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PREFACEL

Contract DA 49-092-AR0-33 was awarded to the Science
Services division of Texas lnstruments Incorporated on 6 February 1964.
The award was based on evaluation of a proposal submitted by Texas
Instruments in response to RFP No. ARO-RFQ-4 issued by the Army
Research Office on 1 October 1363. The basic objectives of the program
‘nclude collection and evaluation of a bibliography, identification of authorities
and depositories, an inventory of miaps and aerial photographs, an assessmant
of the state of knowledge, and the identification of research gaps and remedial
recommendations to fill identified gaps in knowledge of the humid tropic
environmesnt.

The contract provided for a multidisciplinary effort extending
over a 35-month period. Approximately 130 :nan-months of effort were
involved in fuifilling the objectives of the study. Administrative and miarna-
gerial functions were performad by Harvey Vogel. with technical responsibiiity
for the program assigned io Harvey Yogel and Jack R. Van Lopik. The pro-
gram was conducted on a task-force hasis, and various individuals were
a.ssigned responsibility for specific areas. The voium:z and chapter hcadings
of the program's reports provide a counvenient outline for indicating contri-
butions of Texas Instruments program personnel.

Voluine I — KWIC INDEX -~ HUMID TRGPIC H. Vogel
ENVIRONMENTAL LITERATURE D.J. Selis
B.A. Tessler®

Volume 1l —- COMPENDIUM AND APPENDICES

Chapter I — Introduction F. Belz
H. Vogel
Chapter II — Physicai Features F. Betz

Chapter lii — Plant and Animal Life H. Vogel
M.R., W:ilson
J.E. Estes
Chapter 1V — Weather and Climate H. Vogel
M.R. W#ilscen
J.E. Estes
Service Bureau Corporation, Dallas, Texas
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Chapter V— Coastal Zones

Chapter VI— Regional Studies

Appendix A — Directory of Authorities

Appendix B — Directory of Principal Deposit-

ories

Appendix C — Index of Maps and Aerial Photo-

graphs

F. Betz

H. Vogel
M. R. Wilson

H. Vogel
H. Vogel
H. Vogel

D. J. Selis
S.A. Terry

Consulting services and manuscript review were provided to

the program by the following scientists.

tpecialization and program review tasks are indicated.

C. S. Alexander
H. P. Bailey

C. F. Bennett Jr.

R. N. Colwell

P. Dansereau

R. W. Fairbridge

B. J. Garnier

P. Gourou

University of Illinois

University of California,
Riverside

University of California,
Los Angeles

University of California

New York Botanical
Garden

Columbia University

M:Gill University

Universite de Bruxelles

Their atfiliations and areas of

Coastal Zones

Weather and
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Weather and
Climate,
Regional Studies,
Central America
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Photographs
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Africa
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b B. Maguire New York Botanical Plant Life
Garden

P. W. Richards University of North Wales Plant Life
; R. W. Richardson San Diego State College, Regional Studies,

Latin America

: R. J. Russell I ouisiana State Coastal Zones
é University
J. T. Stark Jackson, Tennessee Physical Features
H. O'R. Sternberg University of California Physical Features,
Regional Studies,
Latin America
J. Thorp Richmond, Indiana

Physical ¥eatures

J. D. Weaver

University of Puerto Rico, Physical Features
Mavaguez

Technical editing of this report was performed by M.R. Wilson,
and B. Littlejohn. Various technical drafting tasks were performed by D. A,
Rutledge, N.A. Douglas and D. L. Ramsey.

The study was conducted under th> cognizance of the Army
Research Office, Arlington, Virginia, and the Army Natick Laborztories,
Natick, Massachusetts. G.N. Parmenter (ARO), L. Alpert (ARO)
and 1. V. Bennett (Natick) periodically reviewed p.-ogram progress and
provided technical direction. W.M. Dallas (TI), R. Fink (ARQ}) and E.J.
Corbett {Natick) were contract officers for the prugram,
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Harvey Vogel / . ]
Program Manager )
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INTRODUCTION

A, DEFINITION OF PROJECT
1. Scope

e bmmnaan  n Svas

The Army Research Office defines this project as an inventory
of geographic research and evaluation of ihe state of knowledge of the humid -
tropical environment.

2. Purpose

The project has two indicated purposes: (1) to provide the
information needed for planning and management of future research programs .
and other efforts that are designed to improve United States Army capabilities
in humid-tropical environments, and (2) to direct the attention of organizations
performing or supporting research and individual scientists to the significant
research problems and opportunities in the humid tropics.

3. Aims

The specific aims of the project are to provide (a) a compre-
hensive overview of the published literature on the environment of the humid
tropics; (2) listings of the major individual authorities on humid-tropical
problems, principal depositories of environmental information on the humid
tropics and all institutions primarily engaged in research on the humid
tropical environment; (3; identification of current environmental research
activities concerning the humid tropics; (4) critical evaluation of the state
of knowledge of different elements of the humid tropics; (5) identificaticn of
the significant gaps in knowledge; (6) identification of the major barriers *
to the advancement of knowledge; and (7) identification of the recommendations H
to promote the advancement of knowledge of the humid-tropical environment. :

4. Product

The investigations to accomplish the aims of the project have
resulted in five products presented in two volumes.

Volume 1 is the KWIC Index of Humid Tropic Environmental
Literature. This volume contains a bibliography of 14,515 document.
Approximately 10 percent of the titles are accompanied by abstracts. The
indices list 58, 830 keywords and 9170 authors.

Volume 2 contains the discussion of current research
activities concerned with the natural environment of the humid tropics and
the gaps in information nn different topics, the evaiuation of the state of
knowledge and the re« .mendations for its further improvement. This ‘
volume also contains ti “ee appendices. The first lists and locates 1117 ;
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major authorities on the various elemeats of humid-tropical environments.
The second lists and locates 333 depositories of materials dealing with the
humid tropics. They include libraries, herbaria, zoological collections,
and research institutes. The third is an inventory of tae coverage and
sources of aerial photographs and maps (topographic and planimetric,

geologic, soils and land capability, vegetation, land use, ecology and forest
inventory) of the humid tropics.

B. DEFINITION OF RESEARCH

In this Inventory, research stands for both basic and applied
research. The National Science Foundation ! defines basic research as

"the search for and understanding of the laws of nature without regard

to the ultimate applications of the results' and applied research as research
“with practical objectives in mind. "

P. Augerz. in his recent survey of the main current trends
in scientific research for UNESCO, observes that At the present time,
this classification into two categcries has become somewhat inadequate
and it may be useful to distinguish two intermediate dividing lines between
pure science and pure technique, the first ssparating fundamental research

into free research and oriented research and the second, separating applied
research from development work. "

"Free fundamental research or pure research,' Auger notes,
"is generally the work of an individual, or, at all events, there is ore persocn
who plays the leading part in the progress of the experiments, in the theoret-
ical planning, in the determination of operations ard standards.' A century
ago, the individual '"pure' scientist was responsible for all aspects of
sciencific investigation. Progressively, the responsibility for systematic
accumulation of data has shifted from the individual scientist to the oriented
or applied research organization. The "free fundamental' researcher is

concerned more today with specialized studies of the interrelationships of
phenomena and conditions.

Following Auger, the present Inventory can be said tc cover
primarily "oriented fundamental research,' which includes the systematic
surveys of environmental features performed by scientific and techaical
agencies, and "applied research," which represents investigations channeled

to defined objectives, such as the study of soil trafficability to determine
the suitability of areas for vehicular movement.

C. DEFINITION CF HUMID TROPICS

For the purposes of this project, the Army Research Cffice
specified that the boundaries of the humid tropics essentially would be those

drawn by A.S. Kuchler on his map prepared for UNESCO in 1959 and

science services division
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published in the Geographical Review. 3 Kiichler based his delimitation of
the humid tropics ''on the relative absence of paucity of xeromorphic
features of the vegetation.' However, he noted that "Xeromorphy increases
gradually as the climate becomes more arid, and it is therefore not possible
to draw a precise line of demarcation between what is humid and what is

not humid.' At the same time, B.J. Carnier delimited the humid tropics on
the basis of climatic criteria for the Commission on the Humid Tropics of
the International Geographical Union. F.R. Fosberg, chairman of the
Advisory Committee on the UNESCO Humid Tropics Research Program,
observed that ""As will readily be seen by examination of the (two) maps,

the basic patterns of the boundaries are different, even though, in general,
the humid tropicai areas are the same. "

In the course of the program, various modifications of
Kichler's definition of the humid tropics were made with the consent of the
Army Research Office {see Figure 1 and Political Subdivision Key).

In South America, very small areas of Argentina tnat fall
within "lichler's limits of the humid tropics were eliminated. A major
change was the omission of the Ethiopian upland, which is a non-contiguous
part of the humid tropics in Africa as defined by Kiichler. It may be noted
that this area is not considered a part of the humid tropics by Garnier.
Since only small areas of Mali, Upper Volta, Somalia, Southwest Africa,
and Bechuanaland are inciuded in Kuchler's delimitation, they were all
excluded from consideration in this project.

Finally, the map by Kuchler does not take into account the
Pacific Islands northeast of Palau. From this region, the Army Kesearch
Office chose to include only the Hawaiian Islands in the ureal scope of the
project.

D, PRESENT INTEREST IN THE HUMID TROPICS

Long a region of colonies of European nations, the humid
tropics have been in the process of acquiring political independence for
more than a century. With the recent creation of aumerous autonomous
countries in Africa, Southern Asia and Oceania, the process has virtually
reached its completion.

As a group the humid-tropical countries, both new and old,
belong among the developing nations of the world. Ir the past, their
natural and human resources have been neglected or used without regard
to the stability and growth needed by independent countries.

The urgency of the demands from the humid-tropical
couatries for assistance has enlisted vast support from intergovernmental,
governmental, and private organizations throughout the world. So far,
the support has served mainly to indicate the obstacles that must be over-
come before the development of these countries can proceed.
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TO FIGURE 1, THE HUMID TROPICS

Barbados

Bolivia

Brazil

British Guiana
British Honduras
Colombia

Costa Rica

Cuba

Dominica Island
Dominican Republic
Ecuador

E!l Salvado:
French Guiana
Guadeloupe Island
Guatemala

Haiti

Honduras
Jamaica
Margarita Island (Venezuela)
Martinique
Mexico
Nicaragua
Panama

Paraguay

Peru

Puerto Rico

St. Lucia Island
St. Vincent Island
Surinam

Trinidad and Tobago
Venezuela

West "ndies

33

37
38
39
40
41

b
-

43
44
45
46
47
48
49
50
51

Angola

Burundi

Cabinda (Angola)
Cameroon
Central African Republic
Chad

Comores Islands
Congo, French
Congo, Belgian
Dahomey
Fernando Poo
Gabon.

Gambia

Ghana

Guinea

Ivory Coast
Kenya

Liberia

52 Madagascar

54 Mozambique

55 Nigeria

56 Northerr Rhodesia
57 Nyasaland

58 Fortuguese Guinea
59 Rio Murl

60 Rwanda

61 Senegal

62 Sierra Leone

63 {Southern) Rhodesia
65 Sudan (Anglo-Egyptian)
66 Tanganyika

67 Togo

68 Uganda

70 Zanzibar and Pemba Islands
71 Andaman Islands
72 Burma

73 Cambodia

74 Ceylon

75 China (Communist)
76 China (Nationalist)
77 India

78 LlLaos

79 Malaysia

80 Nicobar Islands

81 Pakistan (East)

82 Thailand

83 Vietnam {Nort:)
84 Vietnam (South)
85 Australia

8¢ Borneo

87 Brunei

88 Fiji Islands

89 Indonesia

90 New Caledonia

9} New Guirea

92 New Hebrides

93 North Borneo

94 Palau Islands

95 Papua

95 Philippines

97 Ryukyu Islands

§8 Sarawak

99 Solomon Islands
100 Timor

113 Hawaii

AR
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The assessment of the present state of knowledge is one of
the first problems to be faced. The present project deals with this problem
in respect to the natural features, which include the basic physical resources
of the humid tropics. After examining various features separately, it was
observed that the state of knowledge is much the same for each type of
feature and all parts of the humid tropics. The common needs were founc to
be: more detailed information of the natural features; more well-trained
scientists and technologists 1n the humid tropics to werk there regularly
on both research and development problems; more centers for storage and
rapid retrieval of basic and interpretive data. The common prerequisites

for meeting these needs are financial resources, time, and uninterrupted
activity,

The humid tropics also have been the scene of most military
events, whether resulting from intergovernmental disputes or internal
national unrest since World War II. In these actions, unorthodox concepts
and procedures of warfare have been employed more extensively than in
the major wars of the past. The departures from usual practice of military
art appear to nave been feasible largely because of characteristics of the
humid-tropi.al environments. It 1s apparent that a thorough knowledge of
these environments is a prerequisite to developing the capabilities of
military forces to operate in the humid tropics.

Much of the basic information on natural features o1 the humid
tropics needed for military purposes is the same as that required to iritiate
economic development. Military establishments can make use, therefore,
of the results of current research activity fcr non-military purposes, and
can share an interest in the determination of gaps in knowledge and ways of
closing them. It is to be assumed that their own contributions to increasing
knowledge of the humid tropics will become useful for a wide variety of
purposes.

E., CURRENT RESEARCH AND DEVELOPMENT ACTIVITIES

In records of current research and development programs in
the hum:d tropics, the financial and technical support of the United Nations
and its executing organizations 1s most conspicuous. Specifically, the United
Nations Special Fund, the Economic Commission for Asia and the Far East,

the Food and Agricultural Organization, and the World Meteorological Organ-
ization are major contributors of assistance.

Fundamental research is sponsored and coordinated by
UNESCO. Its Hunid Tropics Research Program has been in operation
since 1956; regrettably, because of a lack of funds, the future of this
program is in doubt. The International Hydrologic Decade, in which humid-
tropical countries will participate, 1s coordinated by UNESCO.
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Research and development are further promoted by intergov-
ernmental bodies such as the Ccmmission for Technical Cooperation South
of the Sahara and the Inter-American Committee for Agricultural Development.

A third category of supporting organizations is the {oreign
governmental agency, which provides technical assistance. Representative
are the U.S. Geological Survey, the Office de la récherche scientifique et
technique outre-mer in France and the Road Research Laboratory of the
British Department of Scientiiic and Industrial Research.

Despite the importance of international and foreign aid to
scientific and technical research and development in the humid tropics,
naticnal agencies should not be overlooked as supporters and participants.
Geologic, mining, soil, agricultural, land-use, forestry, meteorologic,
and hydrologic services function in most humid-tropical countries. The
established need for outside help and training programs indicates the limited
capabilities of these services generally, but some of them can show accom-
plishments that compare favorably with those of similar services anywhere.

Finally, the role of military organizations in sponsoring or
conducting research and development programs in the humid tropics is
well documented. Among the organizations prominently identified with
investigations of humid-tropical environments are the Advanced Kkesearch
Projects Agency, the U.S. Army Research Office, the U.S. Army Engineer
Waterways Experiment Station, the U.S. Army Natick Laboratories, the Office
of Naval Research, and the U.S. Air Force Office of Aerospace Research.
Although not included by definition in the areal scope of the present inventory,
special mention should be made of the major program of mapping, description,
and analysis of the geology, soils, vegetation, ard hydrology of western
Pacific islands, which was conducted by the Miiitary Geology Braach of the
U.S. Geological Survey for the Office of the Chief of Engineers during more
than a decade after World War 1I. It should be noted that the American
military organizations support investigations by both American and foreign
scientists and engineers.

¥, SCOPE OF THE INVENTORY

For the purposes of the inventory. the Army Research Office
designated five topics, which form the subjects of the chapters that follow
this Introduction. The topics are PHYSICAL FEATURES; PLANT AND
ANIMAL LIFE; WEATHER ANDR CLIMATE; COASTAL ZOKNES; and
TROPICAL REGIONS,

It is apparent that the topics are bread in scope, and that two
kinds of icpics are involved. The {irst tiiree topics deal with {eatures and
conditions throughout the humid trepics; the last two are concerned with regions
within the humid trepics, which are characterized by ail iypes of conditioas
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in the preceding group. Further, COASTAL ZONES is merely one of the
TROPICAL REGICNS, which deserves special attention because of its
military and civilian importance. Clean-cut division of the subject matter

of natural znvironment into mutually exclusive topics is, of course, virtaally

impossible because of ihe intimate interreiationships of the environmental
factors.

In each chapter, the elements of each topic and the factors
composing each element, which are coasidered in this Inventory as initiaily

directed by the Army Research Cifice and later the Army Natick Labora:iories,
are enumerated,

In keeping with the purposes of the project the primary
emphasis in selecting information and evaluating the state of knowledge has
been placed on the military aspects of the humid-tropical environments.
Relatively less emphasis is placed on the factcrs that are important for the
economic, political, and social development of the humid-tropical couniries.
Accordingly, the examination of the different topics in this inventory does
not deal with the full range of investigations conducted by the various

sciences—especially geology, geomorpnology, soil science, botany, hydrology,
and climatology—and technologies in the humid tropics.

Information selection and evaluaticn during this program did
not extend to classified materials.

G. CHAPTER REFERENCES

1. National Science Foundation, 1965, Federal funds for research,
development, and other scientific activities: Surveys of Science
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CHAPTER 1
PHYSICAL FEATURES

A, INTRODUCTION
l. Topicai Elements and Factors

Physical features in this Inventory comprise the following
elements:

o Surface Configuration: relief, landforms

e Surface Materials: rock, soil

e Drainage Features: lakes, streams, canals,
ditches, paddies, bodies of standing water

e Groundwater: aquifers, springs,
artesian wells, other wells

The factors composing each element, which are considered
relevant to the purposes of the Inventory, are

® Surface Configuration

(1) Measurements: relief (micro, macro), slope,
elevations, roughness

{2) Characteristics of landformas: types, patterns,
profiles, dimensions, origin and permanence

(3} Applications: engineering use,
cross-country movement

e Surface Materials

{1) Measurements: distribution, thickness, volume

(2) Characteristics: grain size, density, permeability,
stab.lity, moisture content, organic content

(3) Suitability for engineering use: wearing course,

base course, subgrade, foundation, constructiou
material

Dr. Hilgard O'R. Sternberg (Unive:sity of California), Prof. Benjamin J.
Garnier {(McGill University), Dr. Pierre Gourou {(University of Brussels),

Dr. John Stark (Jackson, Tennessee), Dr. James Thorp (Richmond, Indianz},
Dr. Rhodes W. Fairbridge (Columbia University), Dr. Charles F. Benne't Jr.
{University of California, Los Angeles), and Dr. Jobn D. Weaver {University
of Puerto Rico), acting as consultants to Texas Instruments Incorporated

for this program, have critically review .d this chapter in its draft stages. :
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e Drainage Features

(1) Measurements: width, depth, volume, velocity

(2) Phvsical characteristics: banks, bottom conditions,
channel form, tides, periodic variations

(3) Quality of water: turbidity, salinity, bacterial
pollution, organic and chemical content, odor,
temperature, potability

(4) Regulation and control: levees, dams, flooding

15) Effects: obstacles to cross-country movement,
crossings

e Groundwater

(1) Measurements: volume, depth, yield,
hydrostatic pressure, permeability,
drawdown rate

(2) Physical characteristics: source,
posiction of water table, periodic variations

(3) Quality of water: see (3) above

2. Limitations on Scope of Coverage and Treatment

The topical elements are in the fields of interest of several
sciences. Surface configuration falls mairly in the provinces of geomorphology
and geology; surface materials come within the purview of soil science and
geology; and drainage features and groundwater are topics of hydrology and

geology. The practical uses of these elements are the concern of the
engineering field.

Specialists in these scientific and technical {ields will recog-
nize that (1) the Inventory is limited mainly to those evidences of knowledge
developed by the different fields that are more or less directly related to the
elements and factors enumerated here, and (2) other topics investigated in

the humid tropics by these researchers in these fields are disregarded pur-
posely or only considered incidentally.

The specifications for the Inventory necessitated some arbi-
trary decisions with respect to classification of information and organization
of the discussion of its significance. For example, the material on surface
configuration and surface materials contained in Chapter V (Coastal Zones)
should be regarded as an integral part of this chapter. In the humig tropics,
vegetation is the primary indicator of soil and subsoil. Because soil and
vegetation investigations are often linked, additional information on soii
studies will be found in Chapter III (Plant and Animal Life). More information
on hydrologic investigation conducted in conjunction with meteorologic
research can be found in Chapter IV (Weather and Climate).
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3. Present Interest in Physical Features of the Humid Tropics

The influence of physical features on warfare has been recog-
nized throughout history in all regions. Most military actions during the past
decade have occurred in the humid tropics. Reference is made to events in
Cuba, the Dominican Republic, the former Belgian Congo, Vietnam, and New
Guinea- They alone suffice to motivate interest in the influence of Physical
Features on the conduct of military operations in the humid tropics. The
fact that these areas display a variety cf natural conditions should serve as
a reminder that similarity of climatic conditions, which is the chief basis for
defining the low-altitude humid tropics, does not exclude the possibility of
heterogeneity in the terrain assemblages.

The recent events in the humid tropics call attention to the
paucity of detailed information on the physical features of almost all parts
of the humid tropics in the open literature and other generally accessible
sources. They also show the great importance of terrain information in
combatting guerrilla tactics.

The humid tropics contain a large proportion of the newly in-
dependent countries, all of them greatly concerned with attaining economic
and social stability. Most of the countries in the humid tropics have few
sources of revenue in developed industries. They are interested, therefore,
in systematic geologic, soils, and hydrologic surveys designed to disclose
hitherto unknown resources, to promote the efficient exploitation of these
resources, and to generally improve human activity and welfare in the humid
tropics.

The importance of paying prompt attention to the practical
study of physical features is suggested by E. B. Worthingtonl in the follow-
ing statement made in 1958: '"'"Water is scanty in at least three-quarters of
Africa south of the Sahara and it would be no exaggeration to say that in

more than half the region is the principal factor limiting all forms of hizuman
endeavor. "

However, P. Gourou™ questions the accuracy of this state-
ment insofar as it applies to humid-tropical Africa and reaches a differeat
conclusion. Gourou considers the supply to be adequate but points out that

* Personal Communication, February 2, 1966.
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native Africans have neither conserved surface water nor sought ground-
water. Water shortages are, accordingly, largely due to human fault. By
contrast, Gourou notes. Indians have long known how to manage their water
resources and accommodate the needs of a vastly greater population. In
Africa, therefore, Gourou concludes, the primary need is the development

of capability in Africans to st .dy the physical features of their continent and
make use of the knowledge.

4. Historical Notes on Development of Knowledge and Concepts

a. Rocks

The rock materials of the earth have been the principal object
of investigation by geologists for more than 150 years. Systematic de-
scription, classification and mapping of these materials represent major
functions of governmental geological surveys. Such agencies have functioned
for about a century in various European countries and the United States.
Elsewhere, as in the humid tropics, there are surveys in most countries,
most of which have come into existence in the present century. Exceptions
are the surveys of India and the East Indies (now Indonesia), which are more
than 100 vears old. A significant part of the total research in the field of
geology has always been contributed by geologists in universities and
research institutes. Their work is now usually concerned more with the
origin of geologic features, dating of materials and chronology of evems,
and development of classification systems than with systematic mapping.
Nevertheless, much of their research produces byproduct information on
the distribution and properties of the rock materials.

Until World War I, practical applications of geologic knowledge,
except in connection with mining, had been neglected. In that war the werk
of British and German military geologists on engineering problems of mili-
tary mining, construction of trenches, drainage, and procurement
of emergency water supplies was an important demonstration of the useful-
ness of geology. Without the benefit of previous experience, these geologists
were obliged to improvise the criteria fo: applying geologic data to military
problems. The success of military geology during the war led directly to
creation of a field of engineering geology for civilian purposes after the war.
The latter field has had a continuing responsibility for planned accumulation
of knowledge on the physical behavior of rock materials.

During World War II, military geology wert on to become tne
focal point of interdisciplinary study by geologists, scil scientists, botanists,
and hydrologists of environment in its relationship to military operational
problems. In the humid tropics, American and Australian groups made ter-
rain investigations of the southwestern Pacific islands. A large number of
reports on geologic, geomorphic, and hydrologic conditions in Southeastern
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Asia were prepared for military use by the Strategic Branch of the Geological
Survey of India. A military geologic service functioned in the Netherlands
East Indies in the war period. In 1947, the Indonesian Topographical Ser-
vice formed a Geographical Institute to prepare military geographic and
geologic reports.
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b. Soils

The pedologic concept of soils originated with V. V. Dokuchaiev
and his associates in Russia during the 1870's. Although it became known
outside of Russia in the next decades, the science of pedology was not firmly
established throughout the world unt:1 the late 1920's.
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The diversity of soil categories that emerged through appli-
cation of the pedologic concept created a difficuit problem of classification,
which has not been finally solved. Thus, the Soil Survey of the U. S.
Department of Agriculture” issued seven "approximations! (revisions) of its
classification system between 1251 and 1960.

B b

T

Pedology serves mainly the purposes of agriculture and land
use. From an engineering standpoint, a concept of soil that emphasizes
physical characteristics is more relevant than the pedologic concept. An
engineering classification system constructed by A. Casagrande in the 1930's
has been developed further by the U.S. Army Corps of Engineers and U.S.
Bureau of Reclamation as the Unified Soil Classification System. 3

Besides being concerned with construction problems, mili-
tary engineers have also had to deal with problems of vehicle mobility in
diffiecent types of terrain. A large amount of laboratory and field research
on soil trafficability has been performed or supported by military engineer-
ing agencies. The U.S. Army Engineer Waterways Experiment Station
has not only conducted extensive programs in the United States but also,
in the humid tropics, has programs in Puerto Rico, Panama and Thailand.

A RILIA BFCEIW
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The great majority of systematic soil surveys are motivated
by governmental interest in improving the agricultural economy of a courntry
and determining the land capability. Since World War II, many humid-
tropical countries have received financial and technical support {rom inter-
governmental and world organizations to conduct surveys. The history cf
investigation of soils in this region predates this period of more organized
effort. Before World War I, work had been done in Asia, Africa and South
America, mainly by geologists and petrologists. By 1938, a bibliography of
more than 800 titles on soils of Central Africa alone, especially of the
Belgian Congo, could be published. In a recent study of worldwide tropicail
soils for engineering purposes, T. Liang examined more than 1200 tities,
which apparently represented only a sample of the existing literature.
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Among the soil scientiste who have contributed notably to the
knowledge of soils of large areas are C. F. Marbut (Africa, South America),
G. Aubert and ¥, P'Hoore (Africa), E. C. J. Mohr {East Indies, Equatorial
Regions), R. L. Pendleton and F. J. Mcorman (Southeastern Asia), H. H.

Bennett {Middle America), M. G. Cline (Hawaii), and P. Vageler and D. L.
Bramao (South America).

c. Landforms

Scientific interest in landforms and their development has
been shared by geologists and geographers. A relationship between rock
characteristics and surface configuration was recognized or sensed by the
early geologists in the latter part of the 18th century. James Hutton in his
"Theory of the Earth' (1785) discussed the denudation of the land surface
by the very slow, continued action of different subaerial processes. In
1834, Karl von Hoff published a long record of the changes of surface con-
figuratior recorded in historical time and discussed their causes. His more
famous contemporary, Charies Lyell, advanced the principle of uniformity
to establish a basis for interpreting the origin of geologic features. This

principle has often been regarded as a natural law but today is treated com-
monly as a methodological precept.

Creation of 2 science of geomorphology in the late 19th
century is attributed to W. M. Davis, who conceived of cycles of erosion
to explain the progressive development of different landscapes. The Davisian
concept dominated geomorphologic thinking for about half a century but has
long been challenged by various other concepts which seek to deal more
acceptably with the peculiarities of landscapes in different environments.
Among these concepts, climatic geomorphology has gained widespread con-
sideration, although it, too. is challenged, especially by some geologists.

Specifically in the humid tropics, much of the geomorphic
research has been concentrated on coastal features, as in Oceania and the
Caribbean Islands (see Chapter V for a discussion). In 1958, F. Dixey
concluded the work conducted over 20 years of arranging the countless land-
forms of Central and Southern Africa (mostly in the humid tropics) in a
relatively simple system of denudational cycles. In 1962, L. C. King, known
for studies in Africa and Eastern Brazil, completed a moncgraph on world-
wide morphology with particular attention to Africa.

An historical note on geomorphology would not be complete in
the present context without brief mention of the long-time interest of armies
in the influence cf landforms on military operations. In the early 19th
century, J. S. von Grouner, a German geologist and soldier, studied the
Alps for the purpose of defining and interpreting the geologic influences on
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the conduct of war in a mountainous region. His posthumously published
work (1826) was the first publication in the field of military geology.
Another landmark in the historical record was the activity of ihe noted geo-
morphologist D. W. Johnson as an adviser on terrain problems tc the Allied
Headquarters in World War I. Johnson's work laid the foundation for mod-
ern terrain evaluation. Today, the interest is directed mainly to othzr
regions and environments, such as the humid tropics and arid zones.

Quantification of geomorphic data has made noticeable pro- !
gress since World War II. Tuis development has been stimulated especially
by the demands of armies for more precise information on surface geometry

(relief, roughness, slope). Quantitative data are being used to characterize
landforms and determine terrain analogs.

d. Hydrologic Features

The modern science of hydrology came :ato existence in the
17th century, when measurements were made tc show that the water in
streams and springs was derived from precipitation on the iand. The con-

cept of the hydrologic cycle is said to have been correctly understood by
ancient civilizations.

Hydrology has been largely developed by other sciences.
Thus, the first measurements were made by physicists; the development
of the principies of hydraulics was the work of mathematicians; the be-
havior of subsurface water was studied by geologists. From a scientific
heritage, hydrology has turned in modern times almost entirely to a concern
with engineering applications, as in water-supply systems, stream regulation
and irrigation systems. The Ad Hoc Panel on Hydrology of the {U.S.)
Federal Council of Science and Technology5 has commented that "the bulk of
hydrologic research is sufficient to produce only the empirical results needed
to solve a particular hydrologic problem."

R. G. Kazmann in 1965 summarized th. state of hydrology
as follows: "Hydrologists have not evolved a clear-cut science of hydrology,
nor have they come to any consensus on how to evaluate water-development
projects from the standpoint of hydrology. Moreoever, no procecdure has
been proposed for the evaiuation, even systematic analysis, of the side
effects of hydrologic projects." Hydrologic investigation of the humid
tropics shares the general difficulty in which hydrology finds itself.

5. Sources of Information¥*

New literature on physical features of the humid tropics is
listed in various worldwide and regional indices. Some of the more import-
ant and readily available guides in this group are enumerated and diacussed
briefly in Table 1.

RTCI DRI

FFurther discussion of this topic is presented in Chapter V, Section A. 3. :
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BIBLIOGRAPHIES AND ABSTRACTS OF PHYSICAL FEATURES INCLUDING
COVERAGE OF HUMID-TROPICAL LITERATURE

’ GEOLOGY (and generally with Hydrology)

Bibliography of Geology Exclusive of North America
Published by Geological Society of America since 1233 in annual
volumes, which appear irregularly. PBrief annotations in English.

Bibliography of North American Geology
Published by U.S. Geological Survey since 18396, Annual volumes
appear irregularly; also issued in 10-year cumulations.

Abstracts of North American Geology

Published by U.S. Geological Survey, monthly from January 1966,
Informative abstracts in English.

Geoscience Abstracts

Published by American Geological Institute, monthly since 1959.
Informative abstracts in English.

Bulletin Signaletique: Section 11 - Sciences de la terre, II.
Published monthly by the Centre de documentation of the Centre

national de la recherche scientifique in Paris. Brief annctations
in French.

Zentralblatt fur Geologie und Pal3ontologie
Published by E. Schweizerbart in Stuttgart, Germany, since 1839.
Appears in two parts: I. General, applied, and regional geology;
II. Historical geology and paleontology, in 6-7 issues per year.

- Informative abstracts in German. Known formerly as Neues
"ahrbuch, Referate.

Referativnyi Zhurnal: Geologiya

Published monthly by All-Union Institute of Scientific and Technical
Information (VINITI) in Moscow. Brief abstracts in Russian.

GEOMORPHOLOGY AND GEOGRAPHY

PP AT R

i,
-I'ni

Geographical Abstracts, A: Geomcrphology
Pubiished by Department of Geography, L.ondon School of Economics,
currently every other month. Informative abstracts in English.
Known from 1960 to 1965 as Geomorphological Abstracts.
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Table 1 (Contd.)

Current Geograp hical Publications
Patlished 10 times a year by American Geographical Society.
Titles only, classified geographically and by subject.

New Geographical Literature and Maps
Published by Royal Geographical Society twice a year. Titles only. :

Acta Geographica, Supplement Bibliographique
Published 5-6 times annually by Société de Géographie in Paris.
Informative abstracts in French.

Bibliographie G€ographique Internationale
Prepared by International Geographical Union with UNESCO support,

published by Centre national de la recherche scientifique., Brief
annotations in French.

Petermanns Geographische Mitteilungen
Periodical published by Justus Perthes Verlag and successors in
Gotha, Germany, since 1855. Includes extensive listings of titles
and contents of journals; also full abstracts of many titles in German.

Westermanns Geographische Bibliographie

Published since 1954 by G. Westermann Verlag in Braunschweig,
Germany. Titles only.

Referativnyi Zhurnal: Geografiya
Published monthly by All-Union Institute of Scientific and Technical
Information (VINITI) in Moscow. Brief abstracts in Russian.

SOIL SCIENCE

Bibliography of Soil Science, Fertilizers and General Agronomy
Prepared by Commonwealth Bureau of Soils, Rothamsted

Experimental Station, Harpenden, England, since 1931,
Issued every 3 yrs.

Soils and Fertilizers
Prepared by same organization as above, since 1938. Issued %
times a year.
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Special continuing bibliographies of humid-tropical physical
features are not known to exist. Among occasional bibliographies of recent
date, which deal with a broad range of literature on the humid tropics, are
(1) the annotated bibliography prepared by T. L. Hills and published by the
Commission on the Humid Tropics of the International Geographical Union
in 1960 and (2) the bibliography and KWIC Index published in 1965 as Volume
I of the present Inventory.

.-w-.,»wmmm%mg
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Extensive listings of titles, both old and new, are contained in
publications dealing with parts of the humid tropics. For example, the re-
views of natural resources of Africa published by UNESCO in 1963 include
long lists of titles on geclogy, geomorphology, soils, and hydrology. The
geologic bibliegraphy has already been expanded in published supplements,
These reviews, as well as the review prepared by Worthington™ in 1958,
serve to provide a record of awareness of recent research. In general,
however, there is no systematic reporting of current research activity.

B. SURVEY OF CURRENT RESEARCH ACTIVITY

1. General Comments

Complete, meaningful identification of current research on
topics or geographic areas is a difficuit, unsolved problem of the emerging
science of scientific information. Even in the United States, with well-
developed scientific communication networks, the problem of establishing
continuing current awareness of research activities and trends within the
country itself has not been conquered, despite direct efforts by the Govern-
iment to bring it under control. Comparable resources for collecting current-
awareness data, in the form of clearinghouses and information centers, do
not exist in the countries of the humid tropics. Therefore, research pro-
jects generated within these countries tend to become known only after the
publication of results. Projects conducted or supported by foreign or inter-
national organizaticns are not apt to be any better publicized while in pro-

. gress. A noteworthy exception is provided by the U.S. Geological Survey,
which has for several years published an annual summary of current in-
vestigations in the United States and foreign territories. ¢ Most disappoint-
ing is the reporting of activities by the United Nations and its executing
agencies because this group is the leading sponsor of investigations in the
humid tropics. Information on projects, proceedings of sponsored confer-
ences, and results of investigations are often long delayed in publication,
or not published at all, and if published are frequently difficult to obtain
because of small printings.

¥
-

Relevant to these cbservations is the following statement by
the UNESCO Advisory Committee for Humid Tropics Research, made in
December 1663: 'Considering that publications on scientific work on the
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humid tropics, including reviews of research, have not received r.dequate

publicity and

considering that there is a need for the dissemination of infor-

mation on such publications among scientific institutions in this area, the

Committee recommends that UNESCO should prepare a full list of all publi-
cations resulting in arny way {rom the UNESCO Humid Tropics programme
and that this iist, with fuil bibliographic details and information about where

these publications are available, should be given the widest publicity among
scientists and scientific institutions, "8

2. World Organizations

motivates the

The support of practicai investigations in developing countries
United Nations Special Furnd. In the psriod from May 1959 to

June 1964, it has contributed to 44 surveys of and 3 research projects on

natural resources of humid-tropical countries.

The main subjects and the

distribution of effort by countries are summaxized as follows:

® Surveys

(1) Land use and water use

(3)

Latin Amierica: Brazil, British Guiana, Ecuador, Haiti,
Venezuela

Oceania: Indonesia, Philippines, Solomon Islands

Africa: Coago (Brazzaville}, Ghana, Kenya, Nigeria,
Tanzania, Togo, Uganda, Zambia

Asia: Burma, China, Malayvsia, Pakistan
Soil

Latin America: British Guiana, Colombia
Asia: Pakistan

Mining

Latin America: Bolivia, Brazil, Bri.ish Guiara, Colombia,

Ecuvador. Mexico, Nicaragua, Suvinam

Africa: Ivory Coas:, Kenya, Malagasy, Nigeria, Senegal, :
Tanzania, Togo, Uganda, Upper Volta

Oceania: Indonesia, Philippines, Sclons:a Islands

science services divigsion

SR i1 grdan s M

S e 4 R B A T DR RS
PRI R g Y e . - e - -

D T -

¥
H

a

.

ey

Vi

k] A’.nr«n%\*wyw viadp A abea s %




T

R

- e

g g R
o Xﬁ:m(%m Sk e,

DOV L QTG SO B St + e

I‘LSA\

=

(4) Ground
Latin Araerica: EIl Salvador, Jamaica
® Research Projects
(1) Mining
Latin America: Bolivia

(2) Groundwater
Asia: Thailand

In addition to sponsoring investigati.ns, the UN $pecizl Fund
assists in the training of skilled manpower for development of resources. In
the period from 1959 to 1964, training was supported in the following fields
and countries:

e Mining
Africa: Congo (Leopoldville)
Asia: India

¢ Groundwater
Oceania: Philippines

The United Nations Water Resources Development Centre
presents biennial reports to the UN Economic and Social Council in which
current activities of UN organizations in the field of water resources are
enumerated. For the years 1962 and 1963, 10 the latest for which a report

- has been published, :58 instances of technical and financial assistance are
recorded. Many of them involve short-term assistance to humid-tropical
countries. Although this type of assistance is apt to be concerned with
specific problems, several major topics, which represent long-term prob-
lems, recur in the enumeration. They are: (1) general water-resources
development, (2) integrated river-basin development, (3) hydro-power
resources deveiopment,(4) water-supply problems (especially quality of
water), (S) watershed management, irrigation and drainage, (6) hydrologic
characteristics, and{7) desalination of sea and brackish waters.

The UN Economic Commission for Asia and the Far East
(ECAFE) has been concerned since 1951 with problems of flood control,
river basin development, and development of water resources. ECAFE has

22 science services division
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initiated preparation of a compendium on international rivers in Southern
Asia and the Far East for the purpose of identifying the possibilities of
development. Much of the information can be compiled from existing
sources, but scme reconnaissance surveys and direct collection of data by
the riparian countries will undoubtedly be necessary.

This organization has paid particular attention to development
of the Mekong River basin. The UN Water Resources Development Centre
terms the project 'the most important muiti-purpose undertaking on an
international basis'" in Asia. Besides the four riparian countries ({Cambodia,
Laos, Thailand, and the Republic of Vietnam), 20 other countries across the
world, 12 UN agencies, 3 foundations, and private companies are cooperating
in the program of investigations and studies. As of January 1963, more than
$44, 000, 000 has been made available for use by the Mekong River
Committee.

In the area of soil investigations, the UN Food and Agriculture
Organization (FAO) conducts and assists programs in many ccuntries. The
Inter-American Committee for Agricultural Development (C1DA) reports that
both FAO and the U.S. Department of Agriculture "are interested in the
preparation of a map of the great soil groups of Latin America. Soil
scientists from most (Latin American) countries are taking great interest
and collaborating in the prcject. A number of international meetings have
been held in which the status of soil classification in the various countries
was discussed.' FAO sponsored the Conference on Soils and Fertilizers for
the Latir American Region in 1960 and the 1st Soil Conservation Seminar for
South and Central America in 1962. This organization has prepared a small-
scale soil map of Ecuador, is carrying out a reconnaissance soil survey of
the Llanos Orientales in Colombia, and cooperates actively with various
government agencies of Brazil in soil studies. In Africa, FAO is preparing
a general work on the ferrallitic and tropical black soils. A study of the
.najor soils of Southeast Asia, dealing with mo