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ABSTRACT

Given that demand and value estimates for outdoorrrecreation
activities have been made for all regions in Arizona, this sfudy examines
how to estimate empirically comparablé values of an aIternative market-
priced land-use product from the same land resource base. Cattle grazing
for beef calf producfion was selected as the alterﬁative use for this
conceptual examination and empirical case study,'

A theoretical framework is constructed for product comparability
with respect to whom the social bénefits accrue. A statistical 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 ﬁepa(tment Regions and
estimates per square mile. The consumer surplus values for beef are
compared to consumer surplus values for outdoornrecreatioﬁ activitfes;
Producer surplus values are estimated for cattle production but are not
relevant for odtdoor recreation.

The results show high conéumer surplus'valués for outdoor recrea-
tion in areas close to large population centers where demand is.great.
The valueé for outdoor recreation are equal to or'larget than cattlev'
production vélues in thesé areas but émaller than for céttie production

in all other areas.



CHAPTER 1
INTRODUCTION

Efficient administration of public and private land requires
knowledge of the relevant values of the products attainable 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 little problem arises in resource administratioh; - The
problem of allocation or administration arises in the case where the
resource uses are competitive, in that more of the product of one usé can
be achieved only at the sacrifice of some of the product of'another use.

Given that physical and bio?ogica]'tradeoffs can be specified,
the efficient multiple-product solution of what cpmbination of products
to produce in what quantities may be specified if the relevant product
Erices and production costs are known.

Economic va]ués can be determined for many land-use activities
such as farming, ranching, timber, and mining by observing the prices of
.their products as they are sold in the market. But not all land-use
broduéts are sold in competitive markets. Some products, such as outdoor
recreation, escape the pricing ﬁechanism,Amaking the estimation of rele-
vant prices and economic values difficult. Even where the demand for
such non-market commodities can be estimated, there Is a conceptual
problem of just how these prices and values derived ffom the non;priced

1



good hay be compared to the prices and values estimated for thé>marke£;
priced“uses.of the nat@ra] resoqrce-basei |

Given that recent demand and value estimatéé for outdoor recrea-
tion activfties have been made for all areas df Arizona (Martin;_Gum, and
Smith, 197ﬁ), the purpose of this study is to examiﬁe how to compare and
to esffmatg empirically éompafable values of an alterhative mafket-j_ |
,»priced; Iand-usé product from the same land reéoﬁrce base. Cattle
grazing for beef calf production is selected as the alternative gée for

this conceptual examination and empirical case study.

Justification

The State of Arizona»is comprised of782.5 percenf public léndsrj
(including.lhdian Reservation Iand) vérsus 17.6 pércent pEiVate lands
(see Téb]e 1). Federal and étate agencfes which cohtrc] fhe use of
_Arizohafé public;landeihc]ude: U;‘S. Férést Service, Bureau of Laﬁd
Managément, NafioﬁaT Fark Service, Bureau of fndién Affairs, and Arizona
State Land Department. | |

Traditionally, public land management has emphasized sound con-
servation practices rather thaﬁ quantity.of outputs. Fire control,
_insect and disease control, and planting were performed because they wefe
- tﬁought to be»good cohservation practices, not necessariiy‘bécause they
were sound fnyestments (Wha]ey,»l970).l But, wffh incfeaséd‘demand for
all products of the land résource,»thé,cOnservation-rétiona]e is no
longer adequate by itself for juétifyfng'the kinds of‘expénditufes‘
requiréd. Exﬁénsive maﬁagement:for forage and timber may gradually_Be,‘

“replaced by intensive management for outdoor recréation, landscape



- Table 1. Distribution of Arizona Land Ownership by County, 1974.3 c

Federal Indian State Privately = Total

County Owned Reservation - Owned Owned Acreage
L EE L 1000 acres —-===--===-=m=m=-iono-
Apéche 646  h,552 695 1,258 7,151
VCochisé 959 0 ' 1,363 1,682 L, 004
>CO'c0‘ni’rvio 4,907 k502 1,034 . 1,544 - 1,887
Gita . 1,795 1,149 30 67 3,040
'Graﬁam 1,215 991 - 504 204 2,950
Greenlee 988 o b3 68 1,199
Maricopa © 3,750 252 465 1,438 5,905
Mohave 5,692 57k 437 1,783 8,486
Navajo - 621 4,197 313 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
Yavapal 2,688 I 1,215 1,215 5,179
Yuma 5,431 227 234 499 6,391
Total 31,633 T 19,427 8,857 12,771 72,688
% of Total k3.5 26.7 12.2 17.6  100.0

3Source: Valley National Bank of Arizona (1975).



esthetics, water and wildlife, in addition to intensive timber and

Fpragé management. Rational change can only be achieved if more is

known about the public's assessment of the alternative values of these

products.

Research Objectivés

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.

Consfruct a theoretical framework for product comparability.
Cbncern will focus on to whom the net social benefits accrue.
Estimate a sfatistica] demand function fof Arizona beef calf
production Ffom which‘a statewide consumer surplus value may be
developed. |
Disaggregate the statewide consumer surplus value .into repre-

sentative shares for each Arizona Game and Fish Department

‘Region.

Compare the estimates developed in (3) above, Qith recreational
values already available from Martin et al. (197h).

Analyze the relationsh}ps of the empiricaT estimates to theofy'
and discuss how theory éffects thé‘intgrpretation of the

estimates.



CHAPTER 2
CONCEPTUAL FRAMEWORK

The pr|mary purpose of this chapterrls to lntroduce and dlstuss
the theoretlcal constructs used in obtaxnlng valld estimates oF beneflts
'accrurng to consumers - -from the utl]xzatron of Ar:zona lands,For two
products, cattle grazing and outdeor reereation° The use oF theory, by
definit?on, is to emp]oy abstract deductlve reasonlng so that conclusxons
ere drawn from sets of 1n|t|al assumptions.- The constructs- lntroduced
here will prov1de guldes for the emplrlcal studles of the next chaptera
The emplrlcalAstudles? in turn, will prpvnde tests of therusefu]ness of

the assumptions and conclusions of theories.

Economic Demand

_EConomfc‘demand‘is defined as a schedalehef.the‘amounts of geods
or services which cohsumers are able and WIlling to purchase in a given
market at‘a given:array of prices in a giVen time peried. fhe WOrd
. _“able“ refers to the abiiity of a consumer to-purchase a particu1arAgoed

_ and is a function of income and wea]th :”Willingness“.refers-to’the
_consumer being prepared to purchase and is determlned by lnd|v1dual
.preferences,‘ The “glven array of prlces” means that there- are a1terna-‘
tlve prlces whlch al]ow choice between quantltxes of the good or serv:ce'
at these dlfferent prnces.;iThe ”ngen tlme perxod“ empha5|zes the fact :
'that the tlme frame of referenee is- |mportant to the deflnltion and must

5



6
be cléarly stated. Thus, the demand séhedule is specific to a barticulér
time and place. The place may bé as specific as a particular city or
state, or as general as the United States. Similarly, the partitulér
time may refer to the demand pér day, per week, or per vyear.

The basic principle of demand is-thatrtﬁe'quantity deménded
vafies inversely with the per unit price; at a relatively low price more
quantity will be‘demanded than at a higher price. On a graph with the
vertical axis referring to per unit price and fhe horizontal axis
referring to total quantity demanded, a cﬁrve depicting a demand schedule
slopes downward and to the right, The demand curve depicts a maximum
'concept, For any given quantity, a consumer would not be wf]ling to pay
more than the corresponding price on the demand schedule, though he wou{d,
be wiilingrto pay less to obtain thérsame quantity. |

Consumers of a commodity ass.ign ah economic value to the commod-
ity. The value is what they ére_willfng to give up in order to enjoy-
possession of a good or service. FUrthermore, consumers of any economic
good must receive satisfaction (utility) that is at least equal to the
price that they are willing to incur, othefwise they Would not be acting

rationally in incurring the expense.

The Model of Demand for and Value of Outdoor Recreation

Recreation demand is a modificatién of conventional consumer
demand. The'basic notion of the relationship between price and quantity
remains unchanged. Clawson (1959) states that the demand for outdoor
recreation should measure a willingness of users to pay measurable or

‘definable sums of money for speciffed volumes of outdoor recreation.



The quantit? or vo]ume‘nemanded‘for récreatfon is usually in‘,
terms of nse° Use of recreafion sftes can bé measured in snéh units ésrr
'visits, trip;, or user days. The cbncent.of usé.of_a recréatfon-éfte is
only part of what Clawson (1959) calls the fecreation e%perience. Tnér
whole experience innludes anticipation and preparation fon'the trip,{ |
trnvellto the site, the on-site expefience, travel back from the sfte,
and recollection of the experience. Clawson maintains-that one parf
cannot be separated from the others and that economists measure wnat
people do in terms of the tota1>recreation experience consumed andAcosts
involved°
The major differénce between demand fofurecreation and ofdinary
market-priced consumer demand is that 6f defining prices. In the con-
ventional type of demand, the price of the commodity is estabfished by a
functioning market mechanism wherein the eduilibrium~price occurs at the
point where supply is equatea with demand. In contrast, most forms of
outdoor recreation have no conventional market mechanism. Alternative
‘quantities of recreation are not offered for sale at alternative prices.
Consumer prices are either totally absent or set by administrative fiat.
Wennergren (1967) examined the problem of pricing outdoor recrea-
tion-and showed that, although nutdoor recreation developed as a non-
market good, it is not a free good. There are time and money coéts
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 recreé-_'

tion with time costs acting as demand shifters.



The recreator must face two cost-related decisions. First, the
recreator faces the long-run decision requirfng the purchase of certain
items of a fixed nature which may be used for more thén one trip and in
more than one time period. These items can include: camping equipment,
a recreational vehicle, and certain Sporting equipment. These Iong;run
cogts are referred to as fixed or sunk cbsts. Once iﬁcurred, these sunk
costs do not affect the decision;to participate in a specific recrea-
tional activity.

The secord costs decision is of a-short-run nature. Within a
given period of time, the individual must decide what Forh of recreatioﬁ
ih which he will participate and at what site. There are associated
costs for transportation, lodging, time, food costs, and any additional
on-site costs that would not have been incurred had the frip not been
‘made. These shért-run decision costs are considered variable costs and
are the pertinent costs for the surrogate prices described’by Wennergren

(1967) .

The use of variable costs as the surrogate price is analogous to
the short-run,deciéions.made by a business‘firm, Economic analysis
showé that, in the short-run,ithe marginal costs (additional costs) are a
function only of variable costs and that the marginal costs afe the deci-
sion variables. The §hort-run decision éf.how much to produce is nof'
affected by the fixedrcoéts. In the sameAway; only the‘varfab]e costs
are peftinent in estimating thevshort-fun demand for recréation (Maft?n

et al., 1974).



In the proccsé of relafing variab]e costs to a schcau1e ofﬁ
volume, a demandvcurve can be formulated. Hofelling (i9h9j, in an ccrly
" study of the demand for oﬁtdoof recfeation, defined:ccncentric zbﬁec'-'
around a recreation site such that the ccsts of travel from each zone to
the site are equal. These costs, relatcd to:the nuﬁber of v?éitOrs,r
coﬁid thcn be used to estimate points on a demand-cu-rve° |

Clawson and Knetsch (1966) use Hotelllng s concept in deve]oplng
the demand for any outdoor recreatuon experlence.- The authors state that
the estlmatlon of demand must. proceed in two two steps. Flrst, a
statistica] demand curve is estimated for the total recreafion experi- -
ence. The data are taken dfrectiy from cabulation'of consumer behavior.

The second step in the analysis is that of deveioping'a demand
curve for the rescurce site itseTF,V This demand curve is defived from
thc demand curve for the recreation experience based on the assumption
that the resource users would react to changes in costs at the sité
(Madded costs“) in the same manner to which they react to costs for
recreation experience as a whole. .ln dejc1oping the demand curve for the
resource, the total projected number of visits. is calculated at each
posited increascd interval of cOst. rTﬁe rcsu]ting demand curve is in
terms_of added costs and total quantities of visitation. The:consuﬁer is
expressing preference through his willingness to pay for the particular
outdoor recreation activity at a given site. |

The study of Martin et al. (197h) developed demandlestimatcs for
given outdoor recreation act:vntles 1n Arizona Game and Fish Department_

management’regmons. Genera] categoraes for the actnvntles included



10
huntjng, fishing, and general outdoof recréation. The dependeﬁt variaEle
_for their estimated demand function was always humber of trips for a
particular activity to a specific region. This definitfoﬁ of activity
implies that the demand generated for recreation is for a consumérréoéd

with consumer surplus values accruing solely to the final consumer. .

. Consumer Surp]us_

Marshall (1947) is credited with the deve]dpmenf of the concept
Aof consumer surp]us in economic tHeory; Simply defined,-the consumer
surplus méaéures the surplus satisfaction that a consumer receives from a
commodity above the price that he actually paid for that commodify. The
cehfral ideg behind consumer sﬁrp]us is that the consumer has in.his mind
a priée‘thét he would be willing to pay rather than to.gb withoutra cer-
taiﬁ commodity. The‘price that the person is willing to pay ratﬁer than
to go without mu#t be greater than or equal to the price he actually does
pay. Since price is a measure of satisfaction, the difference in price
that the individual is willing to pay and the ﬁrice he does pay is aA
measure of surplus satisfaction.

However, outdoor recreation lacks.a pfice of acquisition set by
market forces. The supply cost of oUtonr recreation activities is not

°

faced by the consumer since, in most cases, it is a function of the
public sector or goverhment. A cdnceptqalization‘of the demand curve
-generated by the consumer is shown in Figure T, where the conéumpt%onr
level is Qr at an added cost of zero. The‘consumer has expressed a

wil]ingnéss to pay defined by demand curve DD. Thus, he realizes a

surplus benefit eQua].to the total area within the demand CvaeQ; The



”

ADDED COST

TOTAL VISITS

Figure 1. Demand for Outdoor Recreation (Hypothetical).
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Consdmer surplus va]ue_in this case is a monetary measure of the maxiﬁum
 valQe of tHe resource_net‘of-acquisitionbcosté.

For a market-priced goéd, the consuﬁer'péys the price déterminéd'
by the harket forces of demand_énd §upply. Figure 2 represénts the price
(Pm) énd quantity (Qm) in the'maerf at equilibrium (e). At this pﬁint,r

there are no sellers ﬁékiné price concessiohsrto attract buyers, nor afe |
there waftingilines of buyers trying to buy quantities that are not
available. The consumér here realizes a §urplus valué equal to area A
since he wpu]d be willing to pay more when lesser quantities are offered.

The producersAinAthe market receive a price Pm for ea&h good sola

_and'sells the quantify Qm. Thus, the total revenues afe represented By
the area meeQm. The>area C fs the cost of prbducing the good; the value
of resdurce§ (human and physical) used in the production process. fhe
area B'is wﬁat Marshall (1947) refers to as producers' surplus and is
defined as a measure of the resource-owner's gain from having the oppor-
.tunfty»of placing his production factors in the chosen occupation at the
éxisting factor price, given the prices his factors would earn in all
other occupations. This measure is regarded as the counterpart of con-
sumer éurp]us which measures the opportunity of buying a particu]ar good

at the existing price, where all 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 total U. S. market

situation for beef is shown as the intersection of the supply'curve, S],



PRICE

Pm

Figure 2.

Qm
QUANTITY

Illustration of Consumer Surplus, Producer Surplus,
of Resources of Production (Hypothetical).
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Figure 3*

Po

QUANTITY

Change in Consumer Surplus (Hypothetical).
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15
_and thé demand curve, DD. The consumer pays ﬁrice P] for the quantity:
offeréd, QT‘ His consumer.surpfus.is'thg area P]Poe].

If the land’dSed»in the production of beef calvés in Arizona, é
'small ﬁbrtfén of the fotal U. S. production area, were in another
vactivity; theVSdpply curve would shift to the left (52)° This shift is
due to a reduction in the resources aVailabfe for the production of beef.
~The new sﬁpp]y éque Wou]d intersect the deﬁand curve for beef at'point
eé since thetposited reduction is equél tb Q] minus Q2° The brice-W6uld
rise to Pé in‘accordapcé with the‘siopg of the demand curve at this seg-

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

P,P The consumer would realize a loss of consumer surplus equal to

2 0%2° _
the area a, change in total expenditures, plqs the area b. The interpre- -
ﬁation of the change in consumer surplus measure, in this case a reduc- |
~ tion in quantity offeréd; is simply the maximum amount of value (fn
money) the group of consumers as whole would forego in response to a
reduction in Arfzona beef calf production. Stated positively, the change

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

its present use.

Product Comparability

The products, outdoor recreation and beef calves, produced'on the
Iaﬁd base, Arizona, are marketed in under very different circumstances.
Outdoor recreation displays a high degree of public good charactérist{cs
'since it fs»a noh-market goqd., Ca]flproduction is a market good with
:-pfivaté>éoqa chéractéristics. The quéstion is posed of how fhese market

”ﬂ,dfFFehénCeS“wguld»afFect thé.distribution'of net social benefits from



16
land use in each production activity if the benefits are to be coﬁpared.
Examination of the offef of the good to the consumer is the basis used
for productbdemand compérabi]ity°

Estimation of outdoor recreation values presuppose that the good
is a final good offered to the coﬁsumef and 1t is offered to all of the
cohsuming public. The fact that outdoor recreation is a final good
demanded for consumption simply distinguishes it from an intermediate
good which is demanded for productiéh processes.

The charaéteristic of unlimited offer for outdoor recreafion is
assumed since all recreators, including those from ofher states, afe not
denied participation in recreation activities in Arizona. But out-of-
state recreatots.usually opt not to particibate in Arizona's recreation
aétivities due to compefing substitute products (outdoéf recreation in
their locality) offered at a lower 'price,'" where "price' is a proxy for
the time and variable costs incurred to participate in 6utdoor fecrea-
tional activities. That is to say, all U. S. cénsumers are.equally
offered outdoor recreation opportunities in spatia]ly:differenfiated
localftjés, but, for the most part, are excluded from use of distant
recreation facilities because of sim?lar; low=-priced substitutes in their
locale. To summarize, Arizona recreation is a final consumer prodqct
offered to everyone, but actual buyeks are limited because the recféation
opportunity is fixed in space.

Beef calf production on the Arizona land resource is not for
final consumption. .The calf only becomes a product forffina] consumption

after being fed and converted to beef. Thus, in order to achieve closer
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'nrodnct cemparability;-the Arizona ca]Fvcrop ia eyaiuated in:termé'of its
possib]e'retait beef product. It is_assumed that"a11 Sa]eablerbeef_
calves wftl yield‘as a-ehoice steer ef'the average slaUther weighte as
reported'in "Livestock anddMeat Statistfcs”v(U; S. Department of Agri-
-‘culture, 1975). . | |
1By aasumfng that Arizona calves become a nart ef the totaI‘U, S.r

beef supply,'the Characterietic of unlimited offer Fer beef is also
o assumed; Beef is a'hemogeneous prodnet offered in a eompetftive.market
td many bnyers. Tne‘demand for beet is eatimated using average'pricea,of
beef'to.determfne total U. S. producticn. The benefitS»arevhomogeneously
shared by a]l beef consumers. Thus, while both demand for recreation and
'-demand for beef are final demands, the demand for beef is generated by
the total U. Solpopulus,-and most of the demand For Arlzona recreatlonrls
generated by Arlzona reS|dents ] Whl]e the consumer surp]uses generated
by‘Arlzona recreation and beef production may be compared, the distribu-
tion Of'the-3urnlusramend-the popdlatfon obviously differs,

The €hange in Price of Beevaesulting from
a Reduction in Arizona Beef

The tbtal poséib]e Arfzona retail beef yield represents only 0.67
percent of total U. S. retall beef production (see Table &, p. 26). A
"posited one hundred percent reduction in Arizona beef production would be

such a small change that it is»assumed that the demand curve is linear

“1. Whereas the conceptual model presented here does lnclude R
non-resident demand for outdoor recreatlon activities, it must be
recognized that the empirical estimates of outdoor recreation demand
'presented by Martin et al. (]974) do not. , :
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‘over the smajl-segmént describing the price-quality change. To measure
the changé in'price resulting Ffom a cﬁange in quantity, price flexi~-
biiity is uséd. Pricé flexibility méaéures the percentage change in
price in responée to a given percentage change in quantity; the direction
of céusation is from quantity‘to price.

The price flexibility coefficient (Pf) is defined as:

ap
_%AP _ P
PT = %80 = g
Q
Thds,
y %AP :
o ¥ = o 9 = 9
Pf ZAQ o7N0) ZAQ ZAP
where

ZAP = percentage change in price,

percentage change in quantity,

v

>

fe)
il

AP = change in price,

change in quantity,

B
o
]

P = original price, and

Q = original quantity.

Past.estimates for price flexibilify.(as summarized by Ginn,
1977) of retail beef include: Schultz (1938), Pf = -2.4k; Vorking
(1954), Pf = -0.89; Fox (1953), Pf = -1.06; and Brandow (1961), Pf =
-1.15. The différing‘values could’be abfunction of either different

model specification and/or the change in:the demand For'beefrover time.
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Two estimates of price flexibility of demand for retaf] beef ére
used in this 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, it is assumed that price.flexibility is
simply the inverse of price'é]astfcity demand. Houck (1965) d}scusses
problems'whiéhiafisevfrom éuéh an aséumptidn° ‘Wheré the derivative
_ dP/dQ from P =IFI(Q)‘fs the reciprocal of dQ/dP from Q = fz(P)° But
demand funétioﬁs are more complex than this; if'differént variablesrére
held conétant,'jt éah’no'lohger be.assumed that>the part?éIVderivative;'

SPE/BQi’ of the equation Q = f (Pi’Pj’Y) is the reciprocal of aQi/BPi.

3
However, Houck goes on to say, if the cross effects of other products are

zero (essentially no substitutes), then the reciprocal of the price

~ elasticity Is a good estimate of the flexibility. Conversely, if signif-

jcant cross effects exist, then the reciprocal of the price elasticity is

greater than true price flexibility. Mathematically,

where Eii is the price elasticity of demand, and Pfii is the price flexi-
bility of demand. Thus, the estimated price flexibility of 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

elimination of the Arizona beef calf crop is done as follows. Fifst,
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there are data for‘the production of retaif beef in the U. S. and
Arizoné. The production level in Arizoﬁa-represénts the change iﬁ pro-
" duction (AQ). The percentage change in production is then the change in

production, divided by total U. S. production (TP), or:
AQ/TP = %AQ

Next, application of the price flexibility coefficient to find

the percentage change in the price level is in the form:
Pf o %AQ = %AP

where the factor one minus the -percentage change in price (% P) times the
existing price level (P) yields the new price level (P') which would be
generated by elimination of the Arizona beef calf cfop, given éxisting
demand conditions.

The change in consumer surplus formula in general form .is:
|TE - TE'| + IAQ! ° [AP|/2,= A in Consumer Surplus -

where

TE = P - Q = total expenditures for retail beefain the U. S. in

19703

TE' = P'-o Q' = estimated total expenditures for retail'beéf'in the
U. S. 1f there were no Arizona beef crop;

|AQ[‘= |Q - Q'] = absolute changé in quantity; and

|aP| = |P - Pf[ = absolute change in brice.‘
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Thus, given a reduction in quantity, the change in consumer surplus will

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 reauction in Arizona's production‘of
retail beéf entering the U. S. retaif beef market. The value added by
each Arizona Fish and Game Department Region to the total-statewide con-
sumer surplus value for beef calf ﬁrodqction is calculated by:

1) approximation of the percentage of each ﬁounty within specific Afizona
Game and Fish Départment Regions, 2) use of county estimates for saleable

beef calf crops by number of head (Arizona Agricu]tura]vStatistiCS, 1971,

1972, 1973, 1974, 1975) and percentégé of the.county within the Fish and-
Game ﬁegion to ca]culate number of calves produced in the Region, 7 7

3)’estimation of the percentage of the statewide total calfrcrop in each
Region, and 4) derivétion of the COnsumér 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

" Statistics" (U. S. Department of Agriculture, 1975). THe fegressioh
llequation is based on quarterly data within the range of first quarter
1970 to fourth quarter 1975.

Retail quantity of beef produced is the dependent variab]e (Y);
Indepeqdent variables which proved significant are retall price of beef
(X]) and personal disposable income-(XZ). Other variables not testing
significanf in this model included the price of retail pork, pricé-of
feed corn, and the consumer price index. The functional form of the

equation is a double-logarithmic transformation as shown below:

log ¥ = a log + b, log X, + b2 log X

1 2

1

The efféct of price (X]) upon quantity consumed has a nggative
coefficient (b]), as expected, which, in the case of a doUb]e-1o§ar7thmic
functional form, reads directly as the price elasticity of demand,
-0.58409; The corresponding calculated "'t statistic (-2;8928)vis sig-

~nificant at the 99% level (tabpiated Ut“ is 2.819). The coefffcient of
deterﬁination has a corrected value of .51k,

22
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_The coefficient for fhg income variable reads directly as inéome
e]asticityiof demand, which meaéureé the perceﬁtage change in the amoﬁnt'
of a commodity purchased per unit of time resulting fromrargiven per-
centage change in a consumer's income. The value of the income elas-
ticity, 0.77665, is positive indicating that beef is a normal rather-thah
' én ane{jof good. The elasticity is less than one, showing that beef is
a neceséary good rather than a luxury good. This estimator of income
elasticity is significant with a calculated "'t" statistic value'of 3.9931,
surpass?ng the tabulated value of '‘t'' at the 99% level (2.819).

When inverted, the estimated price elasticity of demand for beef
(-0.5841) yields a price flexibility coefficient of -1.7120. The inter-
4preﬁation of this coefficient is that a one percent change in quantity
demand results in a -1.7120 percent change in price.

In additidn to the author's estimation of price flexibility for

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 elasticity of demand for beef

is -0.6438, yielding a price flexibility coefficient of -1.5533.

Quantity Change in U. S. Retail Beef Production
Resulting from a Total Reduction of
- the Arizona Beef‘Ca]f Crop

Table 2 presents the conversion of average liveweight per steer
to retall beef yield. The average conversion for liveweight to retail
weight was 2.25 to 1. Table 3 presents U. S. total cattle sJéughtered

and the estimated Arizona beef calf crop. The average retail weight



Table 2. Conversion of Average LiVeweight per Steer to Retail Beef

Yield. , '

, Average Liveweight?® Average Retailb

Year per Steer Salughtered Weight per Steer

-------------------- ]55 et b b O DL Db
1970 . - 1,035 | - k6o
1971 - 1,028 | 457
1972 - 1,038 - L6
1973 1,043 o . Lekh
1976 S 1,039 | 462
1975. . o | | 996 o 443

3Source: u. s. Department of Agriculture (1975).
bThe average conversion ratio for liveweight to retail weight was 2.25
to 1. Source: Uracek (1967). ‘



‘Table 3.
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U. S. Total Cattle Slaughtered and the Estimated Arizona
- Beef Calf Crop.

Tétal U. S. Cattle® Eétfmétéd Arizohab

Year Slaughtered Beef Calf Crop
mmmmmmmetemmem-~= 1000 Head -—----=-=m-—mm—-

1970 35,354 236

197j 35,894 233

1972 . 36,082 223

1973 34,029 220

197#\ 37,327 191

1975 L1464 223

AaSiaughter in federally inspected and other slaughter pfants;
includes farm slaughter. Source:

(1975).

Source:

Archer (1976, p. 12).

U. S. Department of Agriculture
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" (Table 2) multiplied by the cattle slaughtered and calf crop estimates

(Table 3) yields total U. S. retail beef and Arizona retail beef produc-

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

is calculated as Arizona retail beef production divided by total U. S.

retail beef production.

Table 4. OQuantity Change from Reduction of Possible Yield of

Arizona Beef Calf Crop on U. S. Total Retail Beef

Produced.
Arizona Total U. S.
" Total . Retail Retail Beef Percentage Change

U. S. Retail Beef Minus Arizona  from Deletion of
Year Beef?@ Production ~ Share - Arizona Beef

--------f--?”Million Pounds =-=-- ————————
1970 - 16,262.84 108.56 16,154 28 6675k
1971 16,403.56 ° 106.48 16,297.08 L6491
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

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

The data for the Arizona beef calf crop are from a study by

Archer (1976), which lists the estimated Arizona calf supply; death loss,

and number_of dairy calves. Thevsa1eable-beef calf crop is total calf

supply minus dairy calves and death loss.
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Chaﬁgé thérice_Resu]tiﬁg from Cﬁange in Quantity

- The change in the price of beeftreshltiﬁg frqm a change in the
quantifyrof'reta}l beef offered on the markef fs presehted in-Tablesrs
and 61by.yeérs. " Table 5 gives'priée cﬁanges calculated from the author's
_estimatevof price F]exibi]ity (-1.7])7and'Tab1e 6 givés price chaﬁges
using fhe price flexibility estimate derived from George and King (1971)
(-1.55). |

7 fhe estimate for ﬁrice flexibiiity of retail beef times the,per;
centage chénge in quantity (Tab]; 4)‘yie1ds the percentage chaﬁge in the
price of beef. Thérpercentage change in price is positfve,since the‘per;
cehtage éhange in quantity and pricé fléxibility estihates are‘both

4.negative.

Change in_Consumer Surplus, State Total

'Tablé 7 presents.the.changeAin consumer surplus resﬁ]ting from a
complefe elfmination of Arizona beef calf production; Two series:of
‘estimates are given, one where price flexibility of demand is -1.55 and
anothér where price,fjéxibilfty is =1.71. The estimates are by years;
differencés betWeenAYears reflect the changing retail prices of beef as
well as‘the change in U. Sflbeef production as compared to Arizona's
sharé of U. S. retail beef production. | |

The consumer surplus estihates derived from the two diffefing
price flexibilities do_not increase or decrease in corresponding propor-
tions.  This difference is bécause of fhé relative responsiveness |

described by the price flexibility estimates. The George and King (1971)
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Table 5. Changé in Price, by Years (Price'F]exibi]ity Estimate is

-1.71).

Actual Average@®

1975

Price Retail Beef - Peréentage Adjusted Average

Year ($/1bs) Change Price Retail Beef
11970 986 1.143 | .997

1971 1.043 1 1.055
1972 1.138 1.058 1150

1973 1.355 1.107 1370

1974 1.388 .876 | 1.400

1.460

.921 1.473

ASource: U° S. Department of Agriculture (1975).
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Table 6. Change in Price, by Years (Price Flexibility Estimate Is

-1.55).2
Acfua] Averageb , ,
Price Retail Beef Percentage - Adjusted Average
Year ($/1bs) Change Price Retail Beef
- 1970 .986 : 1.037 ' .996
1971 o 1.043 1.008 1.053
1972 1.138 ;960._ : 1.150
1973 - 1.355 1.00k | 1.370
1974 1.388 -795 | - 1.hoo
1975 1.460 .835 1.472

aSource: AGeorge and King (1971).
bsource: U. S. Department of Agriculture (1975).



Table 7. Change in Consumer Surplus, State -Total, by Years.

Year  pf - -1.,55. ' Pf = -1.71
| - Millions of Dollars =---
1970 5.0 71.26
1971 60.65 85.15
1972 - 63.77 | 82.33
1973 76.33 ' 98.35
1974 66,78 83.93

1975 7928 93.91
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estimate (~1.55) creates a less flexible price which ié consistent with é‘
more elastic demahd.A The flexibility Coeffiﬁient estimated by the éuthor
(=1.71) is more price Flexib]e; that is, it implies a more inelastic
demand. Thus, for a price flexibility of -1.55, total'fe&énues increase
for 1972 over the 1971 estimate by approximately three million do]lafs,"n
even thoﬁgh the Ariéona share of the beef market declined (see Table 4).
The author's price Flexibilify coefficient,rwhich is méré ﬁr?cé Flexibié;-
allows for a decrease from 1971 to 1972 of approkimate]y three mfllion
dollars. The difference in the response of the total revénues to eaChf
price flexibility estimate for this period is bécéuse of a reductfon in.
“the Arizoﬁa share of cattle produced in relatioﬁ to téta! u. s.
producfion.

The retail price of beef (see Table 6) has risen signfficant]y in
recent years, having the effect of generally raising the change in céh-
sumer surplus estimétes. The actual average retail beef ﬁfice experi-
enced the largest change from the préviouslyear 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 calf production for each,région, preéented in Table 8, is esti~=
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.(Arizqha AgriculturaIIStatistics,



Figure 4.

Arizona Game and Fish Regions.
(1974).

— Source:

Martin et af.
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Table 8. Estimated Beef Calf Product fon by Arizona Game and Fish
Regions, 1970. '

Beef Calfd

| Production ~ Percentage

Region (1000 head) - of Total

R 52.39 2.2

2 47.43 - 20.1

3 15.81 6.7

4 14.16 6.0

5 25.96 | 110

6 | 49.56 o 21.0

7 30.68 13.0
Totals T 2600 100.0

ASource: Arizona Agricultural Statistics (1971).
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1971). Also presented in Table 8 is the percentage of state total of
calf production within each region.
Comparison of Consumer Surplus Values Generated Arizona

Beef Production and Qutdoor Recreation, by Arlzona
Department of Game and Fish Reglons

Estimated values of consumer surplus generated by Ar?zoha beef
productlon and outdoor recreatlon for 1970 are presented in Table 9 for
each of the seven Game and Fish Regions (see Flgure 4) - The relatlve
size of the change in consumer surp]us from Arizona cattle reduction
overwhelms the:consumer surplus estimates from hunting in all areas
egcept Region 5. Tﬁe second largest regional estimate for Hunting ie inri
Region 6. These two regiohs encompaes the most densely populated areas
- in Arizona; Region 5 contains the Phoenix metropolftan area and Region 6
contains Tucson. |

The consuher‘surp]us values for all recreation acti?fties
(hunting,_Fishfng, and.generai outdoor recreation) in a11 regione are
~much larger than the values for cattle production,»ﬂDueAto the volume of -
activity in all eutdoor recreation, one would expect tHe eonsuher ;
benefits to be‘large'in:comparisoﬁ to the single activity of beef
preduetion. | | | |

The largestfeonsumerléurples'value,fer all activities of.OUtdoof
recreation is in Region 26'_The recreafionreategory in‘fhis regidn'with
the highest velue'is‘general oﬁtdobr recfeetibn.(hiking,.camping, etc.),
which represenfs 82 percent of’the total 68;37 mi]lion de11afs. Aﬁeéfon 5

has the second largest value for_a]Tuactivities,'with warm water fishing
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Table 9. Comparison.of Consumer Sufplus Values Generated, Arizona

Beef Production and Outdoor Recreation®, by Arizona
Department of Game and Fish Regions, 1970.

from Reduction in Beef Production

Consumer Surplus Value.
A11 Outdoor

Change in Consumer Surplus

A1l Hunting Recreation

Region - Pf = -1.55 Pf=-1.71  Activities  Activities
mmmmmemmmeomemem——- Millions of Dollars =m==sm=m==m=mmmcem—oe—
1 12.21 15.81 2.87 55.98
2 11.06  14.32 6.83 68.37
3 3.68 - h77 | 3 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 el 1319
Totals 55.0sb  71.26b  3h.hgb  243.24b

- @Consumer surplus estimate for all hunting includes the activities:
deer hunting, other big game hunting, small game hunting, waterfowl
hunting, and general hunting. All outdoor recreation activities
include: all hunting, fishing, and general outdoor recreation

-~ (Martin et al., 1974).

Regional consumer surplus values do not sum due to rounding error.
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and génera] outdoor recreation repkésenting 35 percentrand L7 percenf of

the total, respectively.

, ConsumerVSurplus Va]ues'per Square Mile

This stu&y reveals fhat the Arizona beef calf crop for 1970, 236
'tﬁbusénd head (see Table 3), generated an estimated high value of 71.26
million dollars (Table 7) in coﬁsumer surplus value. This value repre-
" sents the value té fherconsumers of beef of Arizona's beef grazing ]ands‘
_in their 1970 use. The statewide estimate for change in consumer surplus
from a rédUCtionvin Arizona's beef calf pfoduct?on is fhen broken down
ihto seven est?matés febrésenting.the sharé contributéd by-each of'séven
 Ariana Game and'Fish.Department'Regions for 1970 (Table 9). The |
regidnal estimafes'fqr béef are éompared to values of consumer surplﬁs
for outdoor recreation estimated by Martin ef'a]. (1974) (Table 9).

The preceding analysis, howevér, does not compare the intensity
of value per land unit used in the activities of beef calf production and
outdoor recreétioﬁ. Table 10 presents the consumer surplus values for
Arizona béef calf production and outdoor recreation per équare mile. The
calf production estimates.are calculated as average calf production per
section of grazing land times the average consumer surplus value per calf
($302). Averagé value per calf ?s estimated.as statewide consumer sur-
pfus:for beef calf production diyidéd by calf crop for a specific year.
The consumer surplus values for calf production are given as a range
where'the ]dQer Va]ﬁes reffect areas where grazing is péor and calf 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 Arlzona Department of
Game and Fish Region.

Consumer Surplusav ConsumeriSdrpius'Va]ueb

Value of Calf Production A1l Hunting A1l Outdoor Recreation

Region (PF = -1.71) Activities Activities
1 1,510 - 3,020 887 3,022
2 2,023 - 3,020 -  hob - 2,611
3 513-1,510 51,
b - 435 - 492 . 231 , 481
5. 815 - 966 1,115 5,482
6 1,661 - 1,93 880 1,725
7 1,214 - 1,812 346 Y

8Yalues are given in a range reflecting differential grazing conditions
of areas within the region. The change in consumer surplus is esti-
mated using PFf = =1.71.

BSource: Martin et al. (1974).
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Analyéis of Table 10 shows very high per—sec£f6n values for calf
pfoduction.in Regioné f;?nd 2. These va]ués‘reflect the high carrying |
capacity of the fangelandé wi£hfn fhese reéfons (32.%4 acres per animal .
unit, Central Plateau estimate) (Dickerman and Martin, 1967). The corre-
sponding'consﬁmer'surplus'Va]ue for oﬁtdoor recreation ihvthis region is
also high, where 37 percent of the value is_generatea by cold water
fishing activities aﬁd 54 percent by general rural outdoor recreation
activities (picnicking, camping, hiking, swimming, boating,‘waterskiing,
birdwatching, and snowskiing). |

Region 5, which'contains Phoenix, generates a consumer surplus
. value for all hunting of $1,115 and for all outdoor recreation of $5,h82.
per square mile, These_value§ are because of the volume of demand for
recreation actfvities;‘3l percent of a]]'trfps made for all recreétién
activities in Arizona for 1970 Wére made in this area. The corresponding
calf production<vélues are low in coﬁparison, reflecting a carrying
capacity for grazing of approximate]y 7 animal units per section per year
and an average calf productivity of 2.7 to 3.2 calves bér section per

year.

AlternativeVVa]ues of Cattle Ranching

Thus far, the analysis has focused on comparisons of consumer
surplus values generated by the two activities, beef calf production and
oﬁtdoor-recreation. The va?ues were derived using similar conceptual
framework, consumer surplus, which valued land resources as‘Eenefits-
accrusing to the consumér for léﬁd.fn'its'present use for a specific

year,
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Table 11 includes consumer*surp]us,values of ¢a1f production for:
. six different areas and annuai average market value of caftle—producing
fand per.square mile. Thgvsix areas are shown in.Figure 5. The areaé
were selected on the Basis 6F similér land éharacteristics fér grazing.

‘The diFference$ in value between éreés'gfvenvfof grazfng in Téb]e 11
‘réflect the value bf the léndrreSOQrce.in cattle producfion; in the areas
where grazing conditions aré poorer, returns are lower than in areas
which have prime grazing conditions,]

‘The annual average'valﬁe of all lands for ranching is the annual
équiva]ent (at 6 percent fnterest) of the average sale price of all.
ranches, including deeded lénd as well as the rights to public land per-
mits, as deveioped by Martin and Jefferies (1966) and reported in
Dickerman and Martin (1967). Whole ranches were selling fér the average
price per square mile (1 section or 640 acres) shown in Table 11.

vThe consumer surplus values of beef calf production reflect ther
'vaTue produ;tivify of the land to the final consumers. The average
" market values reflect the demand.for Eéttle ranches by individual
investors in addition té those consumer surblus vafues accruing to the
final consumer of beef.

Economic reasoning dictates that the cattle producer would con=
ceptua]ly'usé land to the peoint where higimargiha1 cost of producing
cattle (which describes the supply curve for Arizona beef cattle) equa]é

the price for the cattle he receives. Figure 2 hypothetically illustrates

1. . The market value estimates also include the value of the
cattle ranch to the owner as consumptlon and speculatlon goods (see
Smith and Martin, 1972).
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Table 11. Alternative Values per Square of Mile of Cattle Ranching in
' Arizona for Six Different Cattle-Producing Areas, 1970.

, ~ Total
Consumer Surplus Annual Average Economic
Values of Beef Market Value Benefits
Ranching Area® Calf ProductionP of A1l Lands®© to Society
------------ Dollars per Square Mile --==-=——=w-
Western Desert - o : '
(Region 4) . k92 140 632
Arizona Strip : _
(Region 2) - 1,558 290 1,848
Southern Desert ' |
~ (Region 6) -~ 1,540 352 , 1,892
' CentrallMountain 'v - | :
(Region 5) . - -~ 815 : 355 1,170
Central Plateau
(Region 1) : , 7 :
(Region 2) 3,029 Lol ' 3,453
Southeastern Desert : :
(Region 7) - -1 78] 558 v 2,339

@These ranching areas rough]y compare to Arizona Department of Game and
Fish Regions as listed. See Figure 5.

btalculated as average consumer surplus generated per calf times esti-
mated calf production per section. Consumer surplus estimated from
Pf = -1.71. : "

CAverage value of all lands (Martin and Jefferies, 1966; Dickerman and
‘Martin, 1967). Average values are also shown in Martin et al. (197%).
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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 (0S) and below the price
line (Pm) represents the economic rents'(profits)raccruing to -the cattle
producer for each unit of lana'in prodﬁction. The area contained. below
the supply curve (0S) and to the left of quantity (Qm) is the value of
the resources (human and thsica]) used in the production processes. The
| cattle producer would not produce morerquantity than Qm since to do so he
: wéuld incur a loss; thé next unit oFréatt?e‘prodﬁéed would have a value
of produétive resources higher than tﬁe price.which he receives for the
cattle. Thus, the area above the supply curve.(aggregated producer
marginal cost curve) and below the price ié an accurate estimate of the
value of the land to cattle producers. Since average value is the value
of the land to the cattle producers, it is the Marsha]ljan producer sur-
plus as described previously in Chapter 2.

In reality; the supply curve of rahch-land also includes specula-
tfve costs as well as land costs re]ated'simply to ""land fundamentalism,™
that is, value of the land to’fhe ranch‘fnvestor_as a consumptive good
(Sﬁ?th and Martin, 1972). Given that these two values may also be viewed
as‘products in additfon to the product va]ue of beef, they contribute to
the value of producer surplus. Thus, the total annualized sale value of
. the‘ranch land is the measure of‘prOducer surplus.

| Tﬁe summation of the producer sufplus and the consumer surélus in
Table 11 is the total economic benefits té society per square mile for
land in cattle produétion; The‘producer surplus accrues only tb the

cattle producers in the form of profits above variable costs, where the
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c0nsumervsufplus accrues to all beef consumers, including the cattle
producers.

The demand for outdoor recreation aCtivities.(see Figure 1) has
no marginal cost associated with it since it.isré zero marginal cost
good, Thqs, the consumér surplu§ estimate for outdoor recreation
activities is the total economic benefitsrté society for land in that

activity.



CHAPTER 4
- RELATIONSHIP OF THE EMPIRICAL ESTIMATES TO THEORY

Ability and Willingness. to Péy .

The products in this study, outdoor recreatjon and beef calf
" production, possess different market characteristics; Outdoor recreation
is not priced in the market; itvhas an administered price in most cases
set by governmént_ﬂ’at° Usually the price is zero or very low. Beef
;alf production genefafes market goods and is subjeétvto the price
mechanism of the market. |

The coﬁparatfve eyaluation of the two products usédAconsumer
demand theory;as the theoretical framéwork. The values are in terms of
benefits accruing to the consumer from products generated on a specific
land resource in a giVeh use. The benefits are a measure of surplus
satisfaction that a consumer receives from a commodity above the price
that he actually paid for that commodity. This consumer surplus is con-
ceptualized as the area under the consumer's demand curQe (the relation
of»alternative quantities that would be purchasédrat alternative market
prices at é given point in time) above the price of éCquisition.

The principle of economic demand is that consumers are able and
willing to pay to enjdy:possession of a good or service. Ability to pay
is'a funétfon of income and wealth. Willingness to pay refers to the

consumer béing prepafed to purchase and is determined by individual

L
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 preferences. Much of the criticism of welfare analysisrfor any good is
based on these demand priﬁcip]es,

The impleméntation of poiicy to chaﬁge existing cattle production
lands to outdoor recreation lands.shou]d.conéider not only the consumer's
‘preferences, as expressed in wil]inghéss*to-pay terms, but also distribu-
tional consfderations (the consumer's ability to pay). Consumer demand
theory differentiates between the sﬁbstitution and income effects of a
price change, while the price of one good (such as beef) changes with
réspect to other goods.

The income effect 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 péwer. Thus, the consumer tends to cut his
consumption of»a]l goods to some extent whefe lower consumption signifies
a lower level of satisfaction or welfare.

The substitution effect causes the consumer to substitute rela-
tively iower—priced goods‘For the rélatively higher-priced good when its
price goes up. Usually, the substifution effect is by far the stfonger
of the two effects, since.a moderate:increase in thé price of any one
commodity purchased does not substantially decrease the consumer's real
income.

Figure 6 illustrates thé income aﬁd substitution effects. Indif-
ference curves between two products, X and Y, are shown; their prices are
PXy and PYy» reépective]y. Poiﬁt A, cpntaining x]‘of X and Yy of Y,
maximizes the consumer's satisfaction; Suppose the price of X rises to

bxz. Now, less X can be consumed with the given income, l]. Now
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point B, coﬁtéining X, of X and Yy of Y, maximizes consumer satisfaction.
Thus, the consumer's real income has been decreased by an increase in the
pr?ce of X. This decrease is represented by tHe fact that the combina-
tion of goods,-poiht B; is on a lower differencé,curve.

~In order fo isolate the substitution effect and determine its

magnitude, the>consumer‘s income'is‘intreased enough to compensate him

for his- loss ih pﬁrchasing bower° The additional purchaéing power of the
compensating intréase in income will move the line of attainable combina-
tions to the right, parallel to itself and tangent to the original indif-
ference curve at point C. Point € yields fhe same satisfaction to the
consumer as aid péfnt A, evén though less of»commodity Xlis,consumed on
this neW incohe Tine since it has a now relative1y>hfgher price. The
income éffect of the increase in the price of X has been eliminated by
‘the compensating variation in the consumer's income; hence, the movement

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

1
tion effect.

The income effect can be determined by taking the compensating
variation in income away from the consumer. The line of attainable
combinations shifts to the left, and the highest indifference curve to
which it is tahgénf is. indifference curve I. Combination B is the point
of maximum sat?sFactidn. The movement from C to B is the income effect

and reduces the quantity of X taken from x' to x,. The relative valuelof

2
the substitution effect is usually much larger than the value of the
income effect. A consumer who purchases a great many gobds will not

ordinarily experience a large drop in real income when the price of one
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of the goods.rises.f Thus, the compensating yariation in the case of a
small price éhange of one commodity is usually insignificant.

.HdWever5 if the income effect is significant, a substitution
effects démand curve, ér compensated (Hicksian) demand curve,lis‘neces;
sary-to protray the consumer surplus value in wi]iinghess-to-pay terms.
The 5ubs£itution effects demand c&rve is where‘all income effects are

compensétediand'a.change in price does not alter the consumer's level of
satisfact?on; The pure substitution demand curve lies to the right of
the uncompensatéd (or Marshéllian) demand curve for a price increase for
a good with positive income elasticity. For a price decrease and a
positive income e]astiéity, the compensated demand curve will lie to the
left of the Marshallian demand curve. The opposite will occur if the
incdme'e]asficity is negative. The smaller the income effect the less
difference there will be between the compensated and uncompensated demand
curves.

Martin et al. (1974) included income of thé recreators inter-
viewed as a variable in'their demand equation. The term was found to be
insignificant; thérefore, no income effect is presumed. This situation
occurs because recreation expenses normally are only a small porfion of
the consumer's income. Cesario (1976) discusses this point, stating that,
since it méy be assuqu that the total amount of money spent on the kinds
of consumption befng'talked aboﬁt here (outdoor recreation expenditures)
probably represents on]y a small portion éf the total»expenditures of any
indivfdua] consumer or houseﬁo1d, income effects can probably be safely

ignoréd,
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This same line of reasoning.applied to the demand for retail beef

implies Iitfle bias in the éna]ysié presenfed. The coefficient of the
fncome variable used in the demand eqpétion for beef was 0.29 for the
George and King (1971)7estimate (Pf = -1.55) and 0.78 for the author's
-estimate (Pf = -1.71). Whereas’both of the income elasticities are sig-
nificant, George and King (1971) note tﬁat éxpéndffures for beef repre-
séht only 2.6 percént of a household's total expehditures,

‘-If-theré is little bias from income effé;ts, then the consumer's
wilfingnéss.tb pay is adequately portrayed_for bbth products. If it can
bé Further assumed that chanées in the price‘éf-beef will not sub-
stantfl1y élfer prices elsewhere, the bénefit_values generated in this
study are the total values to the consumer 6f Tgnd resources in their use

for a given year.

Factors Influencing Price Flexibility Coefficients

The_estimate of price flexibility of demand for beef was used to
determine what the price response for retail beef’wbuld be to a given
changé in the Arizona beef calf crop. The magniiude éf the price flexi-
bi]ity_coefficient, thus, affects how total expenditUres change in
response to a qdantity decrease. A price flex?bility coefficient greater
than one in absolute value (termed price flexibié) describes a one per-
cenf change in'quantity, effecting a greater than one percent change in
priée, ana]og@us to inelastic priéevelasticity of demand. For a price
inflexible coeffigient, the,ébsolute valﬁe is ]ess than one and a one
bpercenf change'in quantity leads to é less thén one percent change in

price, analogous to an elastic price elasticity of demand.
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The major factors influencing the gize of the price fléxibility |
éstimate are: 1) the availability of good substitutes for the commodity,
2) the number of uses to which the commodity can be put, 3) the pfiCe of
the commodity relative 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 (Leffwich, 1966), The first point is usually considered
the most impqrtant.

| For a good such as beef’wheré‘few other substitutes are avail-
éble, conéidering the Americaﬁ éonsumer's-preference for beef over other
meats, the price flexibility coefficiént tends to be price flexible. In
other words, the consumer would be wf]]ing to pay most any price to main-
tain fhe same duantity demanded. -A ﬁhange in consumer tastes and prefer-
ences toward beef would be reflected by a changed price flexibility
COeFfiéient,. For example, if many szstifutes for beef were acceptable
to consters, the prfcé flexibility coefficient would be more price
inflexible, describing a flatter portion of the démand curve. . The
inflexible price flexibility coefficient would change price less than one
percent from a given one percent change in quantity; thus, the change in
consumer surplus would be relativeiy small.

The price of beef and tdtal expenditure of a household for béef
are small relative to the household income, Eut a sizeable increase in
the price of beef would make it economica]?y 1ess useful and curtail
quantity consumed. With less quantify consumed, thé price would rise and
the intersectfon of price and quantity would be established more toward

the upper end of the demand curve in a more price inflexible region. The
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effect of the more inflexible pfice flexibility coefficient wouid-ge then
toidecrease the change in-conggmer surpius generated by a given change in
quantity. | |

| Thus, policymakers contemplating changeé in land usage, as In
this case from cattle grazing lands to outdoor recreation lands in
Arizona, should be concerned with the brice fieXibiiity estimates. |If
.the-price fiexibiiity is very fiexib]e (Pf > [1]) and the relative share
of Ariéona beef is increasigg,_the loss of consumer surplus benefits will
be Vgry high; On the other hand, if the Arizona share of beef is
decreasing; the impact on the consumer surplus will be smaller and alter-

native land uses could be implemented.

Conclusion

This study describes a means to generate comparabie‘vaiues of a
land résource used in two independent production activitiegg Thé
activities aré assumed indgpendent since the product-prodﬂcf relationship
or transformation function for the aftainabie products from the resource
remain unsolved. The method, therefore, does not prescribe the optimum
combinatioﬁ of products to produte, but rather describes the values of
the activities in an ''as is" situation to the consumers of the activities.

The empirical estimates are comparisons of values for.beef cattle
'prodgction and outdoorvrécreation'activities; The results show rela-
tively high values for outdoor recreation activities close to heavy popu-
iatiog centers where the demand is great. The cattle values are greatest
in regions of éxtensive cattle grgduction. For exambie, the per square

miielconsumer_surpius values in Region 5 (see Table 10), which contains
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.Phoenix, are $815-966 for catt]g production compared to recreation values
of $1,115 for all hﬁnting activities and $5,482 for all outdoor recrea-
tion aétivities° The per square mile values for Region 7, thé south-
eastérn area of Arizona where the productivity of the rangeland for
catt]é production is high and the nearby population density is low, are
$1,214-1,812 fbr cattle production compared to $346 for é]l hunting and
$797 for all recreation activities. o |

When producef éurpIUS»Values for beef produétion are added to the
consumer surplus values, the lands appear even more valuable for cattle
production relative to outdoor recreation (see Table 11). However, from
- a distributional point of view, producer §urp]us valués only accrue to a
]imifed number of people, and possibly should not be given equal weight.

The valueS'df land use in the production of two prqducfs have
“been estimated. Howevér, tHe land base produces Other products, such as
timber and water. Thus, before extensive change of land use is con-
~sidered, all comparative product values should bé explored. This study

. provides a reasonable framework to do so.
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