A TEST OF THE ECONOMIC RELEVANCY OF
THE HOLDRIDGE LIFE ZONE SYSTEM

Thests for the Degree of Ph. D,
MICHIGAN STATE UNIVERSITY

George R. Gebhart
1966



THESIS

This is to certify that the

thesis entitled

A TEST OF THE ECONOMIC

RELEVANCY OF THE HOLDRIDGE LIFE ZONE SYSTEM
presented by

GEORGE RICHARD GEBHART

has been accepted towards fulfillment
of the requirements for

Ph.D. degree in Economics

/ Major professor

Date_November 10, 1966

0-169




! r\mn USE ONLY
E'Lr‘u*q e 9













ABSTRACT

A TEST OF THE ECONOMIC RELEVANCY OF
THE HOLDRIDGE LIFE ZONE SYSTEM

by George R. Gebhart

The purpose of this study is to test the economic relevancy of
a theory of climatic determinism proposed by Dr. Leslie R. Holdridge
of the Tropical Science Center, San Jose, Costa Rica. Holdridge's
thesis is that different combinations of the three climatic factors -
heat, precipitation, and moisture - between areas will result in
different ecological relationships for those areas. Ranges of the
three climatic factors are established on a logarithmic base, and
the concurrence of these ranges define what Holdridge calls "life
zones." Field work in the American Tropics has shown that these
life zones correlate well with distinct changes in the natural
vegetation. Given this "natural" relationship, Holdridge theorizes
that many other variables in the social sciences and natural
sciences will be influenced by these specific ranges of the three
climatic parameters. Economic variables, especially those in the
agricultural sciences, are expected to be related to these ranges
in the climatic parameters. This study attempts to establish
empirically the degree of this relationship for certain economic
variables.

It is hypothesized here that productivity, technology, cost of
production, and land-use vary by life zone. To test this hypothesis
two life zones are compared for differences in the above variables,

and an attempt is made to connect the differences found to the
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variations in the climatic parameters. These comparisons are made on
the basis of a sample of farms from each of the life zones which was
extracted from the Costa Rican Census of Agriculture of 1963. An
additional comparison is based on a sample of all farms in those
political districts of Costa Rica falling within the two life zones.

Productivity is measured in terms of the output per manzana of
rice, corn, and beans. Both samples were compared by life zone for
this analysis. Technology is defined as "the method of production,"
and is compared by life zone in the production of corn. Data on
technology were collected by interviewing a sample of thirty farmers
in each of the two life zones. Costs of production between life
zones in the production of corn are compared using data collected
during the same interviews. Land use is compared by life zone for
the farms comprising the sample from the Census of Agriculture and
the sample of political districts. A classification of land use
which exhausts all possible uses of the land is the basis for this
comparison.

The variables productivity and costs of production are quanti-
fiable and are compared for statistically significant variations.
This consists of computing the t-statistic from the ratio of the
difference in the mean to the standard error of the difference, and
then either accepting or rejecting the null-hypothesis at the .05
level of probability. Differences in the operations involved in the
production of corn are considered as differences in technology, and
variations in the percentages of land falling into the various

categories are taken as indicative of differences in land-use.
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NoAstatistically significant differences were found between
life zones in productivity. A distinct difference was found in the
technology used in the two life zones, but this seemed to be related
more to differences in topography than in the climatic parameters.
The difference in the costs of production was statistically signifi-
cant, but was related to the difference in topography. Differences
in land-use, espeﬁially the difference in the percentages of the life
zones planted in permanent crops, did seem to be related to the
difference in heat between the two life zones. The results of this
test give very little support to the claims of economic relevancy

for the Holdridge Life Zone System.
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CHAPTER I
INTRODUCTION

The consanguinity of ecology and economics is implicit in much of
the research undertaken within either of these two disciplines, but there
is a dearth of studies directed towards specifically examining this
kinship. The purpose of this study is to investigate this kinship by
applying economic analysis to variations on an ecological base.

In 1947, Dr. Leslie R. Holdridge invented what has come to be
known as the Holdridge Life Zone System.1 This system is a method of
classifying groups of plant associations into higher order groupings so
as to facilitate their identification and use., These life zones (or
groupings of plant associations) are determined by certain ranges of
the three climatic parameters: heat, precipitation, and moisture; and
a given site can be placed within its correct life zone on the basis
of data concerning these climatic parameters. A life zone can be
defined as a geographical area having amounts of heat, precipitation,
and moisture falling within given ranges. Thus, based on the
Holdridge system, an area having 1) a mean annual biotemperature
above 24 degrees centigrade (heat) 2) an average total annual
precipitation of from 2000 to 4000 millimeters (precipitation), and

3) a potential evapotranspiration ratio of between 1.00 and 0.50

1Leslie R. Holdridge, Life Zone Ecology, Tropical Science Center,
San Jose, Costa Rica.
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(moisture), would be in the tropical moist forest life zone.2

The natural vegetation within a life zone is thought to be
distinct from that in any other life zogé; and the current research on
the system by Dr. Holdridge and his associates .is directed towards
establishing this difference. They hold that the differences in the
three climatic parameters dictate different plant associations and
groupings of plant associations in the various life zones, as ﬁell as
different characteristic species and subspecies. Emanating from this
proposition is a whole host of variations that could exist among these
life zones. The ecologists believe that these differences do exist, and
that they could be useful as a basis for policy-making on the part of
governments or others interested in improving and conserving the
resource productivity of the earth.

Economics is one of the areas in which the ecologists are
especlally vociferous concerning important variations by life zones.
They feel that these variations are especially numerous in agriculture,
but do not restrict their expectations of variation to this area. Thus,
they feel that production in industry, the cost of that production, the
economics of plant location, transportation costs, and a host of other
factors will vary by life zone, and that a knowledge of these variations
could be useful in solving a multitude of problems that face industry.
They see the Holdridge System as a method of classifyihg data in many

disciplines in such a way that the work and decisions of that discipline

2A more complete description of this system can be found in
Chapter II. This brief description is given to introduce the reader
to the system and to illustrate how the climatic parameters delineate
the life zones.
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might be facilitated. In addition, they are convinced that Holdridge's
three climatic parameters have a definite influence on many variables
from seemingly unrelated areas, and that policies based on a knowledge
of this influence can be used to improve both the performance of the
economy and the culture of the people. It is within this context that
the present study falls.

The purpose of this study is to provide a partial test of the
economic relevancy of the Holdridge Life Zone System. Almost all of
the research to date on this system has had to do with its ecological
and biological aspects. This study attempts partially to fill this
gap by investigating the relationship between this system and certain
economic variables.

The economic variables with which this study is concerned are
in the field of agriculture primarily because this is the area that
has the most obvious and direct relationship to the climatic
factors which form the basis of the Life Zone System. An additional
reason for choosing agriculture is the urgency felt today to help
underdeveloped countries produce more food to save their thousands
from famine.

The basic hypothesis of this study is that there are significant
differences between life zones in economic variables, i.e., that
measurable economic differences exist in various life zones. Definitely
these are related to the factors that determine the life zones, and they
have economic importance in that they determine what can be produced,
the cost of production, the distinct technologies required, etc. If this
hypothesis is substantiated, the questions of where to plant what, how

much to plant, how much fertilizer to use, what methods to use and many
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others could be answered by a thorough knowledge of the life zone within
which the area falls. The Holdridge system could be very useful to
governments in planning for agricultural development and to farmers
moving into virgin areas if a close connection could be found between
these economic variables and the life zone system.

The more specific hypothesis embracing the variables tested in
this study is that there are differences in the productivity, in the
technology needed, in the cost of production, and in the use made of
the land between the tropical premontane wet forest life zone and the
tropical moist forest life zone, as these life zones are defined in
the Holdridge Life Zone System.3

Productivity is measured for three crops -- rice, corn, and
beans - in terms of the output per manzana (an area of approximately
1.7 acres).

The second variable, technology, is defined very broadly as the
methods used in planting, cultivating, harvesting, and marketing the
crop, and is compared by life zone in the production of corn. Thus, a
difference in the method of preparing the land for planting or in the
number of times the crop is cultivated makes for a difference in
technology. The specific aspects of this definition will be discussed
in the chapter on technology.

For the third variable, the cost of production, corn is again
the crop chosen for study. Cost of production includes all of the
actual and imputed costs of planting, cultivating, harvesting, and

marketing the corn. These costs are compared for each of the

3Thes¢ life zones are defined more specifically in Chapter II.
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distinguishable methods of production in each of the two life zones, and
the total cost of production for the various farms in the sample is
compared by life zones to see if any differences are present. Cost of
production is measured as the cost per unit of output and the cost per
manzana.

The last variable, land use, includes all uses to which the land
is currently being put in the two life zones. These uses are grouped
into appropriate categories reflecting general land use patterns, such
as annual crops, permanent crops and pasture. An attempt is made to see
if the use of the land by the farmers in their respective life zones
differs, and to try to relate any difference found to those factors
delineating the life zone.

The methodology used for this study consisted of selecting a
sample of farms within each of the two life zones, and then inter-
viewing the farmers concerning their methods of production, the
productivity, the use of inputs, and the land use. In addition, the
Census questionnaires from the 1963 Census of Agriculture in Costa
Rlcaa for the farms in this sample were obtained and certain data
extracted from them. A second sample was formed out of certain of
the political districts of Costa Rica to supplement the analysis based
on the primary sample. A district had to have at least 85 per cent of
its land area within one of the two life zones to be included in this
sampling. The data were then compared to see if discernible differences

between life zones could be discovered in the four variables.

aThis study was carried out in Costa Rica where the author spent
a year on the staff of the Associated Colleges of the Midwest Central
American Field Program.
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The differences that were discovered between the life zones were
then related to the parameters that define the life zones in an attempt
to find a connecting link between the variation in the parameters a;d
the difference in the variable being studied. In some cases it was
possible to make such a connection, but in others an outside factor
seemed better to explain the variation in the economic variable.

The Holdridge Life Zone System is a relatively new and almost
completely untested theory of climatic determinism. There have been
attempts in the past to devise such a classificatory scheme as the
Holdridge model, some of which Holdridge mentions in his book,5 but
they have never proved of much value even to the ecologists and biolo-
gists, The primary reason for this failure is that they have not been
able to establish satisfactorily a natural basej that is, their
boundaries have not coincided well with changes in the natural vegeta-
tion. According to the ecologists and biologists working with the
system, the Holdridge System has overcome this difficulty by the
discovery of a logarithmic relationship of change in the natural
vegetation which corresponds with a logarithmic change in the climatic
parameters. This logarithmic base has its counterpart in other ecolo-
gical relationships, and is the main factor differentiating the
Holdridge System from other unsuccessful classificatory systems.

The only research done specifically on the Holdridge Life Zone
System from an other than natural science point of view is contained
in several unpublished reports by students connected with this

Associated Colleges of the Midwest Central American Field Program at

slbido 9 ppo 9.130
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the Tropical Science Center in San Jose, Costa Rica. None of these,
however, were concerned with agriculture, or even closely related to
economics.

Moreover, since the system devised by Dr. Holdridge has never
received much support from the rest of the scientific community, there
has been a paucity of research directly relating the climatic parameters
of heat, precipitation, and moisture to productivity in agriculture,
etc. There has been considerable research both in the United States

and in other countries on what to plant in a given area, how much ferti-

lizer to use, at what depth to plant, etc., but nothing has been done to
relate the various combinations of these climatic parameters to economic
variables in the way envisioned by Dr. Holdridge and his associates. For
example, the Rockefeller studies on hybrid corn in Mexico discovered
which types of corn grow best in the climate that is found in that area of
Mexico where the studies were carried out, but there was no attempt to
generalize the results of that research to other areas of the world with
similar climate. The fact that some of the varieties that have proved
best for that area have also been successful in other areas of the

world is prima-facie evidence in favor of an approach along the lines
proposed by the ecologists for the Holdridge System.

The contribution that could be made to the science of agriculture
by the relationship foreseen in the Holdridge System is very great
indeed. If the research were carried out in sufficient detail, simply
by knowing the values for the climatic parameters one would know what
yields to expect from certain crops, what types of fertilizer to use
and in what quantities, which insects and other plagues to expect, and

one would have a host of other valuable information concerning production,
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input and output, and related matters. Considering the role that agri-
culture plays in developing nations, such information would be
invaluable as a planning device. Its importance is echoed by Douglas
H. K. Lee who writes: "There is even need for far more complete and
particularized climatological information on tropical countries, in
form and detail that will allow adequate analysis of the effect of
these conditions on agricultural, pastoral, industrial, and social
development. b

Another contribution that could be made by studies such as those

anticipated here, would be toward the knowledge of the technology that

has been developed by the farmers indigenous to the areas who have
presumably adapted their practices as best they could to the climatic
and cultural conditions as they have found them. This knowledge would
provide a substantial base upon which to launch a program of improvement
in agriculture, that would have a good chance of success. Then from the
variety of practices being used in a given area those that show the most
promise could be subjected to more careful scrutiny and promotion. Some
students of the subject feel that this is a prerequisite for successful
research in this area. Sufrin and Wolf write: "Special stress was
placed in the foregoing analysis on the need to select from available
technological alternatives those which would maximize productivity of
existing capital and of new capital formation. The first requirement for

implementing this approach is a selective study of comparative

6

Douglas H. K. Lee, Climate and Economic Development in the
Tropics, Council on Foreign Relations, (Harper and Brothers, N. Y., 1957),

p. 174,
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tachnologias."7 Such information would indicate which transplanted
technology would be most likely to work in an underdeveloped country
and which would not., The choice of technology actually used of
course, would depend on input prices as well as the productiveness
of the technology.

Chapter II presents a more thorough description of the life zone
system and its relationship to economic development, with emphasis upon
both its theoretical and its practical aspects. Chapter III is a
description of the methodology used in comparing the two life zones.
Chapter IV takes up the relationship between productivity and the life
zone system, and Chapter V deals with differences in technology by life
zone, Chapter VI relates cost of production to life zones, and Chapter
VII discusses variations in land use between life zones. Finally
Chapter VIII presents the conclusions of the analysis, along with the
limitations to them. Appendix A contains reproductions of the two
questionnaires used in the interviews, and Appendix B contains the
computations for the standard errors for the various statistical

analysis.

7Sldney C. Sufrin, and Charles Wolf, Jr., Capital Formation and

Foreign Investment in Underdeveloped Areas; Maxwell School Series,
iSyracuse University Press, 1958;, p. 50.




CHAPTER II
LIFE ZONE ECOLOGY - THE LIFE ZONE SYSTEM]'

The life zone system used as a basis for comparative analysis of
economic variables in this study was invented by Dr. Leslie R.
Holdridge, who first described it in Science2 in 1947, Since that time
there has been considerable research done on the system, but there have
been no major changes made in its basic thesis. Most of the research
has involved testing the accuracy of the system, mapping various
countries in Central America and northern South America with reference
to the system, and refining certain measures used in delineating its
parameters. Practically all of this research has been done by ecologists
and geographers, and only recently have social scientists become
interested. Thus, while it has been tested thoroughly (and proved of
value) from an ecological point of view, almost nothing has been done to
see if it has social and economic significance. At the present time
there are a few studies of an economic and social nature being carried

3 3
out on the system in Costa Rica.

1This chapter draws heavily upon the following two works: Leslie
R. Holdridge, Life Zone Ecology, Central American Field Program, Asso-
ciated Colleges of the Midwest, San Jose, Costa Rica, 1964 and, Joseph A.
Tosi, Jr., "Climatic Control of Terrestrial Ecosystems: A Report on
the Holdridge Model", Economic Geography, Vol. XL, No. 2 (1964).

2Leslie R. Holdridge, "Determination of World Plant Formations from
Simple Climatic Data", Science, 105 (2727), (1947), pp. 367-368.

3At the Tropical Science Center, Apartado 2732, San Jose, Costa
Rica,

10

P
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The purpose of this chapter is to describe as simply yet as
thoroughly as possible the mechanics of the Life Zone System and to
discuss the theoretical relationships between the system and economic
development. The rest of the study seeks to explore these relationships
and to test their validity.

The life zone system is essentially a division of the climatic
spectrum along lines that seem to correspond with natural divisions of

the earth's vegetation. Dr. Holdridge theorized that each species=

population should have evolved (i.e., should have become specialized
through selective adaptations)... "to successfully compete and survive
as a member of the natural community within only a limited sector of the
earth's broad climatic spectrum."4 Therefore, he felt that the vegeta-
tion within these limited climatic ranges... "should precisely reflect
the integrated operation of the climatic conditions prevailing over that
vegetation."s In other words, there should be distinctive characteristics
of the vegetation within each of these limited climatic ranges, and
furthermore, these characteristics should have evolved over long periods
of time due to the influence of certain climatic factors. Wherever the
same climatic factors exist on the surface of the globe these distinctive
characteristics of the vegetation should be found.

The purpose of classifying the vegetative mass 1s the purely
pragmatic one of providing a basis on which comparisons between areas

can be made., Ecology has long suffered from the lack of a system for

4Josnph A, Tosi, Jr., "Climatic Control of Terrestrial Ecosystems:
A Report on the Holdridge Model," Economic Geography, Vol. XL, No. 2
(1964), p. 174,

S1bid,
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classifying vegetation, and while there have been sporadic attempts to
devise such a system, not one has won universal acceptance by ecologists.
Dr. Holdridge's system may fill this void, but much more research needs

to be done to determine the full extent of its significance.
BASIC DETERMINANTS OF LIFE ZONES

To provide a system by which the tremendous masses of vegetation
can be classified there must be established some order out of the
complex vegetation, (i.e., some distinctive characteristics of the
vegetation must be delineated), and some of the ecological factors which
have a primary influence on the characteristics must be recognized.
Only then will it be possible to correlate natural characteristics of
the vegetation with the ecological factors responsible for their evolu-
tion.

One approach toward establishing this correlation is to determine
first the distinctive characteristics of the vegetation, and then to
relate these to the various ecological factors. Ecologists generally
agree that the plant association is the basic unit of vegetation.6
Due to the large number of distinct associations, however, groupings
of these are necessary to facilitate the organization of data and for
general comparative work. But this is not as easy as it might seem.

Holdridge points out several reasons why it is impossible to construct

6"A plant association is a dominant community of plants which, in
its natural state, has a physiognomy distinct from that of all other
plant associations. Such an association may be characterized regionally
or locally by certain indicator species of the community. There are
four types of plant associations: climatic, edaphic, atmospheric, and
hydric...Furthermore, there are various combinations of the latter
three types." lbid., p. 175.
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these groupings by working upward from specific association
descriptions.7 The tremendous amount of work and expense involved
precludes the collection and study of plant associations in a museum,
In addition, man has been very active in altering these associations
in the field so that at the present time, except in the most remote
places, it is impossible to find them in an untouched state. In
fact, in some areas the natural vegetation has long since been removed
completely, and it would take centuries before nature could restore it.
The large number of plant associations is another obstacle to this
approach.

Another possibility would be to group the plant associations
scientifically on the basis of taxonomic species. However, the same
associations on different continents may comprise two or more almost
entirely distinct sets of species. In addition, man's past interference
makes it difficult to determine whether a species has ever existed in a
given area, or whether man's activity has eliminated it. Again the
tremendous number of species is an obstacle.

Since the above approaches presented serious problems, Holdridge
looked to the possibility of organizing the various ecological factors
into a system that permitted the grouping of the natural units of
vegetation. In other words, he reversed the process by concentrating
first on determining which ecological factors could be used in the
system, and then relating some vegetational characteristics to the

parameters of these factors. The various factors that could be used

7
Leslie R. Holdridge, Life Zone Ecology, Central American Field
Program, Associated Colleges of the Midwest, San Jose, Costa Rica,
(1964), p. 8.




14
include climatic, edaphic, and atmospheric, but since the system was
intended for use on a global basis, only those factors which affect the
entire area could be used, Only a few of the climatic factors satisfy
this requirement, all other factors being local in extent. As
Holdridge points out, "...this does not mean that they (other factors)
are not significant in defining the associations, but simply that they
do not lend themselves to global categorization."8 Of the climatic
factors, only heat, precipitation, and moisture seem to be world wide
and capable of subdivision into equivalently valued groupings. These
factors produce universal characteristics in the vegetation that are
quite distinct from those produced by the more localized effects of the
less extensive ecological factors.

The solution was to divide the climatic spectrum into equally
valued ranges with which vegetative characteristics could then be
correlated. Thus, he deduced, "...that the general characteristics of
climate in any given locality might be determined objectively from
comparative observations of quantified vegetational parameters in the
natural plant communities and, conversely, that weather station data
might be employed to determine, in terms of these same parameters, what
the vegetational climaxes had been and might again become in the absence
of human disturbances of natural community equilibrium"9 Holdridge's
system differs from other accepted classificatory systems in that,

", ..it is neither a classification of climate nor a classification

of vegetation but is, rather, a classification of the relationship which

8Ibid.

9Tosi, op. cit., p. 175.
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exists between them. It differs in another important respect also:
the classification was derived experimentally from comparative observa-

tions of natural vegetation as related to climatic factors over a very

wide range of phical envir . Its bases have not been drawn
arbitrarily but accord with observable phenomena in nat:ure."w Thus,
the system is "natural"™ in the sense that the limits of the equivalently
valued groupings of climatic data correspond to observable limits in
certain parameters of the natural vegetation, and therefore, the limits
to a life zone can be determined either from climatic data or from field
observations of the vegetation. This "naturalness" is important, for it
provides a basis for believing that other social, economic, and ecolo-
gical variables may be related to life zones, whereas if this base did
not exist - if the system were completely arbitrary - there would be no
a_priori reason why these other types of variables might be related to

the climatic parameters.,
i 11
The Climatic Parameters

Holdridge's application of his theory in the field involved
trying to set down the correct parameters of temperature and rainfall
as boundaries between the major units of vegetation. In doing so he
found that these parameters, and the related vegetational units, increased

logarithmically. This logarithmic base found in nature is nothing new

1o'l.‘osl, op. cit., p. 175,

11’!.‘he reader should refer to the life zone chart on page 25
in reading this section.
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to the biological sciences,12 which again leads one to appreciate the
Mnaturalness" of the Holdridge system. His three (climatic) factors =
heat, precipitation, and moisture - which determine the boundaries of
the vegetational units increase logarithmically in delineating those
boundaries. Having made this discovery it was relatively easy to
extend the parameters to encompass the range of climate found on earth.
Recent work on the system by ecologists has been confined to proving
the correlation between the vegetational units and the parameters, and
to mapping large areas of the American tropics. Invariably the identi-
fication of the life zone in the field for this mapping was confirmed

by subsequent reference to climatic data.

Temperature

The measure of heat used in the Holdridge system is the sum of
the average daily positive temperatures (Centigrade) divided by the
number of days in the year, which is designated as the mean annual
biotemperature. This differs from mean annual temperature in that only
positive temperatures are used. In areas where the temperature never
falls below 0° Centigrade mean annual temperature and mean annual
biotemperature are the same, but where there are below 0° Centigrade
temperatures, the two differ. This is an important distinction for
the Holdridge system since at temperatures below 00 Centigrade vegeta=-

tive life is inactive, and this period of dormancy must be taken into

leor example, it has been found that when an element is a
limiting factor in plant nutrition, additions of the element up to
the amount that could be utilized by the plant must be increased in
logarithmic progression to obtain a sequence of equal increase in
yield.
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account in developing vegetative characteristics for correlation with
the temperature parameters.

As was mentioned earlier, these temperature values increase
logarithmically to cover the range of temperatures found on earth. The
earth's climate is divided into seven latitudinal regions from tropical
to polar; tropical, low subtropical, temperate, cool temperate, boreal,
subpolar, and polar. In addition, there exists a sequence of altitu=
dinal belts rising above the basal, sea-level biotemperature belt of
climates in each latitudinal region that contains mountains or plateaus
reaching up into cooler and less-dense air., For example, in the
tropical basal latitudinal region where there are mountains it is
possible to find all six altitudinal belts: subtropical, lower montane,
montane, subalpine, alpine, and nival, For each latitudinal belt away
from the tropical toward the poles the number of altitudinal belts that
can possibly exist is reduced by one. Thus, above the cool temperate
latitudinal belt there can be only three altitudinal belts = subalpine,
alpine, and nival. What this means is that if you consider an area
within the tropical latitudinal belt which is devoid of elevations much
above sea-level, then it is impossible to have anything but the tropical
basal life zones existing within that area. But if in the same area
higher elevations do exist, it is possible to have any or all of the
life zones existing within that latitudinal area.

The existence of these altitudinal belts is important from a
socio-economic point of view, as well as from an ecological point of
view. It is wrong to conceive of the "tropics" as having a uniform,
hot humid, wet climate, as has been done much too often in the past.

There is a wide variety of climate within the latitudinal range
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generally included in the definition of "t:ropic."!'3 In like manner, it
follows that there is a broad spectrum of socio-economic differentiation
based on, or related to, these differences in climate. For example,
different climates certainly contribute to differences in demographic
patterns since people have a preference for cooler, drier climates and
avoid the hot, wetter climates.

One other heat characteristic of importance to the Holdridge scheme
is the presence (or absence) of killing frosts. In the field work of
correlating vegetational changes with the climatic parameters, it was

found that there were definite changes in vegetation when one moved

from an area without killing frosts to an area with such frosts. Also,
it was found that this change did not always occur at the same tempera-
ture, nor did the critical temperature (killing-frost temperature)
coincide with the logarithmically spaced climatic parameter. Moreover,
in the wetter districts it was found that the line of vegetational
change did not coincide with the line of killing frosts, but occurred
at a lower level of elevation than the latter. Holdridge concluded
that a combination of high humidity and near frost temperature could
bring about a change in vegetation similar to that of a killing frost.
Thus, the critical temperature line which provides the boundary between
the two sub-life zones, subtropical (premontane) and lower montane (see

chart on page 25 ), occurs over a range of biotemperature, and its

13A recent conference on productivity and innovation in agriculture
in the underdeveloped countries recognized this diversity to a limited
extent when it considered four different climatic areas. The varying
problems of these areas were studied, and recommendations made for them
separately. (See David Hapgood (ed.), Policies for Promoting
Agricultural Development, Center for International Studies,
Massachusetts Institute of Technology, Cambridge, Massachusetts.) 1965.
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position indicates an average value for frost occurrence.

Precipitation

Precipitation is the second major climatic factor determining life
zones, and its measure is the mean annual total of water in millimeters
which falls from the atmosphere as rain, snow, hail, or sleet. Dew and
other water that condenses on the surface of the earth are excluded
from this measure because standard precipitation measuring devices are
not designed to measure them. As with the mean annual biotemperature

values, the precipitation values delineating the life zones increase

logarithmically, and include almost the entire range of precipitation
found on earth. The exceptions are so rare that it was not considered

necessary to include them.

Moisture

The third climatic factor determining life zones is humidity.
Humidity is the relationship between temperature and precipitation, and
one must be careful in trying to correlate either of these singly with
humidity. As Holdridge points out, "There is often a bit of confusion
in the linking of humidity directly with precipitation. Although
within any given region or along a given temperature line, there is a
direct correlation of humidity with precipitation, when the total
world environment is considered, such is not the case. The same mean
annual precipitation which gives rise to wet humidity conditions in the
Subpolar Region or Alpine belt results only in arid conditions when it

nld

falls in the lowland tropics. The reason for this is that whenever

16Hold:ridge, op. cit., p. 27.
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the temperature is above freezing moisture is constantly being returned
to the atmosphere by evaporation (from the soil and other surfaces) and
by transpiration (the physiological return of water from plant tissues
to the atmosphere). As Tosi reminds us, "...the supply of moisture
available to plants is not exclusively a function of precipit:an:i.on."15

Holdridge uses the potential evapotranspiration ratio as his
measure of moisture (humidity). This ratio is the theoretical quantity
of water that would be given up to the atmosphere from a zonal climate
and a zonal soil by the natural vegetation of the area if sufficient
but not excessive water were available throughout the growing season.
It is determined by dividing the mean annual potential evapotranspira-
tion in millimeters by the mean annual precipitation in millimeters.
The mean annual potential evapotranspiration has been found to have a
direct logarithmic relationship to mean annual biotemperature, and thus
can be determined by multiplying the mean annual biotemperature of any

16 This ratio gives a reliable estimate of

site by a constant, 58.93.
the moisture conditions at any site, and makes possible comparisons of
this factor at different sites. Again, as with the other factors, the
limiting values of this factor increase logarithmically. There are

nine humidity provinces delineated in the life zone system: semiparched,

superarid, perarid, arid, semiarid, subhumid, humid, perhumid, and

superhumid.

15'I'osi, op. cit., p. 178.
16This logarithmic "base" is found very frequently in nature and
seems to be a natural law. For example, the cell, which is the most
basic unit of living things, divides itself logarithmically, and thus
multiplies itself on this base. There are innumerable other examples.
(See n. 10)
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A potential evapotranspiration ratio of 1 indicates a situation
where the amount of water evaporated and transpired back into the
atmosphere is just equal to the amount of water made available in the
form of precipitation. This is a rather ideal situation since there
is neither a shortage of water with the resulting parched conditions,
nor is there an over abundance of water leading to leached and eroded
soils. In areas where this ratio is greater than one, the water made
available is less than what is needed resulting in arid conditions,
and where the ratio is less than one the water made available is more
than is needed resulting in excessively wet conditions.

These then are the global climatic factors that delineate the
boundaries of the life zones. Obviously, any two of the three can
determine the life zone. The following section on the life zone chart
will show how these factors are integrated in determining life zone

boundaries.
The Life Zone Chart

Figure 1 is a graphical representation of the three major
climatic factors, and how they determine the 120 or so life zones on
the planet eart:h.17 It should be kept in mind that this is a three-
dimensional figure, which indicates latitudinal divisions, as well as
altitudinal divisions. Considered latitudinally, the chart establishes
life zone divisions as one moves from the equator to the poles in either

hemisphere. Altitudinally the chart establishes life zone divisions as

17Holdridge and some of his associates believe that the system
can be extended to other planets, as well as back in time on our own
planet when climatic conditions were different from what they now are.
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one moves to higher altitudes within a given latitudinal division.

The mean annual biotemperature at sea level determines the
latitudinal basal region. For example, if the mean annual biotemperature
at sea-level is over 24° Centigrade, it indicates the tropical basal
region, between 6° and 12°, the cool temperate basal region, etc. As
the chart shows, the biotemperature values dividing the basal regions
decrease logarithmically as one moves from the equator toward the poles,
with the exception of the frost line with its related vegetational

change.

These same biotemperature values determine the altitudinal belts
which are shown on the right hand side of the chart, A basal region
can have only those altitudinal belts that lie above the minimum teme
perature limit for that region. Thus, one does not find the montane
altitudinal belt in the cool temperate basal region, or the lower
montane in the boreal basal region. The tropical basal region, of
course, has all of the altitudinal belts associated with it., These
altitudinal belts correspond with logarithmic changes in biotemperature
as the chart indicates.

A problem of nomenclature arises in connection with these
altitudinal belts. The correct ordering of the life zone names is as
follows: the basal region, the altitudinal belt, and then the humidity
province. This presents no problem when the life zone to be named
falls within the basal region for the area. For example, there is no
problem in naming an area close to sea-level, with an average annual
biotemperature of 10° Centigrade, an average annual rainfall of 750
millimeters, and a potential evapotranspiration ratio of .75, From the

chart we can very quickly see that this is the cool temperate montane
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moist forest life zone. However, if we take the same measurements of
the climatic data, but at an altitude of 3000 meters, the basal region
is no longer the cool temperate. It now becomes the tropical basal
region, and the name of the life zone is tropical montane moist forest.
As a rule of thumb, in determining the correct life zone, a correction
factor of 6° Centigrade for every 1000 meters of elevation must be
added to the mean annual biotemperature. For example, using the above
data the correction factor would be 18° (3000/1000 x 60), which would
give a sea-level biotemperature of 10° plus 180, or 28° which falls
within the tropical basal region. Hence, whenever measurements of the
climatic factors are made at altitudes much above sea level, the tem-
perature data must be corrected to sea-level to determine the correct
basal region.

Running diagonally downward from left to right on the chart are
the humidity provinces, measured by the potential evapotranspiration
ratio values. In the opposite direction, running diagonally from right
to left, are the divisions based on rainfall, measured by the average
total annual precipitation.

Measurements of any two of the three climatic factors, along with
knowledge of the altitude of the site, will permit the determination of
the life zone. Using the same data as before for temperature (100) and
rainfall (750 mm), one need only locate these values on the chart, and
note their intersection to determine that this site is in the montane
altitudinal belt and the moist forest humidity province. Then, with
knowledge of the elevation, one can determine the correct basal region.

The intersection of values for the potential evapotranspiration ratio

and average total annual precipitation for a given site will determine
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the altitudinal belt and the humidity province, and will also determine
the mean annual biotemperature which can then be corrected for elevation
to determine the relevant basal region. A few moments study of the chart
is all that is necessary to permit one to determine readily the life
zone corresponding to data from a given site.

The dotted line running horizontally across the chart at about 18°
mean annual biotemperature should be noted. This is the frost line or
critical minimum temperature line that was mentioned earlier. It should
be remembered that this line can occur anywhere within the range of 120

to 24° Centigrade, depending upon humidity conditions, warm air currents,

etc., which might affect a given site. The unity line of the potential
evapotranspiration ratio should also be noted. Both of these have
socio-economic importance which will be brought out later in this study.
One other characteristic of the chart should be discussed. It
will be noted from the chart that the representations of the life zones
are hexagonal in shape, and that the guidelines for the average annual
precipitation, the potential evapotranspiration ratio and the mean
annual biotemperature are not coincident with the boundaries of the
hexagons, but bisect them. This characteristic creates within each life
zone a series of six small triangles. These triangles represent transi-
tional zones, i.e., areas in which the life zones begin to transform
themselves into the adjacent life zone. Within these areas the vegeta-
tion begins to take on a different appearance, but the change is not
great enough to remove the area from its life zone. It is of course,
more difficult to distinguish the correct life zone in this area, but
in moving from an area well within the life zone across these transi-

tional zones, they are easily observable and can be readily mapped.
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THE VEGETATIVE CHARACTERISTICS

In the Holdridge system, the climatic parameters specifically
and precisely define the limits of the life zones. However, in order
to be other than an arbitrary division of climate, the life zones
must be "natural divisions of signi.fican(:e,"l8 i.e., they must
correspond as closely as possible to divisions made by nature in the
earth's vegetation. Holdridge's basic hypothesis was that such
natural divisions did exist, and subsequent work on the system has
proved that there are such ecological differences between life zones.
Anyone with a little training in the system, can learn to recognize
the different life zones in the field. Large areas of the American
tropics have been mapped on the basis of field cd:vserwntior\s?19 and
where the availability of climatic data permitted and checks were run
on the field work, it was invariably found that the areas had been
correctly mapped.20

The vegetative characteristics used in discriminating between
life zones are more subjective than objective at the present time., The
ecologists who are working with the system say it is the general look
of the vegetation, or the "feel" of an area that indicates to them which
wﬂoldridge, op. cit., p. 9.

19Ptactically all of the work on the system has been carried out
in the western hemisphere. However, after a recent reconnaissance trip
through Africa and the Far East, Holdridge and Tosi believe that the
system is equally applicable there.

20111 fact in certain areas where the vegetation did not correlate
with the climatic parameters, computational errors were discovered in

the weather station data, which when subsequently corrected, provided
the correct correlation.
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life zone they are in. There are some quantifiable characteristics,
however, that help one to arrive at this "feel" for the life zone.
There are certain "indicator species" for various life zones whose
density of occurrence changes abruptly when one crosses the boundary
of the life zone. The extensiveness and intensiveness of eclaphic21
growth is another such factor, as is the measure of the cover heights
of the dominant trees, bushes, and herbs. In areas where the natural

vegetation has been completely cleared by man, similar characteristics

of the cultivated vegetation indicate the life zone.

Very recently, Holdridge and his associates have been introducing
more quantitative measurements into their study of the vegetation.
They have devised a "complexity" index which is a combination of
measurements over various aspects of the vegetation. This index,
along with some other measurements of relationships between certain
characteristics, is now being correlated with the climatic parameters
in order to determine a more quantifiable description of the vegetation
within the various life zones. This data then will be analyzed statisti-
cally to determine if the greater rigor is useful in describing the

significant differences in the vegetation between life zones.

The Life Zone System

The life zone system then, is a method of classifying veget:al:ion22

21An edaphic growth or plant is one that lives in parasitic
fashion on another plant.

22"Ifhis is not exactly correct since the proponents of this system
contend that animal life and behavior, as well as that of humans, can
be classified profitably on this basis.
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on the basis of certain global ecological factors. These factors are
the climatic factors of heat, precipitation, and moisture; and the

vegetational units are groupings of plant associations. Extensive field

work has shown this to be an effective and natural classificatory system.

A life zone can be defined in terms of the relevant climatic factor
values, but it may also be thought of as, "...a group of associations
related through the effects of these three major climatic factors...
These leave a definite mark on all the associations even though the

n23 Holdridge

group may comprise a quite diverse group of associations,
and his associates expect further research on the system to show that
other natural science variables and social science variables are corre-
lated with life zones,

Costa Rica has been completely mapped on the basis of the
Holdridge system. It is entirely within the tropical basal region, and
contains the premontane (subtropical), lower montane, montane, and
subalpine altitudinal belts, It is excellently suited for research on

the life zone system because of the wide variety of climatic conditions

existing in a relative restricted geographical area.

Definitions of the Tropical Moist Forest and Tropical Premontane Wet

Forest Life Zones

The tropical moist forest and tropical premontane wet forest life
zones are the ones used for comparative purposeé in this study.
The tropical moist forest life zone is in the tropical basal

area and the moist forest humidity province. There is no altitudinal

23Holdridge, op. cit., p. 14,
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belt associated with this basal region (as there are for all of the
other basal regions) in the nomenclature, since it is impossible for
this series of life zones to be found in an altitudinal belt correspond-
ing to some lower altitude basal belt. The tropical basal belt is at
the upper limit of the biotemperatures found on earth (at sea-level),
which precludes the existence of a hotter basal belt.

In terms of the climatic parameters, the mean biotemperature of
this life zone is above 24° Centigrade, it belongs to the humid
humidity province with a potential evapotranspiration ratio between
1.00 and 0.50, and it has an average annual precipitation of between
2000 and 4000 millimeters. It is adjacent to the unity line of the
potential evapotranspiration ratio, and at no time does this life zone
feel the effects of a killing frost. It should be pointed out that the
values for the climatic parameters given above describe the range of
these parameters, and that there can be variations to the extent of
this range between any two sites within the life zone. This is, of
course, true of any of the life zones, and leads one to suspect that
differences within life zones may be rather large from this factor
alone.

In Costa Rica, the tropical moist forest covers approximately
12,577 square kilometers, or 24.4 per cent of the total area of the
country. This, of course, includes the transitional areas associated
with this life zone, since the vegetative characteristics defining the
life zone include these transitional areas.

The tropical premontane wet forest life zone is in the tropical
basal region, the premontane altitudinal belt, and the wet forest

humidity province. Thus, the mean annual biotemperature for this life

_J
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zone is between 12o and 240 Centigrade, the average annual precipitation
is between 2000 and 4000 millimeters, and the potential evapotranspira-
tion ratio is between 0.50 and 0.25. The fact that the altitudinal belt
is premontane (subtropical), and the basal region is tropical (and not
low subtropical), means that this life zone exists at an elevation
somewhat above sea-level. In Costa Rica the boundary between this
altitudinal belt and the basal region generally occurs at an elevation
of from 600 to 700 meters. As the chart shows, however, it is possible
for the transitional area of this life zone (altitudinal belt) to
extend downward iﬁto the basal region (i.e., at temperatures greater
than 24° Centigrade), even to the extent of having this area reach
sea-level. Thus, along the Atlantic coast of Costa Rica we find this
transitional area at sea-level,

In Costa Rica this life zone including transitional areas covers
approximately 8,179 square kilometers, which is almost 16 per cent of
the total surface area of that country. Thus, in Costa Rica these two
life zones cover 40 per cent of the area of the country, indicating
their importance to the economy of that country.

The differential vegetative characteristics due solely to the
effects of the climatic factors are difficult for the untrained, none
ecologist to discern, and there is practically no completed, systematic
research on the differential animal and human behavior characteristics
by life zone. Local factors play a big part in determining the
structural and other characteristics of the vegetation that are used
by the ecologists in recognizing a given life zone. In very general
terms it is possible to describe the differential effects of the climatic

factors on the various life zones, but it should be remembered that local
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variations are very important and can have dominating influence on the
vegetation. In general, as one moves from the dry to the wet humidity
provinces within a given basal region, the vegetation becomes more
dense, the trees grow to greater heights, they contain more leaves, the
stems are thicker, soils become more clayish and less sandy, etc. As
one moves within the same humidity province to progressively lower
temperatures, the vegetation becomes less dense, less tall, and takes
on characteristics to permit it to withstand the colder temperatures.
There are numerous of these characteristics that could be used to
describe the differences due to climatic factors between life zones,
and current research on the system is oriented to discovering what
these characteristics are and how they differ by life zone.

The most precise method of distinguishing between life zones is
on the basis of the climatic parameters. These parameters delineate
the life zones, and therefore can be used as a basis for correlating
other variables with the life zones. In terms of the parameters, the
two life zones chosen for this study are relatively similar, however,
there are some crucial differences. It was thought that for this type
of study it would be best to have a modest amount of difference
between the two life zones, i.e., not to choose the most similar, nor
the most different life zones.

The tropical moist forest and the tropical premontane wet forest
life zones are similar in that they both have the same average annual
precipitation of between 2000 and 4000 millimeters, They are different,
however, in that the tropical moist forest life zone has a mean annual
biotemperature above 240 Centigrade, whereas the tropical premontane wet

forest life zone has a mean annual biotemperature between 24° and
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(approximately) 18° Centigrade., This difference in biotemperature is
thought by the ecologists to be of primary importance in distinguishing
life zones. This difference in temperature, given the same mean annual
precipitation, leads to a difference in humidity province - the tropical
moist forest being humid, and the tropical premontane wet forest being
perhumid. This difference in humidity province is reflected in
different potential evapotranspiration ratios for the two life zones.
The tropical premontane wet forest is one space removed from the unity
line of potential evapotranspiration, whereas the tropical moist forest
is adjacent to it. What this means is that in the tropical premontane
wet forest life zone the potentigl for evaporation and transpiration
(from the vegetation and other surfaces) related to the amount of water
made available (through rainfall, etc.) is much lower than in the
tropical moist forest life zone. In other words, the evaporation and
transpiration to precipitation ratio is lower in the tropical premontane
wet forest life zone, and thus there would be more likelihood of
excessive water conditions here than in the tropical moist forest,
which has the same average annual precipitation.

In addition, since the basal region for both of these life zones
is "tropical", this means that the premontane wet forest life zone must
occupy an area with an elevation somewhat above sea-level., Therefore,
except for limited areas near sea-level along the Atlantic coast, this
life zone will be found at altitudes ranging from 600 meters to close
to 2000 meters. The fact that this life zone is an altitudinal belt
above a basal region has important implications for farm technology,
etc., as will be seen in a later chapter.

Another factor of some importance to the premontane wet forest
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life zone is that it borders on the critical minimum temperature line -
the frost line., There is a distinct change in vegetation where this
line occurs, even though it is not logarithmically spaced from the other
boundaries, and there is a relatively wide band of biotemperature over
which the line ranges depending on more localized conditions. The
ecologists working with the system like to combine this premontane wet
forest zone with the lower montane wet forest zone, and to consider the
entire area as one life zone. In effect they are considering the change
in vegetation that occurs along the critical minimum temperature line to

be of less importance than the changes that occur at the logarithmically

spaced climatic parameters. They consider the change to be due more to
local factors than to the global factors. Thus Holdridge says:
"Theoretically the best solution appears to be that of maintaining the
complete hexagonal divisions as life zones and to consider any ecosystems
within the Warm Temperate region or Tropical Lower Montane belt which are
free from killing frosts as well as any portion