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ABSTRACT

In many cases it is economically imperative for 

ranching enterprises to increase their size as defined by 

animal units. Such increases can be achieved through ranch 

consolidation, acquisition of land from other uses, and/or 

forage improvement on the ranch enterprise site. The south

western United States is characterized by a climax vegetation 

over most of its range area which has little or no economic 

value and which successfully competes with forage grasses 

for the limited available moisture. Forage improvement is 

physically possible by removing such competitive growth; the 

economic feasibility of such a program has as yet not been 

established to the general satisfaction of all.

Such a forage improvement program is a capital in

vestment in the land resource which yields benefits over time 

in varying amounts depending upon the intensity of the capi

tal input and the time period considered. An investment mod

el is developed by which the optimum mix of capital factors, 

the optimum level of forage production, and the optimum time 

interval in which to engage in the project can bo established; 

in addition, the special roles played by risk and opportunity 

costs are given separate treatment.

Available data do not refute the model presented, but 
they are inconclusive in regard to optimization because of

viii
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their emphasis on maximum physical production and the variety 
of collection methods used in their compilation. In order to 
establish the needed empirical relationships, it is recom
mended that a unified survey be taken covering a sufficiently 
large number of completed improvement projects, supplement
ing such findings with experimental sources for certain ex
pected deficiencies in the survey data.



CHAPTER I

INTRODUCTION 

Purpose of Study

Much speculation and some literature has been offer
ed during the past fifteen years concerning the feasibility 
of range and forage improvement in the seventeen western 
states which serve as the principal location of the livestock 
grazing industry in the United States. For the most part, 
the literature has taken the form of either broad and gener
al guide lines (McCoriele and Caton, 1962) or specific cost 
studies of representative practices (Cotncr, 1963a; Arnold, 
Jameson and Reid, 1964; Rader, 1963; Lloyd, 1959)• It is 
the purpose of this study to construct a theoretical frame
work, by means of economic models, within which private and 
public decisions concerning range and forage improvement 
might be made for optimum results. Some empirical data will 
be reviewed in order to point out the problems involved in 
fitting such data to the models; in so doing, the need for 
further statistical studies will be evidenced. This study is 
not intended as a manual for the livestock raiser, but rather 
it is aimed at the clarification of the economic processes 
involved in management decisions regarding the western range
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area and at providing the basis for future management recom
mendations.

Need for Study

From a study of southwestern Arizona cattle ranches:
Substantial cost reductions can be obtained in the 
eastern desert area by expanding size to approxi
mately 800 animal units. . . . Costs decrease rapid
ly as rangeland carrying capacity is increased from 
6 AU*s per section to 20 AU's per section, with small
er decreases resulting as capacity increases to 30 
AU's per section. Considering both herd size and rangeland capacity together, ranchers operating with 
more than 700 AU* s can reduce costs more significant
ly by obtaining land of greater capacity than by attempting to increase herd size. Smaller ranchers can 
decrease costs significantly by either method. . .
. . . Since all long-run average cost curves appearto become constant beyond a certain level of output, 
the primary factors limiting expansion will be the 
willingness of operators to assume increased invest
ment risks together with the increased burdens which 
expansion places on management. (Martin and Goss,
1963; p p . 32-33)

Herd size increases and/or capacity increases can follow from 
range improvement; even though opportunities for economies of
scale may vary between areas or even ranches, an operator 
would be expected to increase output and size as long as in 
so doing he added as much or more to his revenue as to his
cost--within the limits indicated above. Thus, an inquiry 
into the economics of practices aimed at size and capacity 
increases is certainly called for; and to the extent that it 
will lead to future management recommendations, some of the 
limiting burden of risk may be removed from the individual 
rancher. In addition, the rancher may not be the only one to
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benefit; as indicated in Chapter V, the public at large can 
benefit through better watershed and recreational management.

Scope of Study

Certain basic assumptions must be made in order to 
keep such a study within manageable bounds. To begin with, 
it is assumed that the rancher-operator has as his objective 
the maximization of net income, specifically net income from 
the ranch as a ranching operation. Such "incomes" as may be 
derived from real estate gains, tax advantages, supplementary 
farming operations, or benefits of ranching as a "way of life" 
are omitted from consideration in this study. The question 
of current net income vs. future net income is discussed in 
Chapter III. Even within the confines of the ranching opera
tion, broad product--product choice alternatives will not be 
analyzed; although there is evidence that many ranch incomes 
could be increased by a product mix, such as cattle and sheep 
(Hopkin, 1956).

Assuming that the rancher is operating with an opti
mum mix of short-run variable inputs for his given ranch site 
and is not faced by diseconomies of scale, he will attempt to 
increase output (pounds of marketable animals) by increasing 
his scale through investments which will result in greater 
additions to his revenue than to his costs, thus maximizing 
net income (or minimizing net loss) over his planning period. 
Increased output may take the form, singly or in combination.
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of heavier market animals or more market animals; the former 
being achieved by improving the feed input (to a herd of giv
en quality) and the latter being achieved by increasing herd 
size or improving the livestock birth rate. If the rancher 
is faced with declining range conditions, he may wish to seek 
remedies enabling him to reverse, or at least minimize, re
ductions in herd size, declining livestock birth rates and 
average weight losses.

As will be shown in Chapter II, the presence of cer
tain plants on a range ipso facto means a declining range.
This study shall confine itself to analysis of three of these 
plants: pinyon (pinus edulis). juniper (Juniperus deppeana. J. 
monosperma, J. osteosperma), and mesquite (Prosopis spp.) and 
the areas associated with them. This will not alter the ap
plication of the general theory to other areas or problems 
which require capital investment for future gains in a system 
of recurring sequence; alternate empirical data will simply 
alter specific relationships which are used here to facili
tate explanation of the theory. Similarly, the study will 
look only at cattle ranching operations. It should be noted, 
however, that if sage brush growth and/or sheep operations 
were added (requiring a shortening of the time cycle), the 
scope would be considerably greater.

Given a declining range condition, the ranch operator 
has three basic alternatives before him. First, he may
choose to absorb the loss. Such losses are usually very slow 
to make themselves felt in pecuniary terms; for example, herds
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may not be reduced in conformance with good range management 
policies, causing further and more rapid range deterioration, 
but leaving cash income affected only by the drop in calf 
crops and average weight. Presumably, this alternative would 
be selected only if the operator foresaw a limited tenure to 
the ranch site or if the capital needed for the other alter
natives was not available to him. These aspects will be ex
plored further in Chapter V. The second alternative is to 
purchase more land or at least the use of more land through 
a rent or lease arrangement. The third alternative is to im
prove the feed input on the given ranch site. The choice 
criteria between alternatives two and three is that of any 
two competing enterprises and is touched upon in Chapter III. 
Should the third alternative be selected, as is assumed for 
the purpose of this study, it could be achieved in a variety 
of ways which can be broadly classified as: 1) adjustments
to use pattern (referred to in this study as the management 
factor input)— that is, adjustments in the type of cattle 
operation, seasonal or periodic grazing deferment (usually 
requiring a small capital outlay in fencing), increased uti
lization through water, improvement or development, or partial 
drylot feeding. Since this study will look principally at 
investment decisions, the management factor which requires 
only small capital expenditures is initially assumed to be at 
optimum for a given ranch site. 2) artificial seeding opera
tions either in irrigated permanent pastures or suitable 
range areas. And 3) control of competitive growth on the
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range. It is the last two forage improvement programs which 
provide the greatest possibilities for increasing ranch out
put and thus, will receive the greatest attention here.



CHAPTER II

PHYSICAL ASPECTS AND VARIABLES 
OF A FORAGE IMPROVEMENT PROGRAM

The southwestern range area has a superficially homo
geneous character sufficient to enable general classification 
and discussion to be useful, but has significantly diverse 
characteristics to defy the establishment of an overall fixed 
relationship among factors contributing to forage production. 
Precipitation, elevation, soil characteristics, and climatic 
conditions contribute to a vegetational growth that may vary 
considerably even on a single ranch. Trees; cacti; shrubs, 
some of which provide forage; perennial tall, mid, and short 
grasses; and a variety of annual grasses may share a ranch 
site in various proportions to each other and be of different 
forage value depending upon the specific location and ranch 
enterprise. However, in order to bring together the range 
management and forage improvement studies which have been 
conducted throughout the area, a common denominator must be 
selected— with due regard to its limitations. Blue gramma- 
grass (bouteloua gracilis) has been selected because it is 
native to the area and is found in all regions. Being a per
ennial grass, it is less affected by precipitation than annu
al grasses. In addition, studies have shown (Klipple and
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Costello, i960) that with abundant forage available, cattle 
will select blue gramma at the rate of 50 to 95$ of their to
tal forage intake.

From a study of the pinyon-juniper area of Arizona 
(Arnold, Jameson and Reid, 1964) a relationship between the 
relative establishment of pinyon-juniper trees and blue gram
ma can be derived (see Figure la). Similarly, Figure lb shows 
the relationship between mesquite and perennial grasses (pre
dominantly blue gramma) from a study of southern Arizona 
(Parker and Martin, 1952). While these relationships may 
vary in specific measurement between areas of the Southwest, 
it is evident that the presence of pinyon, juniper, or mes
quite indicates an inverse relationship to blue grammagrass, 
in fact to all other grasses, shrubs, and forbs. It becomes 
significant, then, to investigate the trend of this relation
ship. This chapter is confined to a general descriptive ap
proach; empirical data being introduced after a criteria of 
significance has been established.

Plant Ecology^

The pinyon-juniper stands are to be found between the 
elevations of 4,500 and 7,000 feet, bounded at the higher el
evations by conifers and merging at the lower elevations with

1. The following discussion draws heavily upon the 
descriptive portions of Arnold, Jameson and Reid (1964) and 
Parker and Martin (1952) in addition to the specific sources cited.
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Figure la. E ffec t of Pinyon-Juniper on Blue Grama. 
Source: Arnold, Jameson, and Reid (1964 ), Table 3 .
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Figure lb. Effect of Mesquite on Perennial Grasses. 

Source*. Parker and Martin (1952), Figure 5.
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chapparal. Many shrubs and half-shrubs appear as well as 
grass. Pinyon propagates Itself by means of seeds or nuts 
which are born in small cones and dispersed in early fall; 
the mature tree may reach 35 feet with a trunk up to 30 inch
es in diameter. The principal juniper species are the Utah, 
one-seed, and alligator, the latter attaining the height of 
65 feet at maturity. All propagate themselves by means of 
seeds or berries which can remain viable for 10 years for the 
alligator juniper and up to 50 years for the Utah juniper, 
the seeds being unaffected or even enhanced by their passage 
through the digestive tract of coyotes, rodents, birds and 
livestock. Alligator juniper has been found to sprout from 
the crown or lateral roots when cut at ground level, this is 
especially true of younger trees under two feet in diameter. 
The alligator juniper initially grows with a single trunk; 
the Utah species is most often found with a single stem, but 
may grow several trunks; the one-seed species is usually mul
tiple stemmed. All are of an evergreen nature that survive 
cold climates well.

There are three principal varieties of mesquite: hon
ey mesquite, found primarily in Texas; western honey mesquite, 
found primarily in New Mexico; and velvet mesquite, found pri
marily in Arizona. Since all varieties act in essentially the 
same manner, they shall be treated as one species in this 
study. The mesquite plant is subject to frost and is not usu
ally found above 5*500 feet, being most productive below 4,500 
feet. it may take the form of either a shrub or a tree
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depending upon climate and soil conditions. Propagation is 
principally by seeds or beans; like those of the juniper, they 
survive time and animal digestive tracts well. The species 
is especially prone to sprouting from buds in the crown or 
even from large limbs which become covered with soil. The 
plant can form an extensive root system up to 75 feet later
ally and 25 feet deep in loose soils. Both the pinyon-juni
per type and the mesquite type of vegetation present markedly 
similar problems in their relation to forage production and 
in their growth habits; the principal difference lying in 
their ability to sprout and their location. Pinyon-juniper 
stands are to be found on ridges and flat mesa lands rather 
than along water courses; mesquite, on the other hand, pre
fers river bottoms and water courses, although its compara
tively recent encroachment onto grassland appears to be a 
thriving venture. It is this invasion of range land which 
raises the question of vegetational trend and gives a dynam
ic aspect to Figures la and lb.

Humphrey (1958) gives an excellent historical account 
and interpretation of the mesquite invasion of the Southwest. 
In 1850 there were substantial thickets of mesquite along the 
otherwise cottonwood lined rivers and in the drainages of the 
uplands, substantial in density rather than extent, although 
the headwater plains of the Red River in Texas showed quite 
extensive dispersal. From that time onward, the trees in
creased along the water courses and began to invade the
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predominantly grassy slopes and ridges in between to a con
siderable extent. Since there were no new vegetational spe
cies introduced into the area and 100 years is too short a 
time period to attribute the evident vegetational change to 
evolution, Humphrey concludes that an environmental change is 
responsible for the invasion.

Climate does not appear to have played a direct role 
in this invasion. To the extent that the Southwest is char
acterized by comparatively light precipitation, the competi
tion between plants becomes more intense for the available 
soil moisture than may be the case in an area of higher annu
al rainfall. The deeper root system of the tree undoubtably 
allows it to endure sustained drought conditions better than 
most grass species; there is also evidence (Paulsen, 1953) 
that in an established stand of mesquite, the water-holding 
properties of the soil itself may be affected to the disad
vantage of grasses, however, this is not strictly a climatic 
condition.

Schulman’s analysis, which shows deficient pre
cipitation from I87O to 1904, excessive from 1905 
to 1930 and deficient from 1931 to 1955, appears to be particularly significant when viewed in the 
light of vegetational changes in the desert grass
land during this same period. Woody plants have 
increased their range and density in this area 
(Colorado-Gila basins) during all three of these 
periods. . . (Humphrey, 1958; p. 229).

Thus, climate may have a reenforcing effect, but it has not
caused the invasion of the range by woody plants.

A secondary role of rate increase rather than a caus
al role must also be assigned to effects of grazing, both by
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domestic and wild animals. In a grazing trial by Glendening 
(1952) using three plots, one grazed by rodents, a second by 
rodents and rabbits, and the third by rodents, rabbits and 
cattle, it was found that the only correlation was a decrease 
in grass and an increase in mesquite in all plots; in fact, 
mesquite increased both in absolute and percentage terms in 
the more protected plots. Thus, if there has been any graz
ing effect at all, it must have been in the form of 11 over- 
grazing" to the extent that grass was put at a competitive 
disadvantage to other range plants, the distribution of seed 
by passage through the digestive tract, or by the removal of 
the under-story vegetation which provided fuel for previous 
range fires.

Formerly, fire would sweep the range, having been 
started by lightning or by man (Indians often used fire as an 
aid in hunting, while white settlers used fire to clear the 
land and to protect their homes from the natural fires).
Such fires had a great effect upon the climax vegetation of 
the area. Although large trees survived, recurring fires pre
vented maturing of seedlings giving a competitive advantage 
to grass which matures and reseeds faster than the more slow
ly growing woody plants. To quote Humphrey again:

A study of historical and vegetational data points 
to the conclusion that the desert grassland of 
southwestern United States and northern Mexico is 
not a true climax. Rather, it is a sub-climax main
tained by fire. Today with fires largely a thing of 
the past, the true climax of low trees, brush and cac
ti, with an understory of grasses and low-growing 
shrubs is developing extensively on areas that were 
once grassed. (p. 220).
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It is evident then, that the southwestern range, given gener
ally current use and management practices, will continue to 
be invaded by non- or low forage producing trees and shrubs; 
and if cleared, will be re-invaded.

Before turning to methods of control, it should be 
noted that the general ecological system outlined above pro
vides a general framework for discussion, but that a specific 
ranch site may be of such a character as to provide a unique 
study in itself. Climate and land tenure arraignment may lim
it the management factor input to less than optimum conditions 
for full forage utilization. Climate and soil conditions will 
have their effects on the rate and character of invading spe
cies, the character a rejuvenated range will take and its 
rate of re-growth, as well as the status of the relative com
petition between species in their natural climax trend. Top
ography will have an effect on the method of control available 
and, hence, the intensity of control which is possible. Arti
ficial seeding possibilities may also be limited by site char
acteristics. Beyond pointing out some of the obvious 
limitations which may be encountered, this study will not 
attempt to establish functional relationships for such diverse 
possibilities. However, precipitation will be singled out for 
closer examination because of the important role it can play 
on all range sites, as already noted relative to competition 
among plants.
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Forage Improvement Methods

Forage may most readily be obtained by seeding forage 
species under conditions of adequate moisture. This can be 
done in highly controlled pastures; such "permanent pastures" 
are usually irrigated and often fertilized to provide maximum 
forage output for a given site. Highly intensive forage pro
ducing operations rely upon the availability of irrigation 
water and are usually fostered by land scarcity and high value 
outputs (e.g. , a pure-bred breeding herd}, or by necessity such 
as raising hay for winter carry-over. For the most part, such 
opportunities are limited in the Southwest where the cattle 
raising industry is predominantly a range grazing industry un
der conditions of limited moisture availability. When seeding 
the range is considered, the difference between success and 
relative failure often is dependent upon the suitability of 
the site in regard to soil properties, available moisture (10 
to 15 inches annually is considered minimum), and land sur
face preparation relative to encouragement of seed germina
tion. Seed germination is increased if the top few inches of 
soil surface is loosened to allow the seed to become covered 
by soil. Since soil moisture is limited, the presence of any 
nonforage growth will be competitive with the seeded grasses. 
Paulsen's study (1953) showed that a heavy grass cover may 
prevent or at least markedly retard the establishment of mes- 
quite trees; however, this is quite reversed for an establish

ed stand of mesquite. Thus, unless seeding is to be confined
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to already open areas of the range, control of competitive 
growth becomes a prerequisite to a successful seeding opera
tion; in addition, some methods of control aid in soil prep
aration.

There are several methods of controlling competitive 
growth, each with their own advantages, disadvantages, and 
costs (discussion of cost is postponed until Chapter IV).
Hand methods, such as individual tree chopping and hand grub
bing, have the advantage of being thorough with little dis
turbance to already established forage; in addition, terrain 
presents no problem as anywhere livestock can go, a man can 
go with hand tools. On the negative side is the amount of 
time required to clear an extensive stand, especially of 
large trees; also, alligator juniper and mesquite must have 
the crown removed— no easy task on a sizable tree— in order 
to prevent immediate regrowth from sprouting. Another meth
od of individual tree control is by means of chemical treat
ment; several bulletins are available--(Morrow, True and 
Harris, 1962; McCorkle, jjt al, 1964; Parker and Martin, 1952) 
— suggesting proper compounds and methods of application.
This technique has an advantage over chopping in that the 
time factor is usually reduced for larger trees; however, it 
leaves the dead trees standing on the site and the kill is 
not always sure. In general, individual tree control methods 
may be useful as a preventative measure on stands of small 
trees where the forage is still well established, in areas



which are difficult to reach by other means such as water 
courses or as follow-up treatment to remove the small trees 
often missed by mechanical techniques.

Cotner (1963a) and Arnold, Jameson and Reid (1964) 
give a good description and analysis of the use of tractors 
and bulldozers in the controlling of pinyon-juniper which is 
also applicable to mesquite in its tree form. Principally, 
the method consists of pushing individual trees over with a 
bulldozer or dragging a chain or cable between two tractors. 
The cabling or chaining technique cuts a hundred foot swath 
through trees on terrain free of large rocks and other obsta
cles; however, it slips over trees less than 10 feet high and 
often only tips trees of intermediate size. It is very ef
fective on dense mature stands located on smooth terrain. 
Bulldozing may be used to remove those trees missed by the 
cable or chain and on dispersed stands or moderately rough 
terrain. Such methods, especially chaining, "rough-up" the 
soil considerably— a useful side effect if artificial seed
ing is contemplated. It is generally felt that ranges with 
less than 10 percent basal forage cover should be seeded.
For mesquite in its bush form, root plowing is quite effec
tive. This technique employs a hook or plow affixed either 
to the dozer blade or behind the tractor which drops below 
the root crown of the bush, lifting it out of the ground.
This method also disturbs the soil considerably and seeding 
is usually made a part of the program. The season chosen for

17
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this method of control should be carefully selected to mini
mize possible erosion effects.

Fire has also been used with varying degrees of suc
cess as a tool for control, both by burning individual trees 
with a propane torch and by mass burning--the choice being 
based principally on the density of the stand. This method 
is moderately affected by terrain, but its greatest defect 
lies in its heavy dependence on weather conditions. This is 
especially true of mass burning. If the woather is too dry 
or too windy, the fire can easily be carried beyond the con
trol area. If the weather is too damp or if-there is a lack 
of sufficient understory vegetation, the fire will not carry. 
Often a pre-spraying is required to dry the trees. Fire is 
often useful to destroy trees which have been placed in wind
rows after mechanical treatment.

In addition to terrain, density, erosion and weather 
conditions (and costs) which may affect the choice between 
methods of control, the size or scale of the control area can 
play an important part, as will be seen when costs are consid
ered. With regard to the expected forage regrowth, the in
tensity of control (percent and type of kill) can be 
significant since small trees will grow faster once the larger 
trees have been removed (Arnold, Jameson and Reid, 1964).
Soil productivity becomes a significant variable between 
sites (Cotner, unpublished).
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Time becomes a key variable on a given site. Maximum 

forage production is not immediate (in fact, it may initially 
decrease as a result of the control treatment), but increases 
over time--this is true of artificially seeded areas as well 
as native areas. Forage regrowth is faster than tree rein
festation, thus indicating a period of sustained yield. Time 
will also play a key role in the economic analysis presented 
in Chapter III.

Management of the Ecological System After Control

Although it was initially assumed that the management 
factor input was optimum for a given ranch site, it cannot be 
assumed to be optimum for an improved site. In effect, the 
improved site becomes a new enterprise for which the input mix 
must be reevaluated. The grazing practice employed, or utili
zation, is probably the most significant input variable and 
the one most likely to change.

Presumably, an expected increase of the stocking rate 
is a major reason for instituting a control and forage im
provement program; how soon and to what extent such increases 
will be forthcoming are dependent upon the prior condition of 
the range, the intensity of the improvement program,and on 
the specific site characteristics including precipitation.
If extensive areas of dense growth have been converted to open 
grasslands, it may be possible to reduce the number of horses 
and bulls required for efficient animal production, thus
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freeing more forage for direct production. Increased calf 

crops and decreased death rates are usually expected as con

comitant benefits which increase the pressure on the avail

able forage per unit of the base herd. The grazing season 

may be altered, especially if introduced grasses have been 

seeded. It is generally agreed that a two-year grazing de

ferment on controlled land results in greater forage produc

tivity for both seeded areas (Lloyd, 1959) and native areas. 

Such a deferment would require temporary cutbacks in live
stock or the provision of feed from sources other than the 

land in question. With reference to stocking rates, Klipple 
and Costello (i960) found that heavy grazing (over 50 percent 
forage utilization) reduced plant vigor and growth each year, 

while moderate and light grazing did not; this was true for 

short grasses such as blue gramma, and especially true of mid 
grasses such as the popular wheatgrasses used in artificial 

seeding. Finally, the effects of wildlife on forage utili

zation must not be omitted from consideration; newly grassed 

areas may well attract wildlife, especially if the open area 

is periodically broken by "islands" of unremoved trees.

Changes in available forage and grazing season may 
necessitate a change in the type of operation (cow-calf or 

cow-calf-yearling) to maximize forage utilization. Similarly, 

if annual grass production is stimulated in years of increased 

precipitation, the addition (or increase) of stockers may be

come a possibility--all of which can affect season and method 
of sale.
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A different labor input may be required as a result 
of other adjustments in the ranch enterprise, the same may be 
true of supplemental feeding. Additional fencing may be re
quired to effect a desired deferment or utilization pattern. 
New water sources may have to be developed to make full use 
of newly established forage, as utilization usually drops off 
at distances greater than one to two miles from water.

Optimally, all of these aspects of what is here call
ed the management factor input should be considered and quan
tified prior to a final decision of engaging in a forage 
improvement program or, for that matter, the purchase or rent
al of additional forage acreage.

Summary of Physical Model

Some of the major variables and considerations of a 
range forage improvement project have been discussed above 
relative to a range characterized by pinyon-juniper or mesr 
quite climax vegetation. Each of these relationships must be 
taken into account in any decision regarding a forage improve
ment project. The fact cannot be overemphasized that each of 
these relationships will vary from site to site and that each 
site will have a unique combination of variables which can be 
determined only by individual examination and judgment. In 
order to facilitate the explanation of an economic perspec
tive of the physical system, a physical model is asserted.
In no way is this model intended as a description of any given
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site except to point out the general characteristics which 
may be expected. Some representative data will be fitted to 
this conceptualized model in Chapter IV.

Plotting forage against time, for a given site, a re
lationship such as Line E of Figure 2 might be expected as 
trees successfully compete against grass for available soil 
moisture in the invasion process. The ranch operator moves 
along this lino, adjusting his short-term inputs to maximize 
his revenue position. At any given point in time, (say)
Point A, he may elect to engage in a forage improvement pro
gram (with due regard for the limitations that site charac
teristics and the degree of invasion might place on the method 
or methods of control available for application), to contract 
for additional forage supplies, or to continue with his de
clining range site. Should he engage in a forage improvement 
program of a given intensity, he might expect a forage res
ponse curve similar to Line AB for a natural vegetation res
ponse and a constant management-factor input varying only the 
stocking rate to maintain a constant rate of forage utiliza
tion. If artificial seeding is a part of the program, a re
lationship represented by a line such as AB1 might be expected. 
A program including deferred grazing without seeding might be 
illustrated by a line such as AB". Any other such line rep
resenting a unique combination of the management-factor input 
and the forage improvement program might be constructed. As 
precipitation has a marked effect on short-term forage pro
duction, but averages out in the long run, it may be
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advantageous to take separate account of precipitation effects 
in cases where the planning period is comparatively short.

Since tree seedlings will reinvade the area, but will 
have no noticeable effect on the forage until the canopy 
reaches at least 10 percent, a period of sustained yield, such 
as Line BC, is to be expected. This yield may be extended in
definitely by short, periodic inputs of control action such as 
hand grubbing, and constant surveillance of the management- 
factor input; or, it may be allowed to continue a course of 
natural reinfestation such as Line CD, whence the cycle begins 
again.

It is clear that from "Point A" the production of for
age is a function of certain basic site characteristics, a 
selected use pattern, and various amounts of forage produc
ing inputs as described above. The forage production func
tion can be implicitly stated as:

A = f(X1, X2, X3, B, P, T, U, Z) 
where "A" is some quantity of forage produced--a physical as
set; "Xj" is the amount of tree overstory removed; "X^" is 
the amount of seed which is applied; "X^" is the amount of 
deferred grazing; "B" is some basic amount of natural forage 
left on the site after control; "P" is the amount of precip
itation the site receives; "T" is time; "U" is some utiliza
tion factor; and "Z" is a residual amount of unspecified site 
characteristics (such as soil productivity). Both inputs X^ 
and U refer to grazing practices. They have been separated 
because X^ is consciously chosen as a part of the improvement



program and as such will have certain costs (such as fencing) 
which are directly attributable to the improvement program.
U, on the other hand, is conceived as arising from sources 
exogenous to the improvement program and having effects which 
are detrimental to the production of forage. The principal 
inputs allowing for alternative combinations in the produc
tion of forage are and X^.

The choice criteria, in economic terms, between these 
several alternatives is the subject of the following chapter. 
It should be noted that the above discussion implies that for
age is a desired goal in itself. This is not strictly true; 
the forage must be transformed into pounds of salable beef 
(or other livestock) to be realized as revenue, unless rental 
of the pasture is possible. However, since this transforma
tion involves herd characteristics, type of operation, mar
keting structure, and livestock prices to such an extent that 
it becomes a study in itself, this study will maintain a "val
ue of forage" approach based upon estimates of utilization 
value, admitting here the weakness of this rationale.
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CHAPTER III

ECONOMIC THEORY OF RANGE FORAGE PRODUCTION

It has been shown that a stream of forage assets over 
time can be produced by means of a series of inputs which can 
be characterized by a physical production function. Some of 
the inputs are constant, or at least exogenous to the deci
sion maker’s control, such as precipitation (P), time effects 
(T), and site characteristics (Z). Other inputs, although 
consciously selected, are not quantitatively chosen purely 
on the basis of the forage production decision framework, 
e.g., the basic amount of natural forage on the range (B) at 
the time of the control program and the negative utilization 
factor (U) which may be introduced from sources found in the 
livestock markets. Therefore, only three variables are di
rectly controlled by the decision maker in planning his for
age production program. These are the amount (or percent) 
of the tree overstory which is removed from the range (X^), 
the amount of artificial seeding that will take place (X^), 
and the amount of grazing deferment which is contemplated (X^). 
Theoretically, each of these may be applied in infinitesimal
ly small incremental amounts. Each of these may be thought 
of as capital inputs, since they are the produced means to 
further production— capital of a 11 sunk" nature, since any

26
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salvage value they may have after purchase is almost wholly 
dependent upon their on-site earning power. Each capital in
put has a cost or "price” per unit associated with it even 
though it is not directly purchased as a produced commodity 
in any market place--the price being the total cost incurred 
in achieving any given level of a particular capital input.

Assuming the objective of maximizing net worth over 
a given planning period, it should be the objective of any 
economic model concerning range forage improvement to estab
lish the optimum forage level to be attained (Aq), the opti
mum (least cost) combination of capital inputs (Xq) needed to 
produce Aq, and the optimum time period (Tq) in which to en
gage in the project. This chapter is an inquiry into the 
theoretical aspects of the problem under assumed conditions 
of pure competition. Deferred to Chapter IV are considera
tions of empirical data and to Chapter V considerations of 
the model's appropriateness and ramifications.

Conventional "Timeless" Economic Model

The physical production function is crucial to any 
model of optimization because it sets forth the production 
possibilities, thus defining all possible production goals 
and also any production limitations. Chapter II implicitly 
stated the physical production function for the case of range 
forage production. Typically, the production function is il
lustrated with areas of increasing, diminishing, and decreasing
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output (returns) as a single input, or a group of inputs in 
fixed proportion, are added to a fixed stock of productive 
factors in the production process. Whether any particular 
productive process has increasing or decreasing stages of pro
duction is immaterial as long as it has a range of diminishing 
average returns. Clearly, there would be no reason to cease 
production in Stage I where the incremental input factor pro
duces more than proportional returns of output, nor to press 
factor input to Stage III where the total output is reduced 
absolutely. It can be intuitively seen that as the capital 
inputs X^, Xg, and X^ are placed into the productive process 
in increasing amounts (either individually or in some propor
tion to each other) against a fixed resource base of B,P,T,U,Z, 
the resultant output (A) will evidence a period of diminishing 
returns as the resource base is pushed to capacity.

Any given level of output can typically be produced 
by the factors of production in various proportions to each 
other, i.e., the marginal rate of substitution between fac
tors in the productive process can be conceptualized as an 
isoquant. The least cost combination of factors, for any 
given level of production, can be determined by comparing the 
isoquant to an isocost (the conceptualized marginal rate of 
cost substitution between factors)— the point where the cost 
ratio equals the negative of the marginal productivity ratio 
being the least cost point. From plotting all possible iso
quants and isocosts, an expansion path emerges which shows
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the economically rational production possibility combinations; 
this expansion path defines the portion of the production 
function which is significant in the final analysis. So long 
as the value added by each factor of production exceeds its 
cost, it is profitable to produce. For all points on the ex
pansion path, the marginal-value-product/marginal-factor-cost 
ratios are equal among factors and all are equal to unity at 
optimum production.

The costs associated with the production function along 
the expansion path yield a short-run total cost curve. The 
first derivative of this curve indicates the cost of the mar
ginal unit of output which can be compared to the revenue de
rived from this output. Marginal cost equals marginal revenue 
at the level of optimum output. This output level corresponds 
to an isoquant whose associated isocost yields the optimum mix 
of productive factors for least-cost production. The possi
bility of greater revenues outside the enterprise requires the 
comparison of two parallel models or the inclusion of oppor
tunity cost in the computation.

Time in the Conventional Model

Time effects can cause some difficulty. The value of 
a sum of money in the future is not equal to the same amount 
in the present because of the consumption satisfaction and/or 
earning power that it possesses. In addition, time introduces 
the problem of risk concerning future revenues when capital
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funds must be invested in the present for future returns. 
These risks must be insured against. Thus, any future rev-

' ■' V -
enue must be discounted to the present. In the conventional 
model, revenue is discounted for risk and opportunity costs, 
which results in a discounted marginal value product of capi
tal .

The conventional model can be made to work in a time 
oriented analysis, but it underplays the role of capital by 
including it as only one among many factors in an overall 
cost curve and by hiding its associated considerations (such 
as when to invest) in a discounted marginal value product.
The result is that emphasis is placed on cost reduction rath
er than on profit maximization; the two are the same only to 
the omniscient decision maker.

The following model, in effect, "inverts" the conven
tional model in order to take a closer look at the components 
of revenue in a productive process where capital investment 
is the significant variable.

An Investment Model for Forage Production

Certain assumptions are made in order to facilitate 
the presentation of the theory which underlies the model. 
These assumptions could be relaxed or modified in applica
tion, but to do so here would be to unnecessarily add confu
sion. The first assumption is the basic assumption that the 
decision maker wishes to maximize his net worth over a given
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planning period. This assumption will be further explored 
in Chapter V. The second assumption is that pure competi
tion prevails in the factor markets and in the establishment 
of asset valuation. This is not unnecessarily restrictive. 
There is no reason to believe that the cost per hour of la
bor or machine time will vary during any given program per
iod, nor that the gross earning power of any unit of forage 
will be unequal to any other unit. The third assumption is 
that there is an assignable risk factor. That is, that there 
is some sum of money or rate of earning that will compensate 
the decision maker for his uncertainty regarding future hap
penings concerning his enterprise and that this risk factor 
is known prior to the planning period. The fourth assumption 
is that there is divisibility and substitution of factors 
used in the production of assets. This is a conventional 
assumption to enable graphic presentation of curves rather 
than linear segments. The final assumption is that there is 
an unlimited availability to the decision maker of capital 
funds at a constant price. This assumption will be relaxed 
in Chapter V.

As previously stated, the generalized production 
function is:

A = f(X1, X2, X3,B,P,T,U,Z)
where X^ equals the percent of tree overstory removed, X2 
the amount of direct action taken to produce forage, X^ the 
amount of grazing deferment, and B,P,T,U,Z the productivity
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and utilization characteristics of the site. Each of the "X" 
factors is produced, or "purchased" by one or a combination 
of several methods: i.e.,

X-l = f ( ,  Xg t , x «̂ t Xg)
where is chaining or cabling, Xg is bulldozing or root 
plowing, x^ is mass burning, is individual tree burning, 
x^ is chemical treatment, and Xg is hand chopping;

Xg = f(ŝ »
where s^ is the amount of seed broadcast per acre by the least 
cost method of distribution, Sg is the amount of fertilization 
and s-j is any follow-up treatment; and

X3 = ftSi'Sg'G])
where g^ is the amount of rented animal units, g^ is the 
amount of temporary herd reduction (may include fencing), and 
g^ is the amount of fencing and the increase in the "U" fac
tor on noneontrolled areas resulting from deferment on con
trolled areas without herd reduction or renting of alternate 
pasture.

Although three independent variables cannot be graph
ed, they can be handled mathematically and conceptualized 
graphically as in Figure 3a. Isoquant "A" is defined as any 
given fund of assets which may be produced by various combin
ations of the capital inputs X]L,X2, and X^ in conjunction 
with the fixed resource base B,P,T,U, and Z. The isocost 
line must be determined from the cost of the hired services 
needed to bring the capital inputs into being. For
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X:

Figure 3a . Hypothetical Asset Isoquant Map

Figure 3b. Hypothetical Capital Isoquant Map.
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illustrative purposes. Figure 3b considers the creation of 
"X11' from a combination of chaining and hand chopping. Iso
quant "X11' is any given amount from 1 to 100 percent. The 
isocost line is the conventional isocost reflecting the cost 
ratio between and Xg. The resulting expansion path, "X^P", 
yields a line from which the price of can be determined at
its various levels P̂ , = P (x_) + .... + P (x^) . It be-X1 xi 1 x6 b
comes apparent that although a constant price for x^ .... x^
is assumed, the price of X- (P ) need not remain constant

1
throughout its full range; indeed, this would be the case on
ly if x^ .... Xg physically substituted for each other in 
constant proportion throughout the production range of X^, a 
most unlikely condition. Returning to Figure 3a, the expan
sion path "l^11 is the investment possibility line as seen for 
a given point in time such as point "A" in the physical model 
presented in Chapter II.

The cost of producing any given stock of assets is 
the sum of the individual amounts of capital input employed, 
times their respective prices, plus a valuation cost if ap
plicable; i. e. ,

C = Px (X1) + Px (X2) + Px (X3) + M 
The valuation cost (M) is that added cost, if any, which is 
incurred in the process of giving value to a newly produced
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asset. As indicated in the previous section, risk and oppor
tunity costs must be taken into account. The present model 
separates the two for clarity of analysis. If the value of 
a given physical stock of assets (A) is discounted by the risk 
factor, a present value of the asset (V) is established; by 
subtracting costs (c) from this present value, a discounted 
net return to the forage improvement program is attained. It 
is this discounted net return which must be compared to re
turns from alternative enterprises.

The investment possibility line (1̂ ) of Figure 3a em
bodies the economically rational combination of capital in
puts to be used in the production of various amounts of assets 
and therefore reflects the optimum relationships between pres
ent value and costs per unit of physical asset for the period 
considered (see Figure 4a).^ Any number of "l" functions can 
be constructed (e.g. , 1̂. ) for any future time period as if,
in fact, that time period were the present. If all possible 
11111 functions were graphed, segments of their curves would 
form the envelope curve "L", which is the long-run investment

2

2. For example: If the forage improvement program
results in producing forage in a location where there had nev
er been forage before, it may be necessary to improve watering 
facilities or incur other similar costs in order to utilize 
the forage. Should the forage go unused, it would have no val
ue and, therefore, would have to be omitted when calculating the stream of assets.

3. The 111" functions have been drawn with the con
ventional three stages; again it is only Stage II which is 
significant. Net returns undoubtedly would evidence a di
minishing character as costs increased with the inclusion of 
more and more unsuitable land into the program.
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Figure 4 a . Hypothetical Long-run Investment 
Possibility Function.
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Figure 4b. Marginal Returns Analysis.



possibility function. "L" embodies the optimum scale of in
vestment for the production of any given physical asset lev
el (A) in the time dimension.

The first derivative of the "L" function yields the 
marginal rate of return to the forage production enterprise-- 
discounted for risk, inclusive of all time effects, and net 
of all costs except opportunity costs to which it must be 
compared. From accepted economic theory, it is known that 
the rational area of asset production is the area of dimin
ishing returns, i.o., from the point where MRR = ARR (margin
al rate of return equals average rate of return) to the point 
where MRR = 0 (between and of Figure 4b). Just where 
in this area the optimum point lies depends upon opportunity 
costs, or the highest alternative earning power of the funds 
required for the forage production program. For illustrative 
purposes in Figure 4b, a no-risk bank or bond rate (r) is 
used. It can bo seen that the point where MRR = r determines 
the optimum asset level to be produced (Aq) in the forage en
terprise. To produce less would result in lower net returns 
(measured by the rectangle bounded by the graph's axis and 
the extensions from the point on ARR corresponding to Aq in
dicated in Figure 4b by the rectangle ONRAq), and to produce 
more would add less to net returns than could be earned by 
investment at the market rate "r".

Once the optimum asset level has been established, 
the other objectives of the economic model can be easily
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determined. The point on the "L" curve in Figure 4a corres
ponding to "Aq*1 determines the optimum time (TQ) in which to 
engage in the project, since the "L" curve is made up of "l" 
functions of various time periods; in this case, t+i is se
lected. Returning to the particular isoquant map for the 
given "l" function, the optimum mix of capital inputs can be 
determined from the isocost which corresponds to the isoquant 
of the optimum asset level. This could be illustrated by 
subscripting Figure 3a. A subscripted Figure 3b would yield 
the proper combination of hired services required to obtain
II v *•Xo *

The graphic approach has been used to illustrate the 
theory. In application, the mathematics of each function 
would be established and the problem solved simultaneously, 
thus doing away with the two-way aspects of the graphs.

Advantages of Model

The model presented above conforms to the convention
al model inclusive of time effects. The factor-factor rela
tionships are clear from Figure 3a and the discounting 
procedure of Figure 4a. The marginal revenue - marginal cost 
relationship is not so easily seen. Accepted theory indi
cates that the price of the asset should equal the price of 
capital divided by its marginal physical productivity, since
capital is the only purchased variable in the production of 
the asset. By rearranging terms, the marginal value product
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of capital (P^ . MPP^) should equal the price of capital.
Since MRR of Figure 4b measures the change in net revenue 
(V-C) relative to a change in asset level (discounted for 
time effects) and since the price of capital is character
istically its opportunity cost, it is obvious that the con
dition MR = MC is met at the point where MRR = r.

Although conforming to conventional theory, the model 
is more than simply a novel way of presenting accepted theory. 
•By separating risk and opportunity cost, the importance of 
their individual roles becomes more apparent. For instance, 
it is clear that opportunity costs would have to fall to zero 
before it would become profitable to produce the maximum for
age physically possible. By placing the model solely in 
terms of investment profitability, many budgeting problems 
are eliminated such as the need for determining a fair return 
to management. Finally, it is a simple matter to introduce 
any number of opportunity costs into Figure 4b. By construct
ing a secondary value scale for the present physical scale of 
"A" (such values have already been established in determining 
11V”), any alternate income may be compared to the given MRR 
of the range improvement project. Such an income may be 
shown as amortized, similar to "r" of the diagram, or it may 
be any alternate marginal rate of return. Before comparison 
to the range improvement MRR is made, any alternate income 
must be discounted by a risk factor appropriate to the enter
prise which generates it.
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One of the major achievements of the model is that it 
takes a comprehensive view of optimization, and thus it is 
termed an analytical model rather than a descriptive or "work
ing" model. This is of value in its contribution to the body 
of knowledge regarding forage improvement and does not imply 
obsolescence or reduced usefulness of other models.

Alternative Models

A very good discussion of the overall problems asso
ciated with the general topic of range improvements is given 
by McCorkle and Caton (1962). The conventional model is 
adapted to the subject with several specific examples.

The basic reference relative to southwestern range 
forage improvement is that of Cotner (1963b). The essence of 
Cotner's model is to discount a stream of gross benefits back 
to the year of control for comparison to control costs. The 
stream of benefits is assumed constant for each possible time 
period regardless of which control method is used, thus pro
viding a total revenue line in the time dimension. The costs 
associated with each control method in each time period pro
vides several alternate total cost functions in the time di
mension. The first derivative, relative to time, of the 
revenue and cost functions yields a marginal revenue and mar
ginal cost relationship for each control method— where MR = MC 
determines the optimum time for each method. By constructing 
a table of optimum times, with each control type subdivided
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by site productivity and discount rate (combined risk and op
portunity cost), several costs are derived which are subtract
ed from the total revenue associated with each optimum time 
period yielding a net revenue. All such net revenues are 
further discounted (this rate is not identified) to a common 
time period for comparison. The largest net revenue indicates 
the optimum control method. The model treats the control 
methods as mutually exclusive rather than substitutive in the 
production of range forage; it further implies 100 percent re
moval of competitive growth on a given site. There is also no 
consideration given to the possibility of seeding or deferred 
grazing in the explicit model.

A study which looks into the economics of combined 
improvement practices, e.g., fertilization, artificial seed
ing, and sage brush control, plus the interrelationship of 
forage production and beef production, is that of Rader (1963). 
Rader conceives of a matrix system for which various beef out
puts (Yj<n) are viewed as a function of various improvement 
practices (l^n) and utilization practices (U^) each of which 
is in turn a function of more basic inputs. A total revenue 
is established (Y^Py^) as is a total cost (the sum of the 
basic inputs times their respective costs) thus yielding a 
profit expectation (TR - TC) which is maximized relative to 
the variable factors. Optimum factor combinations and opti
mum output levels are established by having the MVP . = C .xi xi
and the MVP^^/C^^ = MVP^j/C^j, where "C" is the price of the
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input. Budgets were used to establish the above relation
ships. Although time effects are mentioned, they are not ex
plicitly set out in the model. Full knowledge of livestock 
production functions as well as forage production functions 
is required to establish the optimum input of improvement 
capital.

A more pragmatic approach is taken by Lloyd (1959) 
in what is basically a cost-benefit analysis of seeding 
crested wheatgrass after removal of sagebrush. Costs are col 
looted from various projects with breakdowns as to type, e.g. 
overhead; removal of competitive growth; planting;and nondi- 
rect costs such as lost income from nonuse, interest on in
vestment and risk. Thus, a total cost is established as is 
an average annual cost (total cost amortized over 20 years). 
The average annual cost is used as a 11 break-even11 line to 
which annual returns are compared. Returns are estimated 
from budgets covering changes in livestock production and 
reductions in operating expenses attributable to the range 
improvement. Intangible returns, such as improved water con
servation, are acknowledged but not quantified. Gross annual 
returns are compared to average annual costs to establish 
feasibility of a given project. Such studies are extremely 
useful in a practical sense, but contain few elements of a 
general theory. Another excellent work on break-even points 
is Grey, Stubblefield and Roberts (1965) which establishes 
break-even points for several types of range improvements.



The linear programming model of Nielsen (1965) looks 
at various levels of public investment in range resources 
relative to various use patterns. The possible resources of 
a given area are surveyed and established by pilot studies 
and expert judgment. The basic model is an optimum use pat
tern (chosen among a set of given possibilities on the basis 
of range management criteria) with public investment gradu
ally increased until its MVP falls below marginal investment 
cost. Several models are used to introduce the various pos
sibilities of distribution of produced AUM's (animal unit 
months) among the area users and thus, several possible MVP's 
for each capital input is obtained. An internal rate of re
turn is computed to arrive at the present value of the stream 
of MVP's over the planning period (20 years).
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CHAPTER IV

EMPIRICAL REVIEW 

The Physical Model

There are three aspects of the physical model which 
deserve inquiry: (1) the declining range function, (2) the
character of the response curve, and (3) the forage produc
tion function.

Figures la and lb of Chapter II are estimates of the 
declining range function for pinyon-juniper and mesquite ar
eas , respectively, the data coming from the published sources 
cited. Table 1 presents composite data for pinyon-juniper 
areas by year and site productivity. From Table 1 it is ap
parent that site productivity strongly influences the level 
of the curve, but not its general character. No such rigor
ously developed data are available for mesquite areas, but it 
would appear that mesquite might compete with grass more suc
cessfully than pinyon-juniper. A lower percentage of canopy 
intercept is needed to reduce grass cover to less than 10 
percent; perhaps this is due to the generally lower precipi
tation level of mesquite areas as compared to pinyon-juniper 
areas.

The response curve is somewhat harder to define. In 
Chapter II several possible curves were presented which
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TABLE 1. TIME, CANOPY INTERCEPT, AND FORAGE DEPLETION FOR PINYON-JUNIPER TYPE.

Years of 
Encroachment

Low Potential Site Medium Potential Site High Potential Site
CanopyIntercept ForageDepletion CanopyIntercept ForageDepletion CanopyIntercept ForageDepletion

(Number) (Percent) (Percent) (Percent) (Percent) (Percent) (Percent)
5 .2 1 .3 2 .6 4
10 .3 3 • 5 4 .8 9
20 .6 8 1.8 10 2.5 18
30 1.9 13 4.0 19 6.2 26
4o 5.1 15 10.2 31 14.6 42
50 15.4 31 21.7 46 27.7 61
60 25.7 45 33.0 63 42.0 78
70 35.8 59 45.0 76 52.5 83
80 45.9 74 56.5 84 63.6 89
90 56.0 78 67.5 87 76.0 95

Source: Cotner (unpublished), Appendix Tables 9* 10, and 11
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depended upon the level and combination of capital inputs; 
for the most part this was theoretical. In practice most 
control programs have been characterized by maximum levels 
of one or more of the inputs. It is even impossible to de
termine the rate of substitution between factors at maximum 
levels due to the discrepancies of site characteristics and 
the manner of measuring response. Figure 5 (drawn from Ta
ble 2) shows a typical response for maximum levels of all in
puts. Data were gathered from the Cibicue range area of the 
Port Apache Indian Reservation of east central Arizona, which 
is representative of the pinyon-juniper type. The area was 
double chained, the remaining trees were hand chopped, all 
removed trees were burned, the area was seeded to intermedi
ate wheatgrass and weeping lovegrass, and the range was not 
grazed for two years. The blue gramma and wheatgrass respon
ses are separated since they represent the principal grasses 
selected by cattle. The total response is shown as a measure 
of productivity, although if it is unused by livestock, it is 
not an asset in the sense used in this study. The response 
appears linear because only five years of data are available. 
Response is measured in percent of basal cover. In areas of 
meager rainfall, a typical characteristic of the Southwest, 
it is generally agreed that maximum possible basal cover 
ranges from 20 percent to 40 percent. Figure 6 shows a com
posite response of several pinyon-juniper sites where all 
trees were removed, but where there was no seeding or deferred
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Total

18

^Blue , 
Grama

Wheatgrass

Years

Figure 5 . Grass Response After Control Program 
Site 2 ,  Cibique Range.

Regression: T o ta l, y = 4.1 +  4 .0 x  , r2 * .9 8 v  s2= 1 .9 4 3 3 ;
Blue Gramat y= 4 . 0 +  2 .3 x ,  r2 = .9 8 ,  
s2 8 .5 9 6 7  ,

Source: Table 2 .
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TABLE 2. RESPONSE AFTER FORAGE IMPROVEMENT PROGRAM, CIBECUE 
RANGE, FORT APACHE INDIAN RESERVATION.

Yield
____________ (Percent of Basal Cover)____

Site and Grass Prior to Growing Season After Control
Specie Control 0 1 5 3 5 5

CITI
Blue Gramma 2 0 2 4 4 3 5Other native 1 0 1 0 0 0 3Lovegrass 0 0 1 1 2 5 9Wheatgrass 0 0 2 5 12 10 4

C2T1Blue gramma 6 1 4 6 8 6 11
Other native 1 0 0 1 3 5 4Lovegrass 0 0 1 0 0 1 1
Wheatgrass 0 0 1 2 3 1 2

C2T2
Blue gramma 10 7 8 11 16 19 20
Other native 0 0 0 0 0 3 3Lovegrass 0 0 1 3 3 5 4
Wheatgrass 0 0 0 l 3 3 1

C3Tla
Blue gramma 2 2 2 2 2 4 5Other native 1 0 0 0 2 1 3Wheatgrass 0 0 0 0 0 1 1

c4TlbBlue gramma 29 11 12 17 19 20 24
Other native 0 0 0 0 0 0 1

C5Tlb
Blue gramma 4 1 0 0 0 0 0
Other native 1 0 1 3 3 2 4

C6Tlb
Blue gramma 15 6 11 9 C 16 13Other native 7 7 7 11 c 9 12

aOnly wheatgrass seeded.
^No seeding operation. 
cData not collected.
Source: Original data courtesy of Mr. Carl-Eric Gran-

felt, Bureau of Indian Affairs, Fort Apache Indian Reservation.
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12 1310 II
Years

Figure 6. Composite S ite Response on Pinyon-Juniper Type 
After Tree Removal.

Regression: y = 198.56 +  8 8 .8 8 x - 4 . 0 2  x2
(no r2 or s2 given)

Source: Arnold, Jameson, and Reid (1 9 6 4 ), Figure 2 4 .
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grazing. This curve shows an expected maximum output in the 
eleventh year.** A 6-year response for mesquite control is 
given in Figure 7 for 100 percent tree removal without oth
er capital inputs; this is only a very rough estimate since 
the regression coefficient does not pass the significance 
test.

The forage production function, A = f(X^,X2.X^,B,P, 
T,U,Z), is, of course, a component breakdown of the response 
curve. It is clear that no functional relationship can be 
established from the preceding data, however, some idea of 
the relationships may be gained by the review of certain 
available data for each factor.

Figure 8 is more a product of the author’s imagina
tion than of fact. It is presented because it is in conform
ance with the theory presented in Chapter III and represents 
the best estimate available; the data of Table 3 neither 
proves nor disproves the assorted relationship between per
cent of trees removed and output. It should be noted that the 
proposed relationship is between number of trees and output 
and not the critical relationship of canopy intercept (X̂ ) 
and output; there is no available conversion factor between 
trees and canopy intercept especially for mesquite. In the

4. It has always been assumed that a site will return to maximum productivity in 10 to 15 years, that is, be
fore the tree reinfestation reaches significance; this 
assumption has been maintained in the present study. Should 
this assumption be proved false the economic theory of Chap
ter III is still valid, however, the computations would be in
creased and the choice alternatives multiplied.
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3
Years

Figure 7. Perennial Grass Response A fte r Mesquite 
Removal.

Soure: Parker and Martin (1 9 5 2 ), Table 5.
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k- 140

V? 100

Q. 4 0

10 20 30 40 50 60 70 80 90 KX)
Percent of Trees Killed

Figure 8. Forage Response to Various Intensities of Tree 
Kill. Source: Table 3.

TABLE 3. YIELDS OF NATIVE GRASSES FOLLOWING MESQUITE THIN
NING ON THREE SITES.

Number 
Trees Left 
on Site

Throe Year Average Yield (Air-Dry) After ThinningSite A Site C Site D
Percent
Removed

Yield
(lbs)

Percent
Removed

Yield 
(lbs)

Percent
Removed

Yield
(lbs)

All 0 44 0 12 0 40
25 93 176 85 135 43 34
16 96 16? 90 12? 64 100
9 97 153 95 89 80 194

None 100 225 100 162 100 72

Source: Parker and Martin (1952), Table 8.



next section there will be occasion to refer back to Figure 8 
when a rough estimate is made for juniper.

The only data available for artificial seeding (Xg) 
which are applicable to the area covered by this study is pre
sented in Table 4. Although it has been generally agreed 
among range managers that a two-year-grazing deferment is ad
vantageous following control and/or seeding, there is no ap
plicable study which treats deferred grazing (X̂ ) as an 
incremental input with paired forage returns.

Figure 9 provides a measure of the importance of the 
basic natural forage left on the range after control (input 
"B"). Each point represents a five year average of response 
after control. The regression line indicates that each addi
tional unit of "B" yields less than proportionate returns 
over time. Unfortunately, the variance is too large to yield
a significant "b" value; perhaps, a curvilinear regression of

2the type Y = a + bX - cX might reduce the variance and in- 
2crease the llr~" value, however, the number of observations 

are so limited as to provide only a rough estimate in any 
event.

Clawson (1948) attempted to quantify precipitation 
effects for many of the western states. Precipitation was 
compared to range conditions as reported monthly by ranchers 
to the Bureau of Agricultural Economics between 1923 and 1946. 
The range was rated on a scale of 0 to 100, however, no Ari
zona ranch reported less than 55 for any month in the period.

53



TABLE 4. RETURNS TO SEEDING CRESTED VHEATGRASS ON SELECTED 
SITES IN WESTERN UTAH.

54

Seeding _____Yield
Name of 
Project

Year
Seeded

Year
Sampled

Rate
(Ibs/acre)

Lbs/
Acre

95b Confi
dence Limit

Burna 1951 1955 8.3 43 4?
Yost 1952 1956 6.0 803 114
Tintic 1952 1956 4.6 20 9
Hamblin 1952 1956 6.0 96 25
Indian Peak 1952 1956 6.0 169 30
01 Grain 1952 1956 5.3 68 50
K. Jones 1953 1956 8.0 189 82
Buckskin 1953 1956 10.0 370 79
Sage Valley 1953 1956 5.4 12 5
Long Hollow 1953 1956 8.0 279 51
Goose Creek 1953 1956 6.0 490 107

aAerial broadcast seeding; all others drilled. 
Source: Lloyd (1959). Table 11 and Appendix 29.
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Percent Native Grass on Site After Control •

Figure 9. Forage Response as a Function of Various
Levels of Native Seeding (input B ), Cibique Range.

Regression: y s l . 5 4 - l . 5 x ,  r 2 ® . 8 8 ,  s2 = 6 .9 2 5 0  

Source: Table 2 .



Results of this study for Arizona as a whole between 1923 and 
19^1 showed an average annual precipitation of 14.36 inches 
and an average range condition of 81.5* A regression line 
between range condition and current yearly precipitation 
yielded Y = 64.3 + 1.20(X^) with an "r" value of .77; when 
cumulative effects were considered in the form of current 
plus the preceding year's precipitation, Y = 57•3 + 1.16(X^)
+ .54(X2) with an "R" value of .83.

Time as an explicit variable in the production func

tion is more theoretical than factual. This is not to say 

that it is not present, but rather measurement of time is im

practical when several inputs have time effects. Usually 

time is included as a part of each input whose effects are 

cumulative. The overall response curve discussed above em

bodies time effects for the bundle of inputs chosen at the 

period of control. However, it would not be inconceivable 

to include time only as a part of the "X^" term, since it has 

its greatest effect on the tree-forage relationship.

One of the most extensive use and grazing studies is 

that of Klipple and Costello (i960); Tables 5 and 6 summarize 
the data on use. The authors conclude that heavy grazing ad

versely affects forage output. As referred to in Chapter II, 

the same study shows that cattle select blue grammagrass in 

preference to all others; thus, in Table 5 the decline in 
total forage on the heavily grazed site relative to the mod

erately grazed site may be accounted for by certain animals' 
inability to graze the preferred species due to scarcity.
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TABLE 5. PERCENT OF BASAL GRASS COVER REMAINING UNDER VARI
OUS USE RATES.

57

Time Period and 
Type of Use

Average Use 
Rate

Remaining 
Blue Gramma

Remaining 
Total Forage

(Percent) (Percent) (Percent)
1940-42

Heavy Use 4l. 0 7.41 9.02
Moderate Use 35.7 6.98 9.69Light Use 26.3 5.90 8.77Unused 0 8.40 9.79

ig46-48
Heavy Use 57.3 8.23 9.77Moderate Use 35.3 7.90 10.60
Light Use 18.3 6.53 9.25Unused 0 9.24 IO.56

1952-53Heavy Use 61.0* 5.48 6.93Moderate Use 4l.0a 5.82 7.96
Light Use 21.0a 5.34 7.42Unused 0 6.75 8.10

Average
Heavy Use 53.1 7.04 8.57Moderate Use 37.3 6.90 9.44Light Use 21.9 5.92 8.48Unused 0 8.13 9.48

a1952, 1953 not available.
Source: Klipple and Costello (i960), Tables L and 5
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TABLE 6. TOTAL AIR-DRY GRASS YIELD REMAINING UNDER VARIOUS 

USE RATES.

Yield
Time Period Heavy Use 

(57.7%)
Moderate Use

(37.2S)
Light Use 
(19.82)

(Pounds) (Pounds) (Pounds)
1940-42 593 544 490
1946-48 412 553 553

Source: Table 5 and Klipple and Costello (I960)page 27.

TABLE 7. EFFECTS ON RANGE CARRYING CAPACITY OF THREE DIFFER
ENT GRAZING TREATMENTS.

Estimated Carrying Capacity^
Treatment 1949 1956 Change Percent

Change
48 Animals Per Section*3 42 34 -8 -19.0
32 Animals Per Section*3 42 42 0 0
16 Animals Per Section*3 42 45 +3 +7.1

^Estimated AU1 s that would maintain a constant range condition.
^Steers grazed year long.
Source: Merrill and Miller (1961), Table 8



The persistent low density of the light-use ranges (Table 5) 
is probably not due to site differences since the experiment 
was basically that of a latin squares type, but rather the 
low density is compensated for by more vigorous plants as in
dicated by Table 6. It would appear that grazing at a rate 
of over j)0 percent utilization adversely affects forage pro
duction, but by how much is not clear. Some indication may 
be obtained from Table 7« This writer takes exception to the 
initial estimate of grazing capacity. Since 32 AU showed no 
change, to hold with the h2 capacity figure would mean that 
an increase of 10 (over 32) would result in no change while 
an increase of 16 would result in a 19 percent decrease in 
capacity— an unlikely relationship. However, to assume a 
basic carrying capacity of 32 does not negate the direction 
or relative magnitude of the effects of the alternate treat
ments. If 32 is set equal to 50 percent utilization, based 
on the above discussion and assumed linear relationships be
tween utilization and carrying capacity, an increase from 
50 percent to 75 percent in the utilization rate results in 
a 19 percent decrease in range forage over a six year period.

The Economic Model

Data for the economic model are in just as short a 
supply as for the physical model. Turning first to the capi
tal isoquant map (Figure 3b of Chapter III) and using "X^11 
(percent of canopy intercept removed) as an example, it is
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necessary to more closely define the meaning of the isoquant. 
Since the isoquant represents a "level of intensity" of a 
particular form of capital used in the production of the phy
sical forage asset, this intensity may be in regard to the 
overall ranch site or on a per acre basis. As used in the 
isoquant maps, it is on a per acre basis; this assumes a homo
geneous project area. Radically different terrains should be 
treated as different projects. The only constraints on in
dividual project size are physical availability of land and 
availability of capital funds. Total project size is handled 
in the long-run investment possibility function (Figure 4a) 
to be discussed later. Chapter II discussed some of the phy
sical restraints which may be encountered in creating input 
"X.^ from the subfactors ) .... x^" one of which was that 
cabling or chaining was effective only on trees 10 feet and 
taller. Figure 10 makes a conversion between tree height 
and canopy intercept, assuming a constant tree growth rate of 
.267 feet per year. On the site shown, 28 percent of the 
trees must be removed by individual control methods, if they 
are to be removed at all. These trees account for only 5 and 
10 percent of the canopy intercept for low and medium produc
tivity sites, respectively. There is possible substitution 
between individual methods and cabling or chaining for the 
remaining 72 percent. If only chaining were performed, the 
72 percent tree removal would remove $1 percent and 58 per
cent of the canopy intercept for low and medium productivity
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! Individual
Eradication ----- '

* Required

Tree Count: 28%

Canopy intercept by 
site productivity:

Low -  5%
M e d .- 10%
High 15%

Cabling /  Chaining
Possible -------►

Tree Count: 72%

Canopy intercept by 
site productivity:

Low -  51%
Med. -  58%
High — 61%

Tree Height (fe e t)

rigure 10. Average Distribution of Juniper Trees  
by Size for a Site with 100 Trees per 
Acre.

Source: Table I and Cotner (1963a) Jable 5.



62

sites, respectively. Using Table 1, this would result in ap
proximately a return of 75 percent and 85 percent of total 
possible forage for the sites concerned. Although no such da
ta are available for mesquite areas, if 72 percent tree remov
al is read from Figure 8, a forage response of 120 out of a 
possible 150 is attained or 80 percent. Considering the dif
ference in precipitation levels between the mesquite areas 
and the juniper areas, one would expect the mesquite area 
response to fall between the low and medium productivity sites 
of the juniper area.

Turning to the cost portion of the "X^" capital iso
quant map. Tables 8, 9» and 10 present cost data for various 
methods of controlling juniper trees. All costs were derived 
from timing work in process and do not include any "set-up" 
costs. All costs are given in physical terms to which current 
prices can be easily attached. Cotner (1963a) uses the fol
lowing prices: cabling $32 per hour; bulldozing $12 per hour;
individual tree burning $6.65 per hour; and hand chopping 
$1.25 per hour. Similar time data are not available for mes
quite areas.

As indicated in the previous section on the physical 
model, there is little applicable data available on factors 
"Xg" (artificial seeding) and "X^" (deferred grazing). Lloyd 
(1959) uses an average seed cost of $.39 per pound for crest
ed wheatgrass and an average planting cost of $1.17 per acre. 
Rental of private pasture during a period of nonuse could be
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TABLE 8. TIME REQUIREMENTS 

STANDS OF VARIOUS
PER ACRE FOR CABLING JUNIPER 
DENSITIES.

Trees Per Acre Hours Required

20 .032340 .036360 .040880 .0459100 . 0516
120 .0580
140 .0652

Source: Cotner (1963a), Table 4.

expected to run about $3.23 per AUM (Jefferies, 1964); fenc
ing a controlled area can cost between $600 and $1,000 per 
mile, with $750 being typical. Any costs arising from in
creased pressure on noncontrolled range would be a function 
of the over utilization factor discussed in the physical mod
el above.

No attempt will be made here to fit the spotty data 
presented above to the forage isoquant map. Some points on 
various maps (for various time periods in the cycle) may be 
derived, but the author is not willing to make the assump
tion that such points are optimum— i.e,, that they define the 
expansion path.

Since the forage isoquant map is not presented, it 
is impossible to empirically define the long-run investment 
possibility function. However, it may be useful to explore 
how it might be constructed if sufficient data were
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TABLE 9. TIME REQUIREMENTS PER TREE FOR SELECTED INDIVIDUAL ERADICATION METHODS ON JUNIPER TREES OF VARIOUS 
HEIGHTS.

_________________ Hours Required__________________
Tree Height Bulldozing Tree Burning Hand

(feet) (straight blade)a (two-man unit) Chopping

2 .0004 .0011 .0007
4 . 0005 .0017 .0013
6 .0007 . 0026 .0023
8 .0010 .0036 .0042
10 .0015 . 0047 .0076
12 . 0020 .0059 .0138
14 .0031 .0073
16 .0039 . 0088 — — ——
18 .0054 .0104 — — ——
20 . 0076 .0122 — — ——
22 .0105 .0141 — — ——
24 .0147 .0161 — — — —

over 14
aA somewhat lower time 
feet high by the use of

can be achieved for 
a pusher bar Hula

trees 
blade.

Source: Cotner (1963a), Table 2
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TABLE 10. TIME REQUIREMENTS PER ACRE FOR MOVING BETWEEN

TREES FOR SELECTED INDIVIDUAL ERADICATION METHODS 
ON JUNIPER STANDS OF VARIOUS DENSITIES.

Hours Required
Trees Per 

Acre
Bulldozing 
(2.2 MPH gear)

Tree Burning 
(two-man unit)

Hand
(NoSlash)

Chopping
(WithSlash)

10 .097 .036 .104 .145
20 .136 .050 .152 .209
30 .16? . 062 .190 .264
50 .216 .080 .255 .347
75 .264 .097 .328 .442
100 .306 .113 .392 .522
125 .342 .126 — —— ---
150 .373 .137 — —— — ——
175 .405 .149 — —— — ——
200 .433 . 160 — — — — — —

Source: Cotner (1963a), Table 3.
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available. In various places above it has been stated that 
each asset isoquant represents a physical forage asset--that 
is, the difference between the response curve (say Figure 6) 
and what would have been the normal decline in forage pro
duction over the same period (see Figure 2)--with each map 
representing a different time period and/or a separate proj
ect of homogeneous terrain. If several projects are to be 
considered as one, the net returns of each (V - C) should be 
arrayed from highest to lowest; the "I” function being a com
posite of all projects so that the highest net return is re
flected. Jefferies (1964) indicates that the value of an 
AUM is $3• 08 on National Forest land, $2.41 on BL>I land,
$3.24 on Arizona State Lease land, and $3.23 on private land 
in Arizona. These values may be thought of as "prices" which 
would have to be paid for additional AUM1s, if they were 
available for purchases as a separate commodity. Price times 
quantity yields a gross value for any stock or output. The 
gross value of the produced physical asset must be discount
ed for risk to establish "V". The following formula may be 
used: V = / (l+r) + R2 / (1+r)2 + ... Rfi / (l+r)n where
"H" is the amount of gross revenue for a given year, "r" is 
the adopted risk discount rate, and "n" is the number of in
tervals in years which make up the planning period. The cost 
function and the marginal returns analysis is given in Chap
ter III.
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Some Tentative Conclusions

As stated in Chapter I, this study is not intended as 

a manual for the livestock raiser; therefore, no attempt will 

be made here to use the above data to prove or even suggest 

that any particular improvement practice represents an eco

nomic optimum. It is felt that the data are inconclusive on 

this point. Most of the available data have been taken from 

projects whose aim has been maximum physical forage produc

tion, a condition which is only one of many possible outcomes 
suggested by the model presented in Chapter III.

The data do, however, appear to support, or at least 

fail to refute, the economic model. Each of the factors of 

the production function, A = f (X1 , X^, X^, B, P, T, U, Z), 

would seem to have some measurable effect on the production of 

forage. In addition, there is no reason to believe that each 

of the capital inputs (X^, X^, X^) do not evidence diminish

ing returns in their application, nor is there any reason to 

believe that there is no substitution between them in the pro

duction of forage after some level of "X^" (tree removal) is 
applied.

Given the above facts, the high costs of improvement 

programs, and the comparatively low returns to ranching enter

prises, it would appear that more research emphasis should be 

put on discovering minimum levels of inputs which will 

achieve useful levels of forage production, rather than on
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continued concentration on maximum output possibilities. 
This and other ramifications of the model will be treated 
more fully in the next and final chapter.



CHAPTER V

AN APPRAISAL

Limitations of the Economic Model

It is necessary to review some of the limitations of 

the model presented in Chapter III and to place them in their 

proper perspective relative to the general focus of this in

quiry. A model’s assumptions always entail certain limita

tions; some may be readily conceded by most readers as a 

necessity imposed by requirements of abstraction inherent in 

all models, while others may raise issues of efficacy or rea

sonableness.

One such assumption made in this study (and most oth

er investment models) is that the decision maker wishes to 

maximize his net worth over a given planning period. There 

is no need to explore here the "economic man" aspects of this 

assumption; however, it may be useful to at least mention 

other alternatives which an "economic man" may select. These 

alternatives go back to the other possible "incomes" of a 

ranch site referred to in Chapter I. If a ranch site is be

ing held principally for speculative reasons founded outside 

of the ranching industry, e.g., real estate development, it 
is clear that the model does not apply; more because the con-
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copt of range improvement does not apply, than because of the 
basic assumption, which probably does apply in another con
text. The same may be true in cases where ranching may pro
vide a tax shelter. The one instance where a case might be 
made against the assumption, is the situation where the ranch 
enterprise is looked upon as a "way of life" by its owner. 
Although this ranch owner may be maximizing net satisfaction 
(or utility if you will) from a given production function, 
his net worth (a pecuniary measure) may or may not be maxi
mized by his actions. For the general model, there may be 
some difficulty in establishing the length of the planning 
period over which net worth is to be maximized. Twenty years 
is usually chosen because it is the period of expected in
creasing and full returns to the improvement project; some 
weight is added by the fact that at most discounting rates 
selected, the compounded interest alone exceeds expected rev
enues beyond 20 years. However, there are physical returns 
beyond 20 years; it is the choice of the discount rate which 
becomes significant. For any individual case, the planning 
period may be much shorter. Tenure, life expectancy, capi
tal loan amortization schedules, or uncertainty may fix the 
planning period for any given site.

The assumption that a risk factor is known prior to 
the planning period is another source of possible difficulty. 
Risk, as distinct from uncertainty, implies a degree of in
surability, or more specifically, that some probability
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statement can be made concerning the outcome of future events. 

In this case, it means that some confidence limits can be 

placed around the forage response curve and its attendant 

costs--something which cannot be done at the present time.
This is a limitation of the available data, more than of the 

model; once a production and cost function are estimated, a 

realistic risk factor can be established. Alternative models, 
such as break even analysis, which purport to avoid this 

problem, can be misleading. Although containing a discount 

factor for risk (a probability statement concerning costs) 

and opportunity costs, break-even analysis includes the rev

enue risk element in the final "guess" as to whether the 

project will pay out or not.

The final assumption to be looked at here is that 
concerning capital availability. Obviously an investment 

model is reduced to a purely academic exercise if capital is 
not available. It is often stated that capital is indeed not 

available to most ranching enterprises. What is meant, of 

course, is that the cost of capital is too high relative to 

expected returns, or in terms of the model (Figure 4b) that 

"r" lies above "ARR" throughout all ranges of asset produc- 

tion--a fact which has not yet been proved.

The above discussion points out that a forage im

provement project may hot bo feasible if risk and interest 

rates are too high or if the planning period is too short 

(the final section of this chapter will touch upon some
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possible methods of ameliorating these conditions). In a 

sense, this can limit the model to a "go" or "no go" type of 

decision framework. The model's true value lies in its analy

sis of feasible projects; in this respect the model itself is 

limited by the lack of certain types of data, as illustrated 

in Chapter IV. There is virtually no data available for less 

than maximum levels of any factor input. In addition, what 

data are available are from such heterogeneous sources as to 

further reduce its usefulness when any attempt is made to 
unify it.

Some Guideline Suggestions for Further Empirical Study

It would be all but impossible to establish an exper

imental layout which would provide a single comprehensive da

ta source. The area and time requirements alone would be 

sufficient to abort such a scheme. However, much of the prob

lem of available data arises, not so much from the variety of 

sites sampled, as from the variety of data collection tech

niques and methods of presentation. Many forage improvement 

projects have been initiated throughout Arizona; it would be 

highly advantageous to obtain a consistent questionnaire type 

schedule from each such project with a view toward the ap

plication of multiple regression techniques to the resulting 

data. Although this would go a long way in providing the nec

essary unified data, it would undoubtedly be necessary to 
supplement such findings with plot experiment results for
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loss than maximum levels of factor input. The following may 
provide a basis for the essential information required on any 
schedule:

1. Control Action
a. The method(s) of control employed.
b. Project cost (in physical terms) both total and 

per unit of input.
c. Any site limitations which might have prevented 

any control method from being employed,
d. The size or scale of the project(s).
e. The percent of tree canopy removed and the per

cent remaining after control.
2. Site Ecological System

a. Classification of the site prior to the improve
ment program.

b. Precipitation data— estimated norm and for each 
year following the improvement practice.

c. Any artificial seeding practice employed— type
of seed, amount, method of application, and costs 
in physical terms.

d. Grazing practice--type of operation, season 
grazed or amount of grazing deferment, and costs
of deferred grazing (rented pasture, fencing, etc.), 

o. Site vegetation— percentage estimate of composi
tion.

f. Plant selection by animals--percentage estimate.



3. Forage Response (for each year following improvement 
practice)
a. Total herbage yield by sampling or estimated 

AUM*s per acre.
b. Pounds gained per marketable animal.
c. Degree of tree reinfestation in percent of can

opy intercept.
4. Any Change in Management Practices or Additional 

Capital Requirements Directly Resulting from the 
Improvement Program

Significance of Public Policy's Role

The federal government is probably the largest single 
land owner in the Southwest. Excluding Indian lands, approx
imately 32.4 million acres (or 44.6 percent) of Arizona is 
federally owned and provides one of the major sources of 
rangeland in the State. Much of this land is characterized 
by an ecological system such as described in Chapter II.

Federal ownership has a special relationship to the 
time factor, in addition to the obvious one of ultimate res
ponsibility for resource use and development. The tenure ar
rangements under which private individuals make use of public 
rangelands can have a significant effect on the planning per
iod of a proposed improvement project. If the individual 
foresees only limited tenure, his expected asset level is 
reduced and/or his risk factor is increased, either of which
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can prevent an otherwise feasible project from being under

taken. Conversely, a short tenure arrangement may provide a 

means of improving lands which might otherwise continue to 

decline if their leases or permits are being held by opera

tors principally interested in aspects of the ranching enter
prise which arc not directly oriented toward economic 

livestock production.

Much depends upon the policy goals of resource admin

istrators. Most administering agencies must allocate the re

sources under their jurisdiction among many claimants. The 

concept of multiple use has allowed joint use of the federal 

land resource principally among lumber, mining, livestock, and 

recreational users; most often such uses are not mutually ex

clusive. However, there are certain areas of competition 
among use demands, and this condition is expected to increase 

as each user follows a normal path of expansion. An alloca

tion system based on price alone cannot provide an equitable 
distribution because of the difficulty of pricing recreation

al demands and spillover costs between industries. A degree 

of subjective judgment will, by necessity, be a part of any 

federal land resource program. The trend toward increased 

urbanization may well increase recreational demands and thus 

hasten the trend toward greater intensity of land use. For 

the grazing industry, this would mean that economic expansion 

could take place only if more forage was produced on the same 

or even fewer acres than at present.



Range improvement programs often yield benefits which 
do not accrue directly to the ranch enterprise; thus, in the 
name of conservation and watershed development, ranchers may 
receive up to $0 percent of the cost for certain projects.
It is difficult to determine whether this represents a true 
appraisal of the spillover benefits of such projects or a 
disguised subsidy to the ranching industry. Other more di
rect programs such as livestock price stabilization have been 
consistently turned down by the industry, although such pro
grams could well reduce the risk factor of any proposed im
provement program.

A federal program which has not as yet been offered, 
but one which could have several advantages, is that of low- 
cost long-term loans for improvement projects. Such a pro
gram could encourage improvement projects whose benefits are 
broadly based through the lowering of opportunity costs (the 
effective costs could be reduced to zero by an interest charge 
equal to the rate of inflation), while the basic decisions 
remain within the realm of private initiative. A closer re
lationship between investment decisions and a realistic plan
ning period could also bo achieved.

Many land resource policies and programs were formu
lated during a period of time when it was essential to protect 
certain natural resources from the rapacity of contemporary 
exploitation by users who saw only a free good in abundant 
supply; in the present period with the land resource becoming
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increasingly an economic good, federal policies will undoubt
edly turn from a position of pure conservation to one of re
source development. In short, it will become increasingly 
necessary to appraise the investment aspects of resource ad
ministration.
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