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ABSTRACT

The Moldridge life zone classification, a relatively new climate 

Classification, was developed In the tropics and has seldom 'been applied 

to arid or non-troplcal regions. In this study, the classification was 

applied to the diverse Arizona landscape to test the applicability of 

the system In an arid-semiarid, subtropical area.

A life zone map of the state, based on the Holdrldge classifica

tion, was compiled with the aid of a computer mapping program and com

pared to climate and vegetation maps of the state produced by other 

authors. In addition, such facets of the classification as the biotem

perature, critical temperature line, lapse rate, the calculation of PE, 

and the humidity province, as well as the Holdrldge methodology, were 

evaluated.

The classification was not found to be significantly more 

meaningful than its predecessors, and the mapped life zones did not 

Correlate well with Arizona's vegetation. PE determined by the Holdrldge 

method was too low for use in arid climates. The principal drawback to 

the use of this classification was the lack of clear definitions, which 

made the classification difficult to "master" and rendered one of the 

concepts meaningless.

vii



CHAPTER 1

INTRODUCTION

For centuries natural scientists have systematically attempted 

to describe the variation of climatic elements over the earth's surface 

with the aim of simplifying these diverse elements into a limited number 

of distinct climatic types. In 1900, Koppen presented the first detailed 

classification of world climates, based primarily on temperature, 

although he was certainly not the first to attempt climatic classification. 

Since then, several other classifications, designed for a variety of 

different purposes and utilizing a number of different parameters and 

critical values, have appeared. These classifications have received 

differing amounts of acclaim and acceptance— some have become quite 

popular while others have not. One relatively recent classification 

which is not widely known, that of L. R. Holdrldge, focuses on the 

relationship, so frequently explored by 20th century climatologists, 

between vegetation and values of temperature and precipitation. The 

simplicity of the Holdrldge model, the many favorable claims made for 

this classification by its devoted adherents, and the fact that the 

system has not been widely tested outside the tropics make this clas

sification an attractive one for study. The aim of this study is to 

apply the Holdrldge life zone classification to Arizona, and to 

evaluate the association between the system and the Arizona landscape.

1
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Types of Climatic Classifications 

Climatic classification can be approached from a genetic or 

descriptive viewpoint, and classifications can be based on a variety of 

climatic parameters, determined principally by the use for which the 

classification is designed. Dynamic climatology studies the physical 

mechanisms responsible for climatic patterns and variations. It is the 

broad scale regional or global synthesis of daily air circulation 

patterns, which on a local scale becomes synoptic climatology. Bergeron, 

Borchert, Flohn, Oliver, and Petterssen have developed similar dynamic 

classifications defined in terms of dominant air masses and wind belts 

(Critchfield i960, Strahler 1969, Trewartha 195*0 •

A second approach to climatology is largely descriptive. Most 

descriptive classifications have emphasized one or two climatic elements, 

such as temperature, precipitation, or a combination of the two, although 

some are more complex. The Greeks recognized a relationship between 

latitude and temperature and divided the earth into geometrically derived 

torrid (too hot for human habitation), temperate, and frigid (too cold 

for human habitation) zones (Critchfield i960, Miller 1963, Trewartha 

195*0* Recently Terjung and Maunder have developed climatic classifica

tions based on man, in which human physiological reactions to such 

factors as heat, cold, relative humidity, windiness, and sunshine are 

used as the basis for distinguishing climatic types (Gates 1972).

J. F. Schouw (1823) and A. de Candolle (1855) were among the 

first preoccupied with the effects of climatic elements, especially 

temperature, on vegetative distributions, and Hind (1940) derived a semi- 

quantitative system integrating temperature, moisture, and time



variability factors with vegetation (Holdridge 196?, p. 11). Supan, in
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the 19th century, developed a classification based on temperature, in 

which intervals of 10°C were used to distinguish vegetation based 

climatic zones (Miller 1963)• In 1900, Koppen adopted Supan*s figures 

of 32°F, 50°F, and 68°F (0°C, 10°G, and 20°C) and developed a new clas

sification correlating combinations of average monthly temperatures 

above and below 32°F, 50°F, and 68°P with De Candolle's world vegetation 

map. Koppen*s classification, which distinguished five climatic regions 

on the earth's surface, differed from Supan's in that it was based on 

monthly temperature means rather than yearly averages. The classifica

tion was revised in 1918 to include mean annual precipitation and the 

seasonal variation of precipitation along with temperature, and it is 

this revised version which has become the prototype for many modern 

classifications of climate (Critchfield i960, Gates 1972, Miller 1963, 

Strahler 1969, Trewartha 195*0 • The Koppen classification used quanti

tatively defined climatic boundaries and a shorthand notation for 

identifying climates. The influence of evaporation was indicated by 

combining precipitation and temperature to estimate precipitation 

effectiveness. Since 1918, the Koppen system has been modified several 

times by Koppen, Geiger, Pohl, and Trewartha, and many classifications 

similar to Koppen's have appeared. Among the better known are those of 

Hettner, De Martonne, Miller (Trewartha 195*01 and later, Holdridge, all 

of which rely on precipitation and temperature, although none of these 

systems have received much attention in the United States. However, two 

classifications which have become popular in this country are Thorn-

thwaite's 1931 and 1948 classifications (Thornthwaite 1931 and 1948).



In 1931 Thomthwaite first developed a classification which 

was similar to Koppen*s in that it attempted to define climatic bound

aries quantitatively, used combinations of symbols to designate climatic 

types, and was based on vegetation patterns, but differed from Koppen 

in that data of hydrology and soils were used to supplement those of 

vegetation in locating the boundaries of climatic regions. The T h o m 

thwaite classification emphasized soil moisture surplus and deficiency 

and utilized the seasonal variation of moisture and heat factors. Tem

perature was given in terms of a temperature efficiency index and pre

cipitation in terms of a precipitation effectiveness index (Thomthwaite 

1931) • Thomthwaite revised his classification in 1948 to identify 

climates independently of gross patterns of vegetation, soils, and land 

use by a "rational" comparison of precipitation and potential evapo- 

transpiration. The Thomthwaite classification dealt with the organi

zation of these strictly climatic parameters into zones or climatic 

regions, and plant cover became important only in its effects on such 

processes as transpiration and evaporation (Thomthwaite 1948).

The Holdridge classification is another which reflects the work 

of Koppen both in its vegetation-based foundation and its reliance on 

simple temperature and precipitation means, but use of the system has 

been limited primarily to Central and South America. Like Koppen, 

Holdridge uses mean monthly precipitation and temperature data (the 

latter converted to biotemperature) to distinguish his "life zones" and 

identifies his life zones by symbolic notation, but unlike Koppen and 

Thomthwaite, he has not developed a world map of his classification. 

His life zone classification deals with climate as it is presumed to be
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reflected by plant associations, and his classification strongly 

reflects the earlier concepts of Clements (1907).

The Holdridge life zone classification of an area can be deter

mined easily with the use of the life zone diagram, which is a triangular 

matrix of life zone types defined by logarithmically scaled values of 

mean annual biotemperature, mean annual precipitation, and presumed 

water losses by evapotranspiration. The only calculations necessary are 

the computation of biotemperature and the estimation of sea level equiv

alent biotemperature, and the latter may be done graphically. The 

merits of the Holdridge life zone model, according to its adherents, are 

the ease and simplicity with which basic site classifications can be 

made, the ease with which potential evapotranspiration can be calculated, 

and the supposedly close correlation between theoretically derived life 

zones and existing or potential climax vegetation.

Purpose of the Thesis

The purpose of this project is to apply the Holdridge classifi

cation to Arizona and to test the validity of the life zones theoret

ically fitting within the state. Life zone classifications are cal

culated for all Arizona weather stations with at least ten years of 

continuous record, and these station data, along with existing data from 

maps of annual precipitation, are used as basic information for a life 

zone map of the state. The areas covered by each life zone are then 

compared to the distribution of vegetation in Arizona as shown on 

Kuchler's map of potential vegetation for the United States (1964a) and 

Whittaker and Niering's diagram of vegetation zonation in the Santa
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Catalina Mountains (196$) in order to determine the coincidence of the 

life zone map with Arizona's vegetation on "both state and local scales.

In addition, various components of the Holdridge method are 

examined. The utility of using mean annual temperature instead of bio- 

temperature is evaluated as is the desirability of using daily instead 

of monthly temperature means for obtaining annual biotemperature values. 

The normal lapse rate assumed by Holdridge for obtaining sea level or 

basal biotemperature is also compared with an average lapse rate deter

mined empirically for the state. The validity of the "critical tempera

ture line" (18°C) used in the classification is also examined, and 

estimates of potential evapotranspiration calculated by the Holdridge 

method are compared with estimates derived by the Thomthwaite method 

and field estimates. Finally, the advantages and disadvantages of using 

the Holdridge climate classification are discussed.



CHAPTER 2

THE HOLDRIDGE LIFE ZONE MODEL

The essence of the Holdridge life zone classification is the

concept of the life zone itself. Although Holdridge devotes an entire

chapter to the life zone concept (Holdridge 1967* pp» 7-17) he fails to

present a clear, concise definition of this concept. One must instead

piece together a definition from page after page of "brief references

to life zones such as the following (cited in the order in which they

appear in Life Zone Ecology, 1967)*

The objectively defined groupings of associations are called 
life zones. They are natural sets of associations even though 
each grouping may comprise a whole catena of landscape or 
environmental units ranging from swamps to ridge tops. At 
the same time, the life zones comprise equivalently weighted 
divisions of the three major climatic factors, namely heat, 
precipitation and moisture (Holdridge 1967, p. 9).

Although the concept intended here with the life zone is, 
in essence, similar to that given to the term "biome”, the 
latter term is not precisely defined by climatic parameters 
(Holdridge 1967t p» 10).

What then is a life zone, other than a set of specific ranges 
of major climatic factors? It may be thought of as a group 
of associations related through the effects of these three 
major climatic factors; heat, precipitation and moisture 
(Holdridge 1967, p» 15)•

In addition to the aspect and impression of the environment, 
a life zone is correlated with a set of agricultural practices, 
a time of planting and of harvesting and in rural districts 
with types of buildings related to the general agricultural land 
use . . . Although this sounds like a subjective system of 
classification, the life zone is specifically and precisely 
defined by the ranges of the three major climatic factors 
(Holdridge 1967, p. 15).

7
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The terra "association" used in the preceding quotations is 

defined by Holdrldge as " . . . the basic natural unit within vege

tation masses" (Holdrldge 196?» P» ?)• Holdrldge statesi "The view

point taken in this book is that the association must be thought of as 

a natural unit in which the vegetation, the animal activities, the climate, 

the land physiography, geological formation and the soil are all inter

related in a unique recognizable combination which has a distinct aspect 

or physiognomy" (Holdrldge 196?, p. 7)« The use of the Holdrldge clas

sification presumes the ability to recognize distinct associations and 

life zones, although Holdrldge does not state clearly how one gains this 

ability.

Holdrldge originally used the term "plant formation" Instead of 

"life zone," but the former was discarded due to its emphasis on vege

tation. Although Holdrldge " . . .  claims that a distinct environmental 

complex consisting of more than vegetation is described by each life 

zone delimited, the individual life zones are Identified by a single 

vegetative term" (Stella 1970, p. 3)«

Holdrldge, of course, is not the first to deal with life zones. 

Merriam was one of the first to study selected sites and classify the 

vegetation observed into distinct zones. Merriam's life zones were 

based on vegetational physiognomy and defined by specific elevations and 

temperatures. He distinguished seven life zones in Arizona (Merriam 

1890, pp. 7-20). Following a similar procedure, Whittaker and Niering 

studied the Santa Catalina Mountains near Tucson, Arizona, and grouped 

vegetation by growth forms, life forms (Raunkiaer classification), areal 

types, geographic area, and relation to topographic moisture gradients
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and levels on the bajada (Whittaker and Nierlng 1964, p. 11). They 

identified plant growth forms "by major morphological or structural 

characteristics together with seasonal variations. Hall and Grinnell 

described their life ssone as a biological assemblage of plant and 

animal species which establish the zonal identity of any locality. They 

did not, however, develop a life zone classification based on heat and 

moisture as did Holdridge (Hall and Grinnell 1919> P* 38)• Lowe distin

guished five world formation types, each subdivided into plant associ

ations— a system similar to Holdridge*s (Lowe 1961, p. 40), What differ

entiates Holdridge*s work from that of many of the above authors is 

that Holdridge extended the life zone concept into a global bioclimatic 

classification.

The Holdridge life zone classification, originally developed in 

1947, was based on the hypothesis that plant formations growing on a 

zonal soil in a zonal climate precisely reflect long term climatic 

conditions. Therefore climatic parameters can be used as the basis for 

a classification of plant formations, or at least potential plant for

mations. Holdridge defines a zonal climate as one " . . .  with a normal 

average distribution of precipitation and moisture in accordance with 

the annual means of biotemperature and precipitation and without special 

atmospheric conditions such as steady, abnormally strong winds or mist 

condensation on the vegetative surfaces (Holdridge 1962, p. 2). He 

defines a zonal soil as one which " . . .  reflects the influence of the 

active factors of soil genesis— climate and living organisms (Holdridge 

et al. 1971, p. 8).
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Working solely with data on elevation, mean annual precipitation, 

and mean annual values o f biotemperature, Holdridge developed the life 

zone diagram for global classifications shown in Fig. 1 (Holdridge 19^7t 

p. 13).

The Life Zone Diagram

The life zone classification of a given site, according to the 

Holdridge methodology, is determined by the latitudinal region as 

defined by mean annual biotemeprature increased to*that normal at sea 

level, the altitudinal belt, if different from that associated with the 

region as defined by mean annual biotemperature, and the site’s mean 

annual precipitation. A fourth value, the site’s humidity province is 

defined by a ratio of potential evapotranspiration to precipitation 

and is thus determined by the life zone diagram (Fig. 1). Intersections 

of lines indicating critical values of biotemperature, precipitation, 

and a potential evapotranspiration ratio determine the life zone bound

aries of Fig. 1. Critical values of biotemperature are 0°C, i.5°C, 3°G, 

6°C, 12°C, and 24°C, while those of precipitation are 62.5 mm, 125 mm, 
250 mm, 500 mm, 1000 mm, 2000 mm, 4000 mm, and 8000 mm. The potential 

evapotranspiration ratio is logarithmically scaled from .03125 to 64.00. 

Together these lines form a grid of hexagons, each of which outlines a 

plant formation (Holdridge 1967)•

Biotemperature

The concept of biotemperature is, perhaps, what distinguishes 

this classification from all others, and it is the only calculation 

which is absolutely necessary for the classification of a given site's
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life zone. Holdridge defined this term as the temperature range above 

freezing within which plant growth processes, including transpiration, 

are active. "The range of temperatures within which vegetative growth 

occurs is estimated to lie between 0°Celcius as a minimum and 30°C as a 

maximum. The positive temperatures within this range must be averaged 

out over the whole year period in order to make it possible to effectively 

compare a given site with any other on the earth" (Holdridge 196?, p. 18).

Holdridge*s climatic divisions of the life zone model are based 

on latitudinal belts divided at the 0°C, 1.5°C. 3°C, 6°C, 12°C, 18°C, and 

24°C mean annual sea level biotemperature isotherms (Fig. 1). Sea level 

biotemperatures in each latitudinal belt are considered the norm (basal) 

and biotemperatures of elevated sites are compared by increasing them to 

their sea level equivalents, either mathematically or with the aid of the 

diagram in Fig. 2. To mathematically correct biotemperatures of elevated 

sites to sea level, the elevation of a given site, in thousands of meters, 

is multiplied by six (the lapse rate assumed by Holdridge) and the product 

added to the site’s biotemperature to obtain a sea level biotemperature 

which would indicate the true climatic or latitudinal designation of that 

site. The altitudinal guide lines of Fig. 2 are approximate and based on 

a lapse rate in temperature of 6°C per 1,000 meters elevation.

Altitudinal zones of decreasing biotemperature equated with the 

latitudinally defined climatic zones, and elevated sites were considered 

subzones within the climatic region identified by the sea level biotem

perature of each site. A station with a sea level biotemperature of 22°C 

(within the subtropical range) might classify as subtropical (basal or 

sea level), subtropical lower montane, subtropical montane, etc.,
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depending on Its elevation above sea level. Both latitudinal and alti

tudinal regions are defined in terms of mean annual 'biotemperature, 

and not degrees of latitude or meters of elevation (Holdridge et al.

1971, P. 11).

Precipitation

Total yearly precipitation for each year of record used was 

summed and averaged to obtain the mean annual precipitation of each 

site. The data were converted from inches to millimeters and then 

plotted on the life zone diagram.

Humidity Province

The relationship between water availability and water require

ment was considered an important element in determining the climate and 

vegetation of a given area according to Holdridge, but he statesi 

"There appears to be no possible meteorological or climatic measurements 

presently feasible which can give directly a suitable set of values to 

be utilized as the third or humidity coordinate of the life zone chart" 

(Holdridge 196?, p. 27). Both Thomthwaite and Holdridge handled this 

problem by using a ratio of potential evapotranspiration (PE) to pre

cipitation. In the Holdridge system, this ratio is determined graphically 

by means of intersecting biotemperature and precipitation coordinates 

on the life zone diagram.

Potential evapotranspiration, the elusive and nearly unmeasurable 

parameter used to determine Holdridge*s humidity ratio, is defined by 

Holdridge as " . . . the theoretical quantity of water which would be 

given up to the atmosphere within a zonal climate and upon a zonal soil
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"by the natural vegetation of the area, If sufficient but not excessive 

water were available throughout the growing season" (Holdridge 1967* 

p. 27). Holdridge states* "Since evaporation and transpiration are 

directly correlated with temperature, other factors being equal, the 

mean annual potential evapotranspiration in millimeters at any site may 

be determined by multiplying the mean annual biotemperature by the factor 

58.93” (Holdridge 1967, p. 28). The Thornthwaite method, in contrast, 

determines PE by a much more complex procedure, which is difficult and 

quite time consuming to use (Thornthwaite 1848, pp. 89-93)• Whether or 

not Holdridge*s method produces a reliable estimate of PE is another 

matter for consideration, but the ease and speed with which this calcu

lation can be made is one of the most useful and desirable aspects of 

the life zone model.

Classification Example

As stated previously, " . . .  the combined names of latitudinal 

region, altitudinal"belt (when needed), and humidity province (or plant 

formation], in that order, provide the name of the life zone" (Holdridge 

et al. 1971, p. 13)• For examplet Bagdad, Arizona receives an average 

of 344.4 mm of precipitation per year, has a mean annual biotemperature 

of 17«3°C, and is located at an elevation of 1143 meters. Mean annual 

biotemperature indicates Bagdad’s altitudinal classification to be lower 

montane. The intersection of the lines representing Bagdad’s mean annual 

biotemperature (17.3°C) and mean annual precipitation (344.4 mm) on Fig.

1 (p. 11) indicate that the plant formation type one could expect to find 

at Bagdad, assuming a zonal soil and climate, is thorn steppe. The
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climatic classification of this site would be determined by adjusting 

the mean annual biotemperature to sea level by multiplying the elevation 

in thousands of meters (1.143) by a lapse rate of 6°C per 1,000 meters 

of elevation (an average lapse rate derived experimentally by Holdridge), 

and adding the result (6.858) to 17.3°G. The resulting temperature is 

24.1°C, which falls within the tropical latitudinal belt. The complete 

life zone classification for Bagdad would be tropical, lower montane, 

thorn steppe. If, by adjusting biotemperature to sea level, the sea 

level biotemperature had been less than 18°C (i.e., if Bagdad was located 

at a somewhat lower elevation) then the classification would have been 

warm temperate thorn steppe. Because the lower montane designation is 

the basal altitudinal belt of the warm temperate climate region, it 

would not be necessary in the latter case to include the altitudinal 

belt as part of the life zone classification.

Transitional areas within each life zone can be indicated, as 
shown in Fig. 3»

Critical Temperature Line

As can be seen in Fig. 1 (p. 11), the latitudinal belt lying be

tween 12°C and 24°G is divided by the "frost or critical temperature line," 

forming a warm temperate and subtropical climate within this belt. This 

division represents a seemingly inconsistent departure from the loga

rithmic progression of biotemperature used to delineate climatic regions. 

The critical temperature line varies from 16°C to 18°C and theoretically 

divides regions in which frost occurs, and therefore affects species com

position, from those in which it does not. Holdridge states* "The 

frost or critical temperature line represents the dividing line between
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two major physiological groups of evolved plants. On the warmer side of 

the line, the majority of the plants are sensitive to low temperatures. 

They can be killed back by frosts as they have not evolved to withstand 

periods of cold. Toward the poles or above this line in the tropical 

and subtropical regions, the total flora is adapted to survive periods of 

variable lengths of low temperatures . . . M (Holdridge 196?, p. 22).

The line is " . . . tentatively defined as the limit of the area of the 

cooler region which is subjected to a severe killing frost at least once 

every three years" (Holdridge 19&7, p. 22). Sites with biotemperatures 

above the 16°C to 18°C range indicated by this line, would, by this 

definition, be presumed to be frost free, but this is not the case in 

Arizona. The critical temperature line and its validity in Arizona is 

dealt with in greater depth in Chapter 5*

The Association

The physiognomic terms employed on the life zone diagram were 

presumed by Holdridge to depict the potential climax vegetation to be 

found in a given life zone, but Holdridge emphasized that edaphic, 

hydric, or atmospheric anomalies might cause the vegetation of a region 

to be quite different than that predicted by the model. Holdridge di

vided the primary life zone categories into second order categories 

termed associations, which are determined by factors of the environment 

which are usually restricted in extent (Holdridge 196?, p. 32). He 

defined an association as " . . .  an area with a definite range of 

environmental factors which under natural undisturbed conditions is 

occupied by a distinctive community of organisms. Such communities



must be or must have been significantly distinct to set the association 

apart from the surrounding associations of the life zone. There is no 

need to go beyond the specific life zone concerned to determine the 

criteria of distlnctivity, because any associations in other life zones 

are automatically distinct because of differentiation due to the gross 

climatic factors" (Holdridge 19&7, pp. 31-32)•

Holdridge recognizes four types of associations; climatic, 

edaphic, atmospheric, and hydric (Holdridge 196?, p. 35)• While only 

one climatic association can exist within each life zone, many varia

tions of the latter three might occur together within a given life zone. 

The name of the plant formation within each hexagon on the life zone 

diagram is the name of the climatic association of a given site and life 

zone. Holdridge defines the climatic association as " . . .  a plant 

community growing on a zonal soil in a zonal climate. An edaphic 

association is a plant community growing on an azonal or intrazonal soil 

while an atmospheric association is a plant community growing in an 

azonal climate. Examples of the latter are a Mediterranean climate, a 

monsoon climate, a cloud forest climate and coastal or mountain-ridge 

climates with strong winds. A hydric association is a plant community 

growing where the soil is covered with water for all or almost all of 

the year" (Holdridge 1962, pp. 2-3). Since the climatic association may 

not be present at each site, the term "potential vegetation" is used to 

describe the vegetation of each life zone classified by this system.

19



CHAPTER 3

APPLICATION OF THE HOLDRIDGB 
LIFE ZONE CLASSIFICATION TO ARIZONA

In order to apply the Holdridge life zone classification to 

Arizona, it was necessary to determine the various life zones found in 

the state. Location, elevation, and climatic data were obtained for 

148 Arizona weather stations for which at least ten years of continuous 

temperature and precipitation records were available in order to mini

mize the bias encountered by using weather records of varying lengths 

(Green and Sellers 1964, H. V, Smith 1956, U. S. Weather Bureau 1960- 

1970). The location of each of these weather stations is shown if Fig. 4 

and the data are presented in Appendix A.

The life zone classification of each weather station was deter

mined according to the Holdridge methodology described in Chapter 2, with 

the aid of Figures 1 and 2. These classifications, listed in Appendix B, 

Indicated the general life zone patterns to be expected, but data from 

these sites were not sufficient for making generalizations on a state

wide scale. Before a state life zone map could be compiled, a method had 

to be devised by which precipitation and temperature data could be 

estimated for areas lacking recorded data.

As illustrated by Fig. 4, one of the more obvious limitations in 

using point data was that of the sparse and uneven distribution of 

reporting weather stations over Arizona's 113,000 square mile area.

There are only two stations on the Kaibab Plateau in the northwest

20
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corner of the state, very few along the lower Colorado River, and 

with the exception of a new station at Kltt Peak, there are no complete 

recording stations on any of the mountain peaks in the southern part of 

the state. Although Arizona averages one weather station per 763 square 

miles, the majority of stations are located in the more densely populated 

central and southeast portions of the state, and in towns located in 

valley "bottom sites.

To estimate "biotemperature and precipitation for areas lacking 

site data, biotemperature and precipitation data obtained from the 148 

weather stations were associated with elevation by means of simple 

linear regression analysis. It was hoped initially that detailed con

tour maps of the state could thus be used to draw in critical isarithms 

of biotemperature and isohyets. Analysis of elevation and biotempera

ture produced a Pearson correlation coefficient of 0.95* a standard error 

of 1.32 degrees, and the regression equation

. Bc 0 23.28649 - .00641 Em (Eq. 1)
where Bc is biotemperature in degrees Centigrade and Em is elevation in 

meters. Similar analysis of elevation and precipitation produced the 

regression equation

Pmm - 158.74815 + .14166 Em (Eq. 2)

where Pmm Is precipitation in millimeters and Em is elevation in meters. 

The correlation coefficient of O .65 was not considered high enough to be 

of use in mapping the life zones of the state. (The temperature lapse 

rate, by equation one, is 6.4l°C per 1,000 meters, and the orographic 

rate of precipitation increase, by equation two, is 142 mm per 1,000 

meters.)
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Equation one indicated that the average annual 'biotemperature 

at sea level for the entire state was 23»28°C, a subtropical temperature. 

Holdridge defined the subtropical region as one with biotemperatures in 

the 17°C to 24°C range, encompassing latitudes from 13° to 27°30*. 

Although Arizona*s borders are located at 31°2l* and 36°57' north 

latitude, sea level adjustment of biotemperatures brought them into the 

indicated subtropical temperature range. The basal climatic zone of 

the state was therefore assumed to be subtropical.

To determine the approximate elevation at which the various 

altitudinal belts could be found, equation one was solved for elevation. 

Biotemperatures of 1.5°C, 3°C, C, 12°C, and 18°C were substituted in 

this equation to obtain the altitudinal boundaries, in feet, of the 

subtropical life zone. Reeves and Stella (1972) had previously derived 

and mapped these boundaries directly using a computer mapping program 

(Harvard 1968), an equation similar to equation one, and a data file 

containing elevation parameters summarized by sixty-four square mile unit 

areas, but their map was highly generalized.

Using equation one and Reeves and Stella's methodology, the 

basal belt was found to extend from sea level to 2708 feet, the lower 

montane zone from 2708 to 5790 feet, the montane zone from 5790 to 8860 

feet, the subalpime zone from 8860 to 10,400 feet, and the alpine belt 

from 10,400 to 11,169 feet. A nival belt (cooler than i.5°C) of limited 

extent was found in the San Francisco and White Mountains at elevations 

over 11,169 feet.

The contour lines represented by the above boundaries were taken 

from a medium scale topographic map of the state and plotted on a
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li 1,000,000 "base. The approximate locations of the 125 mm, 250 nun,

500 mm, and 1,000 mm isopleths, shown on Holdridge's life zone diagram, 

were obtained directly from a state map of mean annual precipitation 

distribution (U«S.W.B., 1 1500,000 n.d.). As previously stated, the 

correlation of precipitation and elevation found by regression analysis 

was not sufficiently high to use the procedures described above for bio
temperature.

The Holdridge life zone classification was thus determined by the 

superimposed isarithms of critical values for biotemperature and mean 

total annual precipitation. The life zone map of the state of Arizona 

was originally compiled at a scale of It 1,000,000 and photographically 

reduced to produce Fig. 5« The classification of the life zones followed 

the Holdridge methodology as closely as possible, and the derivation of 

the life zone boundaries is as accurate a representation as could be 
obtained by the methods employed.

Since the climate of the state was determined to be subtropical 

at sea level, the few sites classified as marginally tropical in 

Appendix B do not appear on the state map of life zones. It was assumed 

that these stations were situated in ideal thermal belt locations of 

rather limited extent, and were therefore not typical of the region in 

which they were located.
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Pig, 5# Life Zones of Arizona According to the Holdridge Classification



CHAPTER 4

EVALUATION OF LIFE ZONES DELIMITED IN ARIZONA

The Holdridge life zone classification was developed from field 

experience in the tropics to deal with the complexity of tropical forests, 

and was later generalized to form a global classification of 'bioclimate. 

Holdridge*s life zones are defined by gross patterns of climate and char

acterized primarily by vegetation as indicated by physiognomic terms such 

as shrub, steppe, and tundra, on the life zone diagram. The classifica

tion* s logic and order are attractive, according to Holdridge*s adherents, 

and the system has been extended to lower orders of classification (Hold

ridge et al. 1971, p. 1). Although Holdridge says of his classification1 

"It is not intended to present a comprehensive, operational, predictive 

system, but rather an assessment of an approach to such a system which 

appears a priori to be promising” (Holdridge et al. 1971, p. 1), the 

classification nevertheless infers what the physiognomic character of a 

region’s "potential vegetation” should be. The life zone diagram iden

tifies first order environmental divisions outlined by the dominant 

environmental controls of heat, precipitation, and moisture requirements. 

Holdridge recognized that in addition to the first order divisions ” . . . 

subdivisions were necessary for more specific analysis and for inclusion 

in the classification system of second order environmental factors such 

as soils, drainage, topography, strong winds, mists and various patterns 

of precipitation distribution" (Holdridge I96?, p. 31). He therefore 

divided the primary life zones into the climatic, edaphic, atmospheric,
26
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and hydric associations described in Chapter 2, with the climatic 

association representing the climax vegetation of each life zone.

One of the purposes of this study is the evaluation of the fit 

of Holdridge's life zones to Arizona's vegetation. The aim is to deter

mine whether the life zone boundaries coincide with Arizona's vegetation 

boundaries and whether Holdridge's physiognomical terminology adequately 

describes the major vegetation classes in Arizona. The life zone model 

is designed, according to Holdridge, both for generalized use on a 

global scale and for large scale studies of microclimate, and both facets 

of the classification are evaluated.

The Holdridge classification was used to map the vegetation of 

the climatic associations of the state as predicted by the life zone 

diagram. Much of Arizona, however, is not characterized by climax veg

etation due to rugged terrain and edaphic anomalies. Logging, grazing, 

and fire have altered the landscape from that of the climatic association. 

Virtually none of the state is truely "natural" due to invasions or 

reductions in certain plant species, but much of the state is only 

sparsely settled and the vegetation relatively undisturbed. Probably 

much of the state is similar to the natural environment with respect to 
physiognomy.

Sources of vegetation data for Arizona, particularly recent data, 

are limited in number. Two who have produced vegetation maps which depict 

the state are Kuchler (1964a) and Humphrey (1963)• Although vegetation 

categories on the Kuchler map are not directly comparable to the Hold

ridge map, Kuchler's map was chosen for comparison with the Holdridge 

life zone map for the following reasons« The Kuchler classification has
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a physiognomic "basis using species dominants, is a general system, as 

is Holdridge’s, applied to the United States, and the map has a detailed 

legend. In addition, the Kuchler map portrays "potential*1 rather than 

existing vegetation and describes nineteen vegetation classes within 

Arizona, a reasonable number of categories to compare with the thirteen 

life zones of the state. Both the Holdridge and Kuchler classifications 

deal with abstractions. Kuchler*s map depicts what he calls "potential 

natural vegetation" and he defines the term as " . . . that which would 

exist today if man were removed from the scene and if the resulting 

plant succession were telescoped into a single moment" (Kuchler 1964b, 

p. 2). Holdridge uses the term "potential" vegetation to account for 

the fact that the vegetation of an area may not be that of the climatic 

association predicted by the life zone diagram. Since Holdridge states 

that the climatic association is most representative of each life zone, 

it was assumed for the purpose of evaluation that the climatic associa

tion should cover a substantial portion of each life zone delimited.

Holdridge is extremely vague in that he describes the vegetation 

of the climatic associations only in terms of generalized physiognomic 

terms. Desert scrub, thorn steppe, and moist forest evoke a mental image 

of the landscapes of those life zones, but the terms are not specifically 

defined and they cannot be related to other vegetative characteristics, 

either physiognomic or floristic. In addition, the names Holdridge uses 

to identify his plant associations differ from those used by Kuchler in 

his legend, and thus the boundaries of plant associations mapped by 

Kuchler and hypothesized by Holdridge are not directly comparable. Be

cause the two classifications could not be compared by matching identical
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terminology and boundaries, comparison of selected sites on both maps 

was used to examine the relationship between the two maps (Figs. 5» P« 25» 
and 6).

Comparison of the Holdridge 
and Kuchler I-iaps

To examine the equivalence of the Holdridge and Kuchler maps, 

a regular grid was applied to the Holdridge state map and points were 

arbitrarily chosen from grid line intersections. An identical grid 

was then applied to the Kuchler map and the sites located on the 

Holdridge map were plotted on Kuchler*s map. In this way the same sites 

were located on each of the maps and the life zone classification and 

Kuchler vegetation category was recorded for each site. Two independent 

samples of paired observations from the Holdridge life zone and Kuchler 

vegetation maps were taken to double check the pattern of results. Points 

which bordered two or more categories on either map were discarded, since 

a one-to-one match was desired for use with a matrix. The life zone 

designation and Kuchler plant type of the remaining pairs were recorded 

and plotted on a matrix of life zones versus Kuchler plant types. One 

hundred ninety-six points were matched in the first sample, and one hun

dred sixty-six points were matched in the second. The tests produced a 

similar pattern of results, summarized in Tables 1 and 2.

It was assumed a priori that each of Holdridge*s life zones 

would equate reasonably well with one or a few of Kuchler*s mapped plant 

types, but this was not generally the case. In a few cases, where a 

given life zone was found to contain several of Kuchler*s vegetation 

categories, one of the latter categories did predominate. The subtropical
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TABLE 1. COMPARISON OP HOLDRIDGE LIFE 
ZONES AND KUCHLER PLANT TYPESt SAMPLE ONE

{Numbers Indicate the number of observations of each 
Kuchler plant type found within each given life zone)

Subtropical desert life zone 
1 -creosote bush-bursage
1 - desert

Subtropical desert scrub
life zone_____________
24 - creosote bush-bursage 
9 - paloverde-cactus shrub 
3 - creosote bush

Subtropical thorn woodland 
life zone_______________
3 - creosote bush-bursage
2 - paloverde-cactus shrub

Subtropical lower montane 
desert scrub life zone
3 - great basin sage 
2 - creosote bush
2 - creosote bush-bursage 
2 - paloverde-cactus shrub
2 - grama-tobosa shrub steppe

Subtropical lower montane 
thorn steppe life zone 
16 - grama-tobosa shrub steppe 
6 - creosote bush-bursage
4 - juniper-pinyon woodland
4 - paloverde-cactus shrub
3 - creosote bush-tarbush 
3 - oak-juniper-mountain

mahogany transition 
2 - oak-juniper woodland 
2 - great basin sage 
1 - creosote bush

Subtropical lower montane 
dry forest life zone 
1 - juniper-pinyon woodland 
1 - oak-juniper-nountain 

mahogany transition

Subtropical montane desert scrub
life zone_____________________
9 - grarca-galleta steppe 
8 - great basin sage 
1 - juniper-pinyon woodland

Subtropical montane steppe
life zone_______________
23 - juniper-pinyon woodland 
4 - grama-galleta steppe 
3 - grama-tobosa shrub steppe 
3 - oak-juniper-mountain 

mahogany transition 
1 - pine-douglas fir forest 
1 - Arizona pine forest 
1 - oak-juniper woodland 
1 - great basin sage

Subtropical montane moist forest
life zone_____________________
7 - Arizona pine forest 
1 - pine-douglas fir forest 
1 - juniper-pinyon woodland 
1 - oak-juniper-mountain 

mahogany transition

Subtropical subalpine moist 
forest life zone

Subtropical subalpine wet forest
life zone_____________________
2 - pine-douglas fir forest

Subtropical alpine rain tundra 
life zone

Subtropical nival life zone



TABLE 2. COMPARISON OF HOLDRIDGE LIFE 
ZONES AND KUCHLER PLANT TYPESt SAMPLE TWO

32

(Numbers indicate the number of observations of each 
Kuchler plant type found within each given life zone)

Subtropical desert life zone 
8 - creosote bush-bursage 
1 - paloverde-cactus shrub 
1 - desert

Subtropical desert scrub
life zone_____________
32 - creosote bush-bursage 
11 - paloverde-cactus shrub 
8 - creosote bush

Subtropical thorn woodland 
life zone

Subtropical lower montane 
desert scrub life zone
3 - great basin sage
2 - juniper-pinyon woodland 
2 - blackbrush 
2 - creosote bush-bursage 
2 - creosote bush-tarbush 
2 - grama-tobosa shrub steppe 
1 - paloverde-cactus shrub
1 - saltbush-greasewood

Subtropical lower montane 
thorn steppe life zone 
15 - grama-tobosa shrub steppe 
11 - creosote bush-bursage
4 - oak-juniper woodland 
4 - oak-juniper-mountain

mahogany transition
2 - great basin sage
1 - juniper-pinyon woodland 
1 - Arizona pine forest 
1 - paloverde-cactus shrub 
1 - creosote bush-tarbush 
1 - chaparral

Subtropical lower montane 
dry forest life zone 
1 - grama-tobosa shrub steppe

Subtropical montane desert scrub
life zone_____________________
10 - grama-galleta steppe 
6 - great basin sage 
2 - juniper-pinyon woodland

Subtropical montane steppe
life zone____________■
21 - juniper-pinyon woodland 
6 - grama-galleta steppe 
2 - pine-douglas fir forest 
2 - Arizona pine forest 
2 - oak-juniper woodland 
2 - great basin sage 
2 - creosote bush 
2 - grama-tobosa shrub steppe
1 - oak-juniper-mountain

mahogany transition

Subtropical montane moist forest
life zone_____________________

6 - Arizona pine forest
2 - oak-juniper woodland 
2 - oak-juniper-mountain

mahogany transition 
1 - pine-douglas fir forest

Subtropical subalpine moist 
forest life zone

Subtropical subalpine wet forest
life zone_____________________
1 - pine-douglas fir forest

Subtropical alpine rain tundra 
life zone

Subtropical nival life zone
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montane steppe life zone is the clearest example. Although this life 

zone corresponds to nine of KOchler*s categories, fifty-seven per cent 

match the juniper-pinyon woodland vegetation class, which differs some

what from steppe vegetation. In spite of the fact that occasionally 

one category predominates, the tremendous variability in the number of 

Kuchler categories corresponding to a single life zone was not expected. 

Nor were the number of life zones corresponding to a single Kuchler 

plant type expected. The juniper-pinyon woodland class, for example, 

was found to occur in six life zones, some with descriptive names that 

would not seem even vaguely to represent a "woodland.”

Matched points on the Holdridge and Kuchler maps indicated that 

variations between the two are least for the extremely hot-dry and cool- 

wet regions of the state. This is probably due partially to the fact 

that these areas were rather limited in extent and therefore represented 

by very few sample points. In addition, extremes in temperature and 

precipitation may have a limiting influence on vegetation in these areas 

that is less pronounced in areas of more moderate temperature and pre

cipitation values.

The greatest variations between Holdridge*s categories and 

Kuchler*s occurs in the subtropical lower montane thorn steppe and sub

tropical montane steppe life zones. The subtropical lower montane thorn 

steppe life zone matches eleven of Kuchler*s categories and of a total 

of eighty-four observations from this life zone, thirty-three (thirty- 

nine per cent) are classified by Kuchler as grama-tobosa shrub steppe, 

as one might expect of a steppe life zone. This, however, is less than 

half of the points sampled. The subtropical montane steppe life zone
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matched nine of Kuchler's categories, as described above, and only 

fifteen (about twenty per cent) of seventy-seven observations are classed 

as some form of steppe vegetation.

Similar variation occurs among the desert scrub life zone. The 

subtropical desert scrub life zone corresponds to Kuchler's creosote 

bush complex (eleven matched points), paloverde-cactus shrub complex 

(twenty matched points), and the creosote bush-bursage complex (fifty- 

six matched points). As in the subtropical montane steppe life zone, 

one of Kuchler's classes predominated. The paloverde-cactus shrub com

plex found here would seem to best correspond to Holdridge's thorn wood

land, but was found in the subtropical desert, desert scrub, and thorn 

woodland, and the subtropical lower montane desert scrub and thorn steppe 

life zones. The subtropical lower montane desert scrub life zone corre

sponds to nine Kuchler categories and the subtropical montane desert 

scrub life zone to three of Kuchler's categories. In the latter, the 

dominant category is grama-galleta steppe (nineteen observations), which 

is not a scrub form of vegetation. This variety among the steppe and 

desert scrub life zones at different elevations seems sufficient to 

raise questions concerning the predictive value of the Holdridge classi

fication, or Kuchler's, or both.

The above illustrations seem to indicate that the Holdridge life 

zone model does not represent the vegetation of Arizona particularly 

well, at least as this vegetation is interpreted by Kuchler. Unlike 

forms of vegetation are represented within single life zones, while 

single vegetation types may be found in several life zones. An example 

of the latter is the creosote bush-bursage complex found in five life



cones• The occurrence would seem to contradict Holdridge's statement 

that " . . .  associations in other life zones are automatically distinct 

"because of differentiation due to the gross climatic factors" (Holdrldge 

I967, p. 32). If these associations are distinct, why is the creosote 

bush-bursage complex found in five different life zones?

Three conclusions can be drawn from the preceding analysis.

First, the guide lines on the life zone diagram (Fig. 1, p. 11) used to 

determine Holdridge's life zone classifications are logarithmically 

scaled from an arbitrary starting point. It nay be that logarithmic 

increases in temperature, precipitation, and a potential evapotranspir- 

ation-precipitation ratio do not correspond closely to changes in plant 

distributions, and that the life zones predicted by these parameters and 

scaling are not very meaningful. Second, the areas covered by the 

steppe life zone, for example, may not belong to the climatic association 

of that life zone. The types of vegetation mapped by Kuchler may 

reflect what Holdrldge would consider a hydric, edaphic, or atmospheric 

association within the steppe life zone. Third, " . . .  the actual 

successions! stage of an association • . • constitutes the third level 

division or that of the actual status of the vegetation" (Holdrldge 1966, 

p. 201). The vegetation within Arizona’s steppe life zone may be some

thing other than the climax vegetation of the area. The fact that one 

cannot easily determine the correct explanation for the lack of corre

lation between the existing vegetation and that predicted greatly 

detracts from the reliability of the Holdrldge classification and would 

seem to be a major objection to use of this classification.

35
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Application of the Life Zone Classification 
for Local Studies of Microclimate

Holdridge states that his classification is useful in the field 

for large scale, local studies of microclimate. Several authors have 

surveyed and mapped vegetation zonation in localized areas of Arizona, 

thus providing a "base with which vegetation predicted by the Holdridge 

classification could be compared with local field studies of vegetation. 

The Santa Catalina Mountains, north of Tucson, were chosen for study 

because they were easily accessible and had been studied extensively by 

Shreve (1915, 1917, 1919) and more recently by Whittaker and Niering 

(1964, I965). To determine the Holdridge life zones found on the moun

tain, an estimate of precipitation and mean annual temperature was ob

tained for one thousand foot intervals in the Santa Catalinas by using 

precipitation and temperature lapse rates derived empirically by Reeves 

(1972). Data were not sufficient to determine biotemperature, but, as 

will be discussed in Chapter 5, this was not found to significantly alter 

results. Substituting mean annual temperature for mean annual biotem

perature, a life zone classification for each one thousand foot interval 

was obtained. These classifications were compared with Whittaker and 

Niering's descriptions of vegetation at the same elevations on north, 

south, east, and west facing slopes. The elevational limits of each 

life zone were not determined, since this varied with slope aspect. 

Sampling data are presented in Table 3*

The Holdridge life zone at 3,000 feet is tropical premontane 

thorn woodland and the humidity province is semiarid (Table 4). This 

corresponds to the Sonoran desert scrub vegetation type of Whittaker and 

Niering on all aspects (north, south, east, and west). At 4,000 feet,
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TABLE 3. ELEVATION AND CLIMATIC
DATA FOR THE SANTA CATALINA MOUNTAINS

Elevation Precipitation
Mean Annual 
Temperature

( f t ) (m) (In) (nun) (°F) (°C)

3000 914 13.0 325 66.3 19.0

4000 1219 16.4 410 62.6 17.0

5000 1524 19.8 495 58.9 14.9

6ooo 1828 23.2 580 55-2 12.8

7000 2133 26.6 665 51.5 10.8

8000 2438 30.0 750 47.8 8.7

9000 2743 33.4 835 44.1 6.7

io,oooa 3048 36.8 920 40.4 4.6

a. Data above 9000 feet is supplemented with data from 
the nearby Pinaleno Mountains.



TABLE 4. HOLDRIDGB LIFE ZONES AND WHITTAKER AND NIERING 
VEGETATION CLASSES IN THE SANTA CATALINA MOUNTAINS, TUCSON, ARIZONA

Elevation
(ft)

Whittaker and Niering Plant Types 
According to Slope Aspect Holdrldge Life Zones

North South East West

3000 ---- Sonoran desert scrub ----— -— ------- Tropical, premontane, thorn
woodland - semiarid

4000 xJLopjLvcix f xower inoii voji© |
thorn steppe - semiarid

5000 Open oak Desert Open oak woodland---- Tropical, lower montane,
woodland - grassland dry forest - subhumid
pine oak
woodland

6000 Canyon Open oak Pine oak woodland ---- Subtropical, lower montane,
woodland - woodland - dry forest - subhumid
pine oak pine oak
forest woodland

7000 Pine forest Pine oak Pine oak forest — — Subtropical, montane, moist
woodland forest - humid

8000 Pine forest Pine oak Pine forest ---------- Subtropical, montane, moist
forest forest - humid

9000 Montane fir Pine forest Montane fir forest - Subtropical, montane, moist
forest pine forest forest - humid

10,000 Subalpine Montane fir Subalpine forest — — Subtropical, subalpine, wet
forest forest forest - perhumid
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the tropical lower montane thorn steppe, semiarid life zone corresponds 

to desert grassland on all aspects. At 5,000 feet the vegetation on 

the north slope is borderline open oak woodland-pine oak woodland, while 

on the south slope, desert grassland predominates, and on the east and 

west aspects an open oak woodland occurs. The life zone at this ele

vation is tropical lower montane dry forest and the humidity province is 

subhumid. Similar variations with slope aspect occur on the upper 

slopes as can be seen in Table 4.

Holdrldge’s life zones are defined by precipitation and temper

ature, while Whittaker and Niering's vegetation types are based on both 

floristic and physiognomic factors (growth forms and life forms) which 

are well defined, and moisture gradients, which are not well defined.

In the absence of comparable definitions it is difficult to definitely 

conclude whether or not these two classifications are portraying the 

same thing, but it is the author's opinion that Holdridge's terms 

correspond fairly well to the vegetation classes delimited by Whittaker 

and Niering. In the places where correspondence is not particularly 

close, presumably the factors influencing plant species occurrence and 

distribution in these mountains are atypical of Holdridge's norm, or 

the Holdridge classification predicts the distribution of these plant 

formations poorly. In any case, the fact that results of the Holdridge 

classification cannot be precisely checked by some objective means, but 

must be subjectively evaluated and accepted or rejected on faith, is a 

major objection to the use of this classification.



CHAPTER 5

APPLICABILITY OP HOLDRIBGE'S PROCEDURES 
AND CRITICAL VALUES IN ARIZONA

In order to determine the usefulness and validity of the 

Holdridge classification, Holdridge's procedures and critical values 

are applied to Arizona, tested, and evaluated. The primary concepts 

evaluated are those of "biotemperature, the critical temperature line, 
Holdridge's 6°C per 1,000 meters lapse rate, and his method of deter

mining potential evapotranspiration. Some related aspects of the system 

are also evaluated, and the life zone map of Arizona produced by the 

Holdridge methodology is compared with climatic maps of the state 

produced according to the Koppen and Thornthwalte methodologies.

Biotemperature Versus Temperature For 
Determining Life Zone Classifications

Holdridge states that mean annual or mean monthly temperatures 

may be readily derived from daily thermometer readings, but that these 

are not necessarily the means which are significant to vegetation. His 

concept of biotemperature is designed to indicate the temperatures in a 

given area which are significant for plant growth. He defines the 

biotemperature mean as " . . .  an average of the Celcius temperatures 

at which vegetative growth takes place relative to the annual period, 

between 0°C and 30°C" (Holdridge 196?, p. 18). On the basis of work by 

others concerned with temperatures affecting plant growth, it was 

thought that perhaps 30°C would be too low a limiting temperature for
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plant growth, especially for desert vegetation adapted to Arizona’s

hot summers. Clements (1907, p. 96) stated that " . . .  the maxima

and minima of natural habitats during the growing period practically

always fall between 0°C and 45°C" while Thorathwalte stated that 0°C to

40°C provided the minimum and maximum limits for plant growth, with growth

occurring most rapidly at about 30°C (Thomthwaite 1948, p. 6l). Gates

also cites a 0°C to 40°C range, but states that " . . .  one cannot ask

the influence of the air temperature on an organism without at the same

time specifying the amount of radiation, the wind speed and the humidity"

(Gates and Baplan 1971» PP« 2, 17). Stella (1970) found that retaining

temperatures in excess of 30°C in the tropics gave more accurate results

in defining life zone boundaries, while Thompson (1966), in applying the

Holdridge model to the western Colorado Rocky Mountains, found that
odeleting temperatures below 0 C eliminated the effect of winter evapo- 

transpiratlon, which when working with the "estimated runoff" portion 

of Holdridge*s nomogram produced erroneous results. It seemed important, 

therefore, to check the value of this concept of biotemperature.

Ten stations with mean monthly temperatures above 30°C for 

several months of the year and ten stations with mean monthly tempera

tures below 0°C for part of the year were chosen and average mean annual 

temperatures were compared with the average mean annual biotemperatures 

for each of the two groups. An F-test for no significant difference 

between the two averages was applied (a ■ .01), and the null hypothesis 

accepted for each group. Furthermore, when the life zone of each of the 

twenty stations was recalculated using mean annual temperature instead 

of biotemperature, only one station was found to fall within a new life



zone category, and this station had previously "been classified as 

borderline.

Perhaps if daily data had been used in this analysis, the 

difference between mean annual temperature and mean annual biotempera

ture would have been more marked, but when using mean monthly and annual 

temperatures, there seems to be no reason why acceptable results could 

not be produced without converting to biotemperature. Stella stated 

that mean " . . .  annual biotemperature appears to be a fair indicator 

of latitudinal environmental differentiation; however, it appears to 

fail in the outer tropics where the biotemperature is less than mean 

annual temperature" due to exclusion of temperatures over 30°C (Stella 

1970, p. 20). Biotemperature as a reflection of vegetative growth 

factors seems therefore, to be of little importance for the determination 

of life zones in Arizona. However, when PE was calculated using mean 

annual temperature instead of bio temperature, PE values for stations with 

temperatures above 30°C increased, while for stations with temperatures 

below 0°C, PE decreased. The results of the above analysis are summarized 

in Table 5*
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Use of Daily and Monthly Temperature 
Means to Compute Biotemperature

Holdrldge suggests that mean annual biotemperature is more 

accurately determined by using mean hourly or mean daily temperature 

values than by using mean monthly values, as in this study. Frequently 

this is not practical, due to the increased time involved in computation 

and because mean daily temperatures are often not available in weather 

records, although maximum and minimum daily records can sometimes be
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TABLE 5. COMPARISON OF MEAN ANNUAL 
BIOTEMPERATURE AND MEAN ANNUAL TEMPERATURE3,

Mean Annual Mean Annual
Station Name Temperature PE Biotemperature PE

Stations with temperatures 
above 30°Ct

Ajo 21.8 1284 21.5 1267
Bartlett Dam 21.4 1261 21.1 1243
Gila Bend 22.2 1308 21.6 1273
Mohawk 23.3 1373 22.4 1320
Mormon Flat 22.1 1302 21.7 1279
Phoenix 21.4 1261 21.1 1241
Sentinel 21.9 1290 21.4 1261
Silverbell 21.1 1243 21.1 1243
Wellton 21.3 1255 20.9 1232
Yuma 22.4 1320 21.9 1291

Stations with temperatures 
below 0UC»

Alpine 6.2 365 6.7 395
Chinle 10.8 636 11.1 654
Flagstaff 7*5 441 7*9 468
Fort Valley 6.0 353 6.7 396
Grand Canyon Natl. Park 9*2 542 9*4 553
McNary 8.0 471 8.1 479
Pinedale 9.3 548 9*5 561
Wallace Ranger Station 8.8 518 • 8.9 524
Williams 9*2 542 9*3 545
Window Rock 8.6 506 9.0 532

Null hypothesis: There is no significant difference between mean
annual temperature and mean annual biotemperature 
(i.e., temperatures above 30°C and below 0°C do not 
significantly alter the life zone classification of 
a station.)

F value at 1% level of significance = 8.28 

Stations above 30°C, F 13 .97
Stations below 0°G, F 13 .99 Accept both hypotheses.

aThe table also shows the effect of using mean annual temperature 
on the calculation of potential evapotranspiration (PE).
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obtained. To test whether use of daily, rather than monthly, means 

would change the life zone classification of a station, maximum and 

minimum daily records for Tucson were studied for the period I96O-I969* 

Mean daily biotemperature was computed by averaging maximum and minimum 

values, adjusting temperatures below 0°C and above 30°C to these two 
values. Daily means were summed and divided by the number of daily 

records available for each year. Yearly biotemperatures were then 

summed and averaged for the ten year period. A thirty year period of 

record is generally assumed to be the minimum necessary for accurate 

results, but time and lack of data precluded further research on this 

problem. Tucson's biotemperature was 19.6°C when computed with mean 

monthly values, which equalled 24.04°C (borderline tropical) when adjusted 

to sea level. When recalculated using mean daily biotemperature, the 

annual figure became 19.0°C, or 23«4°C at sea level, both of which fall 

within the subtropical life zone. While analysis of one station is in

sufficient for any significant conclusion, it would appear that further 

study along these lines is desirable and that results obtained with mean 

daily values may differ significantly from those obtained using mean 

monthly values.

Evaluation of the "Frost or Critical Temperature Line”

One concept that requires clarification is that of the "critical 

temperature line," defined in Chapter 2, which is indicated on the life 

zone diagram (Fig. 1, p. 11) by mean biotemperatures varying from l6°C 

to 18°C. Holdrldge states that the line is " . . . tentatively defined as 

the limit of the area of the cooler region which is subjected to a severe



killing frost at least once every three years (Holdridge 19&7, p. 22).

The key phrase here is "severe killing frost" which presumably differs 

from an occasional freezing day at some of the warmer stations. Sawyer 

defined the subtropical life zone as one where the probability of a 

severe killing frost was less than thirty-three per cent in any given 

year, and the warm temperate or lower montane zone as one with a proba

bility of experiencing severe frost above thrity-three per cent, which 

seems to be a modification of the concept as Holdridge defines it 

(Sawyer 1963)• Tosi, in discussing this concept, states that the frost 

line indicates a significant break in ecological conditions, and that it 

is the same as the critical low temperature line in areas where frost 

doesn’t usually occur (Tosi 1964, p. 1?6), which only serves to further 

confuse the issue. The term "severe killing forst" is a relative one, 

since a frost severe enough to kill cold sensitive plants would not be 

considered a severe frost in areas covered by cold tolerant plant species. 

Because Holdridge does not define this term, it remains for the user to 

decide how to deal with the concept, which in turn undermines the 

"standardization" inherent in the use of a model.

Since each of the Arizona stations used for this study experi

ences temperatures of 0°C or below for at least one period every three 

years, one would assume that the biotemperatures of each of these sites 

would fall on the cooler (warm temperate) side of the critical tempera

ture line. Since many of Arizona’s stations experiencing frosts 

actually possess mean annual biotemperatures of more than 18°C, one can 

question the validity of this line in the diagram. In this study, bio

temperatures below i8°C were considered warm temperate for the purpose
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of determining the plant formation of each site, while those "between 

18°C and 24°C were classified as subtropical. The concept of a frost 

line was not employed.

Lapse Rates

While the 6°C per 1,000 meters lapse in temperature assumed by 

Holdridge might generally be applicable on a global scale, lapse rates 

in mountainous Arizona might deviate enough from this to introduce 

error into the life zone classifications of the state. Shreve (1915) 

cited a lapse rate of 7*5°C per 1,000 meters for the Santa Catalinas, 

while Hann (Shreve 1915* P« ?8) quoted figures of 6.15°G and 7•32°C per 

1,000 meters for two western United States mountain ranges. Holdridge 

used the 6°C per 1,000 meters lapse rate to determine the sea level 

equivalent biotemperature and therefore the climate of each site. Com

puter analysis of elevation and biotemperature in Arizona produced a 

regression equation indicating a lapse rate of 6.4l°C per 1,000 meters, 
which agrees closely with the 6°C lapse rate presumed by Holdridge.

When lapse rates of 6.4l°C per 1,000 meters were used, borderline 

tropical-subtropical stations became more distinctly tropical and some 

subtropical stations were reclassified as tropical. Tucson, which has 

a sea level biotemperature of 24.04°C (using a 6°C lapse rate) has a 

24.34°C sea level biotemperature when the steeper lapse rate of 6.4l°C 

per 1,000 meters is used. Similarly, Benson's sea level biotemperature 

changes from 23.6% (subtropical) to 24.08°C (tropical) when the steeper 

lapse rate is used. One can conclude, however, that the 6°C lapse rate
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used "by Holdridge works well enough In Arizona to eliminate the need to 

recalculate the state's lapse rate from local data.

Comparison of Potential Evapotransplratlon 
Values Obtained by Holdrldgo and Others

A desirable element In any classification of climatic values is 

the ability to determine potential evapotransplratlon. According to 

Holdridge, this quantity can be quickly determined by multiplying mean 

annaul biotemperature by the factor 58»93» a constant derived experimen

tally by Holdridge. Potential evapotransplratlon values for each of the 

148 weather stations were obtained by both the Holdridge and Thornthwaite 

methods and these values are compared in Appendix C. The average poten

tial evapotransplratlon for the state was determined for both sets of 

values and the difference between these means was found to be only 4.8 

per cent. The Holdridge method is easier to use than Thornthwaite's and 

produces similar results, although it predicts values higher than those 

of Thornthwaite for sites with high biotemperatures and predicts values 

lower than Thornthwaite's for sites with very low biotemperatures, a 

tendency which is accentuated when mean annual temperature is substitu

ted for mean annual biotemperature (Table $).

Although the Thornthwaite method is frequently used to estimate 

potential evapotransplratlon, it has not been found to work well in arid 

climates. Stanhlll compared lyslmeter data from England, Nigeria, and 

Israel with evaporation pan measures and Thornthwaite*s and Penman's 

estimates of PE and found that Thornthwaite's method consistently under

estimated measured values in the desert (McGinnies, Goldman, and Paylore 

1968, p. 47). Similarly, Brutsaert found Thornthwaite*s values in low
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latitude arid climates to be ten to fifty per cent less than measured 

evapotranspiration (Brutsaert 19&5* P* 189)• Sellers (1964) measured 

Pg at Yuma, Arizona and found Penman’s and .Budyko's methods produced 

reasonably accurate estimates of PE, but Thornthwaite*s estimates were 

much too low. In that experiment, annual evaporation from a Class A 

pan totaled 2931 millimeters. Penman and Budyko predicted a PE of 2000 

millimeters under typical field conditions and Thornthwaite predicted 

a PE of 1306 millimeters per year. The PE at Yuma an calculated in 

this author’s study was 1206 millimeters by the Thornthwaite method and 

1291 millimeters by the Holdridge method, both very low. McGinnies 

states that "Pan evaporation usually exceeds lysimeter evapotranspira

tion with a ratio of lysimeter to pan of about 0.7$," although this 

figure varies (McGinnies, Goldman, and Paylore 1968, p. 48). U.S. 

Weather Bureau pan data was recorded for six sites in Arizona and 

seventy-five per cent of this figure was assumed to be a reasonable 

estimate of annual lysimeter values. This latter figure was com

pared with both Thornthwaite's and Holdridge's PE estimates as shown 

in Table 6 below. It would appear that the Holdridge method produces

TABLE 6. ESTIMATES OF POTENTIAL EVAPOTRANSPIRATION

Station Name

Pan data in 
millimeters 
1967 1968

75% of pan 
data

1967 1968

Hold
ridge
PE

Thorn
thwaite

PE
Mesa Experimental Farm . 1953 1464 1173 IO67
Nogales 2492 2222 1869 1666 990 888
Roosevelt 2$66 2403 1924 1802 1161 1087
San Carlos Reservoir 2316 1737 1098 1033
Tempe Citrus Experimental

Station 1754 1744 1315 1308 1149 1078
Yuma Citrus Station 2660 2736 1994 20$2 1279 1183



slightly better results than the Thornthwaite method and it is certainly 

easier to use, but neither system approximates PE estimates from 

lyslmeter data in Arizona.

Comparison of the Life Zone Kap with 
Other Maps of Arizona Climate

Climatic data for each station used was classified according 

to the Koppen climate classification, which uses mean monthly tempera

ture and precipitation values, for the purpose of comparison with the 

life zone map of Arizona. In the Koppen system, differences in 

intensity of evaporation vary with temperature, and therefore seasonal 

distribution of precipitation is important. In the case of the dry (B) 

climates, no seasonal distinction in rainfall was found for the sites 

used in this study (seventy per cent must occur in the summer six months) 

so the table for average precipitation distribution was used for classi

fication of Arizona's dry climates (Wilcock 1968, p. 23)• This data 

was not mapped because a map depicting a modified version of the Koppen 

system (Fig. 7) was available (Sellers 1972), but the data is presented 

in Appendix B. Visual comparison of the Arizona life zone map and the 

Koppen map of Arizona's climate show Koppen*s warm steppe climate (BSh) 

to correspond fairly well with Holdridge's subtropical lower montane 

thorn steppe and the cool steppe (BSk) to correspond to Holdridge's 

subtropical montane steppe. Koppen's warm desert (BWh) also corresponds 

reasonably well to Holdridge's subtropical desert and desert scrub. It 

was found that although there were inconsistencies between the Holdrldge 

and Koppen classification of sites when life zones were used, this was 

not the case when the humidity province was substituted. Holdridge's
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arid and perarid, semiarld, and subhumid and humid classifications 

correspond fairly consistently to Koppen's arid or desert (BW), seml- 

arid or steppe (BS), and warm temperate (Gs) climates, In that order.

The life zone map was also compared with a map of the Thom- 

thwaite climate classification for Arizona (Fig. 8). As in the Koppen 

comparison, groups of life zones can he fairly consistently equated 

with various Thornthwaite climates. Holdrldge's subtropical desert life 

zone corresponds to Thornthwaite* s arid mega thermal climate, the sub

tropical desert scrub and thorn woodland life zones correspond to the 

arid megathermal and mesathermal combined, the subtropical lower montane 

desert scrub, thorn steppe and dry forest and the subtropical montane 

desert scrub and steppe all correspond to Thornthwaite*s semiarld mesa- 

thermal, the subtropical montane steppe corresponds also to the subhumid 

mesathermal, and so do the subtropical montane moist forest and sub

tropical subalpine moist forest. The latter also corresponds to the 

subhumid mlcrothermal as do the subtropical subalpine wet forest and 

subtropical alpine rain tundra, while the subtropical alpine rain tundra 

and subtropical nival life zones approximate Thornthwaite * s humid micro- 

thermal climate.

Holdrldge's humidity provinces provided a better basis for 

comparison with Thorhthwaite's climates than with Koppen's, since the 

terminology used in Holdrldge's humidity provinces is the same as that 

used by Thornthwaite for his humidity classes. Thomthwaite's arid 

climate corresponds to Holdrldge's perarid and arid humidity provinces 

and the latter's semiarld and subhumid correspond to Thomthwaite's 

semiarld. Holdrldge's humid and perhumid humidity provinces correspond
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approximately to Thornthwaite's subhumid class, and the former's 

superhumid province approximates the location of Thornthwaite's humid 

climate. Clearly Holdridge and Thomthwaite do not employ the same 

moisture requirements in their humidity classes.

The Holdridge classification does not seem to correlate very 

well with the above accepted classifications of climate, and although 

Holdridge wished his classification to go beyond Koppen's, his classifi

cation agrees best with the systems tested when his humidity provinces 

are compared with koppen's climate classification.

Humidity Province

The life zone diagram depicts the potential climax vegetation 

to be found in the climatic association, but if other associations are 

present, the vegetation of a region may be quite different than that 

predicted by the model. Stella (1970) suggests that the problem of 

determining to which association a site's vegetation belongs could be 

at least partially eliminated by using the humidity province name, such 

as subtropical humid, instead of the vegetational term. The results of 

comparison of the life zone map with Kuchler's and Koppen's classifi

cations seem to suggest that this change in terminology might be 
advantageous.

The Associations

Holdridge defines the association as ranges of secondary 

environmental factors within the first category of specific life zones, 

and distinguishes the climatic, edaphic, atmospheric, and hydric 

associations as stated previously. He states that the association name
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can be added to the life zone designation to more fully identify it 

He cites as an example a " . . . Shallow or Excessively Drained, 

Moderately Infertile Residual Soil, Dry Atmospheric Association" within 

the subtropical moist life zone in Thailand (Holdridge 196?, p. 37)*

While the detail of this description is a vast improvement over Koppen, 

it negates the simplicity of the system and requires subjective evalu

ation by the individual working with the system. Since there are no 

guidelines for achieving uniformity in description, two scientists, 

working independently, might classify a given site quite differently, 

making microclimatic comparisons difficult. Although the quality of 

this sort of subjective classification depends entirely on the expertise 

of the individual, it is a tribute to Holdridge that his system is 

flexible enough to allow this sort of in-depth analysis of a region.

Lack of Definition in Descriptive Terms 

One of the major difficulties in using the Holdridge classifica
tion is that Holdridge does not define his concepts and terms adequately, 

as mentioned previously. Although the revised edition (196?) of Life 

Zone Ecology includes an appendix of pictures showing various tropical 

life zones (Holdridge 196?, pp. 142-199)» one wonders how he differen

tiates between such vegetation classes as desert scrub, thorn steppe, 

and thorn woodland. How does a moist forest differ from a wet forest, 

other than in relative moisture requirements? These distinctions become 

important when one attempts to field check life zones predicted for a 

region. Presumably Holdridge himself has established satisfactory 

definitions for these terms, but they do not appear in his published
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works. Since Holdridge suggests that his classification can he used in 

the field, in the absence of quantitative climatic data, it would seem 

necessary to have some idea in mind as to the relative differences 

between the vegetation types of each life zone.
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CHAPTER 6 

CONCLUSIONS

Holdridge states "The two major differences of the life zone 

system from previous attempts at classification are due to a new way 

of expressing the factor of heat, namely, the biotemperature, and 

finding that the steps in increasing heat and precipitation which are 

significant to vegetation form a logarithmic progression" (Holdridge 

1967, p. 14). This statement suggests one question. Is the Holdridge 

life zone classification significantly better than its predecessors?

The foregoing application to Arizona would seem to Indicate that it is 

not.

Biotemperature was found to produce the same life zone classi

fication, at a given site, as mean annual temperature. There seemed to 

be no justification for converting mean annual temperature to biotera- 

peratiire— the most time consuming aspect of classification. In addition, 

the life zones found in Arizona did not correspond closely to Kuchler's 

map of vegetation or Thomthwaite‘s map of climate for the state, 

indicating that the logarithmic progression of heat and precipitation 

used by Holdridge is apparently no better than other methods of classi

fication. In addition to this fact, there appears to be no evidence to 

support this logarithmic distribution of critical values. On this basis 

alone, the system would seem to be no better than many other previous 

classifications.
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Adherents of the Holdridge system claim that it is simple and 

easy to use, establishes a close correlation between derived life zones 

and existing or potential climax vegetation, presents a quick, easy way 

to estimate potential evapotranspiration, and is presumably more meaning

ful than other classifications.

While life zone classifications can be made quickly once the 

classification has been "mastered”, it is difficult to understand the 

Holdridge methodology, due to the lack of clear explanations, and 

initially determine how to use the system. The correlation between life 

zones and vegetation interpreted by Kuchler was only fair and it would 

hardly seem worth learning the system for this use alone. Although 

potential evapotranspiration is easily calculated, it approximates 

Thomthwaite1 s values of PE which have been shown to be far too low 

for use in desert climates. While it is difficult to state whether the 

Holdridge system is more accurate than other climate classification 

systems, it appears it is not.

The principal drawback to the use of this system is the lack 

of clear definitions and explanations. Some concepts are defined vaguely, 

others not at all, and some, such as the definition of a life zone, 

must be pieced together from isolated, scattered references to the term. 

Some aspects of the system are not mentioned at all. For example, 

Holdridge does not state how he determined which logarithmic values 

were significant ones. There appears to be no particular reason for 

choosing the figures 1.5°G, 3°G, 6°C and so on, rather than, for example, 

zPC, 4°C, 8°C, etc. It is the ambiguous style of Holdridge's writing 

that detracts most from his classification.



While the Holdridge classification is not entirely without 

merit, it does not seem exceptional enough to justify use of this 

system over many other already in use. The disadvantages seem to 
outweigh the advantages.
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STATION DATA

STATION NAME LOCATION
ELEVATION

(m)
MEAN ANNUAL 

BIOTEMPERATURE
( m . a . b . ) ( ° c )

MEAN ANNUAL 
PRECIPITATION 
(M.A.P.) (mm)

1. Aguila 33°57,N, 113°11,W 661 18.5 231.6

2. A jo 32°22,N, 112°52*W 537 21.5 231.4

3« Alhambra 2 NE 33031'N, 112°07'W 346 20.7 196.5
4. Alpine 33°51,N, 109°08,w 2444 6.7 526.5
5* Anvil Ranch 31°39'N, lll°23'w 838 19.2 260.6

6. Apache Powder Company 31°54,N, 110°l6*w 1124 16.8 301.5
?. Ash Fork 35°13'N, 112*29'% 1566 12.4 327.9
8. Bagdad 2 E 34°35'N, 113<il,M 1143 17.3 344.4

9. Bartlett Dam 33^9'N, 111^8'w 503 21.1 293-4

10. Benson 31°58,N, 110°18'w 1089 17.1 281.7
11. Betatakin 36°4l,N, 110°32,w 2194 9.9 297.6

12. Bisbee 31027'N, 109°55,W I658 16.3 468.4

13* Black River Pumps 33°29,N, 109°46'w 1841 11.1 423-5
14. Blue 33037'N, 109o06'w 1756 11.1 524.3
15. Bouse 33057'N, 114°01'W 283 20.2 446.0



STATION DATA (Continued)

STATION NAME LOCATION
ELEVATION

(m) M.A.B. (°C) M.A.B. (mm)

16. Bowie 32° 20%  109° 29'W 1144 17.9 249.9

1?. Bright Angel 3 6 ° 1 2 %  112o04'W 2560 6.0 638.3

18. Buckeye 3 3 ° 2 2 %  112°35'w 265 20.3 191.0

19. Burrus Ranch 35016'N, lll°32'w 2072 9.2 422.4

20. Camerback . 33°29,N, lll058'W 381 20.6 201.1

21. Canelo 31°33%  110°32'W 1519 13.6 469.6

22. Casa Grande 32°53'N, l l l V ' w 428 20.6 208.3

23. Casa Grando National 
Monument 33O00'N, 111°32'W 433 20.2 222.0

24. Castle Hot Springs 
Hotel 33059'N, 112°22,W 640 20.8 362.0

25• Chandler Heights 33013'N, lll°41'w 440 21.4 222.2

26. Childs 34°21,N, lll042'W 808 17.8 437.7

27. Chinle 360 09*n , 109°32'w 1688 11.1 232.7

28. Chino Valley 34°45,N, 112° 28'W 1424 12.2 275.3

29• Chiricahua National 
Monument 32° 00*N» 109°2l'w 1615 14,2 473.2



STATION DATA (Continued)

ELEVATION
STATION NAME LOCATION (m) M.A.B. (°C) M.A.P.

30. Clbecue 34° 03%  110° 27'W 1615 12.3 472.7

31. Clifton 33° 0 3 %  109° 17'w 1056 19.3 318.5

32. Cochise 32°04, N, 109°54'w 1274 15.5 339.1

33- Copper Mine Trading 
Post 36038'N, lll025'W 1944 11.7 208.3

34. Cordes 34018'N, 112°10,W 1150 16.0 323.3

35- Coronado National
Monument Headquarters 31°21'N, 110°13, W 1598 15.9 499.8

36. Cottonwood 3 6 °38% 111°25'W .1011 17.2 282.4

37- Deer Valley 33°35'N, 112°09'W 379 20.9 202.8

38. Douglas 31021'N, 109o35*w 1211 17.1 3U.2

39- Dudleyville (Winkleman) 32055'N, 110%3'w 632 18.1 374.4

40. Duncan 32%4'N, 109°06'W 1109 15.0 226.0

41. Ehrehberg 33°36,N, 114°32'W 98 21.8 106.4

42. Falcon Field 33026'N, 111%5'W 402 19.4 209.5

43- Flagstaff 35012'N, 111%0'W 2104 7.9 514.9

44. Florence 33o02'N, 111°23'W 459 20.6 249 9



STATION DATA (Continued)

ELEVATION
STATION NAME______________________ LOCATION_____________ (m)
45. Fort Grant

46. Fort Huachuca

47. Fort Valley

48. Fredonia

49. Ganado

50. Gila Bend

51. Glote

52. Gould's Ranch

53• Grand Canyon National 
Park

54. Granite Reef Dam 

55• Granville
56. Groom Creek

57. Heber

58. Hillside 5 NE

59.

32037'N, 109O57'W 1486

31°34*N, 110°20*w 1422

350l6'N, 111°44'W 2239
36°57,N, 112°32'W 1524

35°43,N, 109O33’W 1935
32°57,N, 112°43,W 225

33°32'N, 110°47'W 1079
33°23'N, 112°04,W 350

36O03'N, 112°07,W 2123

33031'N, m ° 4 2 ' w 404

33°12'N, 109°23'w 2093
34029'N, 112°27,w 1859

34023'n , 110°33'w 2011

34°28'N, 112°52,W 975

34054'N, 110°10'W 1545Holbrook

M.A.B. (°C)________ M.A.P. (mm)
16.8 319.3

16.5 417.8

6.7 573-0

11.2 258.1

9-6 291.6

21.6 144.5

16.9 400.0

20.8 193.0

9-4 410.6

20.9 234.2

10.8 445.0

10.1 559-3

8.9 450.8

15.1 323.8

12.7 219.4



STATION DATA (Continued)

STATION NAME LOCATION
ELEVATION

(m)

60# Inner Canyon 36O06«n , 112°06'W 758

61. Jeddito 35°46'N, 110°08'W 2042

62. Jerome 34°45,N, 112°07'W 1599
63. Junipine 34056'N, lll°45'w 1561

64. Kayenta 36044'N, 110°l6,w 1727
65. Kearns Canyon 35°49,N, 110°l2'w 1891

66. Kingman 35°11,N, 114°03'W 1017

67. Kitt Peak 3l058'N, 111°36'w 2085
68. Lakeside 34o10'n , 109°59*w 2042

69. Laveen 3 SSE 33°20,n , 112°09,W 338

70. Lees Ferry 36952,n , lll°35'w 957
71. Leupp 35°17,N, 110°58'w 1432

72. Litchfield Park 33°30,N, 112°22'W 314

73* Maricopa 33O07'N, 112°02,W 355
74. Marinette 33038'N, 112*18'W 349

75* McNary 34o 06'n , 109o51'W 2231

M.A.B. (°C)________ M.A.P. (mm)
19.8 240.0

11.0 238.2

15*5 462.3
12.8 622.5
11.8 212.3
10.2 293*6

16.3 270.0

12.4 610.5
8.8 560.8

21.1 195*5
16.6 151.1
12.2 161.8

20.6 203.5
20.2 190.2

20.5 204.2

8.1 627.4



STATION DATA (Continued)

ELEVATION
STATION NAME LOCATION (m)

?6. Mesa 33025'N, l t t ° 5 2 'U 373
77. Miami 33°24*n , 110°53'w 1098

78. Mohawk 32°48,n , 113°32'W 138

79* Montezuma Castle
National Monument 34°37,N, lll°50'w 969

80. Mormon Flat 33°33'N, 111°27'W 523
81. Natural Bridge 34°19,N, 111°27'W 1404

82. Nogales 31°21*N, 110°55,W 1158

83. Oracle 32°34,N, 110o43‘w 1356

84. Organ Pipe Cactus
National Monument 31°56,N, 112°47,W 511

85. Page 36°56,N, 111°27'W 1301

86. Painted Canyon 31053'N, 109°12,V 1643

87* Paradise Valley 33°33'N, U1°58*W 433
88. Parker 34°10'N, 114°17'W 130

89. Payson 34°14'N, 111°20,W 1478

90. Pearce 31°54'N, 109O49'W 1347

M.A.B. (°C)________ M.A.P. (mm)

19*9 204.7
17*6 482.1
22.4 105.2

16.1 290.1

21.7 335*5
14.4 614.7
16.8 396.2
I6.7 491.5

18.9 264.0

14.0 142.5

12.7 477*5
21.6 217.8

20.8 122.7
11.6 545.6

16.4 292.3



STATION DATA (Continued)

STATION NAME LOCATION
ELEVATION

(m) M.A.B. (°C) M.A.P. (nun)
91• Petrified Forest 3 4 ° 4 8 %  109°52'W 1664 12.5 225.3
92. Phoenix 33°27*N, 112°04*W 330 21.1 194.8

93 • Pinedale 34°18'N, 110°15'W 1981 9-5 478.5
94. Pislnemo 32°03,N, 112°19,W 579 20.0 234.4

95* Portal 31°54,N, 109°10,W 1524 15.8 434.1
96. Prescott 34033'N, 112°27'W 1649 11.6 490.7
97* Quartsite 33°40,N, 114°14rw 265 21.5 88.3
98. Red Rock 32°30'N, 111°22'W 567 20.3 243.1
99* Reno Ranger Station 33°52,N, lll°19'w 716 18.3 475.7

100. Roosevelt 33°40,N, lll°09'w 672 19.7 406.1

101» Ruby (Arivaca) 31°35,N, 111°19'W 1120 17.2 482.3
102. Sahino Canyon 32°18,N, 110%9'W 795 20.2 273.8

103. Safford 32°50,N, 109% 3'W 884 17.3 227.3
104. Saint Johns 34°30,N, i09°22,W 1747 11.3 294.4

105' Salome 33°47,Nt 113°36,v 576 19.4 202.2

106. San Carlos 33°22'N, 110°27'W 805 17.3 293-9



STATION DATA (Continued)

ELEVATION
STATION NAME LOCATION (m) M.A.B. (°C) M.A-P. (mm)
10?• San Carlos Reservoir 33°10,N, 110° 3 V W 771 18.6 329.7
108. San Manuel 32°37,N, 110°39'W 1050 18.2 335-3
109. San Rafael Ranch 31°2l'N, 110°37'W 1445 14.0 441.7
110. San Simon 32°13,N, 109°05'W 1183 16.6 226.1

111. Santa Rita
Experimental Range 31 %6* n , 110°51'w 1311 17.7 497.1

112. Sasabe 31°29,N, 111°33'W 1094 17.8 421.0

113. Sedona 34052'N, lll°46'w 1287 15.7 420.6

114. Seligman 35°19,N, 111°53*W 1591 11.8 275.6

115. Sells 31°55'N, lll°53*w 722 19.9 290.6

116. Sentinel 32°52,N, 113°13,W 210 21.4 114.5
117. Sierra Ancha 33048'N, 110°58'w 1554 15.5 634.5
118. Silverbell 32°23'N, 111°30'W 835 21.1 326.1

119. Snowflake 34°30,N, 110°05'w 1720 10.9 3U.1
120. Springerville 34o08‘N, 109°17,W 2123 9.3 307.6

121. Stanton 34°10,N, 112°44'W 1061 18.2 394.3



STATION DATA (Continued)

STATION NAME LOCATION
122. Superior 3 3 ° 1 8 %  111°06'W

123. Tempe 33°26,N, 111°$6'W
124. Tempe 3 S 33°23,N, 111°56*w

125. Tombstone 31°43'N, 110°04, w

126. Truxton Canyon 35°32,N, 113°40,w

127. Tuba City 36O08*n , 111°15'W

128. Tucson 32015'N , 110°57'w

129. Tumacacori National 
Monument 31°34, N, l l l ° 0 3 ew

130. Tuweep 36°24, N, 113°04'w

131• Wallace Ranger Station 34°32, N, 110°55'w

132. Walnut Creek 34056*N, 112°49,W

133. Wellton 32o40*N, 114o08*W

134. Whiteriver 33°50,N, 109o58'W

135* Wickenburg 33°58,N, 112°44,w

136. Wikieup 34°44,N, 113°37,W

ELEVATION
(m) M.A.B. (°C) M.A.P. (mm)

913 20.7 444.2

350 20.1 194.6
360 19.5 219.5

1384 17.3 359.2

1164 14.8 280.9
1504 12.8 170.7
740 19.6 277.1

996 17.8 389-5

1455 14.1 285.7

2135 8.9 463.8

1551 11.2 429.3
79 20.9 104.4

1609 12.7 454.4

639 18.2 279.1
648 18.9 235.5



STATION DATA (Continued)

STATION NAME LOCATION
ELEVATION

(m) M.A.B. (°C) M.A.P. (mm)
137. Wlllcox 32018'N, 109*51'W 1277 14.8 298.7
138. Williams 35°15eN, 112*11'W 2057 9.3 555-8

139* Willow Springs Ranch 32043'N, 110°52'W 1124 17.2 289.6

140. Window Rock 35°41'N, 109°03'W 2057 9.0 320.3
141. Winslow 35°01, N, 110°44'w 1487 12.8 204.5
142. Wittmann 33°^7,Nt 112°32'W 518 20.2 238.3
143. Wupatki 35°31, N, l l l 022'w 1495 14.1 196.8

144. Young 34°06,n , 110°56,w 1539 14.3 546.9
145. Yucca 1 NNE 34° 55*N, 114°08'w 594 19.2 161.0

146. Yuma 32°44'N, 114°37'W 42 21.9 85-9
147. Yuma Citrus Station 32°37,N, 114°39eW 58 21.7 83.3
148. Yuma Valley 32°43,N. 114°43,W 37 20.5 80.8



APPENDIX B

_ HOLDRIDGE LIFE ZONE AND 
KOPPEN CLIMATIC CLASSIFICATIONS 

OF ARIZONA STATIONS

Data in the first three columns of the following table 

pertains to the Holdridge life zone classification. The following 

abbreviations are used in column one to designate the life zone of 

each stationi

First letteri S - subtropical climate

T - tropical climate

Second letter(s)j Blank - basal elevation

HI - premontane elevation 

LM - lower montane elevation 

M - montane elevation

Third letter(s)i d - desert plant formation

ds - desert scrub plant formation 

ts - thorn steppe plant formation 

tw - thorn woodland plant formation 

s - steppe plant formation 

df - dry forest plant formation 

mf - moist forest plant formation
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CLASSIFICATIONS

POTENTIAL EVAPO-

STATION NAME
HOLDRIDGB 
LIFE ZONE

TRANSPIRATION/ 
PRECIPITATION 
RATIO (PE/PPT)

HOLDRIDGB
HUMIDITY
PROVINCE

KOPPEN CLIMATE 
CLASSIFICATION

1. Aguila S ds 4.7 Arid BWh
2. A jo T PM ds. 5.4 Arid BWh

3. Alhambra 2 NB S ds 6.2 Arid BWh

4. Alpine S M mf .7 Humid Cfb

5» Anvil Ranch T PM ds 4.3 Arid BWh

6. Apache Powder Company S LM ts 3.2 Semlarld BSk

7. Ash Fork S LM ts 2.2 Semiarid BSk

8. Bagdad 2E T LM ts 2.9 Semlarld BSk

9. Bartlett Dam S tw 4.2 Arid BSh

10* Benson S LM ts 3.5 Semiarid BSk

11. Batatakin S M s 1-9 Subhumid BSk '

12. Blsbee T LM ts 2.0 Semiarid BSk

13. Black River Pumps S M s 1.5 Subhumid Csa

14. Blue S M s 1.2 Subhumid Csb

15. Bouse S tw 2.6 Semiarid BSh



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRIDGE 
LIFE ZONE PE/PPT RATIO

HUMIDITY
PROVINCE

KOPPEN CLIMATE 
CLASSIFICATION

16. Bowie T LM ds 4.2 Arid BWk

17. Bright Angel S M mf •5 Humid Csb

18. Buckeye S ds 6.2 Arid BWh

19. Burrus Ranch S M s 1.2 Subhumid Csb

& Cameltack S ds 6.0 Arid BWh

21. Canelo S LM df 1.7 Subhumid Csa

22. Casa Grande S ds 5.8 Arid BWh

53 Casa Grande National 
Monument S ds . 5*3 Arid BWh

24. Castle Hot Springs Hotel S tw 3-3 Semiarid BSh

25. Chandler Heights S ds 5-6 Arid BWh

26. Childs S LM ts 2.3 Semiarid BSk

elCM Chinle S M ds 2.8 Semiarid Cfa

CDCM Chino Valley S LM ts 2.6 Semiarid BSk

29. Chiricahua National 
Monument S LM df 1.7 Subhumid Csa

30. Gibecue S LM df 1.5 Subhumid Csa



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRIDGE 
LIFE ZONE p e/ppt ratio

HUMIDITY
PROVINCE

KOPPEN CLIMATE 
CLASSIFICATION

31. Clifton T PM tw 3-5 Semiarid BSh

£ Cochise S LM ts 2.6 Semiarid BSk

33. Copper Mine Trading Post S M ds 3-3 Semiarid BSk

34. Cordes S LM ts 2.9 Semiarid BSk

35* Coronado National Monument 
Headquarters T PM df 1.8 Subhumid BSk

36. Cottonwood S LM ts 3-5 Semiarid BSk

37. Deer Valley S ds 6.0 Arid BWh

38. Douglas T LM ts 3.2 Semiarid BSk

39. Dudleyville (Winklercan) S tw 2.8 Semiarid BSh

to. Duncan S LM ds 3.9 Semiarid BWk

u . Ehrenberg S d 12.0 Perarld BWh

Falcon Field S ds 5.4 Arid BWh

*3. Flagstaff S M inf .9 Humid Csb

*4. Florence S ds 4 .8 Arid BWh

*5- Fort Grant T LM ts 3.1 Semiarid BSk



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRIDGE 
LIFE ZONE PE/PFT RATIO

HUMIDITY
PROVINCE

KDPPEN CLIMATE 
CLASSIFICATION

46. Fort Huachuca T LM ts 2.3 Semiarid BSk

47. Fort Valley S M mf .6 Humid Dsb

48. Fredonia S M ds 2.5 Semiarid BSk

49. Ganado S M s 1.9 Subhumid BSk

50. Gila Bend S ds 8.8 Arid BWh

51. Globe S LM ts 2.4 Semiarid BSk

52. Gould's Ranch S ds 6.3 Arid BWh

53. Grand Canyon National Park S M s 1.3 Subhumid Csb

54. Granite Reef Dam S ds 5-2 Arid BWh

55. Granville S M s 1.4 Subhumid Csb

56. Groom Creek S M mf 1 .0 Subhumid Csb

57. Heber S M s 1 .1 Subhumid Csb

58. Hillside 5 NE S LM ts 2.7 Semiarid BSk

59. Holbrook S M ds 3.4 Semiarid BSk

6o. Inner Canyon T PM tw 4.8 Arid BWh

61. Jeddito S M ds 2.7 Semiarid BSk



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRIDGE 
LIFE ZONE F2/PPT RATIO

HUMIDITY
PROVINCE

KSPFEN CLIMATE 
CLASSIFICATION

62. Jerome T LM df 1.9 Subhumid Csa

63. Junipine S LM df 1.2 Subhumid Csa

64. Kayenta S M ds 3.2 Semiarid BSk

65. Kearns Canyon S M s 2.0 Semlarid BSk

66. Kingman S LM ts 3-5 Semiarid BSk

67. Kitt Peak T LM df 1.1 Subhumid Csb

68. Lakeside S M mf .9 Humid Csb

69. Laveen 3 SSE S da 6.3 Arid BWh

70. Lees Ferry S LM ds 6.4 Arid BWk

71. Leupp S LM ds 4 .4 Arid BWk

72. Litchfield Park S ds 5.9 Arid BWh

73. Maricopa S ds 6.2 Arid BWh

74. Marinette S ds 5.9 Arid BWh

75. McNary S M mf .7 Humid Csb

76. Mesa S ds 5.7 Arid BWh

77. Miami T LM ts 2.1 Semiarid BSk



CLASSIFICATIONS (Continued)

HOLDRIDGE HUMIDITY KOPPEN CLIMATE
STATION NAME LIFE ZONE FE/PPT RATIO PROVINCE CLASSIFICATION

78. Mohawk S d 12.5 Perarid BWh

79. Montezuma Castle 
National Monument S LM ts 3.2 Semiarid BSk

CD O Mormon Flat T PM t w 3.8 Semiarid BSh

CO Natural Bridge S LM df 1.3 Subhumid Csa

CNCO Nogales S LM ts 2.4 Semiarid BSk

83- Oracle T LM df 2.0 Semiarid Csa

84. Organ Pipe Cactus 
National Monument S ds 4.2 Arid BSh

00 in Page S LM ds 5-7 Arid ' . BWk

86. Painted Canyon S LM df ' 1-5 Subhumid Csa

87. Paradise Valley T PM ds 5-8 Arid BWh

S Parker S d 9.9 Perarid BWh

89. Payson S M df 1.2 Subhumid Csa

90. Pearce T LM ts 3-3 Semiarid BSk

91. Petrified Forest S LM ds 3.2 Semiarid BSk

92. Phoenix S ds 6.3 Arid BWh ^



CLASSIFICATIONS (Continued)

STATION NAME
H0LDRIDGE 
LIFE ZONE PE/PPT RATIO

HUMIDITY
PROVINCE

KOPPEN CLIMATE 
CLASSIFICATION

93- Pinedale S M s 1.1 Subhumid Csb

94. Pisinerao S LM ds 5.0 Arid BWh

95- Portal T LM ts 2.1 Semiarid BSk

96. Prescott S M s 1.3 Subhumid Csa

97. Quartslte S d 14.3 Perarid BWh

98. Red Rock S ds 4.9 Arid BWh

99- Reno Ranger Station S tw 2.2 Semiarid BSh

100. Roosevelt S tw 2.8 Semiarid BSh

101. Ruby (Arivaca) S LM ts 2.1 Semiarid BSk

102. Sabino Canyon T PM tw 4.3 Arid BWh

103. Safford S LM ds 4.4 Arid BWk

104. Saint Johns S M ts 2.2 Semiarid BSk

105. Salome S ds 5.6 Arid BWh

106. San Carlos S LM ts 3.4 Semiarid BSk

107. San Carlos Reservoir S tw 3-3 Semiarid BSh

108. San Manuel T PM tw 3.2 Semiarid BSh



CLASSIFICATIONS (Continued)

STATION NAME .
KOLDRUXJE 
LIFE ZONE PE/PPT RATIO

HUMIDITY
PROVINCE

KDFPEN CLIMATE 
CLASSIFICATION

109. San Rafael Ranch S LM ts 1.8 Subhumid BSk

110. San Simon S LM ds 4.3 Arid BWk

111. Santa Rita Experimental 
Range T LM df 2.0 Semiarld Csa

112. Sasabe T LM ts 2.4 Semlarld BSk

113. Sedona S LM ts .2.2 Semiarld BSk

114. Seligman S M ts 2-5 Semiarld BSk

115. Sells T PM tw 4.0 Arid BSh

116. Sentinel S d 11.0 Ferarid BUh

117. Sierra Ancha T LM df . 1.4 Subhumid Csa

118. Silverbell T PM tw 3.8 Semiarld BSh .

119. Snowflake S M s 2.0 Semiarld BSk

120. Springerville S M s 1.7 Subhumid BSk

121. Stanton T PM tw 2.7 Semiarld BSh

122. Superior T PM tw 2.7 Semiarld BSh

123. Tempe S ds 6.0 Arid BWh



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRIDGB 
LIFE ZONE p e/ppt ratio

HUMIDITY
PROVINCE

KOPPEN CLIMATE 
CLASSIFICATION

124. Tempe 3S S ds 5.2 Arid BWh

125- Tombstone T LM ts 2.8 Semlarid BSk

126. Truxton Canyon S LM ts 3.1 Semiarid BSk

127. Tuba City S LM ds 4.4 Arid BWK

128. Tucson T PM tw 4.1 Arid BSh

129. Tumacacori National 
Monument S LM ts 2.6 Semiarid BSk

130. Tuweep S LM ts 2.8 Semiarid BSk

131. Wallace Ranger Station S M s 1.1 Subhumid Csb

132. Walnut Creek S M s 1.5 Subhumid Csb

133. Wellton S d 11.8 •Perarid BWh

134. Whiteriver S LM df 1.6 Subhumid Csa

135. Wickenburg S tw 3.8 Semiarid BSh

136. Wikieup S ds 4.7 Arid BWh

137. Willcox S LM ts 2.9 Semiarid BSk

138. Williams S M mf •9 Humid Csb



CLASSIFICATIONS (Continued)

STATION NAME
HOLDRUXJE 
LIFE ZONE PE/FPT RATIO

HUMIDITY
PROVINCE

KDPPEN CLIMATE 
CLASSIFICATION

139. Willow Springs Ranch S LM ts 3.5 Semiarid BSk

140. Window Rock S M s 1.6 Subhumid Cfb

141. Winslow S LM ds 3.6 Semiarid BSk

142. Wittmann S ds 4.9 Arid BWh

143. Wupatki S LM ds 4.2 Arid BWk

144. Young S LM df 1-5 Subhumid Csa

145. Yucca 1 NNE S ds • 7.0 Arid BWh

146. Yuma S d 15.0 Perarid BWh

14?. Yuma Citrus Station S d 15.3 Perarid BWh

148. Yuma Valley S d 14.9 Perarid BWh ■



APPENDIX C

HOLDRIDGE AND THORNTHWAITE PE ESTIMATES 
FOR 148 ARIZONA STATIONS
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PE ESTIMATES

STATION NAME
HOLD-
RIDGE

THORN-
THWAITE

1. Agulla 1090 1031

2. Ajo 126? 1176

3. Alhambra 2 NE 1220 1013
4 . Alpine 395 503

5- Anvil Ranch 1133 1047

6. Apache Powder Company 990 898

7. Ash Fork 731 712

8 . Bagdad 2 E 1019 941

9. Bartlett Dam 1243 H 69

10. Benson 1008 1025

11. Betatakin 585 646

12. Bisbee 961 849

13- Black River Pumps 654 689

14. Blue 654 669

15. Bouse 1190 1121

16. Bowie 1055 983

STATION NAME
HOLD-
RIDGE

THORN-
THWAITE

17. Bright Angel 355 503
18. Buckeye 1196 1103

19* Burrus Ranch 540 594
20. Camelback 1213 1124

21• Canelo 801 727
22. Casa Grande 1214 1146

23. Casa Grande National 
Monument 1190 1110

24. Castle Hot Springs Hotel 1226 1137
25. Chandler Heights 1258 1200

26. Childs 1049 963

27. Chinle 654 693
28. Chino Valley 720 712

29. Chiricahua National 
Monument 837 759

30. Gibe cue 725 717

31. Clifton 1137 1079
8



PE ESTIMATES (Continued)

HOLD-; THORN- HOLD- TH0RN-
STATION NAME RIDGE THWATTE STATION NAME RIDGE THWAITE
32. Cochise 913 839 47. Fort Valley 396 501

33* Copper Mine Trading Post 691 724 48. Fredonla 661 685

34. Cordes 943

G
O

G
O 49. Ganado 568 623

35* Coronado National 50. Gila Bend 1273 1204
Monument Headquarters 937 801

51. Globe 996 925
36. Cottonwood 1015 936

52. Gould's Ranch 1226 1135
37* Deer Valley 1232 1149

53« Grand Canyon National Park 553 597
38. Douglas 1008 917

54. Granite Reef Dam 1232 1148
39• Dudleyville (Wlnkleman) IO67 950

55• Granville 636 632
40. Duncan 884 810

56. Groom Creek 596 614
41. Ehrehberg 1284 1221

57• Heber 522 575
42. Falcon Field 1143 1028

58. Hillside 5 NE 890 836
43. Flagstaff 468 543

59• Holbrook 748 723
44. Florence 1214 1135

60• Inner Canyon 1169 1134
45. Fort Grant 990 902

6l. Jeddito 646 666
46. Fort Huachuca 972 851

62. Jerome 913 822



PE ESTIMATES (Continued)

HOLD- THORN- HOLD- THORN-
STATION NAME RIDGE THWAITE STATION NAME RIDGE THWAITE

63* Juniplne 756 744 79* Montezuma Castle National
Monument 949 879

64. Kayenta 696 715
80. Mormon Flat 1279 1217

65. Kearns Canyon 599 • 621
81. Natural Bridge 849 783

66* Kingman 961 898
82. Nogales 990 888

67. Kltt Peak 731 716
83. Oracle 984 890

68. Lakeside 521 576
84. Organ Pipe Cactus

115669. Laveen 3 SSE 1243 1178 National Monument 1114

70. Lees Ferry 978 986 85. Page 825 856

71. Leupp 721 732 86. Painted Canyon 748 706

72. Litchfield 1214 1152 87* Paradise Valley 1273 1218

73* Maricopa 1190 1132 88. Parker 1226 1186

74. Marinette 1208 1126 89. Payson 684 685

75* McNary 479 548 90. Pearce 966 871

76. Mesa 1173 1067 91 * Petrified Forest 740 723

77* Miami 1037 945 92. Phoenix 1241 1169

?8. Mohawk 1320 1284 93* Pinedale 561 598



FB ESTIMATES (Continued)

STATION NAME
HOLD-
RIDGE

TH0RN-
THWAITE

94. Plsinemo 1180 1085

95* Portal 931 837
96. Prescott 684 . 696

97• Quartsite 1267 1241

98. Red Rock 1196 1107

99" Reno Ranger Station 1078 992

100. Roosevelt 1161 1087

101. Ruby (Arivaca) 1014 892

102. Satoino Canyon 1189 1084

103. Safford 1019 950

104. Saint Johns 666 697

I05. Salome 1143 1050

106. San Carlos 1021 951
107. San Carlos Reservoir 1098 1033

108. San Manuel 1073 969

109. San Rafael Ranch 825 722

STATION NAME
BOLD-
RIDGE

TH0RN-
THWAITE

110. San Simon 978 908

111. Santa Rita Experimental 
Range 1043 935

112. Sasabe 1049 987

113* Sedona 926 855
114. Seligman 695 705
115. Sells 1170 1094

116. Sentinel 1261 1187

11?. Sierra Ancha 913 833
118. Silverbell 1243 1142

119" Snowflake 641 671

120. Sprlngerville 548 607

121. Stanton 1073 977
122. Superior 1220 1108

123" Tempo 1184 1094

124. Tempo 3 S 1149 1078 5?



PE ESTIMATES (Continued)

HOLD- THORN- HOLD- THORN-
STATION NAME____________________ RIDGE THVAITE STATION NAME_____________________RIDGE THWAITE

125. Tombstone 1019 918

126. Truxton Canyon 877 817

127. Tuba City 754 753
128. Tucson 1155 1058

129* Tumacacori National 
Monument 1049 942

130. Tuweep 828 777
131. Wallace Ranger Station 524 586

132. Walnut Creek 660 669

133. Wellton 1232 1170

134>. Whiteriver 748 729

135* Wickenburg 1073 989

136. Wikieup 1114 1022

137. Willcox 872 789
138. Williams 545 586

139* Willow Springs Ranch 1015 949
140. Window Rock 532 597
141. Winslow 754 750
142. Wittmann 1190 1118

143. Wupatki 828 786

144. Young 843 787
145. Yucca 1 NNE 1131 1073
146. Yuma 1291 1206

147• Yuma Citrus Station 1279 1183

148. Yuma Valley 1208 1120
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