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THE ECOLOGICAL LIFE ZOWES OF OREGON:
A TEST CF THE HOLDRIDGE MODEL

I. INTRODUCTION

The intricate interrelationships of climate, topography,
soils, and vegetation were described by the naturalist Von Humboldt
in the early nineteenth century:

Nature presents the phenomenon [vegetation] of these

wide plains in all zones; but, they have a peculiar

character in each of them; a distinct physiognomy

which is determined by the diversity of their soils,

their climate, and their elevation above sea level. !

" Postulating the prevalence of macroclimatic conditions over other
factors comprising the environment, the Holdridse model of 1ife
zone classification is an attempt to differentiate environmentally
equivalent units over the terrestrial portions of the earth. The
objectives of this study are threefold: 1) to determine whether
or not the Holdridge classification scheme provides a satisfactory
approach to mapping ecological patterns in Oregén; 2) to »repare

a background for further studies; and 3) to give scientists work-
ing in the fields of ecology and geogravphy a tool for analyzing
ecological factors within the state of Oregon.

The reasons for humanity's seemingly insatiable gquest to

classify phenomena are not fully understood. Tae guestion why

1 E. Fischer, R. D. Campbell, and E. 5. Miller, A Question of
Place (4Arlington, Va.: R. . Beatty, Ltd., 1967), ». 65.



classify could be debated for aeons with no complete .answer.
Nonetheless, concerning this very issue Shimwell has proyposed:

For the human race, classification is a natural and

inherent, intuitive process; to create some semblance

of order from an otherwise disorderly matrix by the

pigeon~holing and categorization of the matrix entities. @
To provide a background for discussing the Holdridge model, cli-
matic and vegetation classification schemes, representing various
approaches, are first reviewed in this presentation. The 1life
zone classification is then presented in detail and compared
with other classificatory systems.

The state of Oregon has been adopted for this study because
it offers a challenging test of the Holdridge system in middle
latitudeé. The test of the model has consisted of: 1) applying
the Holdridge classification to Cregon at the life zone levél;
2) compiling a life zone distribution map of Oregon; and 3) eval-
uating this map by comparisons with existing Oregon vegefation
distribution maps.

The final section of this paper presents suggestions for
continuing application and examination of the loldridge model.
Recommendations concerning other means of map compilation and

methods for possible statistical evaluations of the 1life zone

map are proposed.

2 b, %, Shimwell, The Descrivtion and Classification of Vegeta-
tion (Seattle: University of Washington iress, 1971), p. 42.




II. CLIKATIC CLASSIFICATION

In order to obtain an efficient arrangement of the earth's
various climatic conditions, science has long sought to devise
schemes of classification whereby areas of relative climatic
homogeneity might be described and delimited. Several different
methods of organization have been develored for this vurvose,
most of which, according to Wilson, can be grouped into the fol-
lowing two categories: 1) empirical classificatioans based, for
example, on climatic parameters; and 2) genetic classifications
which relate causative factors such as air massvcirculation to

3

climatic realms. Examples representing each of these categories

will be reviewecd briefly.

A. Empirical Classifications

The torrid, temperate, and frigid zones defined by.the ancient
Greeks is an illustration of an early attempt to categorize world
climates, but it was not until Wladimir Kdnpen presented a quanti-
tative empirical classification system in 1900 that a comvrehensive
procedure for organizing climates first appeared. Based chiefly
upon corresrondence with the world vegetation groups developed by
de Candolle (1374), the K&ppen classification scheme numerically

defines the limits of climatic regions in teruis of mean temperature

3 L. Wilson, "Climatic Classification," in R. %. Fairbridge (Ed.),
The Encyclovedia of Atwmospheric Sciences and Astrogeology,
Vol. II (liew York: Reinhold tublishing Co., 1967), p. 172.




A
and precipitation values. ReQiséd and modified a number of times
since its introduction, it employs letter codes to designate five
principal types of climate as well as seasonal characteristics of
rainfall and temperature.

In that Thornthwaite's first climatic classification scheme
(1931): 1) attempts to quantitatively define climatic boundaries
from empirical data; 2) utilizes letter codes to designate climatic
types; and 3) is based primarily upon vegetation, it basically
resembles the Koppen system. However, to enable a better measure
of the availability of moisture and the effectiveness of tempera-
ture ag related to plant growth, Thornthwaite introduces two
expressions in his early classification. First is precipitation
efficiency, a function of precipitation and temncrature; second
is thermal efficiency, the departure of mean monthly temperatures
from the freezing level.

Tnornthwaite's 1948 classification system, although still
empirical in nature,differs from the first by employing indices
detefmined completely independent of vegetation distribution or
plant growth., Six primary climatic tynes are determined from the '
mathematical analysis of climatic data (temperature and precipi-
tation) to obtain values for potential evapotranspiration and a
moisture index.

Budyko (1956) uses an'approach similar to Thornthwaite's
second classification scheme. Rather than using temperature
values, however, Budyko substitutes nét radiation to obtain his

climatic indices.



B. Genetic Classifications

Two schemes representing attempts to classify climates by
genetic factors are those of Flohn (1950) and Strahler (1965).
Flohn's system, based on global wind belts and precipitation
characteristics, divides the earth into eight climatic types. The
classification by Strahler is structured primarily in terms of air
mass source regions and the nature and movement of frontal sys-

tens.



ITI. VEGETATICH CLASSIFICATICHN

The principal aims in the classification of vegetatioh have
been summarized by Fosberg:

Classification of vegetation has as primary objec=-

tives to facilitate recording of information in an

orderly manner to aid in storage and wvroudt recovery

of such information, to make possible intelligent

discussion of vegetation at various levels of abstrac-

tion, to aid in understanding the phenotienon itself,

and to enable us to communicate information on ‘

vegetation easily and unambiguously.4
A number of approaches have been utilized in structuring vegeta-
tion classification schemes. The task of categorizing the myriad
of classification systems according to their avoroach, however, is
complicated because: many schemes use tvo or more of the basic
approaches; and the literature is frought with semantic difficul-
ties concerning the precise definitions of the various approaches.
Nevertheless, the following four principal means of classifying
vegetation will be used as a basis for this discussion: 1) physi=
ognomic; 2) floristic; 3) ecologic; and 4) combinations. These

will be examined individually with renresentative examples denicting

each.

A. Physiognomic Classifications

Physiognony is '"the avpearance, especially the external

appearance, of the vegetation..."5 OCne of the earliest class-~

4L F. R. Fosberg, "A Classification of Vegetation for General
Purposes," in G. F. Peterken Guide to the Check Sheet for IRP
Areas (London: Blackwell Scientific iublications, 19¢€7), p. 7.

5 Fosberg, op. cit., footnote 4, p. 76.



ifications of vegetation, Schimper's scheme (1898), is based
essentially on physiognomy. It defines fifteen major vegetation
formations by their gross compositional features. liore recently
thé physiognomic classification of Kuchler (1947,1949) provides
a scheme whereby categories defined by vegetation forms are
symbolically represented by letters. Amendments to this system
and a map of -the Y"potential natural vegetation" of the United

States were produced by Kiichler in 1966.

B. Floristic Classifications

The floristic anproach to vegetation classification "deals
with individual species...'" and ''considers the kinds of plants of
which vegetation consists.”6 The Braun-Blanquet method is an
example of classifying vegetation floristically. This systen
establishes a vegetation hierarchy through the detailed examination

of the flora within a study area.

C. Bcologic Classifications

In the ecological classification scheme, vegetation types
are grouped by "the kind of environment in which they occur.”7
An illuétration of this avenue to categorization is that of
Gaussen (1948) who integrates vegetation and habitat conditions

into what he terms "plant climates." Daubenmire also favors an

ecologic approach in his classification of vegetation zones in

6 A. W. Kiuchler, "Classification and Furpose in Vegetation Maps,"
Geog. Review, Vol. 46 (1956), pp. 159 - 160.

? A. W. Kuchler, Vegetation lapping (Wew York: Ronald Press Co.,
1967), ». 5¢6.




the Rocky lountains (1943). Six major zones are distinguished
by "the nature of the climatic climax associations which obtain

at different elevations or in different re;;ions."o

D. Combination Approaches to €Classification

One important system that employs a combination of methods
in classifying vegetation is that by Shantz and Zon (1923). They
use é "biological unit" as a basis for categorizing and mapping
the vegetation of the United States. 1In reviewing the Shantz and
Zon scheme, Kuchler comments:
This excellent map [and classification] combines the
regional, physiognomic, floristic, and ecological

approaches bg using each one wherever it seems the
most useful.~

8 R. F. Daubenmire, "Vegetation Zonation in the Rocky MHountains,"
Botanical Review, Vol. 9 (1943), p. 330.

9 A. V. Kichler, "The Relation Between Classifying and Mapping
Vegetation," Ecology, Vol. 32 (1951), p. 281.



IV. THE HOLDRIDGE MODEL

In 1947, Leslie R. Holdridge presented a system whereby
world "plant formations" now designated "life zones" might be
determined from climatic data. Based upon three parameters:
temperature; precipitation; and potential evanotranspiration,
the Holdridge diagram for classification (Fig. 1) differentiates
the vegetation of terrestrial areas of the earth into approxi-
mately 120 broad environmental divisions. This section will
discuss: 1) the theory and application of the Holdridge model;

2) how it compares with other classification schemes; and 3) pre-

vious tests of the system.

A. Theory and Application

The fundamental assumption underlying the Holdridge model
has been addressed succinctly by Tosi:

The basic premise of the Holdridge theory is that
among such sessile organisms as the land plants,
eacn individual species-population has evolved
(i.e., has become sgpecizlized through selective ad-
aptations) to successfully compete and survive as
a member of the natural community within only a
limited sector of the earth's broad climatic spec-
trum.

From this supposition, Holdridge has proposed that the undisturbed
natural vegetation on the earth's land surface precisely reflects

prevailing environmental conditions and that climatic paranmeters,

10 J. A, Tosi, Jr., "Climatic Control of Terrestrial Ecosystems:
A Report on the “Holdridge Model," Econonic Geobraphy, Vol. 4O
(1961{*) s Po 171*'
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11
therefore, may be adopted to predict broad vegetation groupings.

1. Life Zone Concepnt

The Holdridge model (Fig. 1) is structured to divide the
earth into ecologically equivalent units termed life zones accord-
ing to temperature, precipitation, and potential evapotranspiration
values. Holdridge defines a life zone as "a uniformly weighted
division of the earth's climate which supports a distinct set of
plant associations.”]1 The life zones are only the first order,
broad units of classification. The second order divisions, called
plant associations, are defined by such factors as atmosvheric
conditions, soils, and topography. The life zone, then, may be
thought of as "a group of associations related through the effects
of...three major climatic factors; heat; vnrecipitation; and mois-
ture.”‘2

2. The Life Zone Chart

The life zone chart shown in Figure 1 is a logarithmically
based representation of the earth's life zones. Guidelines com=-
plying with experimentally determined values of heat, precipitation,
and moisture as related to natural vegetation demark a set of tri-
angles within which hexagonal units have been placed. Each
hexagon renresents the climatic limits of a particular life zone.
The areas of intersection at the apices of the triangles describe

life zones which are transitional in character. The diagram also

11 L. R. Holdridge, "The Determination of Atwmospheric Vater
Movements,'" Ecology Vol. 43 (1962), p. 2.

12 L. R. Holdridge, Life Zone Ecology, (San Jose, Costa Rica,
Tropical Science Center, 1967), p. 15. '
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conveys both the latitudinal and altitudinal dimensions of the
life zones. Seven latitudinal regions, from tropical to polar,
are depicted on the left hand side of Figure 1. The altitudinal
belts are indicated on the right hand side of the chart. The
greatest number of altitudinal belts (six) are found in the trop-
Ical latitudinal region with the number of belts decreasing by
one for each latitudinal region departure towards the polar realm.
Thus oné may find six altitudinal belts in a tropical region, five
in a subtropical region, four in a warm temperate region, et
cetera. A humidity province for each life zone, ranging from
semiparched to saturated, is also indicated on the bottom portion
of the diagram.

%, Determining Life Zones

Mean annual precipitation and mean annual biotemverature are
the two climatic variables normally used to ascertain the life

13

zone of a given point on the earth's surface. The mean annual
precinitation value emrloyed in the Holdridge system is '"the mean
annual total of water in millimeters which falls from the atmo-
sphere either as rain, snow, hail or sleet.”lq The mean annual
precipitation scale is found on the left hand side and the base
of the equilateral triangle comvrising the chart (Fig. 1). The
values shown increase logarithmically from 62.5 mm. yr."1 to

10,000 mm. yr.~1.

The second climatic variable used to define life zones is

13 Values of potential evapotranspiration may be used, but
generally are not easily obtained.

14 Holdridge, op. cit., footnote 12, p. 26.

—
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mean annual biotemyverature. This parameter, which relates plant
growth processes to temperature, is simply a modification of nean
annual air temperature obtained by substituting zero for values less
than 0°C. or greater than BQOC. The mean annual biotemnerature
scales are shown increasing logarithm%cally fron 1.5OC. to 3200. on
either side of Figure 1. The point where a given set of mean annual
biotemperature and precipitation values intersect on the chart (Fig.
indicates the climatic limits of a particular 1life zone.

The latitudinal and altitudinal dimensions of the 1ife zones
are determined by a non-climatic variable, elevation. The station
elevation exXpressed in meters above sea level ailds in deciding
whether a site belongs to a basal latitudinal region or one of the
altitudinal belts. Either of two methods may accomwvlish this. The
firsf utilizes a granh as shovn by Figure 2.* The intersection
of a station's mean annual biotemperature and elevation is plotted
on the granh. If the point lies within a shaded area, the station
is in a basal belt position and its latitudinal region name is
given directly below the point. 1If, however, the point falls into
an unshaded portion of the chart the station is in an altifudinal
belt. The correct name for the altitudinal belt is given within
the varticular parallelogram that the point lies and the lati-
tudinal regicn is again found directly below. In the other method
of finding latitudinal and altitudinal ranges, an approximate value
of 6°C. for each 1000 meters of elevation is used to calculate a

hyrothetical sea level biotemperature for the station. This

* Note: Elevation fipures are given on the right hand side while
bilotemnerature values are shown running diagonally upwards and
to the right from the base of this chart.

1)
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hyprothetical biotewmperature can then be cpmpared to the latitudinal
regions and corresponding biotemperatures on Figure 1 to determine
the basal latitudinal region. The altitudinal belt, if one exists
for a given station, will be found in the column labeled such
directly to the right of the hexagon in which the point lies on
Figure 1.

In order to determine the »roper life zone for a given loca-
tion, then, one has only to utilize the mean temnerature and
precipitation values and the elevation of a station. 4Jhe complete
procedure nay be illustrated by ascertaining thecorrect life zone
for Bend, Oregon. The following data, based on a thirty year mean,

were taken from the U.S. Weather Bureau publication Climatography

of the U.S. No. 86-31 and given metric equivalence:

Station elevation..cieiiesrsesseesersosesnesossonnesoceoassssl098 m.
Mean annual precipitation..eeeeeeceeeereceeonccneneeeeessa’305.8 mm.
Mean monthly TemoeratUreS.e e e e ecetevecscessesessssconosssssse

J F M A M J J A S 0 N D
-1.0 1.1 3.5 7.0 10.L 13.6 17.6 16.3 13.5 8.8 3.6 0.7°C.

First, giving zero values to those mean monthly temperatures out=-
side the range 0°C. to BOOC., and then averagzing tnem for the year

one obtains a mean annual biotemperature:

= - _ 0 49
tbio = tc /12=0+ 1.1+ ., ., .+ 0.7/ 12=23.1¢C.

where,

tbio = mean annual bilotemperature,

tc _ corrected mean monthly temperatures.
Second, the intersection of this mean annual biotemnerature value

(8.1°C.) with the mean annual precipitation value (305.8 nm.)

places Bend in the hexagon labeled ‘''steppe' on Figure 1., Lastly,
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the latitudinal region and altitudinal belt ere determined by
intersecting the mean annual biotemperature value and the station's
elevation on Figure 2. Bend is thus found to lie within the "warm
temperate montane steppe!" 1life zone.

If the alternative method is used to determine the latitudinal
and altitudinal range of the life zone, the result ie the same.
Using the approximate rate of .OO6OC. m.m1 the correction figure
for Bend is:

"1 ¥ 1098 m. = 6.59%.

.006°C. m.
Adding this figure to Bend's mean annual biotemperature gives a
hypothetical sea level bilotemperature:

6.59°C. + 8.1%. = 14.69°C.

On Figure 1 this hypothetical biotemperature value corresponds to
a "warm temperate'" basal latitudinal region. The altitudinal belt
is found directly to the right of the hexagon designated "steppe."
Bend, therefore, is loceted in the "warm tenperate montane steppe"

life zone.

L, Mawping Life Zones

Mapping life zones from climatological data alone would be
possible if meteorological stations were both numerous and reg-
ularly spaced throughout an area. This situation is not often
encountered, however, hence other methods have been used to aid
the mavnping process. Iield observafions and topographic mayps

are the most common supplements employed.
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B. Comparisons With Other Classification Schemes

Interpreted strictly, the Holdridge model must be considered
an empirical classification of climates in that it employs observed
climatic parameters as a basis. On the other hand, because the
Holdridge system attempts to integrate vegetation and climate
through the biotemperature concept it might well be thought of as
an ecological approach to vegetation classification. Tosi has
verhaps approached the best exmlanation as to the difference
between the Holdridge model and other classifications:

Holdridge's system...differs from other currently

accented classificatory schemes which are primsrily

descriptive, in that it is neither a classification

of climate nor a classification of vegetation but

is, rather, a classification of the relationship

which exists between them. !

At any rate, the Holdridge classificatioﬁ of 1life zones has
several properties which distinguish it from others. First of
all, the climatic bases of the Holdridge scheme have been de-
rived exverimentally from comparative observations of climatic
factors and natural vegetation. Generally preferable to the
selection of arbitrary limits, as with the Kopnen (1900) and
early Thornthwaite (1931) systems, the i{loldridge life zones are,
therefore, in direcf agreement with observed natural phenomena.

A second special feature of the Holdridge model is its method of
expressiné the element of heat as related to vegetation. A nea-
surement of the heat which is effective in plant growth, bioteu-

perature, is utilized as a basic climatic parameter of the

classification scheme. Finally, the logarithmic structure of

15 Tosi, op. cit., footnote 10, ». 175.
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the Holdridge model differs from other systems. The progression
of the biotemperature and nrecipitation values logarithmically
on Fipgure 1 establishes divisions of equal weight in accordance

with Mitscherlich's principle of limiting factors. ' ©

C. Previous Tests of the lioldridge liodel

The Holdridge classification has been avplied extensively
throughout the tropical and subtropical regions of Central and
South America with over a dozen countries having been mapped by
Holdridge, Tosi, and others. The results of these have been
guite satisfactory, and the maps have proven to be useful tools
for scientists working in these areas.

Fewer tests of the system have been conducted in the middle
and high latitude vortions of the world. Sawyer (1963) provided
one of the first, by mapping the eastern and central wvarts of the
United States. The results from this application vroved adequate
in all but mountainous areas. To determine whether or not this
failure of the Holdridge systew in elevated areas was due to an
inadequacy of the model, Thomonson (1566) arplied Holdridge's
methodology to a portion of the Colorado Rocky Mountains with the
aid of isothermal and isohyetal maps. Life zone distributions
indicated by the model were compared with Forest Service vegeta-

tion maps and the conclusion drawn was: "...the correspondence

16 litscherlich has shown that when an element is a limiting
factor in plant nutrition, additions of that element up to
the amount that could be utilized must be increased in
logarithmic progression to obtain a seguence of equal in-
creases in yield. (See Holdridge, op. cit., footnote 12,
e 1L).
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seems good."17 Another evaluation of the Holdridge model is

that of Steila (1966). He mapped
Mediterranean area and found them
with the vegetation formations of
study by Thompson (1969) provided
in high latitudes. This analysis

tive in predicting the decline of

of Alaska to the coast.

Holdridge life zones in the
"compatible in all respects"

8 pinally, a

Shantz and Marbut.
a test of the Holdridge system

discovered the rnodel ineffec-

timberline from the interior

Y4 Test of the Holdridge lModel in lidlatitude

tiountains," The Professional Geogravher, Vol. 1& (1966),

17 P. T. Thowmwnson,
p. 190,
18 D. Steila,

Classifications as Applied to

"An Evaluation of the Thornthwaite and Holdridge

the liediterranecan Borderland,"

The Professional Geograoher, Vol. 13 (1966), p. 359.
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V. AREA OF STUDY AND METHODOLOGY

A, Area of Study

The chosen region of study, Oregon, displays a conplex diver-
sity of climate, topography, and vegetation, thereby presenting
én excellent test of the theoretic and pragmatic merits of the
Holdridge model. The state of Oregon is located in é midlatitude,
west coast position where the complicated interaction of conti-
nental and marine air help produce its variegated climate.
Furthermore, the intercepting and blocking effects of mountain
masses on vrecipitation and temverature add to the contrasting
climatic conditions of Oregon. Topographic relief features extend
from near sea level river valleys to mountain peaks in excess of
3000 meters in elevation. Lastly, the diverse vegetation vatterns

of Oregon encompass several types from dense forest to sparse shrub.

B, Methodology

This portion of the presentation will detail the methods
employed in delineating the life zone distribution map of Oregon
from climatic data through the application of the Holdridge model.

1. Collection of Data

A total of 165 meteorological stations throughout the state of
Oregon having both mean annual precipitation and mean monthly tem-
perature data were chosen for this study. As indicated in Table 1,
the greatest percentage of the total stations had means calculated

over relatively long time periods. Figure 3 depicts the spatial

distribufion of the data stations and also indicates, by selected
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TABLE 1.,--STATION MZAN RANGES: TOTALS AND PERCENTAGES

% of
total stations

No. of years

No. of stations'
means based on * .

20 58 35
10 - 29 N 39
>=9 29 2N

5 L 2

ranges, the time period over which the station means were based.
Unfortunately, as illustrated by the map (Fig. 3), the regzions
where station data are sparse (i.e., in mountainous areas and the
southeastern portion of Oregon) also contain a number of stations
with means based on short records. Nonetheless, no particularly
anomalous positions of life zone categories were observed so that
the data means seem to have been quite adequate.

Two U.S. Weather Bureau publications were used as sources for
the temperature, rainfall, and elevation data. First, summarized
rneans for 128 statibns, based on five to thirty year periods be-

tween 1931 and 1960, wefe obtained from Climatograschy of the United

States llo. $6-31. Second, means were computed for an zdditional
thirty-seven stations frem data recorded since 1965 using the

publication Climatological Data: Cregon. The time period of the

later calculated means ranged from two to six years.

2. Determining Life Zone Categories

Trensformation of the data to metric equivalence was the first
step to ascertaining the life zone classification for each of the
selected meteorological stations. Iext, conversions of the mean

monthly temperatures to mean annual biotemperatures were performed as
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previously outlined. These along with the mean annual precipitation
and station elevation values provided all of the necessary paran-
eters for determining the life zone categories.

liean annual biotemnerature and mean annuai precinitation
values were plotted on the Holdridge life zone diagram to discern
the climatic limits(i.e., whether moist forest, steppe, et cetera)
of each station. The latitudinal regions and altitudinal belts for
the stafions were determined by intersecting mean annual biotem—
verature values and station elevations on the "guide line" chart
shown by Figure 2.

%, Comvilation of the Life Zone Map

A map vroduced by Raisz, '"Landforms of the liorthwestern
States," (1941) was adopted as a base map for the final compila-
tion. EKach station was coded on the Raisz map according to its
life zone grouving and division boundaries were drawn. The Raisz
map was a particularly useful aid in separating basal, montane,
and subalpine regions. In addition, information concerning the
transitional character of some stations proved meaningful in
internolating boundary lines. The final map (Fig. 4) was draftedl
at the scale of 1:1,300,000 and photograpghically reduced for

presentation.
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VI. EVALUATION OF THE LIFE ZONE IMAP

Any map which purports to display the distribution of a
specific phenomenon should, to be sure, compare reasonably well
with other maps on which the same subject is illustrated. The
Question arises, however, particularly with the Holdridge life
zone map presented here: upon which map(s) can a reasonable
assessiient be based? Fosberg warns against the use of circular
reasoning when conducting map» comparisons:

If a vegetation map that is really a mar of an eco-

system including climate as one of its bases is

compared with a climatic map there will certainly

be a correlation, but it may be a false one. |
Thus, thé life zone man in this vresentation should not be tested
by evaluating it against climatic nays, buf through comparisons

of the broad vegetation units it defines with maps based on ac-

tual or potential vegetation distributions.

A, Visual Comparisons

A number of maps denicting the actual or potential natural
vegetation realms of Oregon are found in the literature. Two will
be considered for comvarative purposes: 1) Xuchler's wap of potential
natural vegetation of the United States;aoeuu12) a map of the natural

vegetation of Oregon by Franklin and Dyrness.21 The reader is

19 Fosberg, op. cit., footnote 4, p. 75.

20 A. W. Kuchler, Potential Natural Vegetation of the Conterminous
United States,(Hew York: American Geograpnical Society, 1964),
map supplement.

21 J. F. Franklin and C. T. Dyrness, '"Natural Vegetation of Oregon
and iviashington," USDA Forest Service General Technical Kenort

Pliti-=8, (1973), p. Lbk-L5.

—




referred to either one of these publications for the following
discussion.

Visually comparing the life zone distribution ran of Cregon
(Fig. L) with the Kichler or Franklin and Dyrness mauvs, broad
congruities may be noted. Tirst of all, a general vegetation
zonation pattern follows the mountain and valley repions from
the Yacific Ocean to the east side of the Cascade Range on each
nap. Secondly, the stepre and desert scrub regions differentiated
on the Holdridge life zone map in eastern Cregon egquate reasonably
well with the same type of categories of the other two maps.
Finally, vegetation associated with the mountainous areas of
northeastern Oregon on the vegetation maps is shown on the life
zone map similarly as "warm temperate nontane and subalpine!t.
forests.

Contrary to these agreements, however, some areas on the life
zone map fail to correlate with actual vegetation watterns. Vertical
zonation on Steens liountain of southeastern Cregon, for example, is
not depicted. Likewise, the alpine regions of tne Cascade Range
are nissing on the life zone map. These discongruities seen,
though, to be related to insufficient climatologzical data rather

than an inherent wealiness in the Holdridge model itself.

E. Further Evaluationsg

Other evaluations, indevendent of comparative analyses, may
also be made concerning the validity of the life zone map. It is
significant to note, for instance, that stations in close prox-

imity reveal no contrasting relationships (e.g., rain forest and
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steppe in near Jjuxtaposition). loreover, rational transitions
related to topography or geographic position occur in most situa-
tions. One possible anomaly may, however, be associated with
the use of climatic data obtained within urban heat islands. The
city of FPortland, specifically, may be cited. Ilieteorclogical
recordings from within the city place Portland in a warm tem=-
perate moist forest life zone while the Portland airport is
discovered to be a éool tenperate moist forest from its data.
Perhaps the slight difference in heat within the city is suffi-
cient to give it a higher biotemperature and consequently a

warmer latitudinal classification than might be expected.
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VII. RECOMMENDATIONS FOR OTHER STUDIES

A variety of suggestibns for further applications znd testing
of the Holdridge model have evolved from this study. These in-
clude: 1) detailing additional divisions of the 1life zone map;

é) other means of life zone map compilation; and 3) techniques for
testing the validity of the Holdridge mocdel and the life zone map
of Oregon. |

A. Additional Divisions

In that the 1life zone categories are only the first order
units defined by the Holdridge classification scheme, a logical
progression from this presentation is to define the second order
"'plant associations'" for areas of particular concern. For example,
important watershed, recreation, or agricultural areas night be
examined in detail with plant association information character-
izing local edavhic, atmospheric, or hydric conditions. A4ddition-
ally, significant knowledge concerning runoff and potential
evapotransyiration at data voints may also be obtzined from
equations and nomograms develoved by Holdridyge from the basic
22

model,

B. Other Comnilation Methods

If a2 larger scale map than that produced in this nresentation
is desired, the employment of topographic maps for intervolating

life zone boundary lines might yield information with further de-

22 These are discussed in: Holdridge, op. cit., footnote 11,
p- 1-'9'
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tails. It must be remembered, however, that sets of contour
lines themselves do not always demarcate climatic or vegetation
zones. Hence, at large scales field checking is certain to
become necessary. Ewel and Whitmore employed field reconnais-
sance in compiling a Holdridgé life zone nap of Puerto Rico.25
Areas betveen stations with contrasting life zones were traversed
and locations of changes or transitions in vegetation types noted.
The methodology of Thompson (1966), vwhere isothermal and isohy-
etal maps vere used for supplemental data.information in moun=~
tainous areas, may also prove helpful in detailing certain regions.

Another method for the compilation of a life zone map might
be to utilize profiles. To begin, a number of transects would
be drawn through as many climetic stations as vossible on a plani-
netric man of the area of interest. The transects, then, would
be plotted in prgfile and each station's liife zone indicated.
Lastly, interpnolations would be conducted on'the profiles using
elevation data and then transferred back to the planimetric map
for final detailing. This procedure woulcd minimize the amount of
climatic data required and aid the interpolation procedure where
climatic data are wanting.

C. Testing the Life Zone Man

Differences in exactly how categories are defined and inter-

. preted complicate any attempt at comparisons of manped aistributions.

23 J. J. Ewel and J. L. Whitwore, '"The Ecological Life “ones of
Puerto Rico and the U.S5. Virgin Islands," USDA Forest Service
Fescarch aper ITF--18, (Dec. 1973), ». 7.
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This in particular ié discovered when examining the corressondence
between the life zone map of Oregon and maps showing actual vegeta-
tion distributions. Testing the life zone mav for areal extent or
boundary correlations, then, would probablybe futile. A quantitative
analysis of wnoint data may, however, provide further insight into
the validity of the Holdridge model and -the life zone map of
Oregon.

Akconceivable evaluation might be to statistically examine the
reliability of life zone cate ories in accurately describing the
potentizal or actual vegetation at data points. First, a sinpli-
fication could be madé by considering only the vegetation type
described in the life zone name (i.e.,, moist forest, stenpe, and so
on). Sample stations would then be drawn from a list of each
of the life zone categories with the number in fhé sanple varying
by the total class size. The life zone classification of the
samvled stations could be compared with qualitative vegetation
descrivntions from maps or the literature and a decision made as to
whether the two are basically similar(e.g., can a station within an

area where Fseudotsuga menziesii is the dominant species be con-

sidered to lie inside a moist forest classification?). Having
verformed this admittedly difficult task for each sampled station,
statistical evaluations could then be made as to the dependability
of the Holdridge model in predicting vegetation types from climatic
data. If the number of similarities noted in each category wvere
considered observed values (0O) and the total number of

sampled stations in each category designatéd expected values (E),
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chi-sguare (xa) might be employed as the test statistic. The.
total expected frequency in each category should be at least five
and the total number of stations should be at least twenty for
the chi-square test to be valid.24 The following exaﬁple out-

lines the procedure of testing a hyvothetical set of data with

chi-square:
Data Set:
Category 0 E
Rain Forest 8 10
Wet Forest 10 12
lioist Forest 12 15
Dry Forest L 5
Steppe 13 14
Desert Scrub 6 8

Null Hypothesis:
The life zZone categories are not significantly different
than actual or potential vegetation types.

Alternative Hypothesis:
The life zone categories are significantly different than
actual or potential vegetation types.

Chosen Significance Level: 99%
Degrees of Freedom: Wo. of categories ~ 1 = 5
Critical Chi-Square Value: 15.09

Chi-S~nare Test:

) . 2 2 2
D N N 1) L S T P (6-8)
0 + B R 5

Conclusion: Since 2.1« 15.09, we fail to reject the null hypothesis

24 J. P. Cole and C. A. M. King, Suantitative Geogravhy (New York:
John VWiley and Sons, Ltd., 1968), p. 135.




and conclude that at the 99% significance level the life

zone categories are not significantly different than actual

or potential vegetation types.

This suggested test would illustrate only how well the Hold-
ridge model may be expected to predict vegetation tywves at data
locations. Perhaps the best test of the model and the life zone

map of this presentation will be their apnlicability in various

practical problems related to ecological studies.
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VIII. SUMMARY AND CONCLUSIONS

An ecological life zone map of Oregon has been compiled by
utilizing the Holdridge model. Visual comparisons between maps
depicting actual vegetation distribution in the state and the life
zone man have alsc been conducted. The similarities noted from
this evaluation and the logical pétterning of the life zone map
demonstrates some merit in the Holdridge classification schene.
Further tests are recommended to determine how well the model
predicts broad vegetation types. This study provides a basis
from which these examinations and other applications of the Hold-

ridge model might begin.
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