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ABSTRACT 

The forest and range lands of the western United 

States have traditionally been the source of many goods and 

services including timber, forage, wildlife, watershed 

protection, and recreation. Increasing demand for these 

goods and services together with a decreasing supply of land 

can cause scarcity of these products. If these demands are 

to be met, these lands must be managed more efficiently in 

the future. 

Economic analysis can provide for economically 

efficient allocation of resources among competing uses if 

the production relationships between the uses are known. 

The production relationships between timber and forage pro

duction have been developed for the ponderosa pine type in 

Arizona. The problem is to determine and demonstrate how 

the production relationships can be used in an economic 

analysis. 

The models used for the analysis were the present 

net worth model for a single cutting cycle and the soil 

expectation value model for an infinite series of cutting 

cycles. The product-product model is the usual approach for 

allocating scarce resources among competing uses. It was 

deemed inappropriate here due to peculiarities of forest 

production, especially the long production period required. 

xi~ 
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The analysis was developed.using a hypothetical case 

study of the Arizona ponderosa pine type. A 100,000 acre 

forest, the Hudson Forest, was developed to represent a 

microcosm of the entire pine type. For this analysis, 

returns from timber and forage were used. Returns from 

wildlife, watershed, and recreation were assumed to be 

undiminished by timber and grazing management activities. 

The Hudson Forest includes range land, non-commercial 

forest (producing less than 20 cubic feet of timber growth 

per acre annually), and commercial forests. The range lands 

produce from about 600 to 1500 pounds of forage per acre 

annually. This amounts to from 0.477 animal unit months/acre 

to about 1.155 animal unit months/acre. 

Because of policy constraints, the non-commercial 

timber stands are not managed for timber. They do, however, 

produce some forage. This amounted to about 500 pounds per 

acre annually. 

Commercial forest stands produced varying amounts of 

timber and forage. Timber ranged from 28.4 to 63.0 cubic 

feet per acre annually, while forage production ranged from 

135 to 280 pounds per acre annually. 

The costs and returns from the Hudson Forest asso

ciated with various management activities were evaluated 

using a range of product prices and interest rates. The 

results were expressed in terms of present net worth and 

soil expectation value. 



xiii 

Range lands producing 1000 pounds of forage per acre 

or more annually yielded a positive return at current 

grazing fees. Returns from those ranges producing lesser 

amounts of forage did not cover management costs at present 

grazing fees. This was also true for returns from non

commercial forests. 

Returns from commercial forest stands consisted of 

timber and forage returns with returns from timber stumpage 

being dominant. Analysis of the returns suggests that the 

Arizona ponderosa pine type should be managed under the 

concept of dominant use. Range lands producing more than 

1000 pounds of forage per acre annually should be managed 

for grazing. Other range lands and the non-commercial 

forests should be managed for wildlife and recreation. 

Timber management should be stressed on commercial forest 

stands. However, the less productive sites could be managed 

for recreation and aesthetics with timber management ex

penditures concentrated on the more productive sites. 



CHAPTER 1 

INTRODUCTION 

The forest and range lands of the western United 

States have traditionally been the source of many goods and 

services. These areas appeared to be almost limitless, 

providing vast amounts of timber and forage for livestock, 

as well as prime wildlife habitat, watershed protection, 

and recreational opportunities. In reality, the forest 

area is not limitless, but is in fact, finite and possibly 

decreasing in size. Much of the acreage in public owner

ship is being set aside for special uses such as Wilderness. 

Certain private forest holdings are being intensively 

developed as home sites and recreational developments. 

Pressures on other private and public lands are therefore 

increased. 

The population of the western states is continually 

increasing. This is especially true in Arizona, which has 

one of the fastest growth rates ^.n the nation. This in

creased population will cause a corresponding increase in 

demand for forest and forest-related products. 

Trends in the socioeconomic characteristics of the 

United States will increase demand even more. Increases in 

income and mobility will be reflected in higher demand for 

1 
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housing, paper, beef production, recreational activity, and 

numerous other products. 

The upward trend in demand together with the down

ward trend in available wild land area will result in an 

ever-increasing scarcity of forest land. If demand is to 

be met, each acre of forest land will have to be used in 

the most efficient way possible. Therefore, land and other 

resources will have to be allocated among uses so as to 

maximize returns to society. 

Economic analysis can provide for an economically 

efficient allocation of resources among competing uses. 

Several economic criteria are available that determine an 

optimum allocation of resources. 

Criteria are desirable for analysis of optimum 

allocation of resources that are based on quantitative 

analysis. The result of such studies can usually be ex

pressed in terms of dollars and cents, allowing the 

decision-maker to select an alternative based on a standard 

unit of value rather than on subjective value judgments. 

To be sure, there are problems involved such as proper 

methods of measuring benefits like recreation and wildlife, 

but the advantages far outweigh disadvantages. 

In order to use any economic criteria, the produc

tion relationships between uses must be known. Various 

research projects are being conducted to specify these 
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kinds of relationships. The results of these projects can 

be used as economic analyses. 

Statement of the Problem 

The production relationships between timber and 

forage production have been developed for the ponderosa 

pine type in Arizona (Ffolliott and Clary, 1974). The 

problem then, is to determine and demonstrate how the pro

duction relationships can be used in an economic analysis. 

Objectives 

There are several optimization criteria available 

for the economist to use in an analysis. These include 

maximization of present net worth, benefit-cost ratio, soil 

expectation value, and internal rate of return. The 

product-product model can also be used to allocate resources 

among competing uses. The initial objective of this 

analysis is to discuss the various optimization models and 

to select the one that best fits the situation in the 

ponderosa pine type of the southwest. The decision will be 

based on the compatibility of the model with the production 

relationships already developed. 

The general approach of the analysis will be to 

construct a hypothetical case study. A 100,000 acre forest 

tract, to be called the Hudson Forest, will be hypothesized. 

The Hudson Forest is named in honor of Dr. R. Keith Hudson, 

former Professor of Forestry at Michigan State University. 
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The Hudson Forest will represent a microcosm of the 

ponderosa pine type of Arizona. The forest will include 

commercial timber stands, non-commercial timber stands, and 

range lands. 

Management alternatives for such a forest will be 

discussed. Also several environmental, social, and politi

cal constraints have evolved in forest and range management. 

The effects of these constraints will be analyzed especially 

in terms of how they affect management alternatives. 

The results of such an analysis depend upon the 

economic environment being considered. Such factors as 

product prices, production costs, and discount rates, deter

mined by actions of the market, can cause tremendous varia

tion in optimization results. Therefore, the study will 

undertake a sensitivity analysis of prices and discount 

rates to illustrate how economic factors affect management 

decisions. 

Finally, an objective of this study will be to 

suggest a management program given the results of the 

economic analysis. Included will be a discussion of the 

concept of multiple-use management. Theoretically each 

subdivision of land, whether it is an acre, stand, or 

forest, is evaluated to determine its capacity to produce 

a given product. Each unit of land can usually produce at 

least one product, but in many cases that unit is capable 

of producing several products. Each type of land on the 
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Hudson Forest will be evaluated to see what product or 

products should be produced based on some economic cri

terion. 

Limitations and Scope 

The study area for this analysis is found along the 

Mogollon Rim in Arizona stretching roughly from Alpine to 

Flagstaff. The characteristics of each of these sites will 

be applied to one of the hypothetical areas of the Hudson 

Forest. Twenty-one study sites were sampled containing 

approximately one hundred 9.6 square-foot plots. About 66 

per cent of these plots were located on the Coconino National 

Forest while the remainder were established on the White 

River Apache Indian Reservation and the Apache National 

Forest in east central Arizona. These study sites were all 

located in the ponderosa pine zone and were limited to vol

canic soil types. They are relatively homogeneous in terms 

of precipitation and elevation. 

The production relationships used in this analysis 

were based upon measurements taken of annual timber growth 

expressed in cubic feet per acre and annual forage produc

tion expressed in pounds per acre. Timber and forage pro

duction will be the focal points of this study. 

The ponderosa pine forests do, however, produce 

recreation, wildlife habitat, and watershed protection. 

These will be taken into account in developing the feasible 
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management alternatives for timber and forage. The benefits 

of recreation, wildlife, and watershed should be protected 

as much as possible. Though these are usually considered 

non-market benefits, they should be accurately specified 

verbally. The analysis will briefly discuss the recreation, 

wildlife, and watershed benefits derived from the ponderosa 

pine type and how they relate to timber and range manage

ment in Arizona. 



CHAPTER 2 

THE ECONOMIC MODEL 

To solve the problem of allocation of scarce re

sources among competing uses requires the formulation of the 

appropriate economic model. The model is the means whereby 

the extreme complexities found in a dynamic, real-world 

situation can be simplified, focusing attention on the rela

tionships amoung strategic variables. Heady (1952, p. 15) 

describes a model as a mental picture of the relationships 

between variables, both quantitatively and qualitatively. 

In dealing with natural resource use on public 

lands, returns from these resources should maximize social 

welfare. Unfortunately, no specific measurement of social 

welfare is available. Therefore, this analysis will use the 

maximization of economic rent as a measurement of social 

welfare. 

Since some of the investment criteria assume an 

infinite number of rotations, such as soil expectation 

value, it must be assumed that the decision-maker has 

perfect certainty about future events. Therefore, the 

absolute values of each rotation in an infinite series will 

be the same, assuming no change in prices. 

7 
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The problem of allocation of resources usually is 

solved using either one of the several investment criteria 

or by the use of the product-product model. A discussion of 

the several investment criteria and the product-product 

model will follow. This will be followed by a discussion of 

the empirical production relationships available for use. 

Finally, the choice of a specific model will be discussed. 

Investment Criteria 

Investment criteria can be evaluated either as a 

single time period analysis or perpetually. However, if the 

single time period analysis is used, all alternatives should 

have equal time spans. For example, if the time span con

sidered is 20 years and alternatives A, B, and C are 5, 10, 

and 20 years, respectively, A should be repeated four times 

and B twice in order to compare them with C. This problem 

is not the case with a perpetual series. 

Present Net Worth 

Present net worth is the difference between the 

present value of future returns and the present value of 

future costs. This includes all costs and benefits in

cluding external costs and benefits. These can be streams 

of costs and/or returns, a single occurrence of a cost 

and/or return, or some combination in between. The objec

tive of an analysis is to find the maximum present net worth 

given the discount rate. The mathematical representation of 
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present net worth is given in Equation (1): 

n . n 
n r - L C.(l+i) n-t 

PNW 

£ R. (1+i) 
t=0 t=0 

(1) 
(1+i)n 

where 

Rt = return at time t 

= cost incurred at time t 

n = the length of the cutting cycle 

i = the social discount rate. 

The present net worth can also be expressed 

graphically, as shown in Figure 1. Discounted total cost 

and total revenues curve for a Monterrey pine plantation 

project (Gregory, 1972, Chapter 14) are constructed. The 

graphical model expressed here assumes a land value of $50 

that is paid at the beginning of the rotation and recovered 

at the end. The accumulated expenditure represents the 

interest charges on the value of the land. Maximum net 

benefit from the plantation is found at the point where the 

slopes of the total cost and total revenue curves are equal, 

N* in Figure 1. 

Internal Rate of Return 

"the average rate earned on all costs made prior to the time 

of harvest" (Gregory, 1972, p. 288). Mathematically, the 

formula for present value of future returns is set equal to 

The internal rate of return is an expression of 



800 

Discounted 

Total Cost 

600 
Discounted 

Total Revenue 

400 

Accumulated Expenditure 200 

Land Value 

50 

0 10 30 20 60 40 50 

Time in Years 

Figure 1. Present Net Worth Model — Source: Gregory (1972, Table 14.5). 
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the formula for present value of future costs. The equation 

is then solved for i, the internal rate of return as shown 

in Equation (2): 

n n 
IROR: E C (l+i)n-t = I R (1+i)n (2) 

t=0 t=0 

where 

R^ = return at time t 

C^. = cost incurred at time t 

n = the length -of the cutting cycle 

i = the social discount rate. 

The objective of internal rate of return analysis 

is to select the alternative that provides the maximum 

internal rate of return. Another decision possibility is 

to compare the internal rate with some other investment. If 

the internal rate is greater, the project is worthwhile. 

This is expressed graphically in Figure 2. 

Internal rate of return is most useful in situations 

where capital is the limiting factor of production. The 

model assumes that the forest firm has no access to capital 

markets. On the other hand, the model also assumes an 

infinite amount of land available and continued expansion of 

the enterprise. Therefore, the firm would not be limited by 

another factor before the optimum investment level is 

reached (Bentley and Teeguarden, 1965). 
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Figure 2. Internal Rate of Return -- Source: Gregory (1972, Figure 14.9). 
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Benefit-Cost Analysis 

Decision-making using benefit-cost analysis is based 

upon the ratio of the present value of future returns to the 

present value of future costs. A ratio greater than one 

implies a project for which benefits to society exceed the 

costs. Conversely, a ratio less than one implies that the 

project is economically inefficient. 

Benefits of a project include both project benefits 

and secondary benefits. Project benefits are directly 

caused by the project. Secondary benefits accrue to society 

because of the project's existence (Gregory, 1972, p. 433). 

There are also two kinds of costs to be considered 

in a benefit-cost analysis. Project costs are the costs of 

establishment and operation of the project as well as the 

costs of maintenance. Also to be included are associated 

costs. These costs are in addition to the project costs, 

but are required to make the benefits of the projects 

available (Gregory, 1972, p. 433). 

The mathematical expression of the benefit-cost 

ratio is: 

n t 1 R. / (1+i) 

B/c = -^r (3) 

I C./(l+i)t 
t=0 

where 

Rt = return at time t 

Cfc = cost incurred at time t 
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n = length >of the cutting cycle 

i = the social discount rate. 

The graphical solution of benefit-cost analysis is 

shown in Figure 3. The 45° line is the locus of points 

where benefits and costs are equal given the scales of the 

two are the same. Any point above this line is the locus of 

a feasible solution, i.e., benefits exceed costs. 

The curve implies a cost for every level of benefit. 

Maximum net benefit is found where the slope of the curve 

equals one, the slope of the 45° line. At this point the 

rate of change for both benefits and costs is the same, 

i.e., marginal benefits equal marginal costs (Gregory, 1972, 

p. 432). 

Financial Maturity 

When the marginal revenue of a stand is divided by 

the total revenue, the result is current value growth rate 

expressed as a per cent. The current value growth rate de

creases over time. When it is just equal to some alterna

tive rate of return, the stand is then financially mature 

(Duerr, 1960, p. 131). This concept can also be applied to 

an individual tree (King and Ffolliott, 1972), 

As long as the stand or tree value growth rate 

exceeds the alternative rate of return, it should be allowed 

to grow. When the stand or tree is financially mature, it 



5 

3 

2 

0 

Figure 3. Benefit-Cost Ratio Model — Source: Gregory (1972, Figure 20.2). 
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is taken out of production, and a new rotation or cutting 

cycle is begun. 

Soil Expectation Value 

The soil expectation value reflects the value of 

bare land in a timber growing enterprise. It actually is 

the present net worth of an infinite series of rotations or 

cutting cycles. For each rotation, the soil expectation 

value is the amount of cash that would have to be invested 

at a given discount rate in order to yield a periodic income 

equal to the expected net return from the forest. The 

period used is the length of the rotation or cutting cycle 

(Gregory, 1972, p. 288). 

Mathematically, soil expectation value can be 

expressed as: 

n . n . 
E R. (1+i) - Z C (l+i)n"c 

Se - -£=2 (4) 
e (1+i) - 1 

where 

= return in time t 

Ct = cost incurred at time t 

n = cutting cycle 

i = the social discount rate. 

A critical decision in using the preceding investment 

criteria, excluding internal rate of return, is the selection 

of an appropriate discount rate. The discount rate used 
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should reflect time preference, the source of funds, and 

risk and uncertainty (Davis, 1966, Chapter 15). 

Many authors have suggested means of establishing 

the discount rate for government projects. Baumol (1969) 

states that the correct discount rate for the evaluation of 

a government project is the percentage rate of return that 

the resources utilized would otherwise provide in the 

private sector. However Somers (1971) feels that there is a 

real difference between the strictly economic time prefer

ence and the political time preference. Furthermore, 

changes in monetary policies of the federal government cause 

almost daily changes in that political time preference. 

Fortunately, some guidelines have been established 

for evaluating federal projects. For several years Senate 

Document 97 was used as a guideline. Now the Water Resources 

Council has issued its "Establishment of Principles and 

Standards for Planning." The basis for the discount rate 

selected in this document is the estimated average cost of 

federal borrowing as determined by the Secretary of the 

Treasury taking into consideration the average yield during 

the twelve months preceding his determination (United States 

Water Resources Council, 1973). For fiscal year 1974, a 

discount rate of 6.875 per cent was selected. 

Under current economic conditions, an interest rate 

of 6.875 per cent seems inappropriately low. A more real

istic rate to use would be in the range of from 8 to 10 per 
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cent. This analysis will be evaluated using a range of dis

count rates from 4 to 10 per cent. Therefore, the effects 

of the discount rate on investment decisions can be demon

strated. 

The Product-Product Model 

Production theory also provides a means of allo

cating resources among competing uses. The product-product 

model combines the production functions of the products with 

output prices to maximize profits. 

The production function of each product must be 

specified exactly. The general form of the production 

function is: 

y = f(x1#...,xr | xr+1,...,xn) (5) 

where 

y = output 

x^ to xr = variable factors of production 

x to x = fixed factors of production. jT'TX n 

This means for example that timber production is a function 

of several variable and fixed factors of production including 

growing stock level, site quality, and precipitation. 

The product-product model can best be described 

graphically, as shown in Figure 4. The example assumes 

that only two products, y^ and are ~co produced. 

With a given amount of resources available, there 

are various combinations of y^ and y2 that can be produced. 
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The alternatives vary from all resources being used in 

producing to all resources being used to produce y2« If 

these combinations are plotted on a curve, the result is a 

curve like ABRCD in Figure 4. The curve is usually referred 

to as the production-possibility curve or the isoresource 

curve. The exact shape of this curve depends on the pro

duction functions of the individual products. 

The slope of the production-possibility curve is the 

marginal rate of product transformation (MRT). MRT is the 

rate at which an input used in one product can be substituted 

into the other product. Mathematically, the marginal rate 

of transformation is as follows: 

~ 1/MPP 3y2 _ ' x m yx 

877 " 1/MPP ! * 1 ' x in y2 

By varying the resource base, a family of production 

possibility curves can be constructed. This is shown in 

Figure 5. 

Output prices must also be included in the analysis. 

Multiplying the output by its price gives the total revenue 

for that product. Summing over both products gives the 

total revenue for the firm. There are several combinations 

of the two products that give an equal amount of total 

revenue. A curve can be constructed that shows the locus of 

all combinations of products yielding a given amount of 

total revenue. The curve is called the isorevenue line. 
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Figure 5. Family of Curves and the Expansion Path 
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Assuming constant prices, the curve is linear. The slope of 

the isorevenue line is equal to the price ratio of the two 

products, or in this case: 

-P 

Slope = —i (7) 

^2 

or MN in Figure 4. 

Again, by varying the amount of total revenue, a 

family of isorevenue curves can be constructed. This is 

also shown in Figure 5. 

Equilibrium occurs where: 

This is shown graphically as the point where the slope of 

the production-possibility curve is equal to the slope of 

the isorevenue curve, the point of tangency. At that point 

the firm will receive maximum return for a given amount of 

resources. In Figure 4, the firm could earn $20 at points 

B or C given the production-possibility curve ABRCD. How

ever, using the same amount of resources, the firm could 

earn $30 at point R. R is the maximum attainable revenue, 

since all isorevenue curves to the right of R are un

attainable given the resources available. The firm would 

produce OQ of y^ and OP of 

When the family of production-possibility functions 

and isorevenue functions are combined, the firm can 
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determine how to expand production. If the tangencies are 

plotted, the expansion path results. If the firm uses more 

resources and produces more output, it would rationally 

expand along the expansion path. This is demonstrated in 

Figure 5. 

Ffolliott-Clary Production 
Relationships 

The relationships between timber and forage pro

duction on forest lands have been empirically estimated. 

Most studies have dealt with forage production as a function 

of timber density. Recently, another study has looked at 

herbage production as a function of annual forest growth. 

The relationship between timber density and forage 

production is inverse and often curvilinear. Several studies 

have been undertaken throughout the West. For example, 

McConnell and Smith (1970) in a Washington study found a 6 

pound increase in forage production for each one per cent 

decrease in tree canopy and a 9 pound increase in yield for 

each one foot increase in overstory spacing. Other studies 

have found similar results. 

A recent study by Ffolliott and Clary (1974) looked 

at forage production as a function of annual timber growth. 

The value of this approach is that both products can be 

viewed on an annual basis rather than viewing timber on a 

cumulative basis (density or volume). 
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The study was conducted on volcanic soils in 

Arizona's ponderosa pine type. The study area was along the 

Mogollon Rim essentially between the communities of 

Flagstaff and Alpine. There were 21 study sites containing 

a variable number of plots (up to 200). The number of years 

of data available for each site was also variable, from one 

to twelve years. 

A detailed analysis was made on each study site as 

to site characteristics and vegetation present. All sites 

were in the ponderosa pine type with some small amounts of 

Gambel oak (Quercus gambeli) and alligator juniper (Juniperus 

deppeana) intermixed. The pine overstory was in various size 

classes. Forage production consisted of perennial grasses, 

forbs, and half-shrubs. 

Timber growth was measured in cubic feet of mer

chantable wood per acre. In addition, the volume of timber 

on each site was measured. Forage production was measured 

in pounds per acre on 9.6 square-feet plots. Several site 

characteristics were also measured including soil character

istics, precipitation, and elevation. 

A weighted regression analysis was used to determine 

the relationship between forage production and timber growth. 
» 

The results were an inverse relationship as shown in 

Equation (9): 

H = 804 - 14.9 G (9) 

where H is herbage production and G is annual timber growth. 
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The study was further extended to include the 

effects of precipitation and elevation. When precipitation 

is included, the relationship becomes: 

H = -188 - 17.0 G + 46.8 P. (10) 

For elevation, the relationship is: 

H = -1399 - 18.0 G + 0.328 E. (11) 

A summary of timber growth, forage production, precipita

tion, and elevation and the mean values for each are given 

in Table 1. The names given are those of the hypothetical 

forest case. 

This study ignores the individual production 

functions of timber and forage, estimating the relationships 

between the two outputs but not considering the inputs that 

go into the two products. 

In order to use the product-product model more 

information should be obtained. First, the production 

functions of the individual products should be specified. 

For timber, for example, the production function (which is 

the same as the growth function) changes over time on a 

given site. The growth function, and the factors contrib

uting to it, should be exactly specified. Most important 

would be the effects of growing stock levels, soils, pre

cipitation, elevation, fire, and management practices. Sim

ulation of ponderosa pine stands may be very helpful in 

specifying these factors, as will be discussed later. 



Table 1. Annual Forage Production, Annual Timber Growth, Precipitation, and 
Elevation of the Hudson Forest Areas 

Area Name 

Annual Forage 
Production 
(lbs/acre) 

Annual Timber 
Growth 

(cu ft/acre) 
Precipitation 
(inches/yr) 

Elevation 
(feet) 

1. Cascabel 523 4.4 19.3 6300 
2. Oso 489 4.9 21.3 6450 
3. Pajarito 280 28.4 22. 6 7200 
4. Hormiga 168 38.4 23.6 7400 
5. Ciervo 151 38.5 26.6 7350 
6, Aguila 165 30.8 22.4 6850 
7 • Lagarto 800 0.0 21.5 6600 
8. Buitre 148 38.0 25.2 7050 
9. Cuervo 135 53.8 23.1 7200 
10. Halcon 165 63.0 24.1 7350 
11. Lobo 1449 0.0 22.0 7900 
12. Indio 1540 0.0 27.3 8800 
13. Trucha 1126 0.0 28.9 7650 
14. Mariposa 135 34.1 17.0 8000 
15. Alamo 493 3.9 20.8 6250 
16. Pino 877 0.0 18.9 6450 
17. Encina 636 0.0 17.8 6300 
18. Saltamontes 1326 0.0 24.5 7400 
19. Madera 823 0.0 23.0 7300 
20. Zorillo 792 0.0 20.5 7050 

Mean 588 18.1 22.6 7135 
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Similarly, the production function of forage should 

be determined. The effects of such factors as precipita

tion, soils, elevation, grazing intensity, and timber and 

range management practices should be specified and if 

possible, quantified. 

If the production functions of all products can be 

determined, and a way can be found to overcome the dis

counting problem, production economics can provide answers 

to the three basic questions of production, namely: (1) how 

to produce a product, (2) what product to produce, and (3) 

how much of each of several products to produce. 

Determination of the Appropriate Model 

Given the type and quality of data available, an 

investment model seems to be most appropriate. The following 

is a discussion of the selection of the model and the reasons 

for rejecting the alternatives. 

At first glance it would seem that the product-

product model would exactly fit the situation of allocating 

resources in timber and forage production. However, as 

stated earlier, there are problems involved with this model 

being used in forestry in general and in this problem in 

particular. 

Production economics considers production as time

less or as a single production period which does not involve 

uncertainty or imperfect knowledge. Heady (1952, p. 25) 
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defines the production period as the time required to 

completely transform a given resource into the final pro

duct. However, he states that a production period should 

not be considered such that returns must be discounted. 

There are few, if any, instances in forestry where the 

returns need not be discounted. Forest production, espe

cially timber production, is characterized by a long pro

duction period. In some cases, it may be 100 years or more. 

To restrict the use of discounting makes the product-product 

model inappropriate for forestry production. 

The selection of an investment model to use depends 

upon the alternatives available, resources, and possible 

changes in alternatives and resources in the future. As 

long as none of the alternatives are mutually exclusive, any 

model that includes costs, output responses including timing, 

and value will give similar results (Webster, 1965). 

Mutually exclusive means that by selecting one alternative, 

another alternative is excluded from being used in the 

future. This is not the case here. In general, the manage

ment alternatives do not involve a drastic change in the re

source so as to preclude future management alternatives. 

Present net worth and soil expectation value will be 

used for this analysis. Both models evaluate the difference 

between the present values of future costs and returns. 

However, present net worth looks at one rotation or cutting 

cycle while soil expectation value looks at an infinite 
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series of rotations or cutting cycles. Both will be 

analyzed in this study. 

The problem of allocation of resources in forest 

and range management to be examined here primarily will deal 

with the scarcity of public lands to produce competing goods 

and services. Present net worth and soil expectation value 

are both useful when land is the limiting factor of pro

duction. 

The internal rate of return and financial maturity 

have an advantage of not having to select a discount rate 

beforehand. It is determined within the model. These 

models are most appropriate in situations where capital is 

the limiting factor of production. 

Furthermore, the internal rate of return can be 

determined in a present net worth analysis by finding the 

interval where present net worth goes from positive to 

negative. Consider, for example, the following case: 

Interest Rate Present Net Worth 

6 +0.06 

7 -1.17 

The internal rate of return is at the point where present 

net worth equals zero. Therefore, it is located somewhere 

within the interval from 6 to 7 per cent. 



CHAPTER 3 

THE HUDSON FOREST—A HYPOTHETICAL CASE 

The ponderosa pine forests of Arizona have produced 

goods and services since the very beginnings of human habi

tation. The Indians who first inhabited these forests 

hunted the wildlife and gathered fruits and nuts to sustain 

themselves. They probably also used the forest for fuel 

and shelter. 

The white man first arrived in Arizona in the 1500's 

in the person of Spanish explorers. Certainly they used 

what the forests provided though the written record of it 

tells very little. 

Permanent habitation began in the second half of the 

nineteenth century when the Mormons arrived from Utah to the 

north. 

The area that is now the Hudson Forest was home-

steaded in 1878. The Mormon settlers grazed cattle and 

sheep and cut a small amount of timber. Some of the forest 

was removed for the planting of crops. In 18 95 these people 

moved farther north to what is now the St. John's area of 

Arizona. Their descendants remain there to this day. 

There was little evidence of man remaining when the 

Hudson Forest became part of the Mogollon Forest Preserve in 

30 
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1899. The area in turn became the Mogollon National Forest 

in 1910. 

The Hudson Forest is a continuous area consisting of 

100,000 acres of predominately ponderosa pine. There are no 

inholdings of private land and consequently there are no 

inhabitants within the Forest. However, on the perimeter 

of the Hudson Forest are several small towns, one of which, 

Anasazi, contains a sawmill. Other mills are located within 

fifty miles of the forest border. 

The 100,000 acres are quite variable in terms of 

timber stocking. The stands range from non-stocked to fully 

stocked. The area is also divided into several grazing 

allotments. Forage production on the Hudson Forest provides 

summer feed for some of the ranchers who reside adjacent to 

the Forest. A detailed description of the timber and herbage 

resource will be provided later. 

The entire region including the Mogollon National 

Forest is very sparsely populated. The population within 

fifty miles of the boundaries of the Hudson Forest is 

estimated to be less than four thousand persons. These 

people earn their livelihood for the most part from lumber

ing and ranching activities. There are a few persons en

gaged in service occupations that cater to the local popula

tion and to the few recreationists who use the area. 

In general, the standard of living in the area is 

below the national average. However, most of the 
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inhabitants feel the extra amenities gained from living in a 

beautiful mountainous region covered with extensive forests 

are worth more than any extra income they might receive in 

the large metropolitan areas to the south. 

Physical Setting 

The terrain and parent material in the Hudson Forest 

are fairly homogeneous throughout the entire area. Con

sequently timber and herbage production in terms of growth 

potential is not affected by variations in climatic, edaphic, 

or physiographic factors involved. However, a description 

of these factors is helpful in setting the stage for the 

analysis. 

Climatic Factors 

The climatic conditions of this part of the Mogollon 

National Forest are fairly typical of the southwestern 

ponderosa pine type. In general, the area is characterized 

by a short supply of moisture; hot, dry winds; excessive 

transpiration; and deficient soil moisture which often 

curtails growth (Schubert, 1972). 

There is a direct relationship between temperature 

and elevation. It has been estimated that temperature de

creases 4.5°F, on the average, for every 1000 foot increase 

in elevation. Mean annual temperatures vary from about 55°F 

at the lower elevations to about 40°F at the upper eleva

tions (Beschta and Thorud, 1974). 
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In the evenings the cooler air from the higher 

elevations descends following the existing drainage patterns. 

It accumulates in depressions causing these areas to have 

site characteristics similar to those found much higher. 

Temperature is an important climatic factor in 

growth and species determination. In higher parts of the 

forest, where the pine zone grades into the mixed conifer 

zone, temperature is a primary factor in determining the 

limits to pine. It also is an important parameter in 

estimating evapotranspiration rates. 

Compared to the arid regions at lower elevations, 

the ponderosa pine type receives abundant precipitation. 

Most areas, including the Hudson Forest, receive approxi

mately 20 to 30 inches of precipitation per year. The lower 

precipitation limit for ponderosa pine growth is about 15 

inches annually. 

In the ponderosa pine type, however, precipitation 

can be quite variable among areas of similar elevation. In 

fact, variations of 15 to 20 inches can be found due mainly 

to variations in topography and storm patterns. 

The annual precipitation falls mainly in two time 

periods: summer rains (July-August) and winter snows 

(December-March). Summer precipitation usually comes in the 

form of thunderstorms whose origins are in the Gulf of 

Mexico. About 33 per cent of the annual precipitation comes 
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during this time. The amount of rain received each year is 

quite variable. 

The summer rains do little to add to streamflow 

(Schubert, 1972). More important is the winter snowfall. 

The Hudson Forest receives from 75 to 100 inches of snow 

annually, 80 per cent of which falls from December to March. 

The amount any particular site receives depends upon eleva

tion and temperature. The winter snowpack contributes to 

much of the surface run-off and streamflow that originates 

in the ponderosa pine forest. This water is used by the 

large population centers at lower elevations. 

There are several other climatic factors that are 

important in ponderosa pine ecosystems. Wind velocities 

average about 7.5 miles per hour (measured at Flagstaff, 

Arizona). Wind appears to be a factor in the drying of 

soils. High winds combined with low precipitation rates 

cause severe soil drying. 

Winds are also a factor in determining evaporation, 

transpiration, energy exchange, and snow accumulation rates. 

Solar radiation also affects evaporation, trans

piration, snowmelt, and growth photoperiod responses. Un

fortunately, there are no facilities available on the Hudson 

Forest or the Mogollon National Forest to measure solar 

radiation. 
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Physiographic Factors 

The ponderosa pine forests are found in the more 

mountainous regions of the state. These forest areas are 

characterized by extensive rolling mesas with steeper 

mountain terrain intermixed. 

The Hudson Forest ranges in elevation from 62 00 feet 

to 8000 feet. More than 64 per cent of the area is less 

than 10 per cent slope while almost 90 per cent of the area 

is less than 20 per cent slope. Northwest and northeast 

facing slopes are least common (approximately 11 per cent 

each) while southwest facing slopes are most common (15 per 

cent) (Ffolliott, Fisher, and Thorud, 1972). 

Edaphic Factors 

Approximately 56 per cent of the ponderosa pine type 

is on igneous soil. The Hudson Forest itself is totally on 

igneous soils. Most soils are relatively shallow ranging 

from 2 to 5 feet in depth. The more shallow soils are found 

on the upper slopes; deeper soils are found on lower slopes. 

Soils on the Hudson Forest are characterized by 

moderate infiltration rates indicating that much of the 

precipitation is absorbed by the soil. Permeability rates 

are considered to be low to moderate. These two factors 

indicate that soils can absorb low intensity rain and snow-

melt while higher intensity rain and snowmelt will probably 

become overland water flow. 
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Timber and herbage growth, to be discussed in the 

next section, depend upon several factors in addition to the 

vegetation present. Precipitation, temperature, slope and 

aspect, elevation, and soil parent material all are contri

buting factors. Growth rates on the Hudson Forest have not 

been found to vary significantly over the 100,000 acres. 

There is so much interaction among variables that it is 

almost impossible to attribute a growth response to any 

particular factor. No attempt to do so will be made here. 

The effects of site factors on growth will therefore be 

assumed constant for this analysis. 

Natural Resource Products 

The Hudson Forest timber stands are almost pure 

ponderosa pine. At higher elevations scattered individuals 

of southwestern white pine (Pinus strobiformis Engelm.) and 

Douglasfir (Pseudotsuga menziesii Engelm.) are found. Some 

pinon pine (Pinus edulis Engelm.) is found at lower eleva

tions . 

Perhaps the ponderosa pine stands can best be de

scribed as a climax forest in pure, irregular, uneven-aged 

stands with small even-aged groups occurring throughout the 

forest. These even-aged groups range in size from a few 

individuals to several acres (Schubert, 1973). 

Ponderosa pine forms fairly open stands with 

occasional meadows and parks. On areas that have been 
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clearcut or burned, some even-aged groups have regenerated. 

The irregular nature of the forest is caused by several 

factors. Among them are the great year to year variability 

in climatic characteristics, previous cutting practices, 

and the variability in the occurrence of viable seed pro

duction (Schubert, 1973). 

In general, stocking on the Hudson Forest is con

sidered low. It has been estimated that 17 per cent of the 

area of timber stands of sawtimber size are less than 40 per 

cent stocked. This involves from one-fourth to one-half of 

the stands. A summary of stocking is found in Table 2. 

Mean timber volume is 7100 board feet per acre, almost 3000 

board feet per acre below the average of the Rocky Mountain 

states. Total volume of the forest is estimated at 700 

million board feet. 

On the other hand, growth rates for ponderosa pine 

here are higher than the Rocky Mountain average. Growth is 

estimated to average 23 cubic feet per acre annually. 

Sawtimber stands comprise about 94 per cent of the 

area of the Hudson Forest. The area of sawtimber stands is 

about equally divided between young growth and old growth 

stands. The size classes involved here are shown in Table 

3. It may be noted that almost two-thirds of the sawtimber 

volume is found in trees 19 inches in diameter or larger. 

Site index is an expression of site quality. It 

has been defined as an index of forest quality based on the 
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Table 2. Percentage of Commercial Fonderosa Pine Forest 
Land by Stocking Classes within Stand-Size 
Classes 

Stand-Size Classes 

Sawtimber 
Saplings & 

Poletimber Seedlings Unstocked 

Stocking 
Classes 

(per cent) 

70 per cent or more stocked 

99.8 0.1 0.0 

40-70 per cent stocked 

41.5 

96.6 1.9 1.5 

10-40 per cent stocked 

41.3 

89. 9 8.9 1,2 — 

less than 10 per cent stocked 

15.4 

100.0 1.7 

Total 100.0 

Source: Adapted from Schubert (1972, n.p.). 
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Table 3. Percentage of Sawtimber Volume by Diameter Class 

Diameter (d.b.h.) Per Cent of Sawtimber Volume 

9.0-18.9 35.3 

19.0-28.9 49.4 

29.0-38.9 13.2 

39.0-larger 2.0 

Source: Spencer (1966, Table 13) . 
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height of the dominant stand at an arbitrarily chosen age 

(Society of American Foresters, 1964, p. 43). Most of the 

pine stands have site index of 50 to 70 as shown in Table 4. 

Table 4. Percentage Distribution of Site Class 

Site Class Index Per Cent of Area 

40 

50 

60 

70 

80 

90 

100 

Total 

7 

20 

33 

24 

11 

3 

2 

100 

Source: Spencer (1966, p. 7). 

A characteristic of the Hudson Forest in particular 

and the southwestern pine forests in general is the lack of 

overmature trees. Due to relatively good accessibility most 

of what would be today's overmature trees were selectively 

logged or "high-graded" in the past. 
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Timber Utilization 

The largest single use of ponderosa pine has been 

for lumber. Due to its wood characteristics, ponderosa pine 

will probably continue to be used as such well into the 

future. 

The timber from the Hudson Forest is also used to 

manufacture railroad ties, mine timbers, and utility poles. 

Ties require logs with no large knots. Mine timbers, on the 

other hand, can have some knots present. Utility poles re

quire a long, straight bole (Pearson, 1950, pp. 6-8). 

Much of the timber removed is not suitable for high 

quality products. Fortunately, it has been found feasible 

to use ponderosa pine in particle board, overlaid siding, 

laminated beams, and laminated flooring (Barger and 

Fleischer, 1964, p. 1). 

The timber on the Hudson Forest is entirely acces

sible, in a physical sense, to wood using industries. 

Economically speaking, the timber is accessible although 

some of it only marginally. During periods of low stumpage 

prices, some of the standing timber could not be economically 

harvested. 

Forage Production 

The understory vegetation and the forbs and grasses 

in the openings and meadows of the Hudson Forest, as in 

most ponderosa pine forests in the west, provides a 
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considerable amount of forage for livestock. The make-up of 

the understory depends upon several factors including soil, 

precipitation, temperature, previous grazing, and the 

density of the timber overstory (Stoddart and Smith, 1955, 

Chapter 5). 

The Hudson Forest is an important source of forage 

for area ranchers. These public lands are used to supple

ment the private ranch lands for livestock grazing. In 

almost all cases, the pine forests at higher elevations pro

vide forage for the summer season. Most ranchers graze or 

supplementally feed their livestock on their lands at lower 

elevations during the winter. 

Herbage production is quite variable among sites. 

Annual herbage production has been found to range from about 

120 to 1500 pounds per acre. Measurements of herbage pro

duction have been taken at several locations on the forest. 

The density of the timber overstory has been shown to have a 

dramatic effect on the amount of herbage produced annually. 

Table 5 is an example of production on an area where the 

tijnber overstory has been cut over compared to an uncut 

ponderosa pine stand. The relationship between the amount 

of timber and herbage produced is critical in developing 

future management plans for the Hudson Forest. 
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Table 5. Comparison of Forage Production on Cutover Stands 
and Unthinned Stands 

Species 
Pounds per Acre 

Cutover 
Pounds per Acre 

Unthinned 

Grasses and Grasslike Plants: 

mutton bluegrass 23 — —  

black dropseed 10 — 

blue grama 23 — 

sedge 6 11 
bottlebrush squirreltail 46 10 
pine dropseed 3 
Arizona fescue — 32 
mountain muhly 44 
others 16 2 

Forbs and Half-shrubs: 

showy"aster 3 - -

spreading fleabane 4 2 
trailing fleabane 3 — 

showy goldeneye 3 
western ragweed 7 — 

flat sagebrush 3 — 

broom snakeweed 3 — 

others 32 10 
lupine 5 

Shrubs; 

New Mexico locust 3 
Gambel oak 13 T* — 

fendler ceanothus . 1 

Total 198 119 

Source: Clary (1973, PP. 17-18). 
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Water Production 

The Hudson Forest receives considerably more pre

cipitation than the lower elevations to the south and west. 

This precipitation, however, is an important source of water 

for household, agriculture, and industry in the populated 

areas in the deserts. The melting and resulting run-off of 

winter snows is especially critical, supplying water for 

metropolitan Phoenix. 

The amount of water produced varies with such 

factors as physiography, climate, and vegetation. Estimates 

vary considerably, from as little as one inch to as much as 

eight inches (Ffolliot and Thorud, in prep.). 

In the past, logging techniques used on the Hudson 

Forest have not caused water quality to be diminished. In 

the future, any technological advances in logging will have 

to be designed so that water pollution will not result. 

Public pressure will demand this. 

Wildlife Production 

Many species of wildlife inhabit the Hudson Forest 

including several big game species (there are elk, deer, and 

bear as well as dozens of species of smaller mammals and 

birds). Hunting is common on the forest with many sports

men coming from Tucson and Phoenix. 
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Recreation 

The Hudson Forest is not considered a prime recrea

tion area. Lakes and perennial streams are not common. 

There are some camp and picnic grounds scattered throughout 

the forest. Use at these sites has not been heavy. This is 

probably due to the existence of several lakes in adjacent 

parts of the Mogollon National Forest where access and 

facilities have been highly developed. In addition, pros

pects for future recreation development seem much higher off 

the Hudson Forest than on it. 

As stated earlier, most of the Hudson Forest has 

been cut over at least once for its largest trees and much 

of it remains under active management to this day. There

fore, little if any of the Forest would qualify for inclusion 

into the National Wilderness System. A portion of the 

Mogollon National Forest about sixty miles west at higher 

elevations has been set aside as wilderness. 

Fire 

Fire has been a part of the ecosystem of the Hudson 

Forest since before the arrival of man. Lightning fires 

have always been present. The coming of man brought addi

tional sources of fire. 

The distribution of timber and herbage are in part 

a direct result of past fires. Today the Forest Service 

operates a widespread detection and suppression system to 



prevent future wildfire or at least contain it. On the 

other hand, controlled burning, already a tool in the land 

manager's kit, may become even more widely used in the 

future. Fire will continue to be part of the ecosystem 

into the foreseeable future. 



CHAPTER 4 

THE MANAGEMENT SITUATION 

Since their establishment in the late nineteenth 

century, the National Forests have been subjected to heavier 

and more varied uses with each passing year. Providing for 

these demands is now and will continue to be a problem. 

How these public lands are to be allocated among 

several, often competing, uses is a difficult question to 

answer. Much of the wording of the legislative acts having 

to do with National Forest land use is extremely vague. 

Forest Service Goals and Objectives 

Though the Creative Act of March 3, 1891, created 

forest preserves from the public domain, it was not until 

1897 that the uses of the preserves were specified. The 

Sundry Civil Appropriations Act of June 4, 1897, provided 

for the administration of these forest preserves. The pur

poses of the preserves were "to improve and protect the 

forest, secure favorable conditions of waterflows, and 

furnish a continuous supply of timber for the use and 

necessities of the citizens of the United States" (USDA 

Forest Service, 1969, Sec. 1021.17). No mention was made of 

livestock or recreational use. 

47 
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It has been argued that from the wording of this 

act, watershed management and timber management are to be 

the dominant uses of the National Forests. Any succeeding 

uses are subordinate. Others argue that no priorities were 

established with this legislation. If multiple-use manage

ment is to be a reality, the latter must be accepted 

(Alston, 1972, pp. 13-15). 

The forest preserve system provided some protection 

and management of the forests of the public domain. 

Finally, the National Forest System and the Forest Service 

were established in 1905. Secretary of Agriculture James 

Wilson in a letter of February 1, 1905, laid down some of 

the basic principles of the new Forest Service and estab

lished its public service policy. Wilson wrote "all land 

is to be devoted to the most productive use for the permanent 

good of the whole people and not for the temporary benefit 

of individuals or companies." Furthermore, "where con

flicting interests must be reconciled, the question will 

always be decided from the standpoint of the greatest good 

of the greatest number in the long run" (USDA Forest Service, 

1969, Sec. 1012). These idealistic statements suggest the 

ultimate goal of the Forest Service, but they provide little 

in the way of guidelines for the decision-maker in the field. 

No priorities of uses are suggested. 

The Multiple Use-Sustained Yield Act of 1960 

specified the uses to be made of the National Forest lands. 
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The law states that the National Forests are "established 

and shall be administered for outdoor recreation, range, 

timber, watershed, and wildlife and fish purposes" (USDA 

Forest Service, 1969, Sec. 1013). Again no mention is made 

of priorities. In fact, the law listed the various uses in 

alphabetical order so that it would not suggest the 

importance of one use over another. 

There are three constraints that have evolved in 

National Forest management. They all must be met when con

sidering any activity of National Forest land. 

1. Site productivity must not be diminished by any 

management activity. This is meant in a "total" 

sense; i.e., total site productivity must not be 

reduced, although one use may be improved in face of 

another one. 

2. Products must be obtained from the forest on a 

sustained yield basis; i.e., net periodic increments 

in the future must be at least equal to present 

levels. 

3. Expenditures for management activities must be in 

line with the amount appropriated (Alston, 1972, 

p. 39) . 

It appears therefore that the wording in the legis

lative acts that established the various uses of the National 

Forests do not establish priorities for these uses. To 
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allocate resources among the various uses, some criteria 

must be selected to give some measure of the effectiveness 

of the public funds spent on National Forest management. 

Economics can be used to establish criteria that maximize 

returns to society. 

Timber Management 

One of the products specified by Congress in the Act 

of 1891 was timber. The original objective was to improve 

the management of timber on the public domain. 

Timber production remains one of the most important 

uses of National Forest lands. The objective of timber 

growing today according to the Forest Service Manual (USDA 

Forest Service, 1974, Sec. 2200) is to "grow and harvest 

timber crops to the best public advantage in accordance with 

the purposes for which National Forests were established and 

within the principles of multiple use." 

Here again the wording on just how these decisions 

should be made is extremely ambiguous. The assumption will 

be made therefore that the maximization of the "public 

advantage" can be achieved through economically efficient 

timber management. 

There are several policy constraints in managing 

timber. First of all, not all forest land is considered 

productive forest land by the Forest Service. Productive 

forest land is defined as "land which is producing or is 
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capable of producing crops of industrial wood; this includes 

areas suitable for management to grow crops of industrial 

wood, generally of a site quality capable of producing in 

excess of 20 cubic feet per acre of annual growth (USDA 

Forest Service, 1974, Sec. 2412.15). 

Second, other uses must be considered when timber 

management activities are planned. Many timber activities 

can have a detrimental effect on other forest uses. Careful 

planning, however, can reduce these effects. For example, 

cutover areas should be left so that logging debris does not 

restrict use by livestock. Also any range improvements 

damaged during the timber harvest should be repaired or 

replaced. 

Timber management can also have a detrimental impact 

on watershed values. Again, careful planning beforehand can 

protect these values by not logging where potential run-off 

problems are severe. 

In the southwest, several silvicultural cutting 

practices have been tested and found feasible for the 

ponderosa pine type in Arizona. These are group selection, 

light selection, seed tree, shelterwood, and salvage cutting 

(Pearson, 1950, p. 47) . A description of each of these' 

cutting practices can be found in Appendix B. 

Intensive silvicultural practices have not been used 

in the ponderosa pine type of Arizona. Some of these 

practices include fertilization, artificial regeneration 
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with genetically superior planting stock, and intense site 

preparation with subsequent regeneration using tube seed

lings. Since these practices have not been tried in Arizona, 

data are not available to include them in the analysis. 

An important concept in uneven-aged management is 

the cutting cycle. The cutting cycle is the interval between 

harvests on a given stand. Each harvest should theoretically 

remove all the volume accumulated on that stand during the 

cutting cycle. The growth of the stand over the cutting 

cycle is heavily dependent on the residual growing stock 

left after each harvest. 

The present cutting cycle used by the Forest Service 

in ponderosa pine is 25 years. However, if it could be 

decreased, several benefits might result. Greater use of 

the site by the growing stock would be realized since growth 

is less likely to be reduced near the end of the cutting 

cycle due to crowding. Less mortality would be expected 

since the stand is opened less preventing windthrow and 

sun-scald. 

Since fewer trees are cut with a shorter cutting 

cycle, they necessarily would be the largest. Therefore, 

the timber would come from larger, higher quality trees. 

However, this lesser volume per cut usually means a higher 

logging cost per unit of volume. An objective of an uneven-

aged timber management program should therefore be to 

optimize the length of the cutting cycle. 



Range Management 

Before the establishment of the Forest Preserve 

system in 1891, the public domain was grazed very heavily. 

No restrictions at all were placed on the ranchers. The 

result was constant conflict among range users as well as 

between range users and other forest users. The Forest 

Service had a two-fold job to overcome this situation. 

First of all, an allotment system was established on 

national forests that allocated grazing privileges equitably 

among users. Second, a balance was established between 

grazing use and forage production (USDA Forest Service, 

1969, Sec. 1013). 

Four basic objectives of Forest Service range 

management have evolved. According to the Forest Service 

Manual (USDA Forest Service, 1973, Sec. 2202), they are as 

follows: "(1) to provide nationwide leadership in range 

conservation, development, and utilization; (2) to develop 

the range resources of all National Forest lands to their 

reasonably attainable potentials, and manage them for 

sustained grazing in harmony with interrelated uses; (3) 

to promote the stability of family ranches and farms within 

local communities in the areas of National Forest lands; and 

(4) to exert a favorable influence for securing sound con

servation practices on associated private and other related 

lands." 



54 

Again the goals and objectives of management are 

rather idealistic. Nothing denotes the priorities, if any, 

range should have vis-a-vis other forest uses. No criteria 

are specified as to how the achievement of those objectives 

can be evaluated. 

Therefore, as in timber management, maximization of 

economic returns will be used as a proxy for the maximiza

tion of these Forest Service goals. It will be assumed that 

by maximizing economic returns, maximization of social wel

fare can be approximated. 

Policy Constraints 

Not all National Forest lands are considered suitable 

for grazing even though some forage species may be found on 

them. The basic criterion for range suitability is that the 

area is "accessible or can be made accessible to livestock, 

produces forage, or has inherent forage producing capabili

ties, and can be grazed on a sustained-yield basis in 

harmony with other resource uses" (USDA Forest Service, 

1973, Sec. 2212.41). Land may be unsuitable for livestock 

due to unstable soils, steep topography, dense timber, 

barrenness, or inherent low forage productivity. 

Range land itself is further divided into primary 

and secondary range. Primary range is that part of the 

range that livestock usually prefer to use. It is the most 

accessible and has ample water available. Consequently, 
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areas such as this may be overgrazed. Secondary range is 

the remainder of the range land; that which is used only 

after the primary range has been used to its capacity. 

The standard for determining what is inherent forage 

land is determined by each region. For Arizona, an area 

must be capable of producing 50 pounds dry weight of forage 

per acre per year or more to be considered inherent forage 

land. Anything below this level is considered non-range 

land (USDA Forest Service, 1973, Sec. 2220). 

The primary range management unit is the allotment. 

An allotment is a management area designated for use by one 

type of livestock or a combination of types of livestock. 

An entire allotment is used by an individual rancher. In 

addition, ah individual rancher can have more than one 

allotment. Allotments "are established on the basis of the 

kind and number of livestock to be grazed, amount and avail

ability of forage, the most desirable system of management, 

the needs of other resources, and the management relation

ships with associated lands" (USDA Forest Service, 1973, 

Sec. 2211.03). 

Private ranchers using National Forest range lands 

are issued a permit for grazing. These permits are issued 

for ten years or less, but may be renewed upon expiration. 

However, a grazing permit can be revoked if the permittee 

makes a false statement about his operation or if he does 

not comply with some part of the management system. 
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Each ten years, the allotment is evaluated with 

regards to the user, his permit, tenure of use, and his 

dependency upon the range. In addition, the range itself is 

periodically examined to determine how well it is with

standing grazing pressure. Such factors as species composi

tion, vegetation cover, vigor, and herbage production are 

examined. What is important is to determine the trend in 

these factors; a steady or improving condition indicates the 

proper level of grazing has been achieved while a decreasing 

trend usually indicates overgrazing. 

Grazing management may be termed either continuous 

or non-continuous. Under continuous management, the same 

general plan is used each year. The system has several 

drawbacks, the worst of which is an uneven distribution of 

use. Each year the livestock tend to use the most acces

sible, best watered areas. These tend to become overused 

while other areas are underutilized. However, looking at 

the allotment overall, the resource is not overused. 

Non-continuous grazing is designed to combat the un

even distribution. One form of non-continuous grazing is 

rotation grazing. Basically it is accomplished by dividing 

the allotment into two or more parts and using the parts 

alternatively within one grazing season or over a period of 

years. Consequently, more of the area is used. The division 

of the allotment for this purpose usually requires cross-

fencing. 
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Another non-continuous system is deferred grazing. 

Part of the allotment is not grazed until the "principal 

forage species have reached seed maturity, or until root-

stocks and other vegetative reproductive systems are fully 

developed" (USDA Forest Service, 1973, Sec. 2222.12). 

A combination of the previous two is the deferred-

rotation system. Here part of the allotment is not grazed 

for one or more years. Rest-rotation grazing is similar in 

that part of the allotment is rested during the entire 

growing season. 

Range management systems used in Arizona and New 

Mexico and their percentages are indicated in Table 6. 

Table 6, Percentage of Southwestern Range Land Under 
Various Range Management Systems 

Range Management System Percentage 

Continuous 6 

Rotation 17 

Deferred 22 

Rest-rotation 25 

Deferred-rotation 18 

Not indicated 12 

Source: Clary (1973, p. 61). 
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Water, Recreation, and Wildlife 
. Resources 

National Forests provide other products and services 

than timber and forage. In many instances water, recrea

tion, and wildlife uses are more important than timber and 

range uses. 

Managing forest land for water is exceptionally 

important in the southwest. A significant portion of the 

water consumed in the greater Phoenix area is ultimately 

obtained from the mountainous National Forest lands to the 

east and north. Water coming from the Salt and Verde River 

basins is collected, stored, and distributed by the Salt 

River Project to industrial, municipal, and agricultural 

users in the Phoenix area. 

Watershed management on the National Forests usually 

takes the form of safeguarding the water supply and stabil

izing streamflow. In the ponderosa pine type in the south

west, timber cutting practices are designed and scheduled 

with water production in mind. Run-off and water quality 

are greatly affected by the management techniques used in 

developing the resource for other uses. 

The first mention of recreation in National Forest 

management was the Term Permit Law of 1915. This act 

permitted the use of federal forest lands for summer homes, 

hotels, stores, and other structures needed for recreation 

or public convenience. Other recreation needs were soon 
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after recognized and provided for. These included the first 

campgrounds (1922), the first primitive area (1928), and the 

first wilderness area (1939) (USDA Forest Service, 1969, 

Sec. 1014). Recreation resources are now managed to provide 

for the public enjoyment and benefit. 

Though direct management of wildlife species is 

retained by the individual states, the National Forests 

provide habitat for many species. Range and timber manage

ment projects are designed with wildlife values in mind. 

For example, fences are placed to allow big game species 

movement. Also some brush cover is left in range projects 

for the benefit of small game and birds. Timber cutting can 

provide food and shelter for animal species in areas where 

none previously existed. Old growth stands provide little 

in the way of wildlife habitat. Cutting opens the stand and 

encourages growth of low vegetation that does provide good 

habitat. With the increasing development of private land, 

public lands become even more important as a home for many 

animals and birds. 

Product Prices 

To do a complete and accurate economic analysis, 

several factors must be determined. One of the most impor

tant of these factors is the price attributed to the products 

and services of forest lands. There are several means of 

determining these. 
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Grazing Fees 

Since herbage yields as such do not enter a market, 

these yields must be converted into units that can be 

assigned a value. There are several conversion factors 

available that convert forage yields into some measure of 

grazing capacity. For the purposes of this study, a rela

tionship between total forage production and grazing capacity 

expressed in animal unit months (AUM) seems most appropriate. 

The animal unit month is the amount consumed by one steer 

during one month. The relationship used here is:1 

Grazing capacity (AUM) = 

(12) 
total forage (lbs) x proper use (%) % 
Daily AUM requirements x 30 days 

This formula assumes that the range should be used 

to its carrying capacity. The carrying capacity of a range 

is the amount of grazing it can sustain without decreasing 

its productivity. Carrying capacity is based upon such 

factors as species composition, livestock or wildlife 

populations, forage preferences, and topography. 

The parameters of the formula have been determined. 

Annual forage production has been estimated. 

The proper use factor is based upon range condition 

and the grazing system in use. Suggested proper use levels 

1. Formula recommended by Dr. Ervin M. Schmutz, 
Professor of Range Management, The University of Arizona, 
Tucson, Arizona. 
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of southwestern ponderosa pine range lands are shown in 

Table 7. Percentage of the range in each condition class 

is shown in Table 8. 

Table 7. Proper Range Use on Southwestern Range Lands Based 
on Range Condition and Grazing Systems 

Range Condition Grazing System 
Proper Use 

(%) 

Very poor-poor Continuous 20-30 
Very poor-poor Intensive 30-35 
Fair or above Continuous 30-35 
Fair or above Deferred 40-45 
Fair or above Rest-rotation 45-50 
Shrubs Without rest 50 
Shrubs Rest-rotation 65 

Source: Range Staff, Coronado National Forest, 1974. 

Table 8. Percentage of Ponderosa Pine Range Land by 
Condition Class 

Condition Class Percentage 

Excellent 1 
Good 7 
Fair 52 
Poor 35 
Very Poor 5 

Source: Clary (1973, p. 59). 
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Much of the poor range land would be found at lower 

elevations of the pine type where precipitation is low. 

Range condition on the Hudson Forest, which is at mostly mid 

and upper elevations, is generally classified as fair or 

above. Therefore, if the range is managed using some non-

continuous grazing system, the proper use of the range 

should be between 40 and 50 per cent. For purposes of this 

analysis, proper use will be set at 4 5 per cent. 

AUM requirements of the various livestock and wild

life species have also been determined. The base AUM figure 

is based on the intake of an average sized steer. Such an 

animal would weigh about 1000 pounds and consume about 24 

pounds of dry weight forage per day. The equivalent AUM 

figures for other livestock and wildlife species are shown 

in Table 9. 

The basis for the grazing fees to be used in this 

analysis is the National Forest fee setting system. Fees 

for National Forest range land are set by the political 

process, so that the public can receive a fair market value 

for their range resource. Fair market value is defined as 

"the difference between total costs of operating on privately 

leased lands and total non-fee costs of operating on National 

Forest lands" (USDA Forest Service, 1973, Sec. 2200). Non-

fee costs include lost animals; veterinary services; moving 

livestock to and from permitted areas; salt and feeding; 

water, horses, fence, and water maintenance; and development 
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Table 9. Average Weight and Daily Consumption for South
western Livestock and Wildlife Species 

Animal AU Equivalent 

Average 
Weight 
(lbs) 

Average Daily 
Consumption 

(lbs) 

Base 1.0 1000 24.0 

Cow 1.04 1020 25.0 

Cattle 0.80 800 20.0 

Sheep 0.15 100 3.5 

Elk 0.50 430 12.0 

Mule Deer 0.19 135 4.5 

Antelope 0.12 85 3.0 

Source: USDA Forest Service (1973, n.p.). 

depreciation. Thus, fair market value is a residual to 

forage and profit. 

The animal unit month (AUM) is the unit used in 

determining fees. No charge is made for animals under six 

months of age. For those ranchers raising sheep, five sheep 

are considered to consume in one month the equivalent of one 

steer. 

The base price for National Forest range was set in 

1966 at $1.23 per AUM. Each year this figure is adjusted. 

The adjustment is made by using an index of private land 
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grazing lease rates as determined by the Economic Research 

Service of the U.S. Department of Agriculture. 

The federal government determined that the grazing 

fees were set too low and did not give a fair return to the 

government. Therefore, grazing fees have been raised in 

increments in the past few years and more increases are in 

store. 

Not everyone agrees that this method best approxi

mates the true value of National Forest forage production. 

The arguments about this valuation are based in economic 

theory. Since forage itself is not a final product but 

rather an input into beef or some other meat production, 

forage values must be analyzed by an indirect method. 

Forage is only one factor of production. It must be com

bined with others to produce an output. At equilibrium, the 

ratio between the price and productivity of all factors of 

production is equal to the inverse of the price of the 

output. Mathematically, the relationship is: 

MPP MPP MPP x, x9 x , 
1 - 2 - n - 1 (13) P P * * P P 

X1 x2 xn y 

where x^ to xn are the factors of production and y is the 

final output. Suppose x^ is National Forest forage and y is 

beef sold in the market. Then, the relationship becomes: 

MPPX1 i 
- or (P ) x (MPP ) = P CI4) 

P y _  P  y x, x, X1 y J 11 



The value (P^) x (MPPX^) is defined as the marginal value 

product. Therefore, to achieve economic efficiency forage 

should be paid the equivalent of its value in producing meat 

protein. 

Leistritz and Dunn (1971) have suggested an alter

native based on the preceding economic model. They suggest 

that federal grazing fees should be based upon the price of 

livestock rather than the alternative price of private 

grazing land. The rationale is that shifts in livestock 

prices are a better indicator of the value to the rancher 

of the forage production. Since the costs of producing 

livestock vary among different parts of the country, an 

index of these costs would have to be included in the fee 

determination. The formula they suggest is: 

Grazing fee per AUM = 

base x -*-n<*ex range livestock prices 
index of prices paid for inputs 

One disadvantage of this method is the instability 

of livestock prices. Within the last year, prices have run 

through two complete cycles due to shifts in prices caused 

by changes in meat supply and demand. Receipts by the 

government therefore would fluctuate widely. 

The disparity between what ranchers are charged for 

grazing fees and what the marginal value product of forage 

is causes problems for the decision-maker. The marginal 

value product does "measure" the contribution of forage to 
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public welfare. What should be done, however, if the 

marginal value product exceeds the fee charged? In that 

case the rancher would capture the excess, not the public. 

The problem is to determine which price coefficient to use 

in an economic analysis. 

A solution might be to look at a range of prices. 

Such a study was undertaken by O'Connell (1972). He stated 

that the value of the resource is within a range bounded 

above by the ability to pay and below by the price paid for 

the resource. More specifically, the ability to pay for the 

resource in the short run is determined by subtracting the 

variable costs of production from the selling price of the 

output. The price paid for the resource is determined by 

subtracting the summation of the variable and fixed costs of 

production and profit from the price of the output. Con

sequently, O'Connell is relating the range of resource 

values to the fixed costs and profits of the firm. He 

suggests a range of valuation of forage of $9.00/AUY < x 

£ $51.00/AUY which amounts to $0.75/AUM £ x < $4.25/AUM, 

based on 1972 dollars. 

This analysis will therefore look at allocation of 

resources using different values of grazing fees. Conse

quently, the effects of fees on forage production investment 

and land use decisions will be demonstrated. 
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Stumpage Values 

Forest Service stumpage valuation is based on the 

residual approach. The rationale for this approach is that 

stumpage is a raw material and its value comes from its use 

in a finished product. Subtracting all costs from the final 

price of the output results in a residual value that is 

attributed to the stumpage (Gregory, 1972, p. 354). 

The objective of Forest Service stumpage appraisal 

is to establish a fair market value. The appraisal is based 

upon an operator of average efficiency. The product price 

used in the analysis is obtained at the "earliest stage of 

processing where a free market price can be determined and 

where costs of production can be segregated to cover only 

the products on which the returns are based" (USDA Forest 

Service, 1974, Sec. 2420.03). 

The formula for determining stumpage values is 

demonstrated in Equation ̂ (16): 

Stumpage value = output price - production costs— 

(profit of purchaser + income taxes + interest on 

borrowed capital + margin for risk). (16) 

An entrepreneur producing wood products will use 

an input until the point is reached where the value of the 

marginal product is equal to the input price (Ferguson, 

1969, p. 363). The price of public land stumpage should 

therefore be equal to the value of the marginal product of 

the final lumber product. Firms owning their own wood 
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producing lands would assign a stumpage value that reflects 

the value of the marginal product of stumpage as well as 

other costs of holding land such as taxes, insurance, and 

administration. 

Whether stumpage valuation is viewed from the Forest 

Service point of view, or from the viewpoint of the pro

cessor of federal stumpage, costs of production and output 

prices greatly affect the analysis. A rather wide variation 

in stumpage valuation can be expected. 

Again, as with forage, O'Connell (1972) suggests 

using a range of stumpage prices rather than one specified 

value. The value for stumpage should be less than the 

ability to pay for the resource in the short run (product 

price less variable costs) but greater than the price 

actually paid for the resource (product price less the 

summation of variable costs, fixed costs, and profit). 

Assuming a log scale selling price of $115.22 per 

thousand board feet, the average selling price for all 

ponderosa pine products in Region III in 1972, the resource 

value would lie between $25.61 and $8 0.59. This is based 

on an average cost logging and manufacturing of $61.24 

per MBF, $13.39 for fixed costs, and a profit margin of 

13.0 per cent of the log scale selling price (O'Connell, 

1972). 

Forest Service stumpage valuation procedures set a 

minimum acceptable price for that stumpage. Individual 



firms subsequently bid for the stumpage, thus determining 

the final stumpage price. Stumpage valuation and stumpage 

price are therefore not the same. By using a range of 

prices in this analysis, the effects of the competition in 

the bidding process can be demonstrated. 

This analysis will therefore use stumpage prices of 

from $4 0 to $80 per thousand board feet to show the effects 

of price on the investment decisions being considered. 



CHAPTER 5 

COSTS AND RETURNS 

The Hudson Forest contains about 40,000 acres of 

commercial forest land. These areas provide varying amounts 

of timber and forage. The Forest also contains 15,000 acres 

of non-commercial forest (producing less than 20 cubic feet 

of timber per acre annually) and 45,000 acres of non-

timbered range land. These 60,000 acres produce forage but 

no timber. The commercial forest stands, capable of pro

ducing timber and forage will, therefore, be analyzed 

separately from the acreage producing only forage. 

Cost Analysis 

Range Management Costs 

The management costs of range treatments apply to 

all the acreage of the Hudson Forest. The treatments 

evaluated in this study are such that a minimum level of 

management is provided. The costs included represent treat

ments that simply maintain productivity. 

In the ponderosa pine type on moderately rugged 

terrain, it is suggested that livestock be not more than one 

mile from water. To meet this criterion, approximately one 

water development per section would be required. Assuming 

70 
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a cost of $1800 per water development (Duran and Kaiser, 

1972), cost per acre for water would be 1800 r 640 or about 

$2.81 per acre. Similarly, approximately one mile of 

fencing on the average would be required per section for 

minimal livestock control. If the fencing costs $2000 per 

mile (Duran and Kaiser, 1972), a per acre cost for fencing 

would be 2000 * 640 or about $3.13. 

In order to prevent livestock movement from being 

restricted, some form of debris disposal may be periodically 

needed. The repeat interval for the ponderosa pine type is 

suggested to be 30 years. If this treatment were required, 

the cost would be expected to be about $8.00 per acre. 

Other preventive treatments may be required. Rodent 

populations may become a problem. One southwestern study 

found that rodents consume 28.7 per cent of all vegetation 

and 38.8 per cent of the most valuable grasses (Stoddart and 

Smith, 1955, p. 200). If rodents were found to be a problem, 

a cost of about $1.20 per acre per year would be incurred 

(Duran and Kaiser, 1972). 

Some form of insect and disease control may be 

necessary in certain areas. Each treatment would cost 

$0,075 per acre annually (Duran and Kaiser, 1972). 

If other management alternatives were considered, 

other treatments could have been included. Inclusion of any 

of these treatments would have pushed cost levels higher. 

Most of these other treatments are considered examples of 
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intensive management practices such as fertilization, 

irrigation, drainage, mechanical soil treatments, and 

seeding. Many western range management programs also include 

the control of undesirable forbs. This, however, has been 

done only minimally in Arizona. Information on the in

creased forage production from these management practices in 

Arizona is lacking. Therefore no attempt to analyze inten

sive management practices will be made in this paper. 

The cost data were evaluated to determine the present 

value of each cost assuming it occurs now, n years from now, 

and every n years thereafter. The appropriate multiplier is 

the "compound periodic payment multiplier," or as it is also 

called, "the land expectation value multiplier" (Lundgren, 

1971, p. 31). Mathematically, the expression is: 

V = V [(1+i)" 1 CI7) 
° (1+i) -1 

where 

VQ = present value 

V = periodic value 

n = number of years in the period 

i = discount rate. 

Lundgren*s formula is simply the land expectation 

value, VQ = V/(l+i)n plus another V (the periodic value) 

available right now. An assumption in this analysis is that 

costs and returns have been occurring in the past and that 
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the analysis is carried out so that both costs and returns 

occur now. 

Table 10 gives a summary of the treatments con

sidered, their repeat intervals, and their costs per acre. 

Table 11 shows the present values of these costs using dis

count rates ranging from 4 to 10 per cent, using Lundgren's 

"land expectation value multiplier." The total costs for 

each discount rate appear at the bottom of the table. 

Costs on Non-Commercial Forests 

Since the non-commercial forests, by definition, do 

not produce timber, there are no timber management costs 

involved. However, there are range management costs. These 

were evaluated in the same manner as costs on range lands. 

One management alternative for non-commercial stands 

would be to clear the timber overstory and manage the land 

solely for range production. Miller and Larson (1973) 

estimate that the cost of felling small unmerchantable trees 

and windrowing the slash would cost about $72.09 per acre. 

Clary (1973) estimates that clearcutting a watershed in the 

Arizona ponderosa pine type would result in increases in 

forage production up to a maximum of 35 pounds per acre pre 

year. Even assuming this maximum increase, forage produc

tion on the non-commercial timber stands would increase only 

about 7 per cent. Using a grazing fee of $50 per AUY as an 

example, the increase would amount to about $0.11 per acre 



74 

Table 10. Range Management Costs 

Treatment 

Average Repeat 
Interval 
(years) 

Cost per Acre 
( S )  

Fencing 30 2.81 

Water Development 30 3.13 

Debris Disposal 30 8.00 

Rodent Control 30 3.50 

Insect & Disease Control 20 1.50 

Source: Duran and Kaiser (1972, Table 42). 



Table 11. Present Value of Range Management Costs Using Lundgren's Land 
Expectation Value Multiplier 

Interest Rate 

Treatment 4 5 6 7 8 c 10 

Debris Disposal 11. ,57 10. .41 9, .69 9. .21 8. 88 8. ,65 8. 49 

Rodent Control 5, ,06 4. .55 4. ,24 4. , 03 3. 89 3, .79 3. 71 

Insect & Disease Control 2, .76 2. .41 2. .18 2. .02 1. 91 1. .83 1. 76 

Fencing 4. ,52 4. ,07 3. ,79 3. ,60 3. 47 3. ,39 3. 32 

Water Development 4. ,06 3. ,66 3. ,40 3. ,23 3. 12 3. , 04 2. 98 

Total 27, .97 25. ,40 23, ,30 22. ,09 21. 27 20. ,70 20. 26 
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per year. This return would hardly justify the expenditures 

required for clearing. Water yield would also increase, but 

it would be barely significant; certainly not enough to make 

clearing the watershed justifiable. 

Timber Costs 

The final product production costs, income taxes, 

interest on borrowed capital, and a margin for risk are 

reflected in the appraisal of the stumpage. At the present 

level of management intensity, the costs of marking the 

timber for sale and subsequent management of the sale, as 

well as fire protection are not included. The Forest Service 

in Region III uses a figure of $7.00 per thousand board feet 

of the harvest as the costs of marking and administering 

the sale. That same figure will be used in this analysis. 

It is assumed that fire protection costs will not vary among 

management alternatives and therefore need not be included 

in the analysis. 

There are also range management costs on the com

mercial timber stands since they also produce forage. Costs 

of range management treatments will be the same as those 

discussed in the previous sections. 

Although not a direct cost of production, the 

opportunity costs of timber production must also be con

sidered. Since the Hudson Forest is being managed under an 

uneven-aged system, there timber growing stock is left after 
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each harvest. There is an opportunity cost involved in not 

liquidating this merchantable growing stock. The oppor

tunity cost can be determined by multiplying the residual 

growing stock, measured in board feet, but the value of 

stumpage, expressed as a price per board foot. If this 

residual growing stock is to be left at the end of the 

rotation or cutting cycle, there will be a positive end 

value associated with the stand, the value of the remaining 

stumpage. The opportunity cost then becomes the interest 

charges incurred during the cutting cycle on the value of 

the residual growing stock. If the decision-maker analyzes 

the alternatives using an infinite series of cutting cycles, 

there is no end value and the opportunity cost is the 

original cost plus the interest on that cost. Again, this 

assumes that the same growing stock is left at the end of 

each cutting cycle. This is shown graphically in Figure 6. 

Analysis of Returns 

The returns from the range lands and non-commercial 

timber stands will be forage returns only. The returns from 

commercial timber stands will involve both timber and forage. 

Range Land Returns 

Nine of the twenty areas on the Hudson Forest are 

non-timbered. One of them and its analysis is described in 

detail here. The remaining areas are summarized in 

Appendix C. 



Cut Cut  Cut  

Residual 

Time 

Figure 6. Relationship Between Harvest Cut and Residual Timber Growing Stock 
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The Lagarto Block is situated at an elevation of 

6600 feet. Annual precipitation here is 21.5 inches per 

year. Forage production is 800 pounds per acre per year. 

The Lagarto Block, as well as the other Hudson Forest ranges, 

are being managed on a deferred-rotation basis. Under this 

system, the range is divided into two units, A and B. 

Animals are placed on unit A for the first half of the 

season allowing unit B to reach seed maturity. At mid-

season the stock is shifted from unit A to unit B allowing 

unit A to recover. Under this system, the range is well 

utilized and the vegetation is allowed to reach seed 

maturity. For these ranges where stocking is considered 

fair, a utilization factor of 45 per cent can be used. 

Using a consumption factor of 20 pounds of dry 

forage per day, Lagarto can be expected to provide 0.6 AUM 

or 0.05 AUY per season. Calculations for these figures are 

as follows: 

„„w 800 lbs x 0.45 _ 360 _ n c /10\ 
20 lbs/day x 30 days/month 600 u,t> 

AUY. 800 lbs x 0.45 360 _ 0 05 
2.0 lbs/day x 30 days/mn x 12 mn 7200 ~ u* 3 

(19) 

Both formulas arrive at the same result. The AUY figure is 

merely the AUM figure divided by twelve. 

Table 12 shows what the annual returns to the public 

would be from the Lagarto Block evaluated at several levels 

of grazing fees ranging from $0.83/AUM ($10.00/AUY) to 
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Table 12. Annual Returns per Acre per Year from Lagarto 
Block by Range Fee 

Range Fee Return 
per Acre 
per Year AUM AUY 

Return 
per Acre 
per Year 

$0,83 $10.00 $0.50 
1.25 15. 00 0.75 
1.66 20. 00 1.00 
2.08 25. 00 1.25 
2.50 30.00 1.50 
2. 92 35.00 1.75 
3.33 40.00 2.00 
3.75 45.00 2.25 
4.16 50. 00 2.50 

$4.16/AUM ($50.00/AUY). The present value of the annual 

forage returns at various discount rates are shown in Table 

13, using Lundgren's land expectation value multiplier. 

Table 14 gives a summary of PNW of the annual forage returns, 

with only positive values tabulated. 

Returns from Non-Commercial Timber Stands 

Forest Service policy dictates that forest areas 

where growth is less than 20 cubic feet per acre per year 

are to be considered non-commercial forest. Three of the 

stands on the Hudson Forest fall into this category with 

growth rate of from 3 to 5 cubic feet per acre per year. 

The same methods used to evaluate non-stocked lands can be 



Table 13. Present Worth of Annual Forage per Acre on Lagarto Block by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars per 
Animal Unit 

Year 

Interest Rate 
Price in 
Dollars per 
Animal Unit 

Year 4 5 6 7 8 9 10 

10 13. ,00 10. .50 8. .83 7. .64 6. , 75 6. . 06 5. ,50 

15 19. .50 15. ,75 13. .25 11. .46 10. ,13 9. .08 8. .25 

20 26. ,00 21. ,00 17. ,67 15. .29 13. ,50 12. ,11 11. ,00 

25 32. .50 26. , 25 22. .08 19, .11 16. ,88 15. ,14 13. .75 

30 39. ,00 31. .50 26. .50 22, .93 20. ,25 18. ,17 16. .50 

35 45. ,50 36, ,75 30. ,92 26. ,75 23. ,63 21. ,19 19. .25 

40 52. ,00 42. , 00 35. ,33 30. ,57 27. ,00 24. ,22 22. ,00 

45 58. ,50 47. ,25 39. ,75 34, .39 30. ,38 27. , 25 24. .75 

50 65, ,00 52. ,50 44. ,17 38. ,21 33. ,75 30. ,28 27. ,51 



Table 14. Present Net 
Grazing Fees 

Worth of Forage per 
and Interest Rates 

Acre from Lagarto Area by Varying 

Price in 
Dollars per 
Animal Unit 

Year 

Interest ! Rate 
Price in 
Dollars per 
Animal Unit 

Year 4 5 6 7 8 9 10 

25 4.53 0.85 

30 11.03 6.10 3.20 0. 84 

35 17.53 11.35 7.62 4.66 2.36 0.49 

40 24.03 16.60 12.03 8.48 5.73 2.52 1.74 

45 30.53 21.85 16.45 12.30 9.11 6.55 4.49 

50 37.03 27.10 20.87 16.22 12.48 9.58 7.25 

Only positive values shown. 
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used here. Timber growth is just balanced by mortality, so 

that forage production remains relatively constant. 

Stand 1, known as the Cascabel Block, is used as an 

example. The other two non-commercial stands are summarized 

in Appendix D. The Cascabel Block is located at 6300 feet 

and receives 19.3 inches of precipitation per year. Timber 

growth has average 4.4 cubic feet per acre per year. Forage 

production has averaged 52 3 pounds per acre per year. 

Forage production expressed in terms of AUM and AUY 

for the Cascabel Block is as follows: 

530 x 2045 = °- 39 (20) 

303xX
2g-x512 = iTf#= °-032 <21) 

Table 15 is a summary of annual returns from the 

Cascabel Block for each grazing fee. Table 16 is the 

summation of the present worth of the Cascabel Block at 

several discount rates and grazing fees. Table 17 is the 

present net worth evaluated at those same discount rates and 

grazing fees (only positive figures are tabulated). 

Returns from Commercial Forest Stands 

The returns from the commercial forest stands of the 

Hudson Forest consist of both timber and forage returns. 

Stand 3, called the Pajarito Stand, is a commercial forest 

stand located at 7200 feet elevation. Precipitation is 22.6 

inches per year. Average timber growth is 28.4 cubic feet 
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Table 15. Annual Returns from the Cascabel Block 

Range Fee 
Animal Unit 

Month 
Animal 

Unit Year 

Return 
per Acre 
per Year 

$0.83 $10.00 $0.33 

1.25 15.00 0.49 

1,66 20.00 0.65 

2. 03 25.00 0.82 

2.50 30.00 0.98 

2,92 35.00 1.15 

3.33 40.00 1.31 

3.75 45.00 1.47 

4.16 50.00 1.64 



Table 16. Possible Present Worth of Forage on the Cascabel Block by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars per 
Animal Unit 

Year 

Interest Rate 
Price in 
Dollars per 
Animal Unit 

Year i 1 5 6 1 8 9 10 

10 8. ,50 6. ,87 5. ,78 4. ,99 4, .42 3. .96 3. ,60 

15 12. ,77 10. .31 8. .67 7. ,51 6, .63 5. ,95 5. .40 

20 17. ,00 13. .73 11. ,55 10. ,00 8. ,83 7. ,92 7. .19 

25 21. ,27 17. ,18 14. ,45 12. ,50 11. ,04 9. ,91 9. ,00 

30 25. ,51 20. .60 17. .33 15. , 00 13. ,24 11. ,88 10. ,79 

35 29. ,77 24. .04 20. .23 17. ,50 15. ,46 13. ,87 12. .60 

40 34. ,01 27. ,47 23. ,11 20. ,00 17. ,66 15. .84 14. ,39 

45 38. ,27 30, .91 26. ,00 22. ,50 19, .87 17. .83 16. ,19 

50 42. ,51 34. .34 28. . 88 25, r00 22. ,07 19. .80 17. .99 



86 

Table 17. Present Net Worth of Forage on the Cascabel 
Tract, Using Lundgren's Land Expectation Value 
Multiplier 

Price in 
Dollars per Interest Rate 

Animal 
Unit Year 4 5 6 7 8 

35 1.80 

40 6.04 2,07 

45 10.30 5.51 2.70 0.41 

50 14.54 8.94 5.58 2,91 0.80 
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per acre annually. Forage production is 280 pounds per acre 

per year. 

The Pajarito Stand, as well as the rest of the 

commercial forests of the Hudson Forest are being managed 

by the group selection method. Residual growing stock to be 

left on the Pajarito is 1600 board feet. 

Lacking for this stand, however, is the growth 

function based on the residual growing stock, site quality, 

climate, and elevation. However, this function can be 

approximated using a growth function measured on a research 

plot managed by group selection (Pearson, 1950, p. 86), as 

shown in Figure 7. The gross and average increment for the 

Pajarito Stand is also plotted. It is moved on the vertical 

axis until it is superimposed on the known average. Since 

the scales are identical, the yearly gross increments of the 

Pajarito can be estimated graphically as shown in Figure 8. 

Table 18 is a summary of the estimated annual growth 

for the Pajarito Stand. These figures are net increment, 35 

per cent of gross growth being subtracted to account for 

mortality.^" Table 18 also shows annual forage production 

expressed in terms of AUY. The figures were obtained by 

using the following formula (Ffolliott and Clary, 1974) : 

1. Estimates of mortality vary widely. Since a 
purpose of the analysis is to demonstrate the usefulness 
of existing production data, a single "reasonable" 
mortality figure was selected. 
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Table 18. Annual Timber and 
Pajarito Block 

Forage Production on the 

Year 
Since 
Cut 

Forage 
Production 

(Animal Unit Year 
[Acre] ) 

Timber 
Growth 
(cu ft) 

Allowable Cuta 
Cm bd ft) 

6 0.019 22.15 0,935 

7 0.017 22. 96 1.119 

8 0.016 23,89 1.310 

9 0.015 24,81 1.509 

10 0.014 25.43 1.712 

11 0.015 24.91 1.911 

12 0.015 24.30 2.105 

13 0.017 23.48 2,293 

14 0.018 22.35 2.472 

15 0.020 20.71 2.638 

16 0.022 19.88 2.797 

17 0,023 19,27 2,951 

18 0.023 18.75 3,101 

19 0.024 18.45 3,249 

20 0.026 17,93 3,392 

21 0.026 17,62 3.533 

aThis column is the cumulative of timber growth 
expressed in thousand board feet per acre. 
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F = 804 - 14.9 G (22) 

where F is annual forage production in pounds per acre and 

G is gross annual timber growth in cubic feet per acre. 

The present net worth and soil expectation value for 

the Pajarito were both determined using an electronic 

computer. A detailed description of the computer program 

can be found in Appendix A. The stand was evaluated using 

cutting cycles of 6, 9, 12, 15, 18, and 21 year intervals. 

For present net worth, the analysis examined all alterna

tives over a 21 year period. The 6 year cutting cycle was 

repeated 3.5 times, the 9 year cutting cyle 2.33 times, and 

so on so that all alternatives had an equal time span. 

Present net worth calculations use an end value in the 

analysis. 

Soil expectation value calculations assumed a per

petual time series. All alternatives were an infinite series 

of cutting cycles. Again, 6, 9, 12, 15, 18, and 21 year 

cutting cycles were used. No ending value is involved for 

an infinite series. 

Both analyses were evaluated using discount rates of 

3 to 30 per cent, four grazing fee levels ($10, $20, $20, 

and $40/AUY), and five stumpage prices ($40, $50, $60, $70, 

and $80/MBF). Results of the present net worth analysis are 

found in Table 19. The returns of all soil expectation 



Table 19. Present Net Worth of Timber and Forage for Pajarito Stand 

Stumpage 
Price per Interest Rate 
Thousand 
Board Feet 4 5 6 7 8 9 10 

40 26.20 11.63 -0.12 -9.62 -17.29 -23.48 -28.49 

50 33.34 14.82 -0.12 -12.17 -21.91 -29.76 -36.10 

60 40.48 18.01 -0.11 -14.73 -26.52 -36.04 -43.71 

70 47.62 21.19 -0.11 -17.29 -31.14 -42.31 -51.32 

80 54.76 24.38 -0.11 -19.84 -35.76 -48.59 -58.92 

Grazing fee: $30/AUY. 

Cutting cycle: 21 years. 
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value calculations were found to be negative. Results from 

the other seven commercial stands can be found in Appendix E. 



CHAPTER 6 

DISCUSSION AND CONCLUSIONS 

Some interesting conclusions can be drawn from the 

analysis. Since returns from.range lands, non-commercial 

forests, and commercial forests differ so greatly, they will 

be discussed separately. This will be followed by a dis

cussion of multiple-use management on the Hudson Forest. 

Range Land Returns 

The four areas producing in excess of 1000 pounds of 

forage annually, the Lobo, Indio, Trucha, and Saltamontes 

areas, have a positive net worth when evaluated at discount 

rates from 4 to 6 per cent if $20 per AUY is charged. At 

higher discount rates (7 to 9 per cent), a grazing fee of 

$25 per AUY would be required to produce a positive return. 

At a discount rate of 10 per cent, $30 per AUY would be 

required. 

In general, returns from sites producing 1000 or more 

pounds per acre per year can be expected to be positive at 

present grazing fee levels, $20-25 per AUY. 

The other five range land areas of the Hudson Forest, 

Lagarto, Pino, Encina, Madera, and Zorillo, have forage 

production rates ranging from 636 pounds per acre per year 

to 877 pounds per acre. Positive returns from these areas 

94 
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could be realized only at much higher grazing fees than is 

the case for the more productive areas described above. At 

6 per cent, positive returns occur only for fee levels of 

$30-35 per AUY. At 8 per cent, a fee of $35-40 per AUY 

would be required. Using a 10 per cent rate, a positive 

return is found when a range fee up to $50 per AUY is used. 

Range management inputs of the nature described in 

the analysis are not justified at the present grazing fee 

level. Fees high enough to cover such costs are greater 

than can be justified for an economically rational rancher. 

If beef prices rise substantially relative to the general 

price level, grazing management of these areas will be 

justifiable. 

A policy question arises from this as to the "public 

interest." Should the Forest Service or any other range 

land managing agency in effect subsidize ranching by ab

sorbing part of the costs of range management? In light of 

the generally poor returns earned by the ranching industry 

in Arizona, it could be argued that the ranchers should have 

grazing privileges below cost if the American public is to 

maintain its consumption of beef and other meat products at 

a reasonable level of prices. The question becomes whether 

a subsidy here would have more or less of an effect on the 

level of "social well-being" than an expenditure in some 

other sector of the economy such as public housing or 

agricultural price supports. 
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Another question is whether the goal of stability oi: 

family ranches should be considered on even terms with 

economic efficiency. Trade-offs between goals may be 

appropriate. 

The answers to these questions lie in the realm of 

politics, but in a strict economic sense, ranchers should 

pay for the range production at rates that do cover the 

costs of production. 

Since appropriations to a particular use are usually 

less than the amount requested, the agency should concentrate 

its expenditures on the most productive ranges. This con

clusion is demonstrated by the analysis. It may be that in 

the future, not all range land management projects can be 

funded. In that case, the agency should spend the money on 

the areas where the best return can be obtained. The less 

productive areas could be shifted to other uses such as 

watershed management or wildlife production. 

Returns from Non-Commercial Forests 

Timber growth rates on non-commercial forests are so 

low that the forests are not managed for timber production. 

Furthermore, forage production is also very poor. Produc

tion averages slightly less than 500 pounds per acre per 

year, yielding about 0.03 AUY (0.36 AUM per acre) based on a 

45 per cent utilization factor. 
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Evaluating the non-commercial forest areas, even at 

a rather high utilization rate, yielded dismal results. 

Only one area, the Cascabel, gave a positive present net 

worth for discount rates above 8 per cent using grazing fees 

ranging up to $50 per AUY ($4.16 per AUM). At 6 per cent, a 

positive present net worth would occur when a fee of $45 per 

AUY or more were charged. Even at the minimal discount rate 

of 4 per cent, a positive present net worth would occur only 

for fees of $35 per AUY or more. 

An alternative management program on non-commercial 

forest lands is to cease grazing. Policy constraints, how

ever, may rule out this alternative. If local ranchers have 

been using these particular lands for several years, and no 

alternative grazing areas are available to them, the Forest 

Service may not want to disrupt that portion of the local 

economy. 

The non-commercial forest lands are really not well 

suited for either timber or forage production. They could 

be used for other forest products. Since livestock and 

wildlife use the same food source, areas such as this could 

provide benefits in the form of wildlife for hunting or 

aesthetics with a minimum of expenditure on the part of the 

Forest Service other than fire protection. For example, the 

same amount of forage that one cow would consume would 

supply feed for five mule deer, seven whitetail deer, or ten 

antelope, or some combination of the three. 
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Returns from Commercial 
Forest Stands 

The commercial forest areas provide both timber and 

forage returns. The two are competitive in that as the 

timber growth function increases, forage production decreases 

and vice versa. The problem is to maximize returns from the 

two products. 

The contribution of forage to present net worth is, 

however, minimal. Of the eight commercial stands, only one, 

the Pajarito, had a forage production rate over 200 pounds 

per acre per year. This amounts to no more than 0.01 AUY per 

acre or 0.12 AUM per acre annually. Since range management 

inputs on commercial timber stands are similar to costs on 

range lands, range management can be expected to yield little 

if any return. 

Soil Expectation Value 

Using the classic soil expectation value, the land 

manager is looking at an infinite series of cutting cycles. 

Returns, obviously, were found to be a function of the pro

ductivity of the stand. Growth rates varied from 28.4 

cubic feet per acre annually on the Pajarito to 63.0 cubic 

feet per acre per year on the Halcon Area. Rates of return 

consequently were quite variable, ranging from 3 per cent or 

less on the Pajarito to 6 to 7 per cent on the Halcon de

pending on the stumpage value and grazing fee used. 
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As expected, the optimum cutting cycle length was 

found to be an inverse function of the discount rate used. 

In all cases, the optimum cutting cycle was 18 to 21 years 

for discount rates of 3 to 5 per cent, 15 to 18 years for 

discount rates of 6 to 10 per cent, although most net worths 

were negative for discount rates greater than 8 per cent. 

The analysis suggests that the Forest Service could 

shorten their cutting cycle from the current 25 year figure. 

The new cutting cycle would depend on the discount rate 

selected for analysis. 

Present Net Worth 

Present net worth calculations imply that the land 

manager has a time horizon extending only to the end of the 

current cutting cycle. Evaluating the various present net 

worths suggested that a nine year cutting cycle is optimum 

for almost all discount rates. This applies to all eight 

commercial forest stands. 

As with soil expectation value, the returns in terms 

of present net worth were a function of productivity. Table 

20 gives a summation of how returns are related to the growth 

rate on a particular stand. 

Multiple Use Management 

A result of this analysis is the rejection of the 

concept of multiple use where each acre should be managed 

for all possible uses. Multiple use management does have a 



Table 20. Relationship Between Growth Rates and Possible Present Net Worth by 
Varying Interest Rates 

Growth Rates 
on Hudson Interest Rates 
forest 

Ccu ft/yr) 4 5 6 7 8 9 10 

28.4 -9.12 -20.83 -28.44 -33.70 -37.47 -40.24 -42.31 

30.8 -35.15 -43.61 -49.09 -52.85 -55.51 -57.44 -58.84 

34.1 16.40 -1.01 -12.29 -20.06 -25.62 -29.72 -32.79 

38.0 20.73 0.68 -12.26 -21,13 -27.46 -32.10 -35.57 

38,4 38,65 15.45 0.46 -9,84 -17.20 -22.61 -26.67 

38.5 51.46 27.99 12.79 2.31 -5.22 -10.78 -14.99 

53.8 86.41 50.25 26.91 10.89 -0.58 -9.02 -15.37 

63.0 70, 27 32.29 7.84 -8.89 -20.82 -29.57 -36.10 

Stumpage price: $40/MBF. 

Grazing fee: $40/AUY. 

Cutting cycle: 21 years. 
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place in natural resources management, but on many areas 

there is a dominant use. The range lands of the Hudson 

Forest produce essentially one product, forage. These acres 

do, however, yield water for downstream use as well as 

possibly some recreation benefits. 

The non-commercial forests produce both timber and 

forage. The problem is that they are not economically 

"accessible" or only marginally so. This means that the 

costs of harvesting the product exceed any possible benefits 

received. At some future time, these resources may become 

accessible due to an increase in product prices for example. 

In the meantime, inputs should go elsewhere. 

Though the non-commercial forests do not produce 

vast amounts of timber and forage, they are by no means 

valueless. Many of the low density timber stands are very 

pleasing aesthetically; some are prime recreation sites. 

Low densities furnish good habitat for big game species. 

Deer and, at higher elevations, elk are found in large 

numbers. Where forage is not utilized by livestock, wild

life species can find a good source of food. 

The commercial timber stands produce timber and 

forage. However, timber values predominate over forage when 

measured at several interest rates and product prices. The 

analysis has shown that returns from these commercial 

forests are based almost totally on the return from 

stumpage. 
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The forage returns in the multiproduct analysis 

added little to the total returns. The Pajarito Stand, 

which had the highest forage production of the commercial 

stands (but the lowest timber production), demonstrates the 

low forage returns .. This is shown in Table 21. 

Table 21. Timber 
Returns 

and Range Returns 
Only 

Compared to Timber 

Range Fee 
per AUY 

Return at 
Range Fee 
per AUY 3% 3.5% 4.0% 

No range $31.07 $ 3.04 $-17.64 

$10 20.45 -4,74 -23.40 

$20 27.18 1.02 -18.35 

$30 33.91 6.78 -13.31 

$40 40.63 12.54 -8.27 

Cutting cycle: 21 years. 

Stumpage value: $80/MBF. 
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Forage production occurs on all acreage where 

timber growth does not exceed 54 cubic feet per acre per 

year. The question then becomes what to do with this forage. 

It grows through little or no effort on the part of the land

holder. The agency could gain a return if it provided 

minimal range management improvements and issued range 

permits. However, this is not economically justifiable on 

many of the range lands at current fee levels. 

A possible alternative is to allow this forage to be 

utilized by wildlife rather than by livestock. To select 

the best alternative using economics would be difficult 

since wildlife values are essentially non-market benefits. 

The decision would have to be made based on the policy of 

the agency and the perceptions of the decision-maker as well 

as public opinion. 

The usual meaning of multiple-use is that each sub

division of land is used for as many uses as it is capable, 

whether none or several. Dominant use is the management of 

land favoring one overriding use while not excluding other 

compatible uses. Dominant use probably best describes the 

situation on the Hudson Forest. This is due to economics 

rather than the qualities of the resource. 

This analysis in no way infers that multiple-use 

management has no place in the management of public lands. 

Neither does it suggest that dominant use management should 

be practiced on all government acreage. If trends in meat 
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and wood prices continue, it may become economic to produce 

forage on all range and forest lands and timber on all com

mercial forest stands. Then the concept of multiple-use 

management may become very important on the Hudson Forest. 

Some Alternatives for Hudson 
Forest Stands 

The non-commercial forest stands of the Hudson Forest 

produce no timber and little forage. Under current prices, 

this situation will persist indefinitely. If the price of 

beef should rise sufficiently, and range lands become more 

scarce, it is not inconceivable that these low quality stands 

could then produce livestock profitably. 

At present, demands for areas providing aesthetically 

pleasing scenery and showing few signs of civilization are 

increasing. Fortunately many of the low productive stands 

are impressive. In addition, they can provide good feed, 

cover, and water for wildlife. 

Many highly productive timber stands have been set 

aside as wild areas locking up a large quantity of valuable 

stumpage. Through a more comprehensive planning process, 

either on a national or regional basis, low productive areas 

could be set aside for aesthetics and high productive areas 

could be kept under active timber management. The preserva

tion of wild areas is a desirable forest use, but if demands 

for timber and range production are to be met in the future, 

the most productive stands must be utilized for those 
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purposes. The decision-maker will have to decide the 

correct balance, considering economics, policy, and public 

opinion. 

The President's Council on Timber and the Environ

ment was set up to advise the President on how demands for 

timber products, especially in housing, can be met. One of 

the suggestions of the Council was that expenditures for 

timber management should be spent on those lands most 

capable of producing timber. Taken from a national view

point, this would mean that most of the funding budgeted for 

timber management would be spent on lands such as the 

Douglas-fir areas of the Pacific Northwest. This is desir

able in terms of economic efficiency since an additional 

dollar of expenditure in Douglas-fir in Oregon would return 

much more than an additional dollar spent in the ponderosa 

pine type of Arizona. 

What this means for Arizona is that if any of the 

ponderosa pine timber stands, ranked against timber growing 

potentials for pine and other species in other parts of the 

west, are to be intensively managed, it would likely be only 

the most productive stands. 

For example, six of the eight commercial timber 

stands on the Hudson Forest are Class V (producing 20 to 50 

cubic feet annually). Class V timber lands nationally com

prise 29 per cent of the acreage but only 14 per cent of the 

production. According to Spurr (1974), Class V lands are a 



106 

rough indicator of timber lands uneconomical for timber 

production; Spurr says that as much as one-third of the 

National Forest lands could be set aside for water, wildlife, 

etc., or other recreational uses, with minimal impact on 

timber production. 

An example of this is found in a study by Wikstrom 

and Hutchinson (1971) on the Coconino National Forest in 

Arizona. They found that only 14 per cent of the forest 

area is capable of producing in excess of 50 cubic feet of 

timber per year. Most of the forest land on the Coconino 

produces from 20 to 50 cubic feet per year. In addition, 

almost 13.6 per cent of the timber base of the Coconino is 

unusable due to the instability of the soil. 

This tends to show that though the Hudson Forest can 

produce stumpage economically, emphasis on timber production 

is likely to shift to other uses in the future. When one 

considers the rapidly growing population in the southwest, 

it is quite likely that much of the lower quality timber 

sites will ultimately be managed more for recreation and 

wildlife values than for stumpage. 

Suggestions for Future Research 

The most important question left to be answered in 

an analysis such as this is the determination of the optimum 

growing stock level to be left at the end of each cutting 

cycle. The growing stock is critical since it is an 
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important determinant of growth as well as the basis for 

timber growing opportunity costs. 

The model for determining optimum growing stock 

levels has been developed by Duerr (1960, p. 122). Tables 

22, 23, and 24 show the derivation of the model using a 

stumpage value of $60 per MBF and alternative discount rates 

of 2, 4, and 6 per cent. 

Growing stock levels and growth (total output) are 

shown in columns 1 and 2, both expressed in board feet. 

These figures are hypothetical but based on the ponderosa 

pine type in Arizona. The total value of the growing stock, 

column 3, is determined by multiplying the growing stock by 

the stumpage value. Total variable cost is the interest 

charge of not liquidating the stand. This cost, shown in 

column 4, is found by multiplying the value of the growing 

stock by the discount rate. 

Total gross revenue, column 5, is total output 

(growth) multiplied by the stumpage value. It is also 

expressed as a percentage of the value of the growing stock, 

as seen in column 6. 

By subtracting total variable cost from total gross. 

revenue, the result is net revenue. (Fixed costs are not 

included in the model.) By maximizing net revenue, the 

optimum growing stock level can be determined. For this 

example, optimum growing stock is 3600 board feet at 2 per 



Table 22. Determination of Optimum Stocking: Discount Rate, 2%; Stumpage Value, 
$60/MBF 

5) Total Gross 
Revenue 

1) Growing Stock 2) Total Output 3) Total Value 4) Total Variable 6) Net 
(bd ft) (Growth-bd ft) of G.S. Cost $ % Revenue 

1200 150 72.00 1.48 9.00 12.5 7.52 
1600 188 96.00 1.92 11.28 11.75 9.36 
2000 220 120.00 2.40 13.20 11.0 10.80 
2400 250 144.00 2.88 15.00 10.4 12.12 
2800 275 168.00 3.36 16.50 9.8 13.14 
3200 290 192.00 3.84 17.40 9.1 13.56 
*3600 305 216.00 4.32 18.30 8.5 13.98 
4000 313 240,00 4.80 18.78 7.8 13.98 
4400 320 264.00 5.28 19.20 7.2 13.84 
4800 325 288.00 5.76 19.50 6.8 13.74 

Marginal Approach 

7) Growing Stock 

1200 
1600 
2000 
2400 
2800 
3200 
*3600 
4000 
4400 
4800 

8). Marginal 
Unit Cost 

0.48 
0,48 
0.48 
0.48 
0.48 
0,48 
0.48 
0,48 
0.48 

9) Marginal 
Unit Growing 

Stock 

24.00 
24,00 
24.00 
24.00 
24.00 
24.00 
24,00 
24.00 
24.00 

10) Marginal 
Unit Revenue 

2 .28  
1.92 
1.80 
1.50 
0,90 
0,90 
0.48 
0,42 
0.30 

11) Alternate 
Discount 
Rate 

2 . 0  
2.0 
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2.0 
2.0 
2 . 0  

12) Marginal Unit 
Revenue % 

9.5 
8 . 0  
7.5 
6.3 
3.8 
3.8 
2 .0  
1.8 
1.3 



Table 23. Determination of Optimum Stocking: Discount Rate, 4%; Stumpage Value, 
$60/MBF 

5) Total Gross 
Revenue 

1) Growing Stock 2) Total Output 3) Total Value 4) Total Variable 6) Net 
(bd ft) (Growth-bd ft) of G.S. Cost $ % Revenue 

1200 150 72, ,00 2. .96 9. .00 12, .5 6. .04 
1600 188 96. .00 3, .84 11. .28 11. .75 7. .44 
2000 220 120, .00 4. .80 13. .20 11. .0 8, .40 
2400 250 144. .00 5. .76 15. .00 10. .4 9. .24 
*2800 275 168. .00 6, ,72 16. .50 9, .8 9, .78 
3200 290 192, .00 7. .68 17, .40 9, .1 9, .72 
3600 305 216. .00 8. .64 18. .30 8. .5 9. .66 
4000 313 240. .00 9. .60 18. .78 7. .8 9. .18 
4400 320 264, ,00 10. .56 19. ,20 7. ,2 8. ,64 
4800 325 288, ,00 11. .52 19, .50 6. .8 7. .98 

Marginal Approach 

71 Growing Stock 

1200 
1600 
2000 
2400 
*2800 
3200 
3600 
4000 
4400 
4800 

8) Marginal 
Unit Cost 

0.48 
0,48 
0.48 
0.48 
0.48 
0.48 
0.48 
0,48 
0,48 

9) Marginal 
Unit Growing 

Stock 

24.00 
24.00 
24.00 
24.00 
24.00 
24,00 
24,00 
24,00 
24,00 

10) Marginal 
Unit Revenue 

2 .28  
1.92 
1.80 
1.50 
0.90 
0.90 
0.48 
0.42 
0,30 

11) Alternate 
Discount 
Rate 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

12) Marginal Unit 
Revenue % 

9.5 
8 . 0  
7.5 
6.3 
3.8 
3.8 
2 . 0  
1.8 
1.3 



Table 24. Determination of Optimum Stocking: Discount Rate, 6%; Stumpage Value, 
$60/MBF 

5) Total Gross 
Revenue 

1) Growing Stock 2) Total Output 3) Total Value 4) Total Variable 6) Net 
Gbd ft) (Growth-bd ft) of G.S. Cost $ % Revenue 

1200 150 72.00 4.52 9.00 12.5 4.48 
1600 188 96.00 5.76 11.28 11.75 5.52 
2000 220 120.00 7.20 13.20 11.0 6.00 
2400 250 144.00 8.64 15.00 10.4 6.36 
*2800 275 168.00 10.08 16.50 9.8 6.42 
3200 290 192.00 11.52 17.40 9.1 5.88 
3600 305 216.00 12.96 18.30 8.5 5.34 
4000 313 240.00 14.40 18.78 7.8 4.38 
4400 320 264.00 16.08 19.20 7.2 3.12 
4800 325 288.00 17.28 19.50 6.8 2.22 

Marginal Approach 

71 Growing Stock 

1200 
1600 
2000 
2400 
*2800 
3200 
3600 
4000 
4400 
4800 

8) Marginal 
Unit Cost 

0.48 
0,48 
0,48 
0.48 
0.48 
0.48 
0.48 
0,48 
0.46 

9) Marginal 
Unit Growing 

Stock 

24.00 
24.00 
24.00 
24.00 
24.00 
24.00 
24.00 
24.00 
24.00 

10) Marginal 
Unit Revenue 

2 . 2 8  
1.92 
1.80 
1.50 
0.90 
0.90 
0.48 
0.42 
0.30 

11) Alternate 
Discount 
Rate 

6 . 0  
6.0 
6 . 0  
6.0 
6.0 
6.0 
6,0 
6.0 
6 . 0  

12) Marginal Unit 
Revenue % 

9.5 
8 . 0  
7.5 
6.3 
3.8 
3.8 
2 . 0  
1.8 
1.3 
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cent, 2800 board feet at 4 per cent, and also 2800 board 

feet at 6 per cent. 

The same results are obtained using the marginal 

approach. By dividing marginal gross revenue by the 

marginal value of the growing stock, marginal unit revenue, 

expressed as a per cent, can be determined. Growing stock 

would be increased until this per cent just exceeds or equals . 

the alternative discount rate. The results are exactly the 

same as with the maximization of net revenue. 

Unfortunately, the residual growing stock levels and 

growth rates associated with each level have not been 

measured for the Hudson Forest. In order to reach an 

optimal solution, these figures would have to be included. 

A model is being developed by Larson (in preparation) 

that will simulate stocking of uneven-aged stands. It can 

also be used with even-aged stands. The model simulates 

growth using a modified stand projection method. The growth 

is a function of site index, stand density, and tree size 

class. The latter two factors determine the stocking of 

the stand. 

Four hundred ten one-inch diameter classes including 

ten zero diameter classes for trees less than one inch in 

diameter, and an establishment class for regeneration, are 

used as the basis for the model. Stand projection is used 

to move a proportion of trees into the next higher diameter 

class or classes. A one-year step is used. 
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The mortality function is used as a parabola, re

flecting higher mortality in small and large diameter classes 

and the relatively low rate in the intermediate classes. 

A height-diameter curve is generated for each sim

ulation run. The curve is a function of site index and 

average growth. This curve is used in volume calculations 

that reflect the differences of tree form due to site 

quality. 

The results of the model would allow the analyst to 

determine the optimum growing stock for a given management 

alternative. (The model would provide the input for Duerr's 

growing stock model in columns 1 and 2.) It would also 

allow an analysis of other uneven-aged management practices. 

For example, single tree selection leaves a higher residual 

growing stock than group selection since the cut is not so 

heavy. Consequently, the economics of using single tree 

selection versus group selection can be compared by noting 

the differences in growing stock and resulting growth rates. 

The economic feasibility of single tree selection in 

ponderosa pine is questionable. 

Larson's model will also be adaptable to even-aged 

management. If the Hudson Forest could be simulated using 

even-aged practices, the profitability of changing to a seed 

tree or shelterwood system, for example, could be evaluated. 
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Thinning 

Thinning opens the timber stand and results in 

faster growth in fewer trees at the outset. This continues 

until the site is again fully utilized. Total stand pro

duction in cubic volume is not increased but the stand is 

improved in one of several ways. The cubic volume growth 

can be concentrated in growth of a few, more valuable trees, 

product quality can be enhanced, and stand composition can 

be improved (Smith, 1962, Chapter 2). 

How the above effects are manifested in a particular 

stand depends on several factors, including the productivity 

of the stand (site index), the intensity of the thinning, 

and the residual area left after thinning. The economics of 

thinning also depends upon the cost of thinning, the timing 

of thinning, and the increase in return that can be attrib

uted to the thinning, and whether the thinning is commercial 

or non-commercial. 

An entire study could be devoted to an analysis of 

thinning in the ponderosa pine type. The analysis would 

have to include a study of the costs and returns of thinning 

using a range of thinning costs, discount rates, number and 

timing of the thin, intensity of the thin, length of cutting 

cycle, and returns from thinning. 

A computer could be used to evaluate the many 

possible alternatives. Again, a critical part of the 

analysis is the level of growing stock to be left after the 
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thinning and the growth response of a particular stand to 

the thinning. Larson's model would be able to demonstrate 

that response. Using the model along with an appropriate 

investment criterion, an optimum "intensity and timing of 

thinning could be determined. 

Summary 

Management of the Hudson Forest areas is determined 

by the physical resource present. Range lands, producing 

approximately 1000 pounds or more per acre annually can 

return a positive return at a grazing fee of $20-25 per AUY. 

The other range lands, producing from 600 to 800 pounds per 

acre annually, cannot return a positive return without 

charging an unrealistically high grazing fee. These lands 

should be managed for wildlife production, watershed pro

tection, and recreation. 

The same can be said for the non-commercial stands 

of the Hudson Forest. Since policy prohibits timber harvest, 

other uses must predominate. Since a return from forage 

cannot be realized without charging a very high grazing fee, 

these areas should also be managed for wildlife and watershed 

values. 

Timber management varies widely. Rates of return 

vary from 3 to 7 per cent depending on the stumpage value 

used. 
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In general, the cutting cycle should be decreased to 

18-21 years. The decision depends on the stumpage value of 

the timber removed as well as the discount rate. 

Economically speaking, many of the timber stands 

should be managed for recreation and aesthetics rather than 

timber due to the low timber productivity of the site and 

the increasing demand for recreation. These stands do not 

economically produce timber but yet are well suited for one 

or more types of recreational activity. Timber management 

funding in the future will be spent on the most productive 

sites in the west. The lower quality sites could then be 

actively managed for water, recreation, wildlife, and 

aesthetics. 

The Hudson Forest can best be described as being 

managed by a dominant use system. However, increasing 

demands may require that much of the land be managed less 

by dominant use and more by the classical multiple use model 

where each acre is managed for all possible uses. 



APPENDIX A 

DESCRIPTION OF THE COMPUTER PROGRAM 

Row (1963) has developed a computer program that 

determines the present net worth of several alternatives. 

The rate of return for those alternatives can also be deter

mined from the output when the PNW value goes from positive 

and negative. 

The program has the capability of being used to 

evaluate alternative rotations (cutting cycles), site 

indices, or production systems. When the decision is to 

select a rotation or cutting cycle, the program is used to 

evaluate either a single rotation or a perpetual series. 

Each run can handle up to six alternatives. 

Up to three products can be evaluated with each run. 

The annual returns from each of the products is expressed in 

physical terms. If desired, a quality factor can be in

cluded. A maximum of twenty product price combinations can 

be used, and if desired, a factor for the annual percentage 

change in prices. 

The program allows for both annual and periodic 

costs. Up to ten annual costs (including an annual per

centage change factor) and 40 periodic costs can be included. 

116 
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If the program is to be used to evaluate a single 

rotation or cutting cycle, a terminal value is included. 

The terminal value is the value of the residual growing 

stock in uneven-aged timber management for example. 

Costs and returns are evaluated using a variety of 

interest rates. For low interest rates (3 to 8 per cent), 

the rate used increases by 0.5 per cent. For rates of 8 to 

16 per cent, the increase is by 1.0 per cent, and for the 

highest rates (16 to 30 per cent), only the even numbered 

rates are included. 

The output includes both a summary of the data read 

into the computer as well as a table of present net worths. 

Periodic costs and returns including the year they occur, 

annual costs, and products prices are all found at the top 

of the output page. If a single period analysis is used, 

the terminal value is also shown. A table at the bottom of 

the output gives a tabulation of the present net worth for 

each of the interest rates mentioned earlier. There is an 

output for each product price combination used. 

A number of problems can be run in succession. This 

is limited by the time limit specified by the user. 

A drawback of the program is that negative present 

net worth values appear meaningless. Therefore, this program 

would not be able to be used to minimize losses. 



APPENDIX B 

GLOSSARY 

Salvage cutting: A cutting made to remove trees 

killed or injured badly to utilize merchantable material 

before it becomes worthless. 

Seed-tree cutting: Removal of the mature timber in 

one cut, except for a small number of seed trees left singly 

or in small groups. 

Single tree selection: Removal of mature timber, 

usually the oldest or largest trees, at relatively short 

intervals, commonly 5 to 20 years, repeated indefinitely, by 

means of which the continuous establishment of natural 

reproduction is encouraged and an uneven-aged stand is 

maintained. 

Group selection: A modification of the single tree 

selection method whereby the mature timber is removed in 

small groups rather than by single trees. 

Shelterwood cutting: Removal of the mature timber 

in a series of cuttings, which extend over a period of years 

equal usually to not more than one-quarter and often not 

more than one-tenth of the time required to grow the crop, 

118 
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by means of which the establishment of natural reproduction 

under the partial shelter of seed trees is encouraged. 

Source: Society of American Foresters (1964). 



APPENDIX C 

SUMMARY OF RETURNS FROM RANGE LANDS 
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Table C.l. Annual Forage Production from Range Lands 

Area Name AUM/Acre AUY/Acre 

Lobo 1.092 0.091 

Indio 1.155 0.096 

Trucha 0.845 0.070 

Pino 0. 658 0.055 

Encina 0.477 0.040 

Saltamontes 0.995 0.083 

Madera 0. 617 0.051 

Zorillo 0.594 0.050 

Table C,2, Possible Annual Returns from Lobo Area by 
Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return/Year 

$0. 83 $10.00 0.91 

1. 25 15.00 1.36 

1.66 20.00 1.81 

2. 08 25.00 2.27 

2.50 30.00 2.72 

2. 92 35.00 3.17 

3.33 40.00 3.62 

3.75 45.00 4.08 

4.16 50.00 4.53 



Table C.3. Possible Present Net Worth of Forage from Lobo Area by Varying Grazing 
Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

15 7.36 3.14 0.71 

20 19.14 12.65 8.71 5.71 3.19 1.25 

25 30.92 22.17 16.72 12.53 9.31 6.73 4.66 

30 42.70 31.68 24.72 19.46 15.43 12.22 9.64 

35 54.48 41,19 32,72 26.38 21.54 17.70 14.62 

40 66,25 50.70 40.72 33.31 27.65 23.19 19.60 

45 78,08 60,22 48.73 40,23 33.77 28.68 24.59 

50 89,81 69,73 56,75 47.15 39.88 34.16 29.57 
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Table C.4. Possible Annual Returns from Indio Area by 
Varying Grazing Fee 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.96 

1. 25 15.00 1.44 

1.66 20.00 1.93 

2,08 25.00 2.41 

2.50 30.00 2.89 

2.92 35.00 3.37 

3.33 40.00 3.85 

3. 75 45.00 4.33 

4.16 50.00 4.81 



Table C.5. Possible Present Net Worth of Forage from Indio Area by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

15 9.57 4.92 2.21 

20 22.11 15.05 10.73 7.35 4.73 2.63 0.93 

25 34.59 25.13 19.21 14.69 11.21 8.44 6.21 

30 47.12 35.25 27.72 22.06 17.72 14.28 11.51 

35 59.62 45.35 36.22 29.41 24.21 20.10 16.80 

40 72,13 55.45 44.72 36.76 30.71 25.93 22.09 

45 84.64 65.55 53.21 44.11 37.20 31.75 27.38 

50 97 f 17 75.67 61.73 51.48 43.7.1 37.59 32.68 
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Table C.6. Possible Annual Returns from Trucha Area by 
Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.70 

1.25 15.00 1.06 

1.66 20. 00 1.41 

2.08 25.00 1.76 

2.50 30.00 2.11 

2.92 35.00 2.46 

3.33 40.00 2.82 

3.75 45.00 3.17 

4.16 50.00 3.52 



Table C.7. Possible Present Net Worth of Forage from Trucha Area by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

20 8.64 4,17 1.58 

25 17.79 11.56 7.79 4.81 2.49 0.62 

30 26.94 18.95 14.01 10.19 7.24 4.88 2.97 

35 36.09 26.34 20.23 15.57 11.99 9.14 6.84 

40 45,25 33.74 26.45 20,96 16.75 13.41 10.72 

45 54,42 41.13 32.67 26.34 21.50 17.67 14.59 

50 63,55 48.52 38,89 31.72 26.25 21.93 18.46 



Table C.8. Possible Annual Returns from Pino Area by 
Varying Grazing Pees 
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Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.55 

1.25 15.00 0.82 

1. 66 20.00 1.10 

2. 08 25,00 1.37 

2.50 30.00 1.64 

2. 92 35.00 1.92 

3.33 40.00 2,19 

3.75 45.00 2.47 

4.16 50.00 2,74 



Table C.9. Possible Present Net Worth of Forage from Pino Area by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

20 0,53 

25 7,65 3.37 0.90 

30 14.77 9.12 5.74 3.04 0.92 

35 21.90 14.88 10.59 7.23 4.62 2.53 0.84 

40 29.02 20.63 15.43 11.42 8.32 5.85 3.85 

45 36.15 26.39 20.27 15.61 12.02 9.17 6.87 

50 43.27 32.14 25.11 19.79 15.72 12.48 9.88 
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Table C.10. Possible Annual 
Varying Grazing 

Returns 
Fees 

from Encina Area by 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.40 

1.25 15.00 0.60 

1.66 20.00 0.80 

2.08 25.00 0.99 

2.50 30.00 1.19 

2. 92 35.00 1.39 

3.33 40.00 1.59 

3.75 45.00 1.79 

4.16 50.00 1.99 



Table C.ll. Possible Present Net Worth of Forage from Encina Area by Varying 
Grazing Fees and Interest Rates 

Price in 
Dollars Interest Hate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

30 3.05 

35 8.22 3.83 1.29 

40 13.37 7.99 4.79 2.21 0.20 

45 18.54 12.17 8.31 5.26 2.88 0.97 

50 23.72 16.35 11.82 8.30 5.57 3.38 1.61 
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Table C.12. Possible Annual Returns from Saltamontes Area 
by Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.83 

1.25 15.00 1.24 

1.66 20.00 1.66 

2.08 25. 00 2.07 

2.50 30.00 2.49 

2.92 35.00 2.90 

3.33 40.00 3.31 

3.75 45.00 3.73 

4.16 50.00 4.15 



Table C.13. Possible Present Net Worth of Forage from Saltamontes Area by 
Varying Grazing Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

15 4.37 0.72 

20 15.14 9.42 5.99 3.25 1.11 

25 25.93 18.13 13.32 9.60 6.70 4.41 2.54 

30 36.69 26.83 20.64 15.92 12.31 9.42 7.10 

35 47.48 35.54 27.97 22.27 17.91 14.45 11.66 

40 58.25 44.24 35.28 28.60 23.50 19.46 16.22 

45 69.04 52.95 42.61 34.94 29.10 24.49 20.78 

50 79,80 61.65 49.93 41.27 34.69 29.50 25.34 
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Table C.14. Possible Annual Returns from Madera Area by 
Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.51 

1.25 15.00 0.77 

1.66 20.00 1.03 

2.08 25.00 1.29 

2.50 30.00 1.54 

2.92 35.00 1.80 

3.33 40.00 2.06 

3.75 45.00 2.31 

4.16 50.00 2.57 



Table C.15. Possible Present Net Worth of Forage from Madera Area by Varying 
Grazing Fees and Interest Rates 

Price in i» 
Dollars \ Interest Rate 

per Animal k 
Unit Year 4 5 6 7 8 9 10 

25 5. 44 1.59 

30 12.12 6.98 3.94 1.48 

35 18.80 12.38 8.48 5.41 3.02 1.09 

40 25.49 17.78 13.02 9.34 6.49 4.20 

45 32.17 23.17 17.56 13.27 9. 96 7.31 

50 38.85 28.57 22.10 17.19 13.42 10.43 

2.36 

5.18 

8.01 
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Table C.16. Possible Annual Returns from Zorillo Area by 
Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return/Year 

$0.83 $10.00 0.50 

1.25 15.00 0.74 

1.66 20.00 0.99 

2. 08 25.00 1.24 

2.50 30.00 1.49 

2.92 35.00 1.73 

3.33 40.00 1.98 

3.75 45.00 2.23 

4.16 50.00 2.48 



Table C.17. Possible Present Net Worth of Forage from Zorillo Area by Varying 
Crazing Fees and Interest Rates 

Price in 
Dollars Interest Rate 

per Animal 
Unit Year 4 5 6 7 8 9 10 

20 

25 4.22 0.60 

30 10.64 5.79 2.94 0.60 

35 17.09 10.99 7.32 4.40 2.13 0.29 

40 23.51 16.18 11.68 8.18 5.46 3,29 1.52 

45 29.96 21.39 16.06 11.97 8.81 6.28 4.25 

50 36.38 26.56 20.43 15.74 12.14 9.28 6.97 



APPENDIX D 

SUMMARY OF RETURNS FROM NON-COMMERCIAL STANDS 
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Table D.l. Possible Annual Returns from Oso Stand by 
Varying Grazing Pees 

Price/AUM Price/AUY Dollar Return 

$0. 83 $10.00 $0.31 

1. 25 15.00 0.50 

1. 66 20.00 0. 61 

2. 08 25.00 0.77 

2.50 30.00 0.92 

2. 92 35,00 1.07 

3.33 40.00 1.22 

3.75 45.00 1.38 

4.16 50.00 1.53 

Table D.2, Possible Present Net Worth of Forage from Oso 
Stand by Varying Grazing Fees and Interest 
Rates 

Price 
per Animal 
Unit Year 

Interest Rate Price 
per Animal 
Unit Year 4 5 6 7 

35 

40 3.85 0.30 

45 7.83 3.52 1,03 

50 11,81 6.73 3.73 1.30 
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Table D.3. Possible Annual Returns from Alamo Stand by 
Varying Grazing Fees 

Price/AUM Price/AUY Dollar Return 

$0. 83 $10.00 $0.31 

1.25 15.00 0.46 

1.66 20.00 0.62 

2. 08 25.00 0.77 

2. 50 30.00 0.92 

2.92 35. 00 1.08 

3.33 40.00 1,23 

3.75 45.00 1.39 

4.16 50.00 1.54 

Tahle D.4, Possible Present Net Worth of Forage on Alamo 
Stand by Varying Grazing Fees and Interest 
Rates 

I , 

Price 
per Animal 
Unit Year 

Interest Rate Price 
per Animal 
Unit Year 4 5 6 7 

30 

35 0.06 

40 4,06 0.47 

45 8.07 3,71 1.19 

50 12.07 6.94 3.91 1.45 



APPENDIX E 

SUMMARY OF RETURNS FROM COMMERCIAL 
FOREST STANDS 

There are three tables for each commercial forest 

stand. The first table shows timber production (in growth 

expressed in cubic feet) and forage production for each 

year after the cut. The allowable cut is the cumulative 

timber growth up to that year, assuming no timber harvest 

has taken place. The table was designed so that use of 

the data as computer input was facilitated. 

The second table shows the possible soil expectation 

values of timber and forage by varying stumpage prices and 

interest rates. This is followed by the possible present 

net worth values of timber and forage by varying stumpage 

prices and interest rates. 
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Table E.l. Annual Timber and Forage Production from Hormiga 
Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 32.83 1,311 0,003 

7 34,11 1.584 0,001 

8 36.05 1.872 0 

9 37.04 2.168 0 

10 39.05 2.480 0 

11 37,40 2.779 0 

12 36.11 3.068 0 

13 35,07 3.349 0 

14 33.23 3.615 0,003 

15 29.28 3,849 0.008 

16 27,99 4,073 0,010 

17 26,38 4,284 0,012 

18 25,93 4,491 0,013 

19 25,42 4,694 0,014 

20 23,75 4,884 0,016 

21 23,61 5,073 0,016 

Current stand volume: 1983 cubic feet. 

Volume in merchantable sizes: 6320 board feet. 

Residual Growing Stock; 1300 board feet, 



Table E.2. Possible Soil Expectation Value of Timber and Forage on Hormiga Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 c 10 

40 37 .16 15. .53 1, .38 -8. ,49 -12 .65 -21. ,00 -25. 09 

50 56 .26 26. ,28 6. ,72 -6. ,87 -16 .71 -24. ,05 -29. 65 

60 75 .35 37. ,02 12, ,06 -5. ,25 -17 .78 -27. ,11 -34. 21 

70 94 .44 47, ,77 17, ,40 -3. ,64 -18 .84 -30. ,16 -38. 77 

80 113 .54 58. ,51 22. ,74 "2 , ,02 -19 .91 -33. ,21 -43. 33 

Cutting cycle: 18 years. 

Grazing fee: $20/AUY, 



Table E.3. Possible Present Net Worth of Timber and Forage on Hdrmiga Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage 
Price per 

Thousand bd ft 

Interest Rate Stumpage 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 62. 82 49.13 37.55 27.71 19.35 12.20 6.09 

50 81.96 64.40 49.53 36.91 26.16 16.98 9.12 

60 101.10 79.67 61.52 46.11 32.98 21.76 12.15 

70 120.24 94,94 73.51 55.30 39.79 26.54 15.19 

80 139.38 110.21 85.50 64.50 46.61 31.32 18.22 

Cutting cycle: 9 years. 

Grazing fee: $40/AUY. 
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Table E.4. Possible Annual Timber and Forage Production 
from Clervo Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 29.09 1.209 0,009 

7 30.32 1.452 0.007 

8 31.73 1.706 0.005 

9 32.44 1.965 0.004 

10 32,79 2.227 0.003 

11 32.89 2.490 0.003 

12 32.44 2.749 0.004 

13 32.09 3.006 0.004 

14 30.85 3.253 0.006 

15 29.09 3.486 0.009 

16 27,50 3,706 0,011 

17 25.92 3,913 0,013 

18 24.69 4.110 0,015 

19 23.45 4,298 0,017 

20 22.57 4,479 0.018 

21 21,87 4,654 0.019 

Current stand volume: 2064 cubic feet. 

Volume in merchantable size class: 5571 board feet. 

Residual growing stock: 1000 board feet. 



Table E.5. Possible Soil Expectation Values of Timber and Forage on Ciervo Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 49, ,25 27. ,40 13. ,06 3. ,05 -4. 24 -9. .72 -13. 92 

50 70. ,33 40. ,32 20. ,71 7. ,05 -2. 88 -10. ,31 -15. 99 

60 91, ,40 53, ,24 28. .35 11. ,04 -1. 51 -10. .89 -18. 06 

70 112, ,48 66. .17 35. .99 15. ,04 -0. 14 -11. .48 •
 

0
 

C
N
 1 13 

80 133, ,56 79. ,09 43, ,63 19. .04 1. 23 -12. ,06 -22. 20 

Cutting cycle: 18 years, 

Grazing fee: $20/AUY. 



Table E.6. Possible Present Net Worth of Timber and Forage on Ciervo Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 62.95 50.85 40.85 31.83 24.35 17.95 12.44 

50 81.23 65.75 52. 60 41.40 31.83 23.62 16.57 

60 99.51 80.64 64.62 50.97 39.30 29.30 20.70 

70 117.79 95.54 76.64 60.54 46.77 34.97 24.83 

80 136.07 110.44 88.67 70.11 54.25 40.65 28.95 

Cutting cycle: 9 years. 

Grazing fee: $40/AUY. 
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Table E.7. Possible Annual Timber and Forage Production 
from Aguila Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 22.08 0.901 0.019 

7 23.43 1.088 0.017 

8 24.41 1.283 0.015 

9 25.64 1.488 0.014 

10 26.51 1.700 0.012 

11 26,26 1.910 0.013 

12 25.47 2.114 0.014 

13 24.54 2.310 0.015 

14 23.80 2.500 0.016 

15 22.95 2.684 0.017 

16 22,33 2,863 0,018 

17 21.10 3,032 0,020 

18 19,62 3,189 0,022 

19 18,15 3,334 0,024 

20 17,54 3,474 0,025 

21 17,17 3,611 0,026 

Current stand yolume; 1212 cuvic feet. 

Volume in merchantable size classes; 2050 board 
feet. 

Residual growing stock: 2000 board feet, 



Table E.8. Possible Soil Expectation Values of Timber and Forage on Aguila Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 -51.53 -55.56 -58.24 -60.10 -61.43 -62.38 -63.05 

50 -58.33 -65.42 -70.04 -73.21 -75.45 -77.06 -78.21 

60 -65.13 -75.27 -81.83 -86.32 -89.48 -91.74 -93.36 

70 -71.94 -85.12 -93.63 -99.43 -103.50 -106.42 -108.52 

80 -78.74 -94.98 -105.43 -112.53 -117.53 -121.10 -123.67 

Cutting cycle: 18 years. 

Grazing ̂f-ee: $20/AUY. 



Table E.9. Possible Present Net Worth of Timber and Forage on Aguila Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 28. ,30 15. ,07 4. .03 -5. .20 -12 .94 -19, .44 •
 

C
M
 1 91 

50 35. . 65 18. ,98 5, .07 -6. ,56 -16 .31 -24, .51 -31. 40 

60 42. ,99 22, ,88 6. ,11 -7. .93 -19 .69 -29. .58 -37. 89 

70 50. ,34 26. ,79 7. .14 -9. ,29 -23 .07 -34. .64 -44. 39 

80 57. ,69 30. ,70 8. ,18 -10. ,66 -26 .45 -39. ,71 -50. 88 

Cutting cycle: 9 years. 

Grazing fee: $40/AUY. 
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Table E.10. Possible Annual Timber and Forage Returns from 
Buitre Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 30.52 1.221 0.007 

7 32.08 1.478 0.004 

8 33.47 1.746 0.002 

9 34.50 2.022 0.001 

10 35.02 2.302 0 

11 35.54 2.586 0 

12 35,20 2.868 0 

13 34,85 3.147 0 

14 34.33 3.422 0.001 

15 32.43 3.681 0.004 

16 30,18 3,922 0,007 

17 27,07 4,139 0,011 

18 24,65 4,336 0,015 

19 22,74 4,518 0,018 

20 21,71 4,692 0,019 

21 21,01 4,860 0,020 . 

Current stand volume: 1721 cubic feet. 

Volume in merchantable size classes: 3721 board 
feet. 

Residual growing stock: 1500 board feet. 



Table E.ll. Possible Soil Expectation Valuys of Timber and Forage on Buitre Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 17. ,50 -0. .70 -12. ,61 -20. .90 -26. 91 -31. .39 -34. 79 

50 31. ,29 5. , 68 -11. ,01 -22. .59 -30. 96 -37. .19 -41. 91 

60 45. ,07 12. .07 -9. ,41 -24. .28 -35. 01 -42. .99 -49. 03 

70 58. .86 18. ,45 -7. ,81 -25. .97 -39. 07 -48. .78 -56. 14 

80 72. ,64 24. ,84 -6. ,21 -27. .66 -43. 12 -54. ,58 -63. 26 

Cutting cycle: 18 years. 

Grazing fee: $20/AUY. 



Table E.12. Possible Present Net Worth of Timber and Forage on Buitre Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 54. ,20 40. ,49 28, .92 19, .15 10 .86 3. .81 -2. 19 

50 70, ,55 53. , 02 38. .24 25. .73 15 .13 6. .10 -1. 59 

60 86. ,90 65. .55 47. .55 32. ,32 19 .39 8. .39 - 0 .  99 

70 103. .24 78. ,09 56, ,86 38, ,90 23 .66 10. .68 -0. 39 

80 119. ,59 90. ,62 66. ,18 45. ,49 27 .92 12. ,97 0 .  22 

Cutting cycle: 9 years. 

Grazing fee: $40/AUY. 
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Table E.13. Possible Annual Timber and Forage Returns from 
Cuervo Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 38.82 1.584 0 

7 40.89 1.911 0 

8 42.43 2.251 0 

9 43.74 2.601 0 

10 45.29 2.963 0 

11 46.59 3.336 0 

12 47.88 3.719 0 

13 48.65 4.108 0 

14 48.91 4.499 0 

15 48.40 4.886 0 

16 47,36 5.265 0 

17 45,29 5.627 0 

18 42.71 5.969 0 

19 39.86 6.288 0 

20 38. 30 6.594 0 

21 37.01 6.890 0 

Current stand volume: 1927 qubic feet. 

Volume in merchantable size classes: 3370 board 
feet. 

Residual volume: 1200 board feet. 



Table E.14. Possible Soil Expectation Values of Timber and Forage on Cuervo Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 89.82 54.74 31.82 15.88 4.31 -4.36 -10.98 

50 125.23 77.62 46.59 25.04 9.41 -2.27 -11.20 

60 160.63 100.50 61.35 34.19 14.51 -0.18 -11.41 

70 196.03 123.38 76.11 43.34 19.62 1.91 -11.62 

80 231.43 146.26 90.88 52.50 24.72 3.99 -11.83 

Cutting cycle: 18 years. 

Grazing fee: $20/AUY. 



Table E.15. Possible Present Net Worth of Timber and Forage on Cuervo Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per .• 

Thousand bd ft 4 5 6 7 8 9 10 

40 78.92 63.81 50.98 40.04 30.70 22.69 15.81 

50 103.77 84.26 , 67.69 53.57 41.49 31.14 22.23 

60 128.61 104.72 84.41 67.10 52.29 39.58 28.65 

70 153,45 125.17 101.13 80. 62 63.08 48.03 35.07 

80 178.29 145.62 117.84 94.15 73.87 56.47 41.50 

Cutting cycle: 9 years. 

Grazing fee: $40/AUY. 
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Table E.16. Possible Annual Timber and Forage Returns from 
Halcon Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 46.51 1. 877 0 

7 49.29 2. 271 0 

8 51.45 2. 683 0 

9 54.23 3.117 0 

10 56.39 3. 568 0 

11 57.31 4.027 0 

12 57.31 4.486 0 

13 57.01 4.942 0 

14 55.77 5.388 0 

15 53.61 5.817 0 

16 50,83 6,224 0 

17 47.13 6,601 0 

18 44,04 6,953 0 

19 41,88 7,288 0 

20 39,72 7.606 0 

21 37,86 7,909 0,002 

Current stand volume: 2259 cubic feet. 

board 
Growing stock in 

feet. 
merchantable size classes: 5265 

Residual growing stock: 1800 board feet. 



Table E.17. Possible Soil Expectation Values of Timber and Forage on Halcon Stand 
by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 75.18 38.09 13.93 -2.82 -14.95 -23.99 -30.87 

50 108.78 58.19 25.29 2.50 -13.97 -26.24 -35.57 

60 142,38 78.29 36.65 7.82 -13.00 -28.49 -40.28 

70 175.98 98.39 48.01 13.15 -12.02 -30.74 -44.98 

80 209.58 118.49 59,36 18.47 -11.04 -32.99 -49.69 

Cutting cycle: 18 years. 

Grazing fee: $20/AUY. 



Table E.18. Possible Present Net Worth of Timber and Forage on Halcon Stand by 
Varying Stumpage Prices and Interest Rates 

Stumpage 
Price per 

Thousand bd ft 

Interest Rate Stumpage 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 85.15 66.14 50.07 36.44 24.84 14.94 6.47 

50 113.02 88.51 67.76 50.14 35.14 22.33 11.36 

60 140.90 110.87 85.44 63.84 45.44 29.72 16.25 

70 168.78 133.23 103.12 77.54 55.74 37.11 21.15 

80 196.65 155.59 120.81 91.24 66.04 44.50 26.04 

Cutting cycle: 9 years. 

Grazing fee; $40/AUY, 
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Table E.19. Possible Annual Timber and Forage Production 
from Mariposa Stand 

Year 
Since 
Cut 

Timber Growth 
(cu ft) 

Allowable Cut 
(bd ft) 

Forage Production 
(AUY/acre) 

6 29.11 1.146 0.009 

7 30.63 1.391 0.006 

8 31.15 1.640 0.006 

9 30.81 1.886 0.006 

10 29.96 2.126 0.007 

11 29.15 2.359 0.008 

12 27.40 2.578 0.011 

13 25.56 2.782 0.012 

14 24.85 2.981 0,015 

15 24.00 3.173 0.016 

16 22.97 3.347 0.017 

17 22.46 3.357 0,018 

18 22.30 3,715 0.018 

19 21.95 3,891 0.019 

20 2  . 2 1  4,061 0.020 

21 2;, 59 4,226 0.021 

Current stand volume: 1616 cubic feet. 

Growing stock in merchantable size classes: 4000 
board feet. 

Residual growing stock: 1400 board feet. 



Table E.20. Possible Soil Expectation Values of Timber and Forage on Mariposa 
Stand by Varying Stumpage Prices and Interest Rates 

Stumpage Interest Rate 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 7. .93 -6. .56 -16. .07 -22. ,72 -27 .54 -31. .15 -33. 89 

50 17. ,56 -2, ,96 -16. ,37 -25, .69 -32 .43 -37. .45 -41. 26 

60 27, ,19 0. ,64 -16, ,67 -28, .66 -37 .32 -43. .76 -48. 63 

70 36, ,82 4, ,24 -16, ,97 -31, .63 -42 .21 -50. .06 -56. 01 

80 46, ,45 7, ,83 -17. ,26 -34. ,61 -47 .10 -56. ,37 -63. 38 

Cutting cycle: 18 years. 

Grazing fee: $20/AUY, 



Table E.21. Possible Present Net Worth of Timber and Forage on Mariposa Stand by 
Varying Stumpage Price and Interest Rates 

Stumpage 
Price per 

Thousand bd ft 

Interest Rate Stumpage 
Price per 

Thousand bd ft 4 5 6 7 8 9 10 

40 52.48 39.51 28.58 19.34 11.49 4.82 -0.87 

50 67.72 51.20 37.26 25.47 15.46 6.95 -0.32 

60 82.96 62,89 45.95 31.61 19.44 9.08 0.24 

70 98.28 74.57 54.63 37.74 23.41 11.21 0.79 

80 113.45 86.26 63.31 43.88 27.38 13.34 1.35 

Cutting cycles 9 years. 

Grazing fee: $40/AUY. 
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