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ABSTRACT

Given that demand and value estimates for outdoor recreation  

a c t iv i t ie s  have been made for a l l  regions in Arizona, th is  study examines 

how to estimate em pirically  comparable values of an a lte rn a t iv e  market- 

priced land-use product from the same land resource base. C attle  grazing 

for beef c a lf  production was selected as the a lte rn a tive  use for this  

conceptual examination and empirical case study.

A theoretical framework is constructed for product comparability 

with respect to whom the social benefits accrue. A s ta t is t ic a l  demand 

curve for beef is estimated from which statewide changes in consumer 

surplus values are generated.

The statewide changes in consumer surplus values are disaggre

gated into estimates for Arizona Game and Fish Department Regions and 

estimates per square m ile. The consumer surplus values for beef are 

compared to consumer surplus values for outdoor recreation a c t iv i t ie s .  

Producer surplus values are estimated for c a t t le  production but are not 

relevant for outdoor recreation.

The results show high consumer surplus values for outdoor recrea

tion in areas close to large population centers where demand is great.

The values for outdoor recreation are equal to or larger than c a tt le  

production values in these areas but smaller than for c a t t le  production 

in a l l  other areas.



CHAPTER 1

INTRODUCTION

E ff ic ie n t  administration of public and private  land requires 

knowledge of the relevant values of the products a tta inab le  from this  

natural resource. There are possible product combinations which are 

unrelated or complementary in resource use; in this case, produce values 

are additive and l i t t l e  problem arises in resource administration. The 

problem of a llocation  or administration arises in the case where the 

resource uses are competitive, in that more of the product of one use can 

be achieved only at the sacr if ic e  of some of the product of another use.

Given that physical and biological tradeoffs can be specified, 

the e f f ic ie n t  multi pi e-product solution of what combination of products 

to produce in what quantities may be specified i f  the relevant product 

prices and production costs are known.

Economic values can be determined for many 1and-use a c t iv i t ie s  

such as farming, ranching, timber, and mining by observing the prices o f  

th e ir  products as they are sold in the market. But not a l l  1and-use 

products are sold in competitive markets. Some products, such as outdoor 

recreation, escape the pricing mechanism, making the estimation of re le 

vant prices and economic values d i f f i c u l t .  Even where the demand for  

such non-market commodities can be estimated, there is a conceptual 

problem of ju s t how these prices and values derived from the non-priced



good may be compared to the prices and values estimated fo r the market- 

priced uses of the natural resource base.

Given that recent demand and value estimates for outdoor recrea

tion a c t iv i t ie s  have been made for a l l  areas of Arizona (M artin , Gum, and 

Smith, 1974), the purpose of this study is to examine how to compare and 

to estimate em pirically  comparable values of an a lte rn a t iv e  market- 

priced, land-use product from the same land resource base. Cattle  

grazing for beef c a l f  production is selected as the a lte rn a tive  use for  

th is  conceptual examination and empirical case study.

J u s tif ic a t io n

The State o f Arizona is comprised of 82.5 percent public lands 

(including Indian Reservation land) versus 17.6 percent private  lands 

(see Table 1). Federal and state agencies which control the use of 

Arizona's public lands include: U. S. Forest Service, Bureau of Land

Management, National Park Service, Bureau of Indian A f fa i rs ,  and Arizona 

State Land Department.

T ra d it io n a lly ,  public land management has emphasized sound con

servation practices rather than quantity of outputs. F ire control, 

insect and disease contro l, and planting were performed because they were 

thought to be good conservation practices, not necessarily because they 

were sound investments (Whaley, 1970). But, with increased demand for  

a l l  products of the land resource, the conservation rationale  is no 

longer adequate by i t s e l f  for ju s t i fy in g  the kinds of expenditures 

required. Extensive management for forage and timber may gradually be 

replaced by intensive management for outdoor recreation, landscape



Table 1. D is tribution o f Arizona Land Ownership by County, 1974.3

County
Federal
Owned

Indian
Reservation

State
Owned

Private ly
Owned

Total
Acreage

1000 acres

Apache 646 4,552 695 1,258 7,151

Cochise 959 0 1,363 1,682 4,004

C o co n ? rio 4,907 4,402 1,034 1,544 1,887

Gila 1,794 1,149 30 67 3,040

Graham 1,215 991 504 204 2,950

Green lee 988 0 143 68 1,199

Maricopa 3,750 252 465 1,438 5,905

Mohave 5,692 574 437 1,783 8,486

Navajo 621 4,197 343 1,182 6,343

Pima 1,806 2,480 921 707 5,914

Pinal 700 599 1,354 789 3,442

Santa Cruz 436 0 62 299 797

Yavapai 2,688 4 1,215 1,215 5,179

Yuma 5,431 227 234 499 6,391

Total 31,633 19,427 8,857 12,771 72,688

%  o f Total 43.5 26.7 12.2 17.6 100.0

aSource: Valley National Bank of Arizona (1975).
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esthetics, water and w i ld l i f e ,  in addition to intensive timber and 

forage management. Rational change can only be achieved i f  more is 

known about the public 's  assessment of the a lte rn a tive  values of these 

products.

Research Objectives 

The general problem to be studied is how may the prices and 

values derived for the non-priced good, outdoor recreation, be compared 

to the prices and values estimated for the market-priced good, beef Calf  

production, on a given land resource base. Specific objectives are to:

1. Construct a theoretical framework for product comparability. 

Concern w i l l  focus on to whom the net social benefits accrue.

2. Estimate a s ta t is t ic a l  demand function for Arizona beef c a lf  

production from which a statewide consumer surplus value may be 

developed.

3. Disaggregate the statewide consumer surplus value into repre

sentative shares for each Arizona Game and Fish Department 

Reg ion.

4. Compare the estimates developed in (3) above, with recreational 

values already availab le  from Martin et a 1. (1974).

5. Analyze the relationships of the empirical estimates to theory 

and discuss how theory a ffects  the in terpretation  o f the 

estimates.



CHAPTER 2

CONCEPTUAL FRAMEWORK

The primary purpose of th is  Ghapter is to introduce and discuss

the theoretical constructs used in obtaining valid estimates o f benefits

accruing to consumers from the u t i l iz a t io n  o f Arizona lands for two 

products, c a t t le  grazing and outdoor recreation. The use of theory, by 

d e f in it io n ,  is to employ abstract deductive reasoning so that conclusions 

are drawn from sets of i n i t i a l  assumptions. The constructs introduced 

here w i l l  provide guides fo r  the empirical studies of the next chapter. 

The empirical studies, in tu rn , w i l l  provide tests of the usefulness of 

the assumptions and conclusions of theories.

Economic Demand

Economic demand is defined as a schedule o f  the amounts of goods 

or services which consumers are able and w il l in g  to purchase in a given 

market at a given array of prices in a given time period. The word 

"able" refers to the a b i l i t y  of a consumer to purchase a p a rt ic u la r  good 

and is a function of income and wealth. "Willingness" refers to the 

consumer being prepared to purchase and is determined by individual 

preferences. The "given array of prices" means that there are a lte rn a 

t ive  prices which allow choice between quantities o f the good or service 

at these d if fe re n t  prices. The "gJven time period" emphasizes the fact  

that the time frame of reference is important to the d e fin it io n  and must

. 5 -



be c le a r ly  s ta ted . Thus, the demand schedule is specific  to a p a rt ic u la r  

time and place. The place may be as specific  as a p a rt ic u la r  c ity  or 

state , or as general as the United States. S im ila r ly , the p a rt ic u la r  

time may re fer to the demand per day, per week, or per year.

The basic princ ip le  of demand is that the quantity demanded 

varies inversely with the per unit price; at a re la t iv e ly  low price more 

quantity w i l l  be demanded than at a higher price. On a graph with the 

vertica l axis re ferr ing  to per unit price and the horizontal axis 

referring  to to ta l quantity demanded, a curve depicting a demand schedule 

slopes downward and to the r ig h t .  The demand curve depicts a maximum 

concept. For any given quantity , a consumer would not be w i l l in g  to pay 

more than the corresponding price on the demand schedule, though he would 

be w i l l in g  to pay less to obtain the same quantity .

Consumers of a commodity assign an economic value to the commod

i t y .  The value is what they are w i l l in g  to give up in order to enjoy 

possession of a good or service. Furthermore, consumers of any economic 

good must receive satis fac tion  ( u t i l i t y )  that is at least equal to the 

price that they are w i l l in g  to incur, otherwise they would not be acting  

ra t io n a lly  in incurring the expense.

The Model of Demand for and Value of Outdoor Recreation

Recreation demand is a modification of conventional consumer 

demand. The basic notion of the re lationship between price and quantity  

remains unchanged. Clawson (1959) states that the demand for outdoor 

recreation should measure a.willingness o f users to pay measurable or 

definable sums o f money for specified volumes of outdoor recreation.



; ■ ' ' ■- ' V .  . ■ 7
The quantity or volume demanded fo r recreation is usually in 

terms of use. Use of recreation sites can be measured in such units as 

v is i ts ,  t r ip s ,  or user days. The concept of use of a recreation s ite  is 

only part of what Clawson (1959) ca lls  the recreation experience. The 

whole experience includes antic ipation  and preparation fo r  the t r ip ,  

travel to the s i te ,  the on-s ite  experience, travel back from the s i te ,  

and reco llection of the experience. Clawson maintains that one part 

cannot be separated from the others and that economists measure what 

people do in terms of the to ta l recreation experience consumed and costs 

involved.

The major d ifference between demand for recreation and ordinary  

market-priced consumer demand is that o f  defining pr ices . In the con

ventional type of demand, the price of the commodity is established by a 

functioning market mechanism wherein the equilibrium price occurs at the 

point where supply is equated with demand. In contrast, most forms of  

outdoor recreation have no conventional market mechanism. A lternative  

quantities of recreation are not offered for sale at a lte rn a tiv e  prices. 

Consumer prices are e ith er  to ta l ly  absent or set by administrative f i a t .

Wennergren (1967) examined the problem of pric ing outdoor recrea

tion and showed th a t, although outdoor recreation developed as a non- 

market good, i t  is not a free good. There are time and money costs 

associated with the consumption of recreation which regulate the quantity  

of outdoor recreation taken. These money costs can be used as surrogate 

or substitute prices in determining demand functions for outdoor recrea

tion with time costs acting as demand s h if te rs .
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The recreator must face two cost-re lated decisions. F irs t ,  the 

recreator faces the long-run decision requiring the purchase of certain  

items of a fixed nature which may be used for more than one t r ip  and in 

more than one time period. These items can include: camping equipment,

a recreational vehic le , and certa in  sporting equipment. These long-run 

costs are referred to as fixed or sunk costs. Once incurred, these sunk 

costs do not a ffe c t  the decision to p artic ipa te  in a spec if ic  recrea

tional a c t iv i ty .

The second costs decision Is of a short-run nature. Within a 

given period of time, the individual must decide what form of recreation  

in which he w i l l  pa rtic ipa te  and at what s i te .  There are associated 

costs for transportation, lodging, time, food costs, and any additional 

on-s ite  costs that would not have been incurred had the t r ip  not been 

made. These short-run decision costs are considered variab le  costs and 

are the pertinent costs for the surrogate prices described by Wennergren

(1967).

The use of variab le  costs as the surrogate price is analogous to 

the short-run decisions made by a business firm . Economic analysis 

shows th a t ,  in the short-run, the marginal Costs (additional costs) are a 

function only of variab le  costs and that the marginal costs are the deci

sion variables. The short-run decision of how much to produce is not 

affected by the fixed costs. In the same way, only the variab le  costs 

are pertinent in estimating the short-run demand for recreation (Martin 

et a l . ,  1974).
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In the process of re la ting  variab le  costs to a schedule of 

volume, a demand curve can be formulated. Hotelling (1949), in an early  

study o f the demand for outdoor recreation, defined concentric zones 

around a recreation s ite  such that the costs of travel from each zone to  

the s ite  are equal. These costs, related to the number of v is i to rs ,  

could then be used to estimate points on a demand curve.

Clawson and Knetsch (1966) use H ote lling 's  concept in developing 

the demand for any outdoor recreation experience. The authors state that  

the estimation of demand must proceed in two two steps. F irs t ,  a 

s ta t is t ic a l  demand curve is estimated for the to ta l recreation experi

ence. The data are taken d ire c t ly  from tabulation o f consumer behavior.

The second step in the analysis is that of developing a demand 

curve fo r  the resource s ite  i t s e l f .  This demand curve is derived from 

the demand curve for the recreation experience based on the assumption 

that the resource users would react to changes in costs a t the s ite  

("added costs") in the same manner to which they react to costs for  

recreation experience as a whole. In developing the demand curve for the 

resource, the to ta l projected number o f v is i ts  is calculated at each 

posited increased interval of cost. The resulting demand curve is in 

terms of added costs and to ta l quantities of v is i ta t io n .  The consumer is 

expressing preference through his willingness to pay for the p a rt ic u la r  

outdoor recreation a c t iv i ty  a t  a given s i te .

The study of Martin et a l . (1974) developed demand estimates for  
' - - 

given outdoor recreation a c t iv i t ie s  in Arizona Game and Fish Department

management regions. General categories for the a c t iv i t ie s  included



- 10

hunting, f ish ing , and general outdoor recreation. The dependent variab le  

for th e ir  estimated demand function was always number of tr ip s  for a 

p art icu la r  a c t iv i ty  to a specific  region. This d e fin it io n  of a c t iv i ty  

implies that the demand generated for recreation is for a consumer good 

with consumer surplus values accruing solely to the f in a l consumer.

Consumer Surplus

Marshall (1947) is credited with the development of the concept 

of consumer surplus in economic theory. Simply defined, the consumer 

surplus measures the surplus satis faction  that a consumer receives from a 

commodity above the price that he ac tua lly  paid for that commodity. The 

central idea behind consumer surplus is that the consumer has in his mind 

a price that he would be w i l l in g  to pay rather than to go without a cer

ta in  commodity. The price that the person is w i l l in g  to pay rather than 

to go without must be greater than or equal to the price he actually  does 

pay. Since price is a measure of s a t is fa c t io n , the difference in price  

that the individual is w i l l in g  to pay and the price he does pay is a 

measure of surplus sa tis fac tio n .

However, outdoor recreation lacks a price of acquisition set by 

market forces. The supply cost of outdoor recreation a c t iv i t ie s  is not 

faced by the consumer since, in most cases, i t  is a function of the 

public sector or government. A conceptualization of the demand curve 

generated by the consumer is shown in Figure 1, where the consumption 

level is Qr at an added cost of zero. The consumer has expressed a 

willingness to pay defined by demand curve DD. Thus, he realizes a 

surplus benefit equal to the to ta l area within the demand curve. The
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Figure 1. Demand for Outdoor Recreation (Hypothetical) .
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consumer surplus value In th is case is a monetary measure of the maximum 

value of the resource net of acquisition costs.

For a market-priced good, the consumer pays the price determined 

by the market forces of demand and supply. Figure 2 represents the price  

(Pm) and quantity (Qm) in the market at equilibrium ( e ) . At this po int,  

there are no sellers  making price concessions to a t t ra c t  buyers, nor are 

there waiting lines of buyers trying to buy quantities that are not 

ava ilab le . The consumer here realizes a surplus value equal to area A 

since he would be w i l l in g  to pay more when lesser quantities are offered.

The producers in the market receive a price Pm for each good sold 

and se lls  the quantity Qm. Thus, the to ta l revenues are represented by 

the area OPmeQm. The area C is the cost of producing the good; the value 

of resources (human and physical) used in the production process. The 

area B is what Marshall (1947) refers to as producers' surplus and is 

defined as a measure of the resource-owner1s gain from having the oppor

tun ity  of placing his production factors in the chosen occupation at the 

existing factor price , given the prices his factors would earn in a l l  

other occupations. This measure is regarded as the counterpart of con

sumer surplus which measures the opportunity of buying a p a rt icu la r  good 

at the existing price , where a l l  other prices are given.

The Model of the Change in Consumer Surplus for Beef 

The consumers of beef pay a price determined in the market by the 

intersection of supply and demand. In Figure 3 the to ta l U. S. market 

situation fo r  beef is shown as the intersection of the supply curve, ,
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Figure 2. I l lu s tra t io n  of Consumer Surplus, Producer Surplus, and Value 
of Resources of Production (Hypothetical).
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and the demand curve, DD. The consumer pays price for the quantity  

offered , Qj. His consumer surplus is the area PjP^ej.

I f  the land used in the production of beef calves in Arizona, a 

small portion of the to ta l U. S. production area, were in another 

a c t iv i ty ,  the supply curve would s h if t  to the le f t  (Sg). This s h if t  is 

due to a reduction in the resources availab le  for the production of beef. 

The new supply curve would intersect the demand curve for beef at point 

e^ since the posited reduction is equal to Q,j minus The price would

rise to P  ̂ in accordance with the slope of the demand curve at this seg

ment. At th is  new equilibrium point, the consumer surplus is the area 

*32̂ >0e2° The consumer would rea lize  a loss of consumer Surplus equal to 

the area a, change in to ta l expenditures, plus the area b. The in terpre

tation of the change in consumer surplus measure, in th is  case a reduc

tion in quantity o ffered , is simply the maximum amount of value (in  

money) the group of consumers as whole would forego in response to a 

reduction in Arizona beef c a lf  production. Stated p o s it iv e ly ,  the change 

in consumer surplus value is the value to the consumers of the land in 

i ts  present use.

Product Cbmparab11? ty

The products, outdoor recreation and beef calves, produced on the 

land base, Arizona, are marketed in under very d if fe re n t  circumstances. 

Outdoor recreation displays a high degree of public good characteris tics  

since i t  is a non-market good. Calf production is a market good with 

private  good ch aracteris tics . The question is posed o f how these market 

differences would a ffe c t  the d is tr ib u tio n  of net social benefits from
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land use in each production a c t iv i ty  i f  the benefits are to be compared. 

Examination of the o ffe r  of the good to the consumer is the basis used 

for product demand comparability.

Estimation of outdoor recreation values presuppose that the good 

is a f in a l good offered to the consumer and i t  is offered to a l l  of the 

consuming public. The fac t that outdoor recreation is a f in a l good 

demanded for consumption simply distinguishes i t  from an intermediate 

good which is demanded for production processes.

The character is tic  of unlimited o f fe r  for outdoor recreation is 

assumed since a l l  recreators, including those from other states, are not 

denied partic ipa tion  in recreation a c t iv i t ie s  in Arizona. But o u t-o f-  

state recreators usually opt not to p artic ipa te  in Arizona's recreation  

a c t iv i t ie s  due to competing substitute products (outdoor recreation in 

th e ir  lo c a l i ty )  offered at a lower "p r ic e ,"  where "price" is a proxy for  

the time and variab le  costs incurred to partic ipa te  in outdoor recrea

tional a c t iv i t ie s .  That is to say, a l l  U. S. consumers are equally  

offered outdoor recreation opportunities in s p a t ia l ly  d i f fe re n tia te d  

lo c a l i t ie s ,  but, for the most p a r t , are excluded from use of distant  

recreation f a c i l i t i e s  because of s im ila r ,  low-priced substitutes in th e ir  

locale. To summarize, Arizona recreation is a f in a l consumer product 

offered to everyone, but actual buyers are lim ited b e c a u s e  the recreation  

opportunity Is fixed in space.

Beef c a l f  production on the Arizona land resource is not for  

f in a l consumption. The c a lf  only becomes a product for f in a l consumption 

a f te r  being fed and converted to beef. Thus, in order to achieve closer
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product comparability, the Arizona c a l f  crop is evaluated in terms of its  

possible r e ta i l  beef product. I t  is assumed that a l l  saleable beef 

calves w i l l  y ie ld  as a choice steer of the average slaughter weights as 

reported in "Livestock and Meat S ta t is t ic s "  (U. S. Department of Agri

cu lture, 1975).

By assuming that Arizona calves become a part of the to ta l U. S, 

beef supply, the charac te r is tic  of unlimited o ffe r  for beef is also 

assumed. Beef is a homogeneous product offered in a competitive market 

to many buyers. the demand for beef is estimated using average prices of  

beef to determine to ta l U . S .  production. The benefits are homogeneously 

shared by a l l  beef consumers. Thus, while both demand for recreation and 

demand for beef are f in a l demands, the demand for beef is generated by 

the to ta l U. S. populus, and most of the demand for Arizona recreation is
‘ ' i -

generated by Arizona residents. While the consumer surpluses generated 

by Arizona recreation and beef production may be compared, the d is tr ib u 

tion of the surplus among the population obviously d i f fe r s .

The. Change in Price of Beef Resulting from 
a Reduction in Arizona Beef

The to ta l possible Arizona re ta i l  beef y ie ld  represents only 0.67  

percent o f  to ta l U. S. r e ta i l  beef production (see Table 4, p. 26). A 

posited one hundred percent reduction in Arizona beef production would be 

such a small change that i t  is assumed that the demand curve is linear

1. Whereas the conceptual model presented here does include 
non-resident demand for outdoor recreation a c t iv i t ie s ,  i t  must be 
recognized that the empirical estimates of outdoor recreation demand 
presented by Mart in et a l . (1974) do no t.
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over the small segment describing the p r ic e -q u a lity  change. To measure 

the change in price resulting from a change in quantity , price f l e x i 

b i l i t y  is used. Price f l e x i b i l i t y  measures the percentage change in 

price in response to a given percentage change in quantity; the direction  

of causation is from quantity to price .

The price f l e x i b i l i t y  c o e ff ic ien t (Pf) is defined as:

' Vpf = fsr ir
0.

Thus,

O'AD
Pf ° £AQ = | | £  ° %AC! = %AP

where

%AP = percentage change in price ,

%AQ. = percentage change in quantity ,

AP = change in price ,

AQ = change in quantity ,

P = orig inal price, and 

Q, = orig inal quantity .

Past estimates for price f l e x i b i l i t y  (as summarized by Ginn,

1977) of r e ta i l  beef include: Schultz (1938), Pf = -2 .44 ; Working

(1954), Pf = -0 .89; Fox (1953), Pf = -1 .0 6 ; and Brandow (1961), Pf = 

-1 .1 5 . The d if fe r in g  values could be a function of e ith e r  d if fe re n t  

model specification and/or the change in the demand for beef over time.



Two estimates of price f l e x i b i l i t y  of demand for re ta i l  beef are

used in th is  study: Pf = -1 .55 (derived from George and King, 1971), and

Pf = -1.71 (derived from a demand curve estimated by the author).

For both estimates, i t  is assumed that price f l e x i b i l i t y  is

simply the inverse of price e la s t ic i ty  demand. Houck (1965) discusses 

problems which arise  from such an assumption. Where the derivative  

dP/dQ. from P -  fjCQ.) is the reciprocal of dQ/dP from Q = f^ (P ) . But 

demand functions are more complex than th is ;  i f  d i f fe re n t  variables are 

held constant, i t  can no longer be assumed that the p a rt ia l der iva tive ,  

9P./9Q ., of the equation Q, = f^ .(P .,P .,Y ) is the reciprocal of 3Q./8P.. 

However, Houck goes on to say, i f  the cross effects  of other products are 

zero (essentia lly  no substitu tes), then the reciprocal of the price  

e la s t ic i ty  is a good estimate of the f l e x i b i l i t y .  Conversely, i f  s ig n i f 

icant cross effects  e x is t ,  then the reciprocal of the price e la s t ic i ty  is 

greater than true price f l e x i b i l i t y .  Mathematically,

1 ,
Ei i

where E.. is the price e la s t ic i ty  o f demand, and P f . .  is the price f l e x i 

b i l i t y  of demand . Thus, the estimated price f l e x i b i l i t y  o f  demand for  

beef and subsequently the estimated change in consumer surplus from a 

reduction of Arizona beef are maximum values.

Estimation of the Change in Consumer Surplus for Beef 

Calculation of the change in consumer surplus resulting from the 

elim ination o f the Arizona beef c a lf  crop is done as follows. F irs t ,
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there are data for the production of re ta i l  beef in the U. S. and 

Arizona. The production level in Arizona represents the change in pro

duction (AQ). The percentage change in production is then the change in 

production, divided by to ta l U. S. production (TP), or:

AQ/TP = %AQ.

Next, application of the price f l e x i b i l i t y  c o e ff ic ien t to find  

the percentage change in the price level is in the form:

Pf » %AQ. = %AP

where the factor one minus the-percentage change in price (% P) times the 

existing price level (P) yields the new price level (P1) which would be 

generated by elim ination of the Arizona beef c a lf  crop, given existing  

demand cond i t  ions.

The change in consumer surplus formula in general form is:

|TE -  TE'| + |AQ| ° |AP|/2 = A in Consumer Surplus

where

TE = P = Q. = to ta l expenditures for re ta i l  beef in the U. S. in 

1970;

TE' = P' ° Q.1 = estimated to ta l expenditures for r e ta i l  beef in the

U. S, i f  there were no Arizona beef crop;

|AQ| = |0 -  Q1| = absolute change in quantity; and

|AP| = |P -  P '| = absolute change in price .
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Thus, given a reduction in quantity , the change in consumer surplus w i l l  

decrease existing consumer surplus since Pf is less than zero.

The Derivation of Consumer Surplus Values for  
Arizona Game and Fish Department Regions

The change in consumer surplus generated by the previous analysis  

represents a one hundred percent reduction in Arizona's production of 

re ta i l  beef entering the U. S. r e ta i l  beef market. The value added by 

each Arizona Fish and Game Department Region to the to ta l statewide con

sumer surplus value for beef c a l f  production is calculated by:

1) approximation of the percentage of each county within specific  Arizona 

Game and Fish Department Regions, 2) use o f county estimates for saleable 

beef c a l f  crops by number of head (Arizona Agricultural S ta t is t ic s , 1971, 

1972, 1973, 1974, 1975) and percentage of the county w ith in  the Fish and 

Game Region to calculate  number of calves produced in the Region,

3) estimation of the percentage of the statewide to ta l c a l f  crop in each 

Region, and 4) derivation of the consumer surplus values for each Region 

from the statewide consumer surplus.



CHAPTER 3

EMPIRICAL ANALYSIS

Estimation of the Demand Function for Beef

The estimation of the demand function for beef is by ordinary 

least-squares regression. The data are from "Livestock and Meat 

S ta t is t ic s "  (U. S. Department of A griculture , 1975). The regression 

equation is based on quarterly  data within the range of f i r s t  quarter 

1970 to fourth quarter 1975.

Retail quantity of beef produced is the dependent variable (Y ) . 

Independent variables which proved s ign if ican t are r e ta i l  price of beef 

(X j) and personal disposable income (X^). Other variables not testing  

s ig n if ican t in th is model included the price of re ta i l  pork, price of 

feed corn, and the consumer price index. The functional form of the 

equation is a double-logarithmic transformation as shown below:

log Y = a log + b̂  log Xj + b  ̂ log X̂

The e ffec t  of price (Xj) upon quantity consumed has a negative 

co e ff ic ie n t (b^), as expected, which, in the case of a double-logarithmic  

functional form, reads d ire c t ly  as the price e la s t ic i ty  of demand, 

-0.58409. The corresponding calculated " t"  s ta t is t ic  (-2.8928) is s ig 

n if ic an t at the 99% level (tabulated " t"  is 2 .819). The coe ff ic ien t of  

determination has a corrected value of .514.

22



23

The co e ff ic ien t fo r  the income variab le  reads d ire c t ly  as income 

e la s t ic i ty  of demand, which measures the percentage change in the amount 

of a commodity purchased per unit of time resulting from a given per

centage change in a consumer's income. The value of the income e las

t i c i t y ,  0.77665, is positive indicating that beef is a normal rather than 

an in fe r io r  good. The e la s t ic i ty  is less than one, showing that beef is 

a necessary good rather than a luxury good. This estimator o f income 

e la s t ic i ty  is s ig n if ican t with a calculated " t"  s ta t is t ic  value of 3.9931 , 

surpassing the tabulated value of " t"  at the 99% level (2 .819).

When inverted, the estimated price e la s t ic i ty  of demand for beef 

(-0.5841) y ields a price f l e x i b i l i t y  c o e ff ic ien t o f -1 .7120. The in te r 

pretation of this co e ff ic ie n t is that a one percent change in quantity  

demand results in a -1.7120 percent change in price.

In addition to the author's estimation of price f l e x i b i l i t y  fo r  

beef, an estimate was derived from George and King (1971) from the study. 

Consumer Demand for Food Commodities in the United States with Projec

tions for 1980. Their estimate for price e la s t ic i ty  of demand for beef 

is -0 .6438, y ie ld ing a price f l e x i b i l i t y  c oe ff ic ien t of -1.5533.

Quantity Change in U. S. Retail Beef Production 
Resulting from a Total Reduction of 

the Arizona Beef Calf Crop

Table 2 presents the conversion of average 1iveweight per steer 

to re ta i l  beef y ie ld .  The average conversion for 1iveweight to re ta i l  

weight was 2.25 to 1. Table 3 presents U. S. to ta l c a t t le  slaughtered 

and the estimated Arizona beef c a lf  crop. The average re ta i l  weight



Table 2. Conversion of Average Liveweight per 
Yie ld .

Steer to Retail Beef

Year
Average Liveweight3 

per Steer Salughtered
Average Retail^  
Weight per Steer

— — ------------- lbs

1970 1,035 460

1971 1,028 457

1972 1,038 461

1973 1,043 . 464

1974 1,039 462

1975 996 443

aSource: U. S. Department of Agriculture (1975).
kjhe average conversion ra t io  for 1Iveweight to re ta i l  weight was 2.25  

to 1. Source: Uracek (1967).
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Table 3- U. S. Total C attle  Slaughtered and the Estimated Arizona 
Beef Calf Crop,

Year
Total U, S. C att le3 

Slaughtered
Estimated Arizona^ 

Beef C alf Crop

1000 Head

1970 35,354 236

1971 35,894 233

1972 36,082 223

1973 34,029 220

1974 37,327 191

1975 41,464 223

^Slaughter in federa lly  inspected and other slaughter plants; 
includes farm slaughter. Source: U. S. Department of Agriculture

.(1 9 7 5 ) .
“Source: Archer (1976, p. 12).



(Table 2) m ultip lied by the c a t t le  slaughtered and c a l f  crop estimates 

(Table 3) yie lds to ta l U. S. r e ta i l  beef and Arizona re ta i l  beef produc

tion by pounds, as found in Table 4. The percentage change in quantity  

is calculated as Arizona re ta i l  beef production divided by tota l U. S. 

re ta i l  beef production.

Table 4. Quantity Change from Reduction of Possible Yield of  
Arizona Beef Calf Crop on U. S. Total Retail Beef 
Produced.

Year

Total 
U. S. R eta i1 

Beef3

Arizona 
Reta i 1 

Beef 
Production

Total U. S. 
Retail Beef 

Minus Arizona 
Share

Percentage Change 
from Deletion of 

Arizona Beef

M il lio n  Pounds

1970 16,262.84 108.56 16,154.28 166754

1971 16,403.56 106.48 16,297.08 .64914

1972 16,633.80 102.80 16,531.00 .61804

1973 15,789.46 102.08 15,687.38 .64651

1974 17,245.07 88.24 17,156.83 .51170

1975 18,368.55 98.79 18,269.76 .53781

aSource: U. S. Department of Agriculture (1975).

The data for the Arizona beef c a l f  crop are from a study by 

Archer (1976), which l is ts  the estimated Arizona c a lf  supply, death loss, 

and number of dairy calves. The saleable beef c a lf  crop is to ta l c a lf  

supply minus dairy calves and death loss.
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Change in Price Resulting from Change in Quantity 

The change in the price of beef resulting from a change in the 

quantity of re ta i l  beef offered on the market is presented in Tables 5 

and 6 by years. Table 5 gives price changes calculated from the author's  

estimate of price f l e x i b i l i t y  (-1 .71 ) and Table 6 gives price changes 

using the price f l e x i b i l i t y  estimate derived from George and King (1971) 

( -1 .5 5 ) .

The estimate for price f l e x i b i l i t y  o f re ta i l  beef times the per

centage change in quantity (Table 4) y ie lds the percentage change in the 

price of beef. The percentage change in price is positive  since the per

centage change in quantity and price  f l e x i b i l i t y  estimates are both 

negative.

Change ?n Consumef Surp1 us, State Total 

Table 7 presents the change in consumer surplus resulting from a 

complete elim ination of Arizona beef c a lf  production. Two series of 

estimates are given, one where price f l e x i b i l i t y  of demand is -1.55 and 

another where price f l e x i b i l i t y  is -1 .7 1 . The estimates are by years;

differences between years re f le c t  the changing r e ta i1 prices of beef as

well as the change in U. S. beef production as compared to Arizona's

share of U. S. re ta i l  beef production.

The consumer surplus estimates derived from the two d if fe r in g  

price f l e x i b i l i t i e s  do not Increase or decrease in corresponding propor

tions. This difference is because of the re la t iv e  responsiveness 

described by the price f l e x i b i l i t y  estimates. The George and King (1971)
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Table 5. Change in P rice , by Years (Price F le x ib i l i t y  Estimate Is
- I - 71).

Year

Actual Average3 
Price Retail Beef 

($ /lbs)
Percentage

Change
Adjusted Average 
Price Retail Beef

1970 .986 1.143 .997

1971 1.043 1,111 1.055

1972 1,138 1.058 1.150

1973 1.355 1.107 1.370

1974 1.388 .876 1,400

1975 1.460

CMcn 1.473

aSource: U. S. Department of Agriculture (1975).
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Table 6. Change in Price, by Years
- 1 .5 5 ) .a

(Price F le x ib i l i t y Estimate Is

Yea r

Actual Average*3 
Price Retail Beef 

($ /lbs)
Percentage

Change
Adjusted Average 
Price Retail Beef

1970 .986 1.037 .996

1971 1.043 1.008 1.053

1972 1.138 .960 1.150

1973 1.355 1.004 1.370

1974 1.388 .795 1.400

1975 1.460 .835 1.472

aSource: George and King (1971). 
kSource: U. S. Department of Agriculture (1975).
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Table 7. Change in Consumer Surplus, State T o ta l , by Years.

Year Pf = -1 .55 Pf = -1.71

— Mi 11 ions of Dollars -■—

1970 55.04 71.26

1971 60.65 85.15

1972 63.77 82.33

1973 76.33 98.35

1974 66.74 83.93

1975 79.24 93.91



estimate (-1 .55 ) creates a less f le x ib le  price which is consistent with a 

more e la s t ic  demand. The f l e x i b i l i t y  c o e ff ic ie n t estimated by the author 

(-1 .71 ) is more price f le x ib le ;  that is ,  i t  implies a more in e lastic  

demand. Thus, for a price f l e x i b i l i t y  of -1 .5 5 , to ta l revenues increase 

for 1972 over the 1971 estimate by approximately three m ill ion  do llars ,  

even though the Arizona share of the beef market declined (see Table 4 ) .  

The author's price f l e x i b i l i t y  c o e ff ic ie n t ,  which is more price f le x ib le ,  

allows for a decrease from 1971 to 1972 o f approximately three m illion  

do llars . The difference in the response of the to ta l revenues to each 

price f l e x i b i l i t y  estimate for th is period is because of a reduction in 

the Arizona share of c a t t le  produced in re la tion  to to ta l U. S. 

production.

The re ta i l  price o f beef (see Table 6) has risen s ig n if ic a n t ly  in 

recent years, having the e ffe c t  of generally raising the change in con

sumer surplus estimates. The actual average re ta i l  beef price experi

enced the largest change from the previous year in 1973, approximately 

twenty-two cents per pound.

Beef Calf Production by Arizona Department 
of Game and Fish Region

Figure 4 shows the Arizona Department of Game and Fish Regions. 

The beef c a l f  production for each, region, presented in Table 8, is e s t i 

mated by 1) approximation of the percentage of each county within  

specific  Arizona Game and Fish Regions, and 2) use of county estimates 

for beef calves sold by number of head (Arizona Agricultural S ta t is t ic s ,
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Figure 4. Arizona Game and Fish Regions. — Source: Martin et a 1.
(1974).
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Table 8. Estimated Beef Calf Production by Arizona Game and Fish 
Regions, 1970.

Beef Calf3
Production Percentage

Region (1000 head) of Total

1 52.39 22.2

2 47.43 20.1

3 15.81 6.7

k 14.16 6.0

5 25.96 11.0

6 49.56 21.0

7 30.68 13.0

Totals 236.00 100.0

aSouree: Arizona Agricultural S ta t is t ic s (1971).
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1970• Also presented in Table 8 is the percentage of state to ta l of 

c a lf  production within each region.

Comparison of Consumer Surplus Values Generated, Arizona 
Beef Production and Outdoor Recreation, by Arizona 

Department of Game and Fish Regions

Estimated values of consumer surplus generated by Arizona beef 

production and outdoor recreation for 1970 are presented in Table 9 for  

each of the seven Game and Fish Regions (see Figure 4 ) .  The re la t iv e  

size of the change in consumer surplus from Arizona c a t t le  reduction 

overwhelms the consumer surplus estimates from hunting in a l l  areas 

except Region 5. The second largest regional estimate for hunting is in 

Region 6. These two regions encompass the most densely populated areas 

in Arizona; Region 5 contains the Phoenix metropolitan area and Region 6 

conta1ns Tucson.

The consumer surplus values for a l l  recreation a c t iv i t ie s  

(hunting, f ish ing , and general outdoor recreation) in a l l  regions are 

much larger than the values for c a t t le  production. Due to the volume of  

a c t iv i ty  in a l l  outdoor recreation, one would expect the consumer 

benefits to be large in comparison to the single a c t iv i ty  of beef 

production.

The largest consumer surplus value for a l l  a c t iv i t ie s  o f  outdoor 

recreation is in Region 2. The recreation category in th is  region with 

the highest value is general outdoor recrea tion .(h ik in g , camping, e t c . ) ,  

which represents 82 percent of the to ta l 68.37 m ill ion  d o lla rs . Region 5 

has the second largest value for a l l  a c t iv i t ie s ,  with warm water fishing



Table S.  Comparison of Consumer Surplus Values Generated, Arizona 
Beef Production and Outdoor Recreation3 , by Arizona 
Department of Game and Fish Regions, 1970.

Consumer Surplus Va1ue
Change in Consumer Surplus . . .  .  ,

from Reduction in Beef Production A, , ,, n u^^oor—-—-— ----;—— —■■■ ■ ■-—■■■■ ----- A ll Hunting Recreation
Region Pf = H .5 5  Pf = -1.71 A c t iv it ie s  A c t iv it ie s

M illions of Dollars

1 12.21 15.81 2.87 55.98

2 11.06 14.32 6.83 68.37

3 3.68 4.77 .64 13.77

4 3.30 4.27 2.21 7.82

5 6.05 7.83 9.87 60.80

6 11.55 14.96 7.40 23.31

7 7.15 9.26 4.61 13.19

Totals 55.04b 71<26b 34.48b 243.24b

aConsumer surplus estimate for a l l  hunting includes the a c t iv i t ie s :  
deer hunting, other big game hunting, small game hunting, waterfowl 
hunting, and general hunting. All outdoor recreation a c t iv i t ie s  
include: a l l  hunting, f ish in g , and general outdoor recreation

, (Martin et a l . ,  197*0 .
Regional consumer surplus values do not sum due to rounding e rro r.
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and general outdoor recreation representing 35 percent and 4? percent of  

the to ta l ,  respectively.

Consumer Surplus Values per Square Mile

This study reveals that the Arizona beef c a lf  crop for 1970, 236 

thousand head (see Table 3 ) ,  generated an estimated high value of 71.26 

m illion  dollars  (Table 7) in consumer surplus value. This value repre

sents the value to the consumers of beef o f Arizona's beef grazing lands 

in th e ir  1970 use. The statewide estimate for change in consumer surplus 

from a reduction in Arizona's beef c a l f  production is then broken down 

into seven estimates representing the share contributed by each of seven 

Arizona Game and Fish Department Regions for 1970 (Table 9 ) .  The 

regional estimates for beef are compared to values of consumer surplus 

for outdoor recreation estimated by Martin et a l .  (1974) (Table 9 ) .

The preceding analysis, however, does not compare the in tensity  

of value per land unit used in the a c t iv i t ie s  of beef c a l f  production and 

outdoor recreation. Table 10 presents the consumer surplus values fo r  

Arizona beef c a l f  production and outdoor recreation per square mile. The 

c a l f  production estimates are calculated as average c a l f  production per 

section of grazing land times the average consumer surplus value per c a l f  

($302). Average value per c a lf  is estimated as statewide consumer sur

plus for beef c a l f  production divided by c a lf  crop for a specific  year. 

The consumer surplus values for c a lf  production are given as a range 

where the lower values re f le c t  areas where grazing is poor and c a lf  pro

duction is lower than in areas which have prime grazing conditions.
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Table 10. Consumer Surplus Values of Arizona Beef Calf Production and <
Outdoor Recreation by Square Mile by Arizona Department of  
Game and Fish Region.

Consumer Surplus® — ------- Consumer Surplus Value1*----------
Value of Calf Production All Hunting A ll Outdoor Recreation 

Region (Pf = ’•1.71) A c t iv it ie s  A c t iv it ie s

1 1,510 -  3,020 487 3,022

2 2,023 -  3,020 404 2,611

3 513 -  1,510 75 1,179

4 435 -  492 231 481

5 815 -  966 1,115 5,482

6 1,661 -  1,963 880 1,725

7 1,214 -  1,812 346 797

aValues are given in a range re fle c t in g  d i f fe re n t ia l  grazing conditions 
of areas within the region. The change in consumer surplus is e s t i 
mated using Pf = -1 .71•
Source: Martin et a l .  (1974).
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Analysis of Table 10 shows very high per-section values for c a lf  

production in Regions 1 and 2„ These values re f le c t  the high carrying  

capacity of the rangelands within these regions (32.4 acres per animal 

un it . Central Plateau estimate) (Diekeman and Martin, 1967). The corre~ 

sponding consumer surplus value for outdoor recreation in th is  region is 

also high, where 37 percent of the value is generated by cold water 

f ishing a c t iv i t ie s  and 54 percent by general rural outdoor recreation  

a c t iv i t ie s  (picnicking, camping, h iking, swimming, boating, watersk? ing, 

bi rdwatching, and snowski in g ) .

Region 5 ,  which contains Phoenix, generates a consumer surplus 

value fo r  a l l  hunting of $1,115 and for a l l  outdoor recreation of $5,482 

per square m ile. These values are because o f the volume of demand for  

recreation a c t iv i t ie s ;  31 percent of a l l  tr ip s  made for a l l  recreation  

a c t iv i t ie s  in Arizona for 1970 were made in this area. The corresponding 

c a lf  production values are low in comparison, re flec t in g  a carrying 

capacity for grazing o f  approximately 7 animal units per section per year 

and an average c a lf  productiv ity  of 2.7 to 3.2 calves per section per 

yea r .

A lternative  Values of C attle  Ranching

Thus fa r ,  the analysis has focused on comparisons o f consumer 

surplus values generated by the two a c t iv i t ie s ,  beef c a l f  production and 

outdoor recreation. The values were derived using s im ilar  conceptual 

framework, consumer surplus, which valued land resources as benefits  

accrusing to the consumer for land in its  present use for a specific  

year.
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Table 11 Includes consumer surplus values of c a lf  production for  

six d if fe re n t  areas and annual average market value of cattle-producing  

land per square mile. The s ix  areas are shown in Figure 5. The areas 

were selected on the basis o f s im ilar  land characteris tics  for grazing.

The differences in value between areas given for grazing in Table 11

re f le c t  the value o f the land resource in c a t t le  production; in the areas

where grazing conditions are poorer, returns are lower than in areas

which have prime grazing conditions.^

The annual average value of a l l  lands for ranching is the annual 

equivalent (at 6 percent in terest) of the average sale price of a l l  

ranches, including deeded land as well as the rights to public land per

mits, as developed by Martin and J e ffe r ies  (1966) and reported in 

D?ekeman and Martin (1967)» Whole ranches were se ll ing  for the average 

price per square mile (1 section or 640 acres) shown in Table 11.

The consumer surplus values o f beef c a lf  production re f le c t  the 

value productivity  of the land to the f in a l consumers. The average 

market values re f le c t  the demand for c a t t le  ranches by individual 

investors in addition to those consumer surplus values accruing to the 

f in a l consumer of beef.

Economic reasoning dictates tha t the c a t t le  producer would con

ceptual 1y use land to the point where his marginal cost of producing 

c a t t le  (which describes the supply curve for Arizona beef c a t t le )  equals 

the price for the c a t t le  he receives. Figure 2 hypothetically  i l lu s tra te s

1. The market value estimates also include the value of the 
c a t t le  ranch to the owner as consumption and speculation goods (see 
Smith and Martin, 1972).
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Table 11. A lternative  Values per Square of Mile of C att le  Ranching in 
Arizona for Six D iffe rent Cattle-Producing Areas, 1970.

Ranching Area3

Consumer Surplus 
Values of Beef 

C alf Production^

Annual Average 
Market Value 

of A l1 Lands0

Total 
Economic 
Benefits 

to Society

uo1 jars per square m le

Western Desert 
(Region 4) 492 140 632

Arizona Strip  
(Region 2) 1,558 290 1,848

Southern Desert 
(Region 6) 1,540 352 1,892

Central Mountain 
(Region 5) 815 355 1,170

Central PIateau 
(Region 1) 
(Region 2) 3,029 424 3,453

Southeastern Desert 
(Region 7) 1,781 558 2,339

aThese ranching areas roughly compare to 
Fish Regions as l is te d .  See Figure 5. 

^Calculated as average consumer surplus

Arizona Department o f Game and 

generated per c a l f  times e s t i -
mated c a l f  production per section. Consumer surplus estimated from 
Pf = -1 .7 1 .

^Average value of a l l  lands (Martin and J e f fe r ie s , 1966; Dickerman and 
Martin, 1967). Average values are also shown in Martin e t a l . (1974).
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Figure 5. Ranching Areas in Arizona. — Source: Dickerman and Mart in
(1967).
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this concept. The area above the supply curve (OS) and below the price  

l in e  (Pm) represents the economic rents (p ro f its )  accruing to the c a t t le  

producer for each unit of land in production. The area contained below 

the supply curve (OS) and to the l e f t  of quantity (Qm) is the value of 

the resources (human and physical) used in the production processes. The 

c a t t le  producer would not produce more quantity than Qm since to do so he 

would incur a loss; the next unit o f c a t t le  produced would have a value 

of productive resources higher than the price which he receives for the 

c a t t le .  Thus, the area above the supply curve (aggregated producer 

marginal cost curve) and below the price Is an accurate estimate of the 

value of the land to c a t t le  producers. Since average value is the value 

of the land to the c a t t le  producers, i t  is the Marshal 1ian producer sur

plus as described previously in Chapter 2.

In r e a l i t y ,  the supply curve of ranch land also Includes specula

t iv e  costs as well as land costs related simply to "land fundamental ism," 

that is , value of the land to the ranch investor as a consumptive good 

(Smith and Martin, 1972). Given that these two values may. also be viewed 

as products in addition to the product value of beef, they contribute to  

the value of producer surplus. Thus, the to ta l annualized sale value of  

the ranch land is the measure of producer surplus.

The summation o f the producer surplus and the consumer surplus in 

Table 11 is the to ta l economic benefits to society per square mile for  

land in c a t t le  production. The producer surplus accrues only to the 

c a tt le  producers in the form of p ro fits  above variable costs, where the
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consumer surplus accrues to a l l  beef consumers, including the c a t t le  

producers.

The demand for outdoor recreation a c t iv i t ie s  (see Figure 1) has 

no marginal cost associated with i t  since i t  is a zero marginal cost 

good. Thus, the consumer surplus estimate for outdoor recreation  

a c t iv i t ie s  is the to ta l economic benefits to society for land in that  

a c t iv i ty .



CHAPTER h

RELATIONSHIP OF THE EMPIRICAL ESTIMATES TO THEORY

Abl1f ty  and W?11ingness to Pay 

The products in th is  study, outdoor recreation and beef c a lf  

production, possess d if fe re n t  market characteris tics . Outdoor recreation  

is not priced in the market; i t  has an administered price in most cases 

set by government f i a t .  Usually the price is zero or very low. Beef 

c a l f  production generates market goods and is subject to the price 

mechanism of the market.

The comparative evaluation of the two products used consumer 

demand theory as the theoretical framework. The values are in terms of  

benefits accruing to the consumer from products generated on a specific  

land resource in a given use. The benefits are a measure o f surplus 

satis fac tion  that a consumer receives from a commodity above the price  

that he ac tua lly  paid for that commodity. This consumer surplus is con

ceptualized as the area under the consumer's demand curve (the re la tion  

of a lte rn a tiv e  quantities that would be purchased at a lte rn a t iv e  market 

prices at a given point in time) above the price of acquis it ion .

The princ ip le  of economic demand is that consumers are able and 

w il l in g  to pay to enjoy possession of a good or service. A b i l i ty  to pay 

is a function of income and wealth. Willingness to pay refers to the 

consumer being prepared to purchase and is determined by individual

44
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preferences. Much of the c r it ic is m  of welfare analysis for any good is 

based on these demand princ ip les .

The implementation of policy to change existing c a t t le  production 

lands to outdoor recreation lands should consider not only the consumer's 

preferences, as expressed in w i1T?ngness-to-pay terms, but also d is tr ib u 

tional considerations (the consumer's a b i l i t y  to pay). Consumer demand 

theory d if fe re n t ia te s  between the substitution and income effects  o f  a 

price change, while the price of one good (such as beef) changes with 

respect to other goods.

The income e ffe c t  with respect to a given demand curve for a 

normal good is such that an increase in price decreases the consumer's 

real income or purchasing power. Thus, the consumer tends to cut his 

consumption of a l l  goods to some extent where lower consumption s ig n if ies  

a lower level of satis faction  or w elfare .

The substitution e ffe c t  causes the consumer to substitute re la 

t iv e ly  lower-priced goods for the re la t iv e ly  higher-priced good when its  

price goes up. Usually, the substitution e ffec t is by fa r  the stronger 

of the two e f fe c ts , since a moderate increase in the price of any one 

commodity purchased does not substantia lly  decrease the consumer's real 

income.

Figure 6 i l lu s tra te s  the income and substitution e ffe c ts . In d i f 

ference curves between two products, X and Y, are shown; th e ir  prices are 

pXj and p y j, respectively. Point A, containing x̂  of X and ŷ  of Y, 

maximizes the consumer's sa t is fac t io n . Suppose the price o f X rises to 

pxg» Now, less X can be consumed with the given income, I^ . Now
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point B, containing Xg of X and of Y, maximizes consumer sa tis fac t io n .  

Thus, the consumer's real income has been decreased by an increase in the 

price of X. This decrease is represented by the fact that the combina

tion of goods, point B, is on a lower difference curve.

In order to isolate the substitution e ffe c t  and determine its  

magnitude, the consumer's income is increased enough to compensate him 

for his loss in purchasing power. The additional purchasing power of the 

compensating increase in income w i l l  move the line  o f  a tta inab le  combina

tions to the r ig h t ,  p ara lle l to i t s e l f  and tangent to the orig inal in d i f 

ference curve at point C. Point G y ie lds the same satis faction  to the 

consumer as did point A, even though less o f commodity X is consumed on 

this new income l in e  since i t  has a now re la t iv e ly  higher price. The 

income e ffe c t  of the increase in the price o f X has been eliminated by 

the compensating varia tion  in the consumer's income; hence, the movement 

from A to C, or the decrease in X taken from Xj to x ' ,  is the substitu

tion e f fe c t .

The income e ffe c t  can be determined by taking the compensating 

variation  in income away from the consumer. The line  of a tta inab le  

combinations sh ifts  to the l e f t ,  and the highest indifference curve to 

which i t  is tangent is indifference curve I .  Combination B is the point 

of maximum sa tis fac t io n . The movement from C to B is the income e ffe c t  

and reduces the quantity of X taken from x* to x^. The re la t iv e  value of  

the substitution e ffec t is usually much larger than the value of the 

income e f fe c t .  A consumer who purchases a great many goods w i l l  not 

o rd in a r i ly  experience a large drop in real income when the price of one
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of the goods rises. Thus, the compensating variation in the case of a 

small price change of one commodity is usually in s ig n if ic an t.

However, i f  the income e ffec t  is s ig n if ic a n t ,  a substitution  

effects  demand curve, or compensated (Hicksian) demand curve, is neces

sary to protray the consumer surplus value in w i11ingness-to-pay terms.

The substitution effects  demand curve is where a l l  income e ffec ts  are 

compensated and a change in price does not a l te r  the consumer's level of 

sa tis fac tio n . The pure substitution demand curve l ies  to the right o f  

the uncompensated (or Marshal 1ian) demand curve for a price increase fo r  

a good with positive income e la s t ic i ty .  For a price decrease and a 

positive  income e la s t ic i ty ,  the compensated demand curve w i l l  l i e  to the 

l e f t  o f  the Marshal 1ian demand curve. The opposite w i l l  occur i f  the 

income e la s t ic i ty  is negative. The smaller the income e f fe c t  the less 

difference there w i l l  be between the compensated and uncompensated demand 

curves.

Martin et a l .  (1974) included income of the recreators in te r 

viewed as a variab le  in th e ir  demand equation. The term was found to be 

in s ig n if ica n t;  therefore, no income e ffe c t  is presumed. This s ituation  

occurs because recreation expenses normally are only a small portion of  

the consumer's income. Cesario (1976) discusses th is po in t, stating th a t ,  

since i t  may be assumed that the to ta l amount of money spent on the kinds 

of consumption being talked about here (outdoor recreation expenditures) 

probably represents only a small portion of the tota l expenditures of any 

individual consumer or household, income effects  can probably be safely  

ignored.



49

This same line  of reasoning applied to the demand fo r  re ta i l  beef 

implies l i t t l e  bias in the analysis presented. The c o e ff ic ien t of the 

income variab le  used in the demand equation for beef was 0.29 for the 

George and King (1971) estimate (Pf = -1 .55 ) and 0.78 fo r  the author's  

estimate (Pf = -1 .71)« Whereas both of the income e la s t ic i t ie s  are s ig 

n i f ic a n t ,  George and King (1971) note that expenditures for beef repre

sent Only 2.6 percent of a household's to ta l expenditures.

I f  there is l i t t l e  bias from income e f fe c ts , then the consumer's 

willingness to pay is adequately portrayed for both products. I f  i t  can 

be further assumed that changes in the price of beef w i l l  not sub- . 

s ta n t i l ly  a l te r  prices elsewhere, the benefit values generated in this  

Study are the to ta l values to the consumer of land resources in th e ir  use 

for a given year.

Factors Influencing Price F le x ib i l i t y  Coefficients

The estimate o f  price f l e x i b i l i t y  of demand for beef was used to 

determine what the price response for re ta i l  beef would be to a given 

change in the Arizona beef c a l f  crop. The magnitude of the price f l e x i 

b i l i t y  c o e ff ic ie n t ,  thus, a ffects  how to ta l expenditures change in 

response to a quantity decrease. A price f l e x i b i l i t y  co e ff ic ien t greater  

than one in absolute value (termed price f le x ib le )  describes a one per

cent change in quantity , e ffecting  a greater than one percent change in 

price , analogous to in e las tic  price e la s t ic i ty  of demand. For a price  

in f le x ib le  c o e f f ic ie n t , the absolute value is less than one and a one 

percent change in quantity leads to a less than one percent change in 

price, analogous to an e la s t ic  price e la s t ic i ty  of demand.
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The major factors influencing the size o f the price f l e x i b i l i t y  

estimate are: 1) the a v a i la b i l i t y  of good substitutes for the commodity,

2) the number of uses to which the commodity can be put, 3) the price of  

the commodity re la t iv e  to consumer's income, 4) whether the price estab

lished is toward the upper end of the demand curve or toward the lower 

end of the curve (Leftwich, 1966). The f i r s t  point is usually considered 

the most important.

For a good such as beef where few other substitutes are a v a i l 

able, considering the American consumer's preference for beef over other 

meats, the price f l e x i b i l i t y  c o e ff ic ie n t tends to be price f le x ib le .  In 

other words, the consumer would be w i l l in g  to pay most any price to main

ta in  the same quantity demanded. A change in consumer tastes and p re fe r

ences toward beef would be reflected by a changed price f l e x i b i l i t y  

c o e ff ic ie n t .  For example, i f  many substitutes for beef were acceptable 

to consumers, the price f l e x i b i l i t y  c o e ff ic ie n t would be more price  

in f le x ib le ,  describing a f la t t e r  portion of the demand curve. The 

in f le x ib le  price f l e x i b i l i t y  c o e ff ic ien t would change price less than one 

percent from a given one percent change in quantity; thus, the change in 

consumer surplus would be re la t iv e ly  small.

The price of beef and to ta l expenditure of a household for beef 

are small re la t iv e  to the household income, but a sizeable increase in 

the price of beef would make i t  economically less useful and cu rta il  

quantity consumed. With less quantity consumed, the price would rise and 

the intersection of price and quantity would be established more toward 

the upper end of the demand curve in a more price in f le x ib le  region. The
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e ffe c t  of the more in f le x ib le  price f l e x i b i l i t y  co e ff ic ie n t would be then 

to decrease the change in consumer surplus generated by a given change in 

quantity .

Thus, policymakers contemplating changes in land usage, as in 

th is  case from c a tt le  grazing lands to outdoor recreation lands in 

Arizona, should be concerned With the price f l e x i b i l i t y  estimates. I f  

the price f l e x i b i l i t y  is very f le x ib le  (Pf > | l | )  and the re la t iv e  share 

of Arizona beef is increasing, the loss of consumer surplus benefits w i l l  

be very high. On the other hand, i f  the Arizona share of beef is 

decreasing, the impact on the consumer surplus w i l l  be smaller and a l t e r 

native land uses could be implemented.

Conclusion

This study describes a means to generate comparable values of a 

land resource used in two independent production a c t iv i t ie s .  The 

a c t iv i t ie s  are assumed independent since the product-product re lationship  

or transformation function for the a tta inab le  products from the resource 

remain unsolved. The method, thereforeJ does not prescribe the optimum 

combination of products to produce, but rather describes the values of  

the a c t iv i t ie s  in an "as is" situation to the consumers o f the a c t iv i t ie s .

The empirical estimates are comparisons of values for beef c a t t le  

production and outdoor recreation a c t iv i t ie s .  The results show re la 

t iv e ly  high values for outdoor recreation a c t iv i t ie s  close to heavy popu

la tion  centers where the demand is great. The c a t t le  values are greatest 

in regions of extensive c a t t le  production. For example, the per square 

mile consumer surplus values in Region 5 (see Table 10), which contains
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Phoenix, are $8]5- 966 for c a t t le  production compared to recreation values 

of $1,115 for a l l  hunting a c t iv i t ie s  and $5,482 for a l l  outdoor recrea

tion a c t iv i t ie s .  The per square mile values for Region 7, the south

eastern area of Arizona where the productiv ity  of the rangeland for  

c a tt le  production is high and the nearby population density is low, are 

$1,214-1,812 for c a t t le  production compared to $346 for a l l  hunting and 

$797 for a l l  recreation a c t iv i t ie s .

When producer surplus values for beef production are added to the 

consumer surplus values, the lands appear even more valuable for c a t t le  

production re la t iv e  to outdoor recreation (see Table 11). However, from 

a d is tr ib u tio n a l point of view, producer surplus values only accrue to a 

lim ited number of people, and possibly should not be given equal weight.

The values of land use in the production of two products have 

been estimated. However, the land base produces other products, such as 

timber and w ater, Thus, before extensive change of land use is con

sidered, a l l  comparative product values should be explored. This study 

provides a reasonable framework to do so.
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