate estimates for each landform type and
sunming. Fefore this is done successfully an ad’ustment must be made to take
into account % nsity of road network in urban areas
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A Cluster on the Trensportation Network., The urban areas represent a
densizy of settlement much higher than the average. This difference is prob-
ably even greater than the differences between upland and plains, These large
variances in density make accuracy of sampling estimates poof. Furthermore,
the maps do not show the urban areas with any consistency. An adjustment to
eliminate the effects of these urban areas 1s made. Because the analysis is
of the transportation network, these built-up areas are defined in terms of
the network itself. We define a cluster as being a portion of the transporta-
tion network in which an intersection is within one-half mile of at least one
other intersection. This definition corresponds rather too broadly to settle-
ments with improved road systems. A more restrictive definition might perhaps
have served better but the above definition was employed throughout.

Clusters were delimited in each sample observation using the above defini-
tion. The amount of road mileage within the cluster was then deleted from the
total mileage in the sample observation and replaced with the sum of two di-
mensions of the area in clusters. The dimensions used are the longest length
and the width at right angles to the direction of tiat length, This procedure
is simply an attempt to replace the close network of an urban-like settlement,
whose primary function is internal connection, with a rough estimate of clus-
ter's contribution to regional transportation.

Results of Network Density Measures., Table 18 displays the results of
the analysis described above along with the actual mileage determined by a
complete measurement of the network in the coastal region under study. The
table indicates a total of 25,372 miles estimated compared with Qh,OT6 miles
in the complete inventory. This represents a 5% overestimate, Individual
sample areas show much greater discrepancies. Four areas have over +25% er-
ror, two of which have over +50% error. All of these large overestimates are
in areas of very low network density in Burme and Thailand,

The average density of the plains and delta regions is 20,38 miles per
100 square miles compared with 3.71 miles per 100 squere miles in the uplands.
Notice this density in the plains corresponds to approximetely an average of
two roads crossing a ten mile square, The 3,71 miles per 100 square mlles in
the uplands corresponds to a single road extending 1/3 of the wey across a
ten mile squere, Only in Malaya is the road network in the hills comparable
with that in the plains, However, the heaviest network 1s in the Tonkin Delta
of North VietNem, followed by the Mekong Delta near Saigon, and tinen both
plains end uplands of the west coast of Malaya and the plains on the east
coast of Malaya,

The sample results compared to the complete inventory of road mileage
suggests the reliability of the sample is low and adequate estimates will re-
sult only if care is taken to separate areas of greatly differing densities.
Road network densities vary ccnsiderably in a region such as the one under
study, and this inherent variebility will necessarily result in rather loose
estimates of true density.
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The Distance to Nearest Road. Choosing a set of random locations in the
study area and measuring the shortest distance to the nearest road gives some
information about the spacing of the road network. The center of the sample
observations is d as the point from which this measurement is made, The
nearest road is used regardless of which landform type in which it is located.

Table 19 presents the results of this tabulation for each sample area.
Notice from Thailand north and east to North VietNam the distance to nearest
roads in upland areas is from three to eight times farther than in the plains
for the same area. This is also true of Burma where the coastal plains are
narrow (areas 1 and 4). The average ratio for the entire coastal region is
. Only in area T is the distance to the nearest road significantly greater
in the lowland than in the uplznd, This may be understood by the fact that
Singapore is in this area and is located on an island classified primarily as
complex hills (uplands). This same area, on the other hand, has considersble
area in inaccessible mangrove swamps in the plains sample area. In other areas
of Malaya distances to the road in upland and plains are about the same within
50 miles from the coast.

The shortest distances to the road arc in the delta regions of North and
South VietNam. Approximately the same short distances are also found in the
narrow coastal plains of South VietNam., The areas classified as delta arocund
Rangoon and Bangkok have some of the longest distances to roads, reflecting
the rather low and uneven road densities in these areas,

Variations in Distances to Nearest Road, The variation in distances to
nearest road is extreme., This fact is shown in Table 19 by the large standard
deviations compared with the average values for each sample area, The dis-
tribution of the distances tends to be skewed to the right although both tails
of the distribution are sometimes large. The flatter the distribution, the
more uneven 1s the transportation network,

The standard deviation seems roughly proportional to the means. This
fact suggests the distances tc the nearest road from a randomly chosen poi
mey be described as a Poisson population in certain circumstances, We suspect
the distribution of distances to the nearest road is a Foisson distribution

for the ideal case of a perfectly even transportation network, Mo analysis

was attempted to prove this statement but we consider it a very fruitfu. avenue
of research. If this measure could be related to the Poisson curve, the de-
gree to which a network varied from an even distribution could be established

by comparison with the Poisson distribution.

Differences in the Variation of Distances to Nearest Road. The plains
and delta of North and South Viet'llam again dispigy least variation in trans-
port retwork spacing. The deltas and plains arcund Rangoon and Bangkok show
great veariation in spacing (areas D-2, D-3, and D-10). Malaya has a medium
variation in spacing except for great unevenness in the southern tip of the

peninsula in the vicinity of Singapcre where, as noted above, mangrove swamp

and urbaen road densities are adjacent,
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TABLE 19

DISTANCES TO NEAREST ROAD FRCM RANDOMLY CUOSEN PCINTS

IN UPLANDS, PLAINS, AND DELTA

Average Number of Miles from Standard Deviations of Miles
Sample Random Point to Nearest Road to the Nearest Road
érga Plains git%o O; Plains ?it%o o;
ode . - alns a1ns
& &
Number . Uplends  po14a to Uplends b o1ta to
Delta Delta
Uplands Uplands
1 5.9 16.6 2.8 L7 10.6 2.3%
16.9 2.8 13.2 2,8
2 9.7 8.8
3 6.8 7.0 1.0 1.4 2.3 0.2
b 2.5 20,0 8.0 1.5 12,0 8.0
5 13.6 13,1 1.0 12.9 7.3 0.6
6 2.7 5.8 2.1 2,2 4.9 2,2
1 11.1 3,3 0.3 12.0 10.3 0.8
3 4,8 8.6 1.8 6.1 8.0 1.3
9 h,1 21.9 5.3 2.7 9.4 3.4
10 9.3 30.8 3.3 11.7 5.0 0.4
11 h,2 18.7 b, b 9.4 13.6 1.h
12 5.1 7.8
13 1.5 1.0
1k 1.8 5.8 3,2 1.4 7.7 5,2
9.1 5.1 9.9 7.1
15 L.7 11.6 6.8 1.0 9.1 9.1
16 1.2 9.9 8,2 1.4 9.0 b.h
Landform
Area Average 5.5 13,1 2.5 7.5 11.7 1.6

.1 Ac »
Intire Ares:

156

mean 9,5 miles, standard deviation 10.7 miles.



The variation of the distances to nearest roads is greater in the uplands
than in the plains for most areas, but this difference is not as pronounced
as the difference in average miles to the nearest road. The standard devia-
tion of the distances is 10.7 for the entire region. The stendard deviations
for the upland areas o Burma, Thailand, and Cambodia are near this value,
but have large average distances to the nearest road. This implies a very
light road network, but with average variation in spacing in these areas.

QUALITY OF SURFACE AND CONSTRUCTION OF TRANSPORTATION NETWORK

The capacity of a transportation network depends upon the quality of the
surface and construction of the roadws We distinguished three classes of
roads plus one class of railroad. It is difficult tec be consistent because
of differing classifications of roads on different map series, The British
maps had at least two classifications and the American maps still another.
Some British maps (group 1) classify roads as:

Road, all weather motorable with milestones and bridge
Road, fair weather motorable

. Road, unclassified

. Pack-track

Foot-path

N1 £ W O

.

Another British classification (group 2) is:

1. Road, 1lst class. metalled (uurestricted), with milestone and
bridge

. Road, Znd class, metalled or gravel

Read, indifferent

Cart or jeep-track

. Foot-path

AO2 B i SV {V)

The American classification for meps compiled from either Americen or French

Ul

sources 1is

Roads
1. All weather, hard surface, two or more lanes wide
2. All wveather, hard surface, one lane wide
. All weather, loose or light surface, principal
. All weather, loose or light surface, other
5. Fair or dry weather, loose surface, principal

,\
[

Falr or dry weather, loose surface, other
Cart-track

Footpath-trail

|

.\
-

Q

Ci

}.—l
\J1
=



Railroads were classified as normal guage (3.3'), narrow gauge; single or
multiple track; light, milestone and bridge, or simply railroad.

The classification adopted in this study to combine these classifications

s
4]

A1l VWeather Routes

1. Railroad (all classes)
2. Metalled (principal) roads

British group 1-1
British group 2-1
American 1,2

%, Cther all weather roads

Dry Weather Routes

4, Dry weather roads only

British group 1-2, 3
British group 2-5%
American 5,6,

Cart, jeep-track, pack-track, foot-path, and trail were not incliuded in
the study. Persons with experience in the area claim the British 2nd class
road in Malaya is indeed an all year metalled road. The cart-irack and {rail
are normally unreliable for motor vehicles, Bridges end ferries for larger
streams are available on all the metalled (principal) roads, Fords are not
uncommen on the cther all weather roads and dry weather roads only. The rail-
roads have bridges, and (normally) displayed cuts, fills, and tunnels. Con-
struction (embankments, slopes, etc.) of the railroads are considered at least
as good as those of the metalled roads,

Distribution o Routes by Type. There is a total of slightly over 2k, 000
miles of all classes of road and railroad in the study area, 19,700 miles
(82%) in the plains and delta and 4300 miles in upland regions. Of this total
ObLs miles or nearly 40% of the network consists of dry weather roads only.

Forty-three percent of the network in the uplands is dry weather roads only

while 382 ¢f the network on the plains is dry weather road. Recall that these
totals excluded the network within large cities except for the diameter of
the cities. There is probably an additional 500 miles of road and railway
in the cities but mapping is so inconsistent that nc measure was attempted.

Table 20 is the breakdown by class of routes for the entire coas
region by landform type. In addition, by looking at Teble 4 vertically
calculated the propertion of each route class by landform type. - Thus the

F_l
Ji
o



uplands have 16% of the railroads, 23% of the metalled roads, 8% of the other
all weather roads, and 20% of the dry weather roads only.

TABLE 20

TOTAL MILEAGE AND PROPORTIONS BY CLASS CF ROUTE FOR TRANSPORTATION
NETWORKS OF COASTAL SCUTHRAST ASTIA

ie Weatl
A1l Weather Routes Dry Weather Total
Routes
N Metalled Other all Dry Weather
Railrcads Roads Weather .
| 1o \ " Roads Only
p\rrincipal) Roads I .
Miles 4 ‘Miles % |Miles %  Miles % |Miles %

Plains
& Delta 3101 16 5368 27 3692 19 7602 38 119,763 100

Upland I 576 13 1572 36 302 T 18354 b7 4,313 100

i
l

Total - 307715 o69k0o 29 | Loik 17 ghlis 36 124,076 100

The reciprocal of these values gives the proportion of each route class
in plains and delta areas, Table 21 (a and b) is similar to Table 20, being
& detailed breakdown by class of road for each sample area. This Table shows
that the quality of the transportation network varies considerably from area
to area.

The varietion in quality of route is very large. This variation is sum-
marized in Table 22 for sample areas by listiung the median proportion in each
class of route and the range, i.e., the largest and smallest proportions.

The varisbility makes it difficult to make any statements about expected
guality of the rocad. That no mileage was classified as "other all weather
road" in Malaya probably means the classification system is faulty—not that
this is an actual chaeracteristic of the rcutes in that region.

Certain patterns can be seen in Teble 21, Burme has o higher proportion
of dry weather roads than the rest of the regicn, In Burmas something like
75% of all routes are dry weather roads only, whereas this lowest class of
road accounts for approximately one-third of the total mileage in other areas,
North VietNam also has a higher proportion of poorer roads. Close to one-
half of its roads are dry weather roads only,
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TABLE 22

MEDTANS AND RANGES IN PROPORTION OF TRANSPORTATION NETWORK
IN EACH CLASS OF ROUTE BY LANDFORM TYPES

Class of Plains and Delta Uplands Total
Route Median Range Median Range Median Range

Railroad 17% 0-59% 8 0-83% 17% 0-59%
Metalled

Roads 20% 0-55% 19% 0-65% 27% 9~58%
Other all

Weather

Roads 10% 0-51% 13% 0-2k4 9% 0-29%
Dry Weather

Only 35% 18-7h% 4o 0-9k¢ 36% 19-78%

Note also that there is no coastal rail connection between Thailand and
Cambodia, although one exists at greater than 50 miles inland. Also there 1is
no rail connection between Thailand and Burma.

DIRECTIONAL TRENDS IN THE TRANSPORTATION NETWORK

A natural orientation or direction suggested in a coastal study is the
coastline., Directions parallel and perpendicular to the coastline may ke
used as a basis for establishing directional tendeiicies in the transportation
netwvork, This orlentation is defined in the sample observations by estab-
lishing a line from the center of the sample area to the nearest open sea-
coast, The direction of this line is called the inland-seaward direction, A
line perpendicular to it will be parallel to the coast and is called the lat-
eral divection. It is convenient to establish a right and left lateral
direction by viewing the sample area from seaward towards the inland direc-
tion. A grid coordinate system so oriented with the origin at the center of
the observation area divides the area into the familiar positive and negative
coordinates where inland and right lateral are positive values and seaward
and left leteral ere negative values. The sample observations in .diagram
displey these directions.

A circular observation ares was chosen to avoid a bias in measuring di-
rectional mileage, boundary crossings, etc. Intuitively we know what direc-
tion means and can conceive of e transportation network that tends to be
Letter connected in one direction than anct her. However, scme difficulty
is encountered in trying to define an operational definition for directional
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biss., In a map projection, directional distor usually defined around
a single point; that is, if angles are thc samc in all directions from any
point on a map, no angula“ deformation exists in the transformation of a co-
ordinate system from a sthere to a plane and the projection is conformal.
Many projections have angular deformation present and Tissot's indicatrix
provides ore method of measuring this deformation., See for example, Arthur
H. Robinson, Elenents of Cartography, New York: John Wiley, 2nd edition,

1960, p. 59ff.

(9]

We can think of a rocad network as deforming the accessibility in dif-
ferent directions from any given point, but some radius of observation is re-
r

iv
adius of observation may be made infinitely small

(D

quired to measure it, Th
in a map transformation because of the continuous nature of the transformation,
The road network ie a discrete rather than a continuous phenomena over space
and Tissot's indicatbtrix is not appropriate. The problem is to choose a mean-
ingful radius of observation, If the radius is tco large the measure will
reflect "in the large" influences such as the shape of the study region-—the
Scutheast Asia coastal region under study here being an example of an extremely
odd-shaped region. If the radius is too small, the observations will lack
data hecause of the discrete nature of roads. A 500 square mile area was
chosen rather arvitrarily after indications from a pre-test that most samples
of this size would contain examples of the road net in the study region.

More study is needed »nn an approLrla*e radius cf cohservation., Given a
network with a certain bias, we suspect sample measures designed to reveal
thet, bias would have large variances if the radius of chservation was swall
ompared to the average spacing of the network and that the variance in samp-
ling would decline to some minimum value as *the radius of observation was
broadened, When "in the large" effects set in, the sample variance would in-
crease again, This implies zome best radiug to estimste directional trends
ists. Procf of these asserticns require furtkar research. TIn this report,
500 square mile area is used, which means that directicnsl meacures refer
the transportetion network in a circle cf just over 12 miles radius around
s

emple peinte. Ac noted teolow this did not work well in areas of ex-

rj\

X

e
a
to
the

Directionsl Trend in Number of Boundary Points. Using the seaward line
to orient the sample observations, the circumference of the circle is divided

nto four arcs, each centered on one axis of the coordinate system, A count

1

is made of the number of times a road or railroad crosses each arc, The in-
tersections are boundary points and their sum by direction is a neasure of
directional trend. The absolute swm of the right and left lateral bcundary

points divided by the absclute sum of the inland-seaward boundary points
ields a ratic which has the velue 1.0 if no directional trend is present.,
The value will be less-then-one when the trena 1¢ inland-seward and greater-
than-one when the tr

lations for the semple areas,

e

]

end is luteral to the vea., Table 25 shows these calcu-
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TABLE 23

DIRECTIONAL TRENDS BY RATIO OF BOUNDARY POINTS

) Pleins and Delta Uplands
Semple Boundary Points Ratio Boundary Points Ratio
grgj Sum Sum Tateral to Sum Sum Tateral to
. ob’ Inlend- Right-Left Tnland- Inland- Right-ILeft Tnland-
umoer Seaward Lateral Seaward Seaward Lateral Seaward
1 6 17 2.8 1 b 4,0
b L 1.0
2 L 3 0.8
3 b 18 L.5 2 2 1.0
I 8 9 1.1 2 5 2.5
5 1 L o) L 5 1.3
6 38 53 1.h 43 Lo 0.9
7 19 38 2.0 hs 63 1.k
8 29 29 1.0 9 13 1.h
9 9 13 1.h4 3 5 1.7
10 10 13 1.3 *
11 7 10 1.h 1 5 5,0
12 19 12 0.6
13 92 82 0.9
14 15 29 1.9 27 22 0.8
6 11 1.8
15 10 21 2.1 L 19 4.8
16 5% 55 1.0 22 16 0.7
Fatire
coastal
region 327 406 1.2 173 21h 1.2

Mo roads in observation ares,
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A predominance of lateral trends is characteristic of both uplands and
plains. TFour plains and delta areas are nearly balanced including the Mekong
and Red River Deltas and the east coast of Malaya., Five areas have over a
2:1 ratio in favor of a lateral orientation. These areas include Rangoon
and Singapore zones and certain narrow coastal areas such as in Burma and
North VietNam. The narrow coastal valley of South VietNam (area 14) almost
reaches a 2:1 ratio in the plains sample—1.9:;1. The other areas with narrow
coastal valley do not seem to have an unusually high lateral orientetion, e.
g., area 4, 1,1:1; area 11, 1.4:1., The most extreme lateral orierntation in
the uplendc is in areas adjacent to the narrow coastal valleys (areas, 4, 11,
and 15). A large portion of the upland roads in these areas is in fact, con-
necting lowland areas along the coast rather than penetrating inland from the
sea, The rest of the upland areas seem rather evenly balanced with socme
tendency for lateral orientation, An expected inland-seaward orientation
did not materialize,

Directional Mileage, Tt is possible to divide a road crossing diagonally
to the inland-seaward direction into components of inland-seaward mileage and
lateral mileage. Of course, this procedure ylelds more mileage than a direct
measure of the road yields, This is of no consequence, because the objective
is again to form a ratio of the sum of the lateral mileage to the sum of in-
land-seward mileage. The measurements were accomplished with a square-mile
grid template covering the area, To establish the sum of the lateral roed
mileage, simply count the number of miles (grid lines) the road crosses in the
lateral direction regardless of how far it extends inland-seaward. If a road
waves back and forth within a mile in a lateral direction while extending a
long distance inland-seaward, to facilitate the count, no laterzl mileage is
counted. Iateral mileage is counted only when 1t crosses entirely between
grid lines, This procedure tends to underestimate the component mileage, but
one might argue that one is getting nowhere on a road that waves back and
forth within a mile width anyway. If the road extends several miles laterally
and then doubles back the total lateral mileage is counted. In this sense
the road represents two routes for lateral movement.

Teble 24 is the result of the analysis of directional mileage of the net-
work, The entlire coastal region again shows a slight lateral orientation to
the transportetion network, Although the magnitudes of the directional trends
are somevhat dampened by using directional mileage as the index compared to.
the boundary point index, roughly comparable ranks are found. The rank-cor-
reletion coefficient for the two indices is .70 for the plains area, This is
a significant correlation.

On the other hand the rank ccrrelation of the two indices for the upland
avea is only .05, which is not significent. This low correlation resulted
from such changes between the indices as area 11 going from the most laterally
trending in the boundary count to the most inland-seaward trending in the

rec

tional mileage count., Very small mileage is involved in the calculation

A
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TABLE 24

RATIO OF DIRECTIONAL MILEAGE OF TRANSPORTATION
NETWORK BY SAMPLE AREAS

Semole | Plains and Delta Uplands
Arza { Directional Mileage Ratio Directional Mileage Ratio
La Lat
Code | Tnland- Right-Left Izizzi Y| itand-  Right-TLeft Inira% to
Number Seaward Lateral Seawar lateral and
Seaward Seaward
1 101 173 1.7 17 48 2.8
3k 76 2.2
2 71 6l 0.9
3 148 216 1.5 17 1k 0.8
b 117 110 0.9 inn 67 1.5
5 22 3h 1.5 30 L2 1.k
6 518 528 1.0 364 L85 1.3
7 Lz3 L53 1.0 809 761 0.9
8 250 321 1.3 162 168 1.0
9 95 202 2.1 38 62 1.6
10 150 180 1.2
11 91 9l 1.0 3G 24 0.6
12 270 208 0.8
13 1095 1002 0.9
1h 255 725 1.3 155 311 2.0
59 118 2.0
15 167 296 1.8 &2 161 2.0
16 668 637 1.0 13k jalite) 1.8
Entire
coactal
region Lho2 LEL3 i.1 1954 2579 1.5
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for these areas, apparently too small to be of any significance in the analysis
of directional trends. Thus in upland sample areas 1 through 5 and 9 through
12 there are too few roads upon which to make any generalizations about direc-
ional trends. This is an area of 62,770 square miles of upland with (by
actual count) a total of 686 miles of road and railroad combined—slightly

over 1 mile of road per 100 square miles of area, From map inspection no di-
rectional trend is apparent for this mileage. Sometimes it is a single lat-
eral connector between coastal valleys and sometimes a single spur heading
inland.

cf—

CONNECTIVENESS OF THE TRANSPORTATION NETWORK

The road and rail network of the Project Area is now investigated to
establish the prevalence of strategic points or alternate routes in the sys-
vem., These elements depend upon the connectiveness of the network. To meas-
ure this property the frequency of events such as intersections, deadends, and
sample observation boundary crossings is counted. The relative proportions
of deadende to branching, or deadends to connections'beyond the sample obser-
vation (boundary crossings) are important varisbles for dcscribing the con-
nectiveness of the network.

The number of lines (road segments) incident with intersections is an-
other variable. That is, intersections may be three-way, four-way, or larger.
The number of road segments radiating from an intersection is defined as the
degree of the intersection. The larger the average degree of the network, the
more alternate routes there are and, most likely, the more interconnccted is
the network., This ic not necessarily true however, and & better measure of
interconnection is the ratio of road segments to intersections--here called
the line density.

The matter of the size of the sample observation area is again a prob-
lem. There mey be & snerl of roads and intersections locally. Two exemples
of such aress are on a plantstion and in & built-up urban area, In these
erees, local menuverebility is great but at the same time there may be but
e single connector to the outside—or perhaps no outside links at all, Local
connectiveness mey be compared to external connection by noting the propor-
tion of boundary points, internal connections, and end-points. In using these
measures, the size of the sample area is critical, for it defines & '"neigh-
borhcod" or loecal area, The guestion of what a meaningful neighborhood is
has not been answered here. The same 500 square mile circular area with &
12.0 mile radius used throughout the study is chosen as the "local area."

A set of intersections, any one of which is within one-half miles of an-
‘ . as a cluster, - Clusters may often be qtrategic locations.
wiple, Trom a military point of view, it would be fairly simple to control
two or mere intersections within cne-half mlle of one another. Also clusters
norw*TL; have higher degrees than intersections giving them greater strategic
in the network.

value
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In summary, the list of the "events" uefined in the network is: clusters,
intersections, endpoints, and boundary points.

Analysis of the connectiveness of the network did not extend into the
upland regions where the roads are so sparse that extremely few observations
of branching, endpoints, etc.,, are possible., Identification of these ex-
cluded regions is given in Table 25.

TABLE 25

AREA OF VERY SPARSE TRANSPORTATION NETWORK

Route Miles

c , Semple Area Upland in Total Reute in Sample
ountry Code No. Square Miles Miles p-e
. : Observations
- Burma and M-1
west coast through
of Thailand M-5 39,557 L9g 197
Thailand M-9
and through
Canmbodia M-11 29,983 187 b1
Total 69,550 686 238

These arcas not included in the analysis of route connectiveness. These re-
gions contain 58% of the upland area and 15% of the upland routes (3% of all
routes)

Frequency cf Network Events, Teble 26 summarizes the events per 100 miles
of route, Two groups are distinguisned in addition to the regions of very

¢

sparse networks, The heaviest networks are in the lowlands of Malaya and the
uplands ir the Singapore region and the deltas rear Rangoon, Saigon, and in
North VietNam. 1In these areas there is, on the average, an intersection, a
cluster, or an endpoint just over every two miles. Surprisingly enough, there
is only o small correlation tetween the density of the network in miles per
square mile ani the number of events per 100 miles of roads. The highest net-
wvork effect is in Malaya where many short plantation roads from a complicated
network, bul with less total route mileage than the delta areas display. The
delta areas, on the other hand, have a fairly high density of rcad to area,
but the network is rather disconnected with endpoints more common. This is
due, no doubt, to the empha
the canal nctuo“ is Lonnected. then the road network in the area is brcken
up into separate components because bridges are not commen. The variation

in the number of components is shown in Teble 2% where a component is defined

!o

u

£

s on canal transportation in the delta area, If

|._;.

as a connected pertion of the network found in the sample observations.

(o)
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The regions with an average of 22 events per 100 miles (an event every
4.5 miles) are primarily the long coastal plains throughout the Project Area
and the delta area around Bangkok. The road network in the Bangkok region is
considerably less dense and complicated than the network in the vicinity of
the other large cities in the area. The regiocn must depend very heavily on

canal traffic.

The Propcrtion of Internal and External Connections and Endpoints., How
often a traveler willbe faced with a deadend rather than a choice of routes
or an opportunity to leave a neighborhocd is indicated by the relative fre-
guency or enpoints, internal ccnnections, and boundary points. Table 27 is
a summary of these values for the sample areas arranged in order of
ing percentage of internal connections. In all of Mals ya and the deltas, ex-
cepting that around  Bangkok, over hO% of all route events are internal branch-
ing. The proportion of boundary points is generally inversely related to per-
centage of internal connections. The highest proportion of boundary peints is

e coastal plains and uplands where simple networks cross the observaticn
area without much branching. The percent of endpoints is not significantly
correlated with either of these two events. Endpoints are slightly more com-
mon in the narrow coastal valleys and upland than elsewhere. The exception
to this observation is the delta region near Rangoon, where L2% of the road
segments lead to deadends.

[}

ecreas-

—
']

2

The Line Density of the lNetwork., The number of line segments in a net-
work is equal to one-half the sum of the degrees of the route events, Let q
e the number of line segments and p be the number of points. Define d; as

the degree of the ith point. Then, the above statement may be expressed as:

The line density of a network is the ratic of number
he numbcer of points. The number of points is
kes two points to esteblish each line, (al

ine to one-half
e-half because it
ensity o, then:

p=g- (2)

T 1 maFirarle B e n
L

4 networs of v points there are two sources of lines—internal con-

o)

rections between the p points and connection from the roints to the outside
“towould be desirable to establish the proporticn of line density concrlbuted
by internal end external cornections It would also be desirable to compare

.

La
. oul
the line densitiez’of an observed netw with some standard network.

[ag) S - Sk o ~ 4+ I~ N
The theory of graphs, a mnthematics of v

i relations, suggests certain stan-
daris, A graph is defined as a set of points and lines in which easch line is
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defined as a segment connecting two, and only two, points, Each point, on the
other hand, may have any number of lines incideat to it. A planar graph is a
graph with points on & plane and pairs of points joined by lines also in that
plane such that no two lines intersect except at defined points, The trans-
portation network, as we have defined it, is a model of a planar graph in which
the above definitions hold as well as the condition that every point has at
least one line incident to it.

The minimum connected graph is one standard to which a real network may
be compared. A connected graph is one in which there is a path (a sequency
of points and lines) between every pair of points, The number of lines in a
minimum cennccted graph is:

Partition the pocints p of a graph of the transportation network in the
sample observations into two sets p, = (set of internal points) and P, = (set
of boundary points)., Notice that each point in py has degree 1. If the num-
ber of boundary points is b, then the number of line segments connected to the
outside is also b, The density of the internal connections of a network is:

a-b _ 2(a-b) L
pO - pO" po ‘ ( )
7
The density of the winimum connected graph of internal connections is:
_ 2{aomin) 2(po-1) (5)
= = . )

o,
onin pO pO

he standard minimum

ctk

An index of internal density of a network relative to

connected graph of the network is then,

e -b
Dy = > = . . (6)

Pomin Po-l

Consider the set of boundary points P, as a single point, that is, if
& route crosses the boundary of the observation area it is simply considered
to be connected to a point designated as "the outside." £n index for the

total network is now derived.

2q
Py = po+l : (7)
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The density of the minimum connected graph with the boundary considered
& single point is:

(po+ )—l fpo 8)
Pemin = Po*l T pgtl - (&
2

The index of tctal conrectiveness is, then,

Pt q .
Dt = T = R (9)
ptmin Po

The indices (6) and (9) are easily calculated for each observetion area
given a count of the points and their degrees, Table 28 is a summary of these
calculations. The indices of line densitiies may be read as percentage compar-
isons with the density of the minimum connected graph with the same number of
internal points. Networks with indices at 100% are just equal in line density
to a graph with a single line from each point. Less than 100% values indicate
a system is broken into component parts.

An upper limit on the density index is suggested by the maximum planar
graph, that is, ihe graph with not more than orne line between any pair of
points and with no lines intercepting except &t defined points. The maximum
number of line q in a planar graph of p points is:

Qox = 3(p-2) for p > 2, (10)

e

Given this fact, it is easy to show that the index of maximum density to

minimum density connected graph is:

- Dma)g - Bpo (] l)
mex pm . po+l

_ e shovn in the last column of Table 28, These values are
useful for gauging the extent of connectiveness in the network. The maximum
planar. graph is not an absolute 1imit of density on 2 road network because
more than one route may connect a pair of points.

Table 28 is ordered by decreasing values of internal connectiors. This
value 1s correlated with size of the network and slightly inversely related
to external connections. Again the Bangkok area is distinguished by resemb-
ing the poorly connected uplands and narrow coastal valley areas more than
he area with the other large cities.,. The former rely more on external con-
acts to exceed the minimum connected density then do the later, which

o ot

achieve grenter internal completeness.
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SUMMARY OF TRANSPORTATICN NETWORK ANALYSIS

The attempt has been made in this section to define and devise measures
for a suificient number of precperties of a transportation network to establish
all of its important characteristics. Network-to-area relations, quality of
surface, orientaticn and connectiveness have been considered. Although the
nature of the transportation network in the Prcject Area has become apparent
in the discussion, the value of this section is more in specifying character-
istics likely to be important in any type of transportation network analysis,
Further steps are required to make the meusures presented more immediately
useful,

One such step is to combine these various measures using factor analysis
or some similar technique to establish transportation network types. If the
material presented hers yielded tc a grouping analysis several useful results
might become available. Of course, areas could be classified by their trans-
pertation network type. We were thinking more of correlating transportaticn
network types with other features and events, physical and cultural. Tor
example, the Army is collecting detailed tactical battle histories, eventually
for analysis of factors in success or tailure of battles. The degree of con-
nectiveness or orientation of the road nstwork could possibly be an influence
in such events. Or for another example, population densities and the road
density are very likely highly correlated. An investigation might be made to
determine if one coculd be estimated from the other.

The measures presented here were not particularly satisfying. TLarge
variances in the network density make sialistical estimates of road-to-area
relations difficult. Lack of consistent sources of data and great variation
in quality of the surface and construction muke capacity estimates difficultb.
What is needed here is good information on the capacities of roads under dif-
ferent weather conditions. The number of lanes and at least grades of surface
are minimum requirements for capacity eztimates,

The measures of orientation and connectiveress are new, They require
further development and demunk,ratlwn of usefulness For example, some de-
area" is required tecause ho(,h orientation and connec-

ot oy
pede
d.
P—-
O
=
O
!
o
,j
Q
[¢]
o

iveness change with the radius of observation,
The Projfect Area, One type of transportaticn rcute-—waterways, did not
receive attention. Tleck of data prevenfed any significant comments., It is
impossible to tell from the maps available whether 2 stream or cansl is nav-
igable or not. lNevertheless this nmisszion is probably serious for all the
ta areas in the study. Some of the same measures suggested here could be
d to analyce a canal network if definitional problems could te resolved.



VIII. HATIVE ANIMALS AND DISEASES OF IMPORTANCE TO MILITARY OPERATIONS
Native Animals

The larger carnivors, lecpard and tiger, are present in the coastal areas
of Southeast Asia particularly in the wooded, brushy, and sparcely populated
parts. The estuarian Crocodile inhabits the tidewater parts of the lower rivers.
Although these animals can harm men, none are serious menaces to military per-
sonnel and except for the exercise of '"common sense" precautions, they may be

disregarded.

Poisonous snakes are commen throughout the area both on the plains and
in the hill country; however, the danger they present to military personnel

is much less than their numbers might indicate. They do neot "lie-in-wait"

for passers by; most are timid, few are aggressive, and many are nocturnal.

Tn the tropics snakes do not bask in the sun as they do in coldsr climates.
Ordinary service clothing which covers legs offers considerable protection
against the Elapidaewfcobras and kraits) but less ogainst the Vipers. Although
Lhe danger from poisonous snaxes is small, it should not be disregarded. Some-
one in cross-country foot parties should be able Lo recognize the difference

e two groups moitioned abecve, because the first-aid measures required

I~
s

o :
botween tl

are different.

Invertebrate pests are present and may cause annoyance but not casualties.
Large spiders, scorpions, and centipedes can give painful bites but are not at
all common, The worst pests are land leeches which arc found almost every-
where in jungle, forest, or 1ong grass situations, especially during the rainy
periods. Teech-bites are painless but continue to bleed after the animal is
removed because of the anticosgulent injected. The bite is not poisonous but
readily becomes infected. Clething constructed tn prevent entrance and im-
pregnated with leech repellant gresatly roduces the incidence of attachment.

The  native pepulation of scutheast Asia, particularly 1in the rural areas
orndition by United States starndards. This conditicn is a
ors, chief among which are: poor ﬁ*ﬁ+s, lack of hygienic
ices, inadeguate sanitaticn, lack of and indifference to

is in pocr hesaith ¢
result of many fact
mowledge and practi
nnilcal treatment; and constant exposure to food and water contamination,
Although United 3tates military personnel would e within the same environ-

ment they would not be subject to any of the above factors. In additicon,



they would have innoculative immunity to some of the common diseases and
would come into the environment in excellent health concition. The medical
problem in relation to disease, therefore, would be preventive rather than
curative in the main.

The infectious diseases of southeast Asia are spread by three methods:

(1) By insects: malaria, typhus, filiarisi, plague, dysentery, dengue
fever, relapsing fever, and encephalitis.

(2) By contaminated food, water or soil: bacillary (ysentery,
amebiasis, typhoid, schistosomiasis, cholera, Aneylostomiasis,
Taenia Solum or Saginata, and Ascariasis (infection with hook-
worm, tapeworm, and roundworm, respectively).

(3) Ry social contact: tuberculosis, smallpox, syphilis, yaws,

leprosy, trachoma, and diphtheria.

Urder disciplined conditions of field service it should be possible to
protect personnel to a large degree from disease bearlng insects, contaminated
water and food, and contact with natives. - No measures will absolutely be cer-
tain and no very effective ones exist zgainst the enteric diseases but experi-
ence ir this and similar envircnments in World War II do not indicate that
health problems will incapacitate military forces that contain modern medical
facilities.

Sources: DNative Animals and Diseases

Simmons, J., Glcbal Epidemiology, Vol. 1., London (1945).

Schwardt, H., Lis%t of Arthropods of Medical Importance. Ithaca, N. Y.,
(1957).

11—

Harrison, Audy, and Traub, "Further Tests of Repellants and Polscns Against
"

Ieeches.” Med. Journ. of Malaya, G:1 (1954 ) pp. €61-T1.

Walton, Trau
N2OLG a

g o

, and Newson, "Efficacy of Clothing Impregnants N-2065 and
ainst Terrestrial jorth Borneo." Amer. Jour

ourn. of

Trop. Medicine and I

U.3. Army, Walter Reed Army Institute of Research, Hezalth Data Publications,
Washington.

No. 2a Cambodia
Ho. 5 Republi
Ko. O Thailand

o. 9 Kingdom of laos.
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TABLE 29

A SELECTED LIST OF INSECTS AND OTHER ANIMALS OF IHPORTANCE IN THE TRANSMISSION OF DISEASE
OF AS PESTS IN THE COUNTRIES OF SOUTHEAST ASIA
Distribution within country is not regionalized because of lack of necessary iuformation. Frincipalilv from
Simmons, J., Global Epidemiclcgy, Vol. 1, London, 194%, and Schwardt, H., Li
rortence, Ithaca, N.Y., 1G57.
Distrivutional symbols taken from references but lack of symbol does not mes
presence: (?7) from loglcal assumption of other dist:fwticus,

Distritutional Legend:

R rare VC  very common or abundant
< common 7  probably present
Burma Camvodia Malaya Thailand VietNam
Mosquitos (1) Ve ve ve Ve Ve
Culex species nen-malsrial [ c(2) c c [
* Anopheles
minimus (3) melarial Ve Ve [ Ve (k)
A. Maculatus {5) malarial c ¢ c c
A. fluviatilis (6) malarial c ? ? c ¢
A. hyrcanus o
sinensis (7) nalarial- c c 4 [ c
A. sundatcus (R) nalarial c ve(9) c c c(9)
Lice
“Peaiculus capitis on natives c c c c c
P. corporis on natives C Cc C C [
Fhthirus publs on netives C < C [ C
Flire
ia vesla blowfly ? ? c{10) c(11) ?
Musca domestica houselly Ve ve(12) Ve c c
Flies of family horzetlles &
Tabinidae deer flies c(15) ve(13) c(Ls) C(15) c(13)
Culteolides
various species Midge tlies ? ? c(1k) c(1h) ?
Gnats :
“Siphunculina funi
cola signata ? c(1%) 7 7
Ticks ve (16)
“Typlus tick [+
Rhipicephalus
sanguineuvs dog tick (o} c C C C
Mites
Trombicula ¢ c(17) c(17) c c(1n)
Fleas
Xenopsylla
cheupls rat flea ¢(18) (18) c(19) c(18) c(19)
X.-satia rat flza c(z0i c c c c
Ctenccephalls ’
canis dog flea vC ? ve vC vC
Rodents
M seulus mouse c ? ? ? 7
Rattus concolor dozestic rat Ve C C ?
R. norvegicus brown rat o c(21) c c C{el)
R. rattus black rat c vC . C C
Thizomys "bamboo rat” c c i 7 C
Snakes dangercus to man ve vC vC vC vC
Fit Vipers (22) several specles c c c C C
Kraits {23) several species C C C C c
Naja najda (2h) cormon cobra c C [ C c
¥. nannah {25) king cobra R R R R R
Vipera
russeliil (26) Russell's viper ¢ R o R R
Aydrcphinae (27) sea (marine)
annkes C c C c c
Pests
Enexmadipsa zey-
lanics Leeches (28) land leeches c ¢ c c ¢
Ccckroaches {29) Ve Ve Ve ve Ve
Scorpions (20) o ¢ [« [ c
Spiders
Felrnocosndia halry eplder ? C ? c C
Centipades (31) ? ] ? R R

Cther Antzals of Significance (not distributed)
Tlgers, Lecpards, Estuarlan Crocodlle, 3harks, Foisoncus Flel, Reticulated Pythen.
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TARLE 23 (Continued)

NOTES

Mosquitos

2les

species are non=malnrial but transmit other disease., There are fifty or move species of Anop
ALl breed iIn water but of differirg characteristics so the
However there are malarial Ano-

(1) cuy
& few of whinh earry malarin between persons.
the specles are dlstributed in terms of the breeding conditions required.
pheles in all envivonments and protection is requlred cverywhere,

YiITONNEnN T

(2) Culex fathgans 1s the veetor for fileriasis.

also found in clear ul-

{3) Anopheles mindmus live (a fresh running water, seldom in rice paddies or ponds
poiluted pits and tanks zoct dmportant vector of maluria in altitudes of 1%0C reet and
under. Very common in toothills

(4) Found below altitudes of 1500 feet.

1 but will bite ir daytime if disturbed.

4 In water, pools of fast streams. Mostly nectur

22U

bitat and habits ubout the sume as (5).

(7) Feund in still or slow water occaslonally in brackish or in rice paddies. Enters houses by day; most
nctive at night,

{8) Ususlly near coast in nny kind of water; vites day and night.

() Particularly abundant Juring dry season.

Lice

The three forms, headlice, bLody lice,
tlons, especially in cltice,
cn other animals,

t disease by earrying £11th borne discases mechanioally., 'Al1 fresh

d everywhers and tre
d pretection.

of skin wourds and earry yaws, lutestinal diseases, sand eye infections.

(10) Rlowrles cruce mylns

e ns (10) above.

(12) rarticularly plentifnl and anneylng ir ralny s

1. Bites are padinfnl and evongh of thom

pecinlly In radny o

Hores flles Inhabdt Jungle cover

[GiH Incapleitation,

They bite viceiously. wmoying ao

Vory 11 and mny get through ord
afght when there {o Hittle wind,

(1%)  Are mechanien) veeteors off disens ibly of ynaws.
are Xnown to be precent in the countrivn,cf‘ﬁtuthcnuh Aciie but no tick-borne dise have
ted. ’
it seral Lyphnc,
1) 15 the veclor of plague,
(1) ®at Tiea in these counirles aleo Inow vector of tropienl .
saudrrels, and mlce will te encounts red everywhern,

B Crops.,
nie in oome

periciicenily i Sreat

cinticn of rate with (ln

Yoo an
Lo
Fow
. theee crr-
FroNpe ol oju
s heartertaped
et
innet e

aits clored,

’
atively

Ayer which




TABLE 29 (Concluded)

Deaths from snake bite are swsll ir proportion to those bitien. The Pastuer Institute in Bangkok
treated 2218 persons for snake bite in 1552 wherzas tine deaths from bites of venowocus animals for the
entire country avernged 200 batween 1946 =nd 1950, if militery personnel Lave avallable intelligeat first
aid and antivenons, the mortality from snakes should be infinitesinal. The Pastuer Institute in Bangkok
procduces antivenins for specific snakes and also polyvalent antivenin for the poisonous species c¢f Thailand.
Antivenon should be availabje quickly to military partles in the field.

(22) Mainly in the coastal districts or on sandy soils. Some are aborcel, heart-shaped head. Usually not
aggressive; venom causes pair and swelling but 1s not fatrl to men.

{23) Smooth-headed snakes, commonly banded or striped. Very polsorous but cause few deaths because of ‘n-
off'ensive disposition and reluctance to strike even when abused. Readily come into houses or tents, even

into sleeping bangs.

(24) Smooth dark-colored suakes which flstten neck into & "hood" when annoyed. Some types spit venoa
which s inJurious to the eyes. The neurotoxic venom is deadly but statistics show that &0% of those

bitten recover without any treaiment, piovbably because the snake did not get in a good bite.

{25) The king cobra, world's largest polsonous snake, may be 10 to 1% feet long., Lives mostly in open
Jungle and is relatively rare. To strlke will rear up so that head ls six feet or so above the ground.
Large amount of neurotoxic venom makes this snzke probably the world's most deadly; has been known to
atiack without provocation. Best defente—a shotgun.

(26) Very common in Bwma and probably also in the inlend parts of the other countries. Hemolytic veuom
is very dengerous, It 1s said withcut statistical evidence that Russell's Viper bites more people and
causces more deaths than any other snake in Asia.

(27) Are abundant along the coasts, in inlets and bays. May be disregarded as o hazard.

(28) Ireches are perhaps the worst pest and most feared annoyance of the Juugles &nd torests. They are
especially ﬁ?evalent during the rainy seascn along trails on the ground or vegetation, awalting oppor-
tunity to attach themseives to passing animals. The bite is painless but bleeds. profusely and amy teccze
infected. Leeches can reach Lhie body through difficult passages such as shoelace eyelets, trouser flaps,
under belts. Some work has been done on leech repeilents for impregnating clothing; if effective it weuld

be very useful to troope in the area.

i

(29) Common everyhwere, Supplies need to be protected.
(20) Common and may be found in large.groups. Stings painful but not deadly.

(31) Often found in warehouses in ports.  May be four or five Inches long. Bites are painful but net
serious.



TABLE 30

PRINCIPAL CONTAGIOUS DISEASES OF SOUTHEAST ASIA

haracters:

Unknown or not reported WS - Wet season Cs - Ceold season
Rare Wb - Wet season beginning VL - Varies greatly with lozality
- Rather common We - Wet season ending Ep - rpidemic form
C - Common Ib - Dry season beginning End - Endeaic form
VC - Very common De - Dry season end
Burma Cambodia Malaya Thailand VietNam
Enteric Diseases vC Ve C Ve Ve
{Oiceases spread chiefly through the intestinal tract)
Dysentery and Dlarrhea vC \'8 C v Ve
Ameblc Dysentery C, WS C, WS C C, WS WS
Bacillary Dysentary WS C c VL, WS c
Typhoid Tever c VL, WS C Ds wS
Cholera End, De, Wb R, Ep R C, Ep R, Ep, WS
Helminthic Diseases {&all diseases due to worms - in
intestinal tract, blood, or internal ocgans) Ve Ve vC Ve VC
Areylostomiasis (infection with hookworm) vc Ve Ve vC, VL Ve
Ascariasis (infection with common roundworm) Ve Ve vC vc, VL Ve
Eateroblasis (Infection with pinworm) RC, VL vc, VL RC, VL RC, VL RC, VL
Strongyloidiasis (infection with the "-’—'LtoLAe
Strongyloides Stercoralis - Thread worm) C, End C C, End ¢C, VL vC, VL
Tainiasis saginata {infection with beef tapeworm C RC R vC RC
Tainiasis solium (infection with pork tapewonn) R R R C C
Trichuriasis {infection with whipworm) RC, VL vC, VL RC, VL VC, VL vC, VL
Fluke Diseuses RC RC R C RC
Opisthorchiasis RC C RC End, VL, C RC
Schistosomiasis RC, VC R R R 8]
Diseases Spread Chiefly Through the Respiratory Tract
Influenza Ep, CS Ep C Ep, Cs Ep
fronchltis ve Ve, Cs ve ve KC, Ds
Fneumonia
Smallpox c, VL End, RC R RC, Ep Ep, RC
Tuberceulosis ¥C, VL vC vC VC, VL vC
Viral Infections C RC R C RC
Diceases Spread Chiefly by Contact
Diseases of the skin Ve Ve Ve vC Ve
Scabies Ve C C A Ve
Fungns Infections ve C C C vC
Tropical Ulcers C C C C Ve
Gnathostomiasis RC RC C V€, VL, End RC
Leprouy c, VL RC C Cc, VL RC
Leplespirosis (Weil's Dissuse, or infectious hepatitis) ¢ R RC RC, End; WS R
Rables [ C Cc Ve Ve
Tetanus RC RC RC C kC
Trachcma C, VL End, VC \ c, VL Ve, VL
Venereusl Disences ve C C vC Ve
Chancrold c - C C C o
Gonorrhea C o c [ e
Granoloma Ingulnale RC RC C RC RC
Lymphogranuloma Venercum i#C R (o} RC RC
Syphilis c C C C C
Yaws RC, VL vC RC, VL. RC, VL R
Diseares Syread by Arthrorods
Tengue fever c, VL Y¥C Ep ¢, VL C, VL
) RC, VL R c C, End, VL. R
1r e A
ey, ws e C VWL Ne v
RC, End R, VL R v R, VL
R R U R R
R R u R
R R R R
R R {un= R R, Ep (with-
diagnosed) ot confirm
ation)
G u Y U U

Yellow Fever
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