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DEMAND THEORY: TIME ALLOCATION
AND OUTDOOR RECREATION

by

Robert R. Wilson*_’

I. INTRODUCTION

The concept of demand has evolved through the centuries, en-

riched by the naéﬁrai—vaiﬁé, éxchange—value controversy.and the
diamond, water pafadox of the classicists (11), the intuitivé
insights of Marshall, (8) and the matﬁematical rigor of Slutsky (10)
and Hicks and Allen (6). These developmenfs 1e& to tﬁg conceptuali-
zation of a'demand function éé:a solution function t§ a éonstrained
extremum problem (5, 6, 9,-l®.

This éohtempofary theory seems to apply‘rather well to many
textbock examples. Co;moditiés to which it seems particularly in-
applicable include those thaﬁ require a high degree of.consumer
assembly (i.e., may ﬁot be purchased in a simple package) and those
that entail the expenditufe of blocks of time. Léisure activity
is a class of commodities possessing such difficulties.

The famous letter of Professor Hotelling (7) and the "Clawson

" Model" (4) were apparent attempts at applying contemporary theory

to commodities with a high degree of consumer assembly and éignifi—
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cant time requirements. Both suggestedAthe use 6f travel distance
or distance of the facility from the résidence of the consumer as
a surrogate for reéreation prices.

Burt and Brewer (2) have carried forth this suggeétion by
generating a method of empirically computing direct recreational
benefits. Burt and Brewer computed consumer's surplus by using
distance to the recreational site from the residence as a surrogaﬁe
for the price of a visit.

This paper presents a comparative summary of serral exten-
sions of contemporary theory that investigate ;esfrictions imposed
by available time and the assembly of commodities from time and goods.
Some implications of these theories for the evaluation of outdoor
recreation facilities and activities are pointed out. However, tﬁe

evaluation of time is not considered.

II. NAIVE MODELS

A. Contemporary Theory

Contemporary consumer theory assumes the maximization of a
strictly quasi-concave utility function subject to a linear budget
constraint (5, 6, 9, 10) and that goods are purchased with prices

and income determined exogeneously. In symbols,

Maximize U= U(Xl""’xn)

Subject to P.%X, + p,Xx, + «e. + p.x =1
- _ 171 L) nn




The Xyses Xy are regarded as positive flows of commoditiésl/

and the prices p,,...,p_  and income I are non-negative., In case
P > Py a g

2/

certain mathematical conditions hold—", the results presented

are that the demandrfunctions'implied by the first order conditions
for utility maximization are single valued, differentiable and‘homo—
genous of order zero in all prices and iqcome. In addition, the
change in each good with respect to a compensated’ change in its

own price (substitution effect), is negative for all (compensated)
price changes in a neighborhood of the pfice-income point = under
consideration. It is apparent that implied hypotheses about time
allocation and consumer assembly do not arise from such a model,

Since our conference room also doubles as a church chapel, our next

theoretical construct may be even more appropriate.

B. Adam in Eden

The Judeo-Christian tradition has provided us.with a description
of softs of tﬁe compleat outdoor recreationist. It seems that Adam
- was surrounded by.vast abundance of "fruits of nature" in the Garden
of Eden and was ﬁommissioned.to utilize them as he saw fit, with one
well known exception. Since there was no scarcity in tﬁe‘Garden of
. Eden and he was alone there was no exchange. |

It is apparent that Adam's days were of limited length and
that he as with most of us today could experience only a limited

number of the "fruits of nature" at a time. If we suppose that

Adam had a strictly quasi-concave utility function with arguments




as quantities of "fruits of nature'; that he could enjoy "fruits

of natﬁre" one at a time; and that he maximized utility each day
subject to the exhaustion of available time, we could express Adam's
choice problem as follows:

Maximize U= U(xl,...,xn)

Subject to tlx1 + t2x2 + .00 F nxn =T

.the XpseensX in this case are non-negative quantities of "fruits
S
of nature" and the per unit time requirements tl,...tn and length

of day 1 are non-negative and given.g/v The implications of such a

model in terms of '"demands" for '"fruits of nature" are identical to

those for goods in the contemporary model except that time param-

eters have assumed the allocative role of money parameters.

C. Time and Money Allocation with Fixed Proportions

After the creation of Eve, interpersonal utility comparisons
-fesulting in barter arrangemeﬁts came aboﬁt, and increased in inci-
dence as commerce developed following the banishment from Eden.
vThe descendents‘of Adam and Eve, however, must conﬁinue to engage
in the allocation of time.

By defining an activity as a combination of time and goods for
consumption as a unit and assuming that participation in all activi-
ties could be obtained for a fee, the choice préblem of a typical

individual could be specified as

 Maximize U= U(xl,...xn)




n
Subjgct to Epigi =

=1

n
Ztixi

1=1

where X,,...,X_ are positive quantities of consumption activities,
1° n P q P

the p, are prices or fees paid to participate or wages received for
i P

participating in activity i, I is a residual wealth parameter, ti

is a ﬁarameter representing the units of time required to produce
one unit of Xgs T is the length of planning period. Note that each

4/

L > 0 because x, is an activity.— This model, its implications

i

and its origins are reviewed in Wilson (13, 14).

III. A MORE REFLECTIVE MODEL
‘A review of "naive" consumer models has focused attention upon
time allocation. However, it will be useful to pursue a more
éomprehensive model that may better reflect.the décision processes
of a consumer. In the present sectiﬁn a refinement and generaliza-
tion of the naive models will be made through-alteration of certain

of the functiomns.

A. Time and Money Allocation with Variable Proportioﬁs

The linear time constraint with fixed coefficients in previous

models may be altered to allow both fixed and variable time propor-

tions in the production of activities.éj Furthermore, relation-




ships associated with certain parameters in the implicit production
function may be derived and interpreted. The spgcification is as

follows:

Maximize U= U(xl,...,xn)

Subject to F(Zl""’zn’yl""’ym’vl""’vn’sl""’sr"%_"'Ym )=0

w, +zi, i=1,...4n

where xl,...,xn are work and consumption activities with wl,.,.,wn
purchased and ZyseeesZy produced; Yqseeesy are goods; Qyseessq
and Pyse+»P  are exogenous prices of purchased activities and

input goods respectively; SpreeesS_ and Y ...Ym are exogenous

1

production parameters; tl,...,tn are exogenous time coefficients for

purchased activities; Vysee.V are variable non-negative endogenous

time inputs for the produced activities and I and t are as defined‘
previously.é/

Under appropriate conditions, the first-order Lagrange conditions
for this problem may bé solved for each of the variables Z1seee2
ﬁl,;..wn,yl,..;ym,vl,...vn to obtain 1§cally differentiable gener-
alized demand and supply functions dependent on the parameters s

7/

seesSos Yi... Yéql"°"qn’pl""’pm’I’ tif"" tn andlr.~

1’
The 3n+m




generalized demand and supply functions are all homogeneous of degree zero
in the money parameters ql,...,qn,pi,...,pm; aﬁd I. However, all
of them cannot be homogeneous of degfee zero in the time parameters.g
Certain points should be noted about‘the functions obtained
from the first order éonditions. The produced activities dq not
possess market pfices, but their generali?ed demand functions are
~well defined and‘depend on the other prices and parameters.' Further-
more, the prices in the system are all attached to either inputs or
purchased activities. Time, as a variable factor input in the pro-
dugtion of an activity, behaves.as a good in that a generalized
derived demand function for its use in each activity isvdeduced.
However,vfhg different time demands do not have associated market
prices.
The production parameters si,...,sr have an intereéting inter=-
.pretation in the case of outdoor recreation. Amﬁnést ﬁhese pafam—
~eters are included such items as the minimum distance that must be

- traveled if a particular recreation site is to be visited (an

‘activity). The actual travel distance is an activity jointly

demapded'with the site visit. Also included as parameters would

' be ﬁhe ﬁinimum';equired values of travel time, total travel expendi-
ture,'fqtal time expenditure, total expenditure, outfittiﬁg expendi-
ture, etec. Such produétionlparameters are obviously exogenoﬁs, but
the actual levels chosen in the alloca;ion process for these items

are either endogenous activities or activity total costs, as the




case ﬁay be. Neither the production paramete;s nor the values of
related activities nor their total costs in monéy or time would
appear to be surrogates for‘prices for produced activities on
theoretical grounds.

Another set of parameters arising from the production relation-
ships, Yl""’Ym nave found their place iﬁ recreation demand analysis.
These parameters are related to the latent demand hypothesis.(15),
attraction hypothesis ( 12 ), or.learning—by—doing hypothesis ( 3 ),
as it has been variously termed. Regardless of tﬁe terminology,
the gravi£y model ( 12 ) and the econometric studies ( 3 , 15 )
employ recreation production input (supply) pérameters in the "demand"
relationships. An attempt will be made to rationalize such pro-
cedures and demonstrate their consistency with time allocation
demand theory. 1In a period sufficiently short to have relevance in
a consumer's time allocation process, it Qould sgem'reasonable to
regard the existing stocks of recreational facilities, environmental
attributes (crowding, quality, etc.) and the degree and diversity
of recreational development as parameters. These facility input
supply parameters would then represent constraint,paraméters for
the aggregated production of recreation by all consumers recreating
in a giveﬁ geographic region. As the cbnsumer performs his utility
calculus, these parameters could enter his computations as parameters

in his recreation production function that reflect his knowledge of

aggregate behavior. That is, they might be viewed as micro-surrogates

for macro-<onstraints on aggregate recreation produc;ion, thus they

logically would appear as parameters in the generalized demand functionms.




It has been shown in Wilson (13, 14) tha£ the compensated
rates of change of demands for activities and production inputs
with respect to their own money and time parameﬁers are negative,
These rates of change‘providé a set of hypotheses to be tested in
empirical demand investigations. The algebraic.signs of compensated
rates of change of activities or inputs with respect to other
paramgters cannot be deduced. As in contemporary'consumer behavior
theory, uncompensated rates of change may be positive, zero or neg-
ative, depending on the magnitﬁde apd direction of the residual
wealth effects and time effects in tﬁe Slutzky equations. In addi-
tion, it is not generally possible to deduce the algebraic sign of
either the compeﬁsated or the uncompensated rates of change in the
total activities Xy (sum of purchased, Wes and produced, zg, activities)
with respect to changes in any of the parameters. These qualitative
results correspond closely with those of contemporary theory.
| Knowledge of the production fundtiop F should allow derivation

of certain of the rates of change in produced activities 2,5 goods

yi, and variable time v

1 with respect to the own price of goods Py
Thus, hypotheses about the system of demand functions may be more
~ completely developed than in models discussed previously. In case
a new recreation facility does not provide the capability for new
activities the facility effects only the constraints in the problem

- in known ways and does not disturb the utility relationship. Changes

in demand parameters for goods and time inputs in this case can be




deduced from the changes in the production function. Directions of

changes in activities are not usually deducible. All other proposi-
tions deducible from the fixed proportions model are also deducible

for this model (13, 14).

It should be mentioned that with produced activities such as
recreation, the activity quantities may be measured in amounts of
time spent. In such circumstances, the fixed time parameters will
be equal to 1 and the variable time for such an activity will be
identical to the‘quantity of activity., For activities measured in
time units, demand functions for associated time inputs will be

redundant.

D. Examgle

Suppose that the typical consumer has available to him three

activities, working x,, dining x,, and recreation x He may obtain

1’ 2? 3°
recreation in either of two ways; by the purchase of a fixed recrea-
tion package Wq, OT by production of recreation, utilizing variable
amounté of a services recreation facility y and time v. The pro-

duction parameter d might represent distance to the facility, while

Y might represent the size of the facility and e a positive constant,

The consumer's choice problem is characterized as follows:
P .

Maximize U= U(Xl,XZ,XB)

Subject to
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where it is assumed that Py, = 0.

The Lagrangean function .

L= U(xl,x ,w, + 23) + A(av2 + Byz -cvy - d - z3Q + eY

2273

+ y(plxl + P,yX, + Pa¥q + pyy)

+ 6(t1x1 + t2x2 + t323 + v -1)

yields first order conditions for a relative constrained maximum of
U which, under certain conditions, may be solved for X15%9sWqsZgs
Y,V,A,Y,8, in terms of the parameters a,b,c,d,e,Y,pl,pz,p3,py,tl,
tz,t3 and T. The solutions (generalized demand or supply functions)
may be expressed %s:

Vi =h .(a,b’cad’e’¥:pl»p2’p3spystlstzstBsT)’ fo? i= 1:---59-_

The demand (supply) functions hi are each differentiable, unique

and homogeneous of degree zero in the prices pl’p2’P3’ and py pro-

vided that U is strictly quasi-concave. They are not homogeneous in
a,b,c,d,e‘and ¥ ror tystysty and-T.

The demand function for x4 is w3+ h4. Its rate of change cannot
be deduced for compensated changes in Py orzpy.

The sign and magnitude of certain of the compensated and un-
compensated rates of change in demand can be deduced.

It should be noted that public and private policy makers could

contrbi Y, the quantity (stock) of a facility on hand and manipulate




it at their will, Similarly, py could be manipulated.

IV. DISCUSSION AND CONCLUSIONS

Consumer behavior theories have been summarized and some
relevant implications pointed out. The variable proportions time
allocation model appears to describe the manner in which activities;
goods and variable time inputs are related to prices and other known
money, time, and production parameters. It has intuitive appeal as

5
a decision framework representing consumers of outdoor recreation.,

There should be little doubt concerning the meaning of a demand
function for a produced activity. Such demand functions are well
defined whether or not thé activities.or goods each have money prices
that éan be nonzero. The demand functions ha§e,as arguments all
péramcters in the problem,

If an activity is both purchaéed and produced the price of the
activity as purchased does not hold an equi?alentvrelationship to
the activity as produced and to the total of purchased and produced.
This is evidenced by the indeterminateness in the response of the
produced activity and consequently, total activity to a change in

the purchase price. Thus, purchase price may be no surrogate for

a money price for a produced activity. Similar statements may be

made about time parameters.
Recreational facilities are themselves physical inputs for which

a derived demand function is obtainable. In the event that the




facilities are public goods they are often accorded zero prices by
fiat. The application of contemporary theory to recreational
problems has led to a lack of appreciation for the distinct roles
of facility inputs and activity outputs. Indeed, none of the models
provideé insight into possible surrogates for prices for the use
of non-priced recreational facilities or accivities.2

It has been suggested for many years (7), and again reéently

(2) that a proper surrogate for the price of a recreational facility

(input) or facility visit (activity) paid by a visitor might be the

distance from the residence of the visitor to the recreational
site. Confusion exists, of course, as to whether this distance
should be accorded as a price to the visit or to thg facility. The
variable proportions time allocation model puts this problem in
focus. The‘distance from the residence to the recreational site

is a parameter in the production of activities from a facility. As
such, it is a parameter in the consumer;s demand function both for

_ the facility and for activities associated with it.

There is no evidence that distance is properly a sufrogate for:
price except that as distance diminishes, one would expect both the‘
~ amounts of activities and facility use to increase via time substi-
tution. The distance parameter may be viewed as a lower bound for
recreational travel, an activity demanded‘jointly‘with activities
at each recreational site. Travel cost is the total cost of the recre-

ational travel activity.




Samuelson (9) has pointed out that consumer's surplus as
a toolvfor the measurement of welfare is both superfluous to the
apalysis and expressible in at least a half dozen mﬁtually iﬁcon-
sistent forms in contemporary theory. Burt and Brewer (2), on the
other hand, accept these shortcomings and point to the usefulnesé
of such a measure, It appears that éuch positions are justified
for commodities for which contemporary theory appears adequate.
Such commodities are purchased rather than produced, have pPrices
with a nonzero range, and have minimal time allocation effects. At
present there has not been developed a companion coqsumer's surplus
theory for the variable-proportions time-allocation demand theory.
.Therefore, any rélationsﬁip of the quantities computed by Burt
and Brewer (2) to utility changes is unknown and, furthermore, may
.be coincidental.

The point cannot be overemphasized., The computation of recre-
étional benefits as consumer's surplus by using distance or total

travel cost as a price may have been intuitively appealing to

Hotelling (7), Clawson (4) and Burt and Brewer (2) but its meaning

is at best nebulous and at worst, nonsense. Such ﬁeasures were
suggested before a sufficiently reflective demand theory was devel-
oped, and now appear spurious. With an appropriate demand theory

ét hand it is now apparent fhat there is no companion theory of con-
éumer's surplus for pro&uced activities. At sucﬁ time as economic
thedry provides a consumer's surplus framework for produced activities,

the benefits question may be settled.




The variabie proportions time allocation‘theory provides
a rationale for the use of supply variables in a demand function.
Aggregate stocks of gdqu or recreétion facilities might appear as
parameters in the individual Consumef's production function as indi—
cators of perceived productivity. As production function parameters
they appear as paraméters in the generalized demand functions. Such
supply stocks as demand parameters then could be éxtremely useful
instrﬁments in a public planning process.,

Such a public planning process might be easily conceived. A
possible objective fuﬁction to optimize that might be regarded as a
surrogate for a social welfare function might be aggregaated recrea-
tion activity demand. Such a funétion could be optimized using as
contfols changes in the aggregate supply stocks; and subject to

public budgetary limitatations. This procedure could be used until

there is available some defensible method of estimating benefits to

recreation investments.
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FOOTNOTES

1/ e .

— In case non-negativity is assumed, the existence of solu-~
tions may always be mathematically assured by using the Kuhn-Tucker
" theorem. Similarly, inequality in the conststraint may be easily
handled. :

2/

~' Mathematical conditions include strict quasi-concavity of the
utility function and continuous first and second order partial der-
divatives of the utility and constraint functions.

3/

=’ Others, notably Becker (1), might assume several kinds of

time. This assumption would only replicate the time constraint for
each kind: for example; daytime, night-time, weekday, weekend, holiday
etc.

4/ The utility function is defined for a specified planning
horizon t. Changing T implies changing U so that questions as to
changes in the optimum implied by changing T may not be well posed.

5/

=" The assumption that activities are consumed one at a time
is retained. '

.. 8/ Mathematically the utility function U is strictly quasi-
concave. All functions possess continuous first and second-order
partial derivatives.

7/

— Solutions will not exist in general using the Lagrange method
for nonpositive variables. Here it is assumed that all variables
are positive. Solutions for cases in which some of the variables -
have zero values may be obtained using the Kuhn-Tucker theorem. Sol-
utions similar to these for the Lagrange multipliers A ,y, and § can
also be obtained.

8/

—' Statements about homogeneity in s seeesS and'Yl,... Ymdepend :
on the form of F as in the time COnstrain%.

8/ Indeed, the demand functions are well defined without some
prices. The question of proxies for prices arises only with respect
to the computations of benefits via consumer's surplus. Since at
this point there is little reason to suspect that the conventional
consumer's surplus approach is applicable, it may.be that the ques~
tion of proxies for prices is irrlelvant.










