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CONSUMPTION OF GOODS AND RECREATIONAL TIME:
AN APPLICATION TO PICK-YOUR-OWN FRUIT
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This article develops a structural econometric consumer demand model for goods, which have time
and monetary costs, and where time spent obtaining the goods also enters into the utility function. The
model is used to analyze customers’ decision to buy pick-your-own versus preharvested strawberries
at North Carolina pick-your-own fruit operations. The analysis distinguishes the effect of time as a re-
source constraint and time that provides utility. Demand for strawberries sold at the operations is price
elastic, and demand for pick-your-own strawberries is less price elastic than demand for preharvested
strawberries.
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Traditional economic models of consumer be-
havior assume that the demand for goods orig-
inates from an optimization problem where
consumers maximize utility from the consump-
tion of goods subject to a monetary budget
constraint. The joint effects of time in the util-
ity function and as a resource constraint (time
constraint) have not received much attention
in the context of demand for goods. Simultane-
ous consideration of these aspects has mainly
been restricted to the areas of environmental
and transportation economics.

Two constraint models of consumer behav-
ior without time included in the utility func-
tion have received some attention in the eco-
nomics literature (e.g., Larson and Shaikh
2001; Hanemann 2006). In these studies, only
quantities of the commodities consumed de-
termine utility and time spent acquiring (con-
suming) the goods does not provide utility. In
an earlier theoretical article, DeSerpa (1971)
included time in both the utility function and
as a constraint on consumer choice and de-
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rived some comparative statics of the problem.
DeSerpa’s work has been mainly used to ana-
lyze travel consumer behavior (e.g., González
1997).

In this study, we develop a fully structural
econometric consumer demand model for sit-
uations in which the goods consumed have
time and monetary costs, and where time
spent consuming/obtaining the goods also en-
ters into the utility function. This framework
allows modeling the choice between different
types of a good and the quantity of the good
to buy. This model of consumer behavior is
an extension of Hanemann’s (1984) work on
discrete/continuous choice modeling. Hane-
mann’s (1984) model is extended in two ways.
First a time constraint is added to the model,
and second, time is also included into the utility
function.

In the empirical part of the article, the struc-
tural econometric model is used to estimate
demand functions for customers visiting pick-
your-own (PYO) fruit operations, where cus-
tomers choose between harvesting fruit and
buying preharvested fruit from the PYO oper-
ations. This application seems quite appropri-
ate for the model because of the joint nature
of consumption of goods and time, where time
spent picking fruit provides utility to the con-
sumer. In the context of the PYO fruit appli-
cation, this model is able to explain the type of
fruit chosen by the household, and explain the
quantity of fruit purchased. The choice margin
we focus on is the decision to buy PYO fruit
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versus preharvested fruit.1 We also derive a
procedure to calculate the price elasticities of
the total amount of fruit sold at the farm using
the estimates of the price elasticities for PYO
and preharvested fruit.

There are other situations where the model
can be used. For example, there are several
types of community-supported agriculture ar-
rangements where consumers commit both
time and money to obtain products from the
farm being supported instead of buying prod-
ucts from the grocery store. In this context, the
time spent on the farm is not only an input in
the production process but can also be seen as
an experience attribute. From a larger perspec-
tive, this type of model allows us to explore the
value that consumers place on the farm experi-
ence. Therefore, farmers can add value to their
products not only through processing but also
if they are able to attach to their agricultural
products some recreational/experiential value.

Theoretical Framework

The model of choice used for the theoreti-
cal framework assumes that utility is random
(Hanemann 1984). Random utility can be mo-
tivated by the fact that although the utility
function is deterministic for the consumer, it
contains elements that are unobservable to the
investigator. Utility is defined over the quan-
tity of the goods, time spent obtaining the
goods, and the consumer’s perceived quality
for each of the goods. The inclusion of time
into preferences is the first novel characteris-
tic of this model. The utility function is defined
over two goods. The first good is available in
R alternative forms, which can represent dif-
ferent varieties of a product. The second is a
numeraire. The utility function has the follow-
ing form:

u(x, z, o, Tv, �, b, s, ε)(1)

where � = [� 1, � 2, . . . , � R] is a R-dimensional
vector and � i represents the consumer’s eval-
uation of quality for the ith alternative, x =
[x1, x2, . . . , xR] is a R-dimensional vector and
xi represents the quantity of the ith variety
of the first good, z represents the quantity of
a good numeraire, o represents the quantity
of a time numeraire, Tv = [T1, T2, . . . , TR] is
an R-dimensional vector and Ti represents the
time spent obtaining the ith variety. The vector

1 Data limitations preclude us from studying households’ partic-
ipation decision to visit or not visit the operation.

bi = [bi1, bi2, . . . ,biH] is an H-dimensional vec-
tor defining H different dimensions of quality,
where bi1 is the amount of the hth character-
istic associated with a unit of consumption of
variety i. The R-dimensional vector ε = [ε1,
ε2, . . . , εR] is a random vector representing the
unobservable characteristics of the consumer
and/or attributes of the commodities. Finally,
s = [s1, s2, . . . , sL] is an L-dimensional vector
with observed characteristics of the consumer.

The consumer’s problem is to choose x, z,
and o to maximize utility subject to a budget
constraint and a time constraint:

R∑
i=1

pi xi + z = y(2)

R∑
i=1

Ti (xi ) + o + Tw = T(3)

where y is income, Tw represents the number
of hours worked, and o the time numeraire. If
�M is the Lagrangian multiplier correspond-
ing to the monetary budget constraint (2), �T
is the Lagrangian multiplier corresponding to
the time constraint (3), and the total amount of
time required to obtain each variety Ti is a lin-
ear function of the amount obtained (Ti(xi) =
tixi) then the parameter � = �T / �M can be de-
fined so that the two constraints can be merged
into a single constraint as follows:2

R∑
i=1

�i xi + k = I(4)

where �i = pi + �ti, k = z + �o and I = y + �T.
Notice that � corresponds to an endogenously
determined value of time since both �M and
�T are functions of the endogenous variables.

In order to develop a structural econometric
model of variety choice, specific assumptions
regarding the functional form of the direct util-
ity function and the distribution of the errors
are necessary. The following utility model is
used:

u(x, k, Tv, �, b, s, ε)

= u∗( ∑
xi , k + ∑

� i (bi , s, εi )xi + �Ti
)

= u∗( ∑
xi , k + ∑

(� i (bi , s, εi ) + � ti )xi
)

(5)

2 Mathematically the two constraints are merged into one con-
straint by multiplying and dividing the second constraint by �M
and replacing � = �T / �M by �.
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where u∗ is a bivariate utility function. Max-
imization of (5) subject to (4) leads to a cor-
ner solution where only one of the varieties is
selected.3 Equation (5) extends Hanemann’s
model to include the time spent obtaining the
ith variety as a variable in the utility function.
In this model � is a parameter that measures
the effect of time in the utility function.

Given that the consumer has selected vari-
ety j, the conditional direct utility function is
ū j (x j , � j , t j , k) = ū j (x j , k + (� j + � t j )). Con-
ditional ordinary demand functions and the in-
direct utility function associated with ū j can be
obtained by solving the following conditional
maximization problem:

Max ū j (x j , k + (� j + � t j )x j ) st. x j �j + k = I

(6)

Defining Z = k + (� j + � tj)xj, substi-
tuting back into the utility function, and
adding and subtracting (� j + � tj)xj in
the budget constraint, problem (6) can
be rewritten as: Max ū j (x j , Z)st.x j �j + k +
(� j + � t j )x j − (� j + � t j )x j = I or Max ū j (x j ,
y) st. x j [�j − (� j + � t j )] + Z = I . The so-
lutions to this maximization problem have
the form: x∗

j = xj(�j − � j − � tj, I) and
Z ∗ = (�j − � j − � tj, I) and therefore the condi-
tional ordinary demand functions and indirect
utility functions associated with ū j are:

x̄ j (�j , � j , t j , I ) = x̄ j (�j − � j − � t j , I ),(7)

v̄ j (�j , � j , t j , I ) = v̄ j (�j − � j − � t j , I ).(8)

Because v̄ j is decreasing in �j, it follows from
(8) that the single variety selected is the one
for which �j − � j − � tj (i.e., quality-time effect
adjusted full price) is lowest. In equation form,
alternative j is preferred to alternative i if

�j − � j − � t j < �i − � i − � ti ,

∀i = 1, . . . , R, and i �= j.

(9)

The function � j can be viewed as an index of
the overall quality of the jth variety. This index

3 In the sample most of the customers purchased one variety but
there were a few that behaved differently. Out of 1,701 observa-
tions, two customers did not buy any type of fruit and eighteen
bought two types of fruit. Given the small proportion of customers
buying both types of fruit or none of them, we drop these observa-
tions for the analysis and use the model where the customers only
choose one type of fruit.

depends on the quality characteristics of the
variety bj, the characteristics of the individual
s, and the error term εj. Assume the function
� j has the form

� j (b j , s, ε j ) = � j + �′b j + �l
′s + ε j ,(10)

where �j, � and � l are parameters.
By substituting (10) into (9), and rearrang-

ing terms we can rewrite the condition speci-
fying the choice of the jth alternative as:

� j + �′b j + �l
′s + � t j − �j + ε j

> �i + �′bi + �l
′s + � ti − �i + εi .

(11)

Denote Prj as the probability of selecting vari-
ety j, and define 	j = �j + �′bj + �l

′s + � tj
− �j. Then Pr j = Pr(εi < ε j + 	 j − 	i ). The
functional form of Prj depends on the distri-
bution of the εj’s. If the εj’s are assumed to be
multivariate normal with mean zero and some
covariance � ≡ {
ij}, then Prj becomes an R-
1 multivariate probit model. Denote the R di-
mensional multivariate normal density of the
εj’s by �T(.; m, Σ) and the corresponding c.d.f.
by 	T(.; m, Σ), where m is the corresponding
mean vector and Σ is the variance covariance
matrix. In this study only two varieties (types
of goods) are considered, therefore the choice
probability for the two good case takes the fol-
lowing form Pr j = 	1(	̄ j − 	̄i ; 0, 1) j = 1,2; i =
1,2, where 	̄ j = 	 j/w

1/2
i j , 	̄i = 	i/w

1/2
i j , wji = 
2

j

+ 
2
i − 2
ij.

In order to develop formulas for the prob-
abilities of the continuous choices, we need a
specific functional form for the conditional in-
direct utility function (8). The following model
is selected (Hanemann 1984):

v̄ j (�j , � j , t j , I ) = −e−�I

�
+ 

�
e−�(�j −� j −� t j ),

 > 0, � �= 0.

(12)

The parameters � and � are the income and
own-price elasticities. Using Roy’s identity and
the definition of the 	j’s, the demand function
corresponding to (12) is

x̄ j (�j , � j , t j , I ) = e�	 j +�I e�ε j .(13)

Given the distributional assumption about the
errors, the density of x̄ j , fx j |ε∈A j (x) can be de-
rived. The conditional mean quantity of vari-
ety j demanded can be obtained by integrating
the density of x̄ j , or from (12) using the mean
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and generating functions of a truncated nor-
mal distribution (Hanemann 1984). For esti-
mation purposes it is more convenient to work
with the mean of the conditional distribution of
ln(xj):

E
{
ln(x j )|ε ∈ A j

} = ln  + �	 j + �I

+ � E
{
ε j |ε ∈ A j

}
= ln  + �	 j + �I

− �� j [�1(	̄ j − 	̄i ; 0, 1)/	1(	̄ j − 	̄i ; 0, 1)]

(14)

where � j = Cov (εj, εj − εi) = (
2
j − 
ji)/wji.

The density of the unconditional demand func-
tions can be written as follows:

fx j (x) =
{

1 − Pr j , x = 0
Pr j fx j |ε∈A j (x), x > 0

(15)

The mean of the unconditional demand func-
tion is

E[x j ] = Pr(x j = 0)E[x j |x j = 0]

+ Pr(x j > 0)E[x j |x j > 0]

= (1 − Pr j )0 + Prj E[x j |ε ∈ A j ]

= Pr j e�	 j +�I E
{
e�ε j |ε ∈ A j

}
= Pr j e�	 j +�I e�2
2

j /2[	1(	̄ j − 	̄i − �� j ;

0, 1)/	1(	̄ j − 	̄i ; 0, 1)].

(16)

Equation (16) shows that the mean uncon-
ditional demand function for the ith type is
the product of the probability of buying that
type times the mean of the conditional demand
function. This equation can also be used to cal-
culate marginal effects and elasticities of the
explanatory variables on the mean uncondi-
tional quantity demanded.

In summary, in this section we have
used Hanemann’s (1984) discrete/continuous
choice modeling approach to derive empirical
demand equations consistent with a consumer
choice model with time in both the utility func-
tion and as a constraint on consumer choice.
By a suitable choice of the economic and sta-
tistical models we show that the time param-
eters of the empirical models for discrete and
continuous choice consumers’ decisions have a
direct economic interpretation. In contrast to
DeSerpa’s (1971) work, our approach is a cor-
ner solution model that results in estimable de-
mand equations. Finally, the derived demand
functions (7) and indirect utility functions (8)

differentiate the effect of time as a resource
constraint forming the full price of the good
�i = pi + �ti and the effect of time in the utility
function � ti.

Derivation of Elasticities for the Aggregate
Good

The model presented in the previous section
allows estimating own price effects for each of
the varieties of the good under study. To derive
the equations for the own price elasticity of the
aggregate good we follow Deaton and Muell-
bauer (1980, p. 121) and consider a three good
model in which the prices of the two varieties
under study move in proportion (the results
applies for more than two varieties). Consider
the three prices p1, p2 and p3 and assume that
p1 and p2 bear some fixed ratio r to some base
period prices p1

0 and p2
0. Therefore, p1 = p1

0

r; p2 = p2
0 r.

If the composite commodity is defined as
Q = p1

0x1 + p2
0x2 which uses the fixed base-

period prices as the weights, then r can be
seen as the “price” for the combined group.
This is because only r is allowed to change
whereas the ratio p1/ p2 remains fixed at po

1/po
2.

Hence a change in the price of the aggre-
gate commodity equals: ∂ Q

∂r = po
1

∂x1
∂r + po

2
∂x2
∂r .

Expressions for ∂x1
∂r and ∂x2

∂r can be obtained
from the estimated demand equations x1 =
D1(p1, p2, p3, ..) and x2 = D2(p1, p2, p3, ..).
Therefore it can be shown that the elasticity
for the aggregate commodity Q equals:

N = ∂ Q

∂r

r

Q
= po

1 x1

Q

(
∂x1

∂p1

p1

x1
+ ∂x1

∂p2

p2

x1

)

+ po
2 x2

Q

(
∂x2

∂p1

p1

x2
+ ∂x2

∂p2

p2

x2

)

N = W1 (E11 + E12) + W2 (E21 + E22)(17)

where the Wi
′s are the expenditure shares, Eii,

i = 1, 2 are the own price elasticities and Eij,
i = 1, 2; j = 1, 2 are the cross price elasticities.
Without loss of generality, for the calculations
we assume a value of r = 1.

Data

The data were collected from a consumer sur-
vey conducted by the North Carolina Straw-
berry Association in cooperation with the
North Carolina Department of Agriculture
and Consumer Services, and the Department
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Table 1. Summary Statistics of Characteristics of Customers Visiting Pick-Your-Own Fruit
Operations in North Carolina

Pick-Your-Own Prepicked
Strawberries Strawberries

(PYOS) (PPS) All
Variable Customers Customers Customers

Number of customers 502 511 1,013
Price of PPS $/lb 1.39 (0.27) 1.39 (0.27) 1.39 (0.27)
Price of PYOS $/lb 0.87 (0.10) 0.87 (0.10) 0.87 (0.10)
Time PPS min/lb Naa 1.69 (3.20) -
Time PYOS min/lb 4.64 (4.61) Na -
Amount purchased lb 10.88 (8.93) 7.34 (6.48) 9.07 (7.97)
New customers 0.37 (0.48) 0.25 (0.43) 0.30 (0.46)
Age 48.89 (16.25) 53.47 (15.92) 51.22 (16.24)
Miles traveled 14.34 (47.47) 19.52 (50.52) 16.98 (49.09)
Number of members in household 1.11 (1.12) 1.09 (1.09) 1.10 (1.10)

working more than 40 hours
Number of members in household 0.37 (1.37) 0.18 (0.46) 0.27 (1.01)

working less than 40 hours
Retired people in household 0.48 (0.78) 0.61 (0.96) 0.55 (0.88)
Current residence in urban area 0.50 (0.50) 0.46 (0.50) 0.48 (0.50)
Residence of parents in urban area 0.38 (0.48) 0.37 (0.48) 0.37 (0.48)
Eastern region 0.25 (0.43) 0.52 (0.50) 0.39 (0.49)
Central Region 0.37 (0.48) 0.11 (0.32) 0.24 (0.43)
Western Region 0.38 (0.49) 0.36 (0.48) 0.24 (0.43)
Visit during weekdays 0.76 (0.43) 0.74 (0.44) 0.75 (0.45)
Income ($10,000) 53.69 (30.65) 56.90 (32.51) 55.46 (31.65)

Note: Numbers in parenthesis are standard deviations.
a Na indicates “not available.”

of Agricultural and Resource Economics at
North Carolina State University. The survey
was conducted at direct market strawberry op-
erations throughout the state during the spring
of 1999. Each operation offered customers two
options for buying strawberries: they could ei-
ther pick their own strawberries (PYOS) from
the growers’ field or they could buy prepicked
strawberries (PPS) at the grower’s fruit stand.
A total of 1,701 customers were interviewed.

Table 1 presents the summary statistics of
the survey data. Slightly more than half of
the customers (51%) bought PPS, while 49%
bought PYOS. On average, PPS customers
paid 52 cents more than PYOS customers.
However, PPS customers spent only one-third
of the time at the farms that PYOS customers
did. The average customer traveled 17 miles,
and was fifty-one years old. About half of the
customers lived in rural areas (52%). A more
detailed description of this survey can be found
in Safley, Wohlgenant, and Suter (1999).

The Income Variable (y)

The survey reported income in intervals (dis-
crete) form rather than continuous form.
Transforming the data from discrete to con-
tinuous saves degrees of freedom in the esti-

mation and facilitates the interpretation of the
marginal effect of income. A procedure devel-
oped by Stewart (1983) was used to transform
the variables.

Opportunity Cost of Time Variable (�)

The opportunity cost of time variable was con-
structed by multiplying the per minute wage
(wg) times minutes per pound spent (t) in the
operation (�t = K.wg.t). To calculate the per
minute wage, a total of 1,841 hours of work
per year was assumed (OECD 2007). There-
fore, the parameter estimated (K) in the pro-
bit model can be interpreted as the propor-
tion of the wage at which people value time.
To take into account the fact that the oppor-
tunity cost of time may differ depending on
the working status of the household members,
variables representing the interaction between
the hourly wage and the working status of the
household members were also included in the
model (table 2).

Estimation Procedures

The estimation procedure section is divided in
two parts. The first part presents an estimation



Carpio, Wohlgenant, and Safley Joint Consumption of Goods and Recreational Time 649

Table 2. Maximum Likelihood (ML) Estimation of Structural Parameters of Discrete Choice
(Probability of Buying Pick-Your-Own Strawberries)

ML Boot. ML Boot.
Std. Std.a Marginal Std. Std.

Variable Parameter Errors Errors Effects Errors Errors

Intercept −4.040∗∗∗ 0.704 1.382
Price (ppyo-ppre) −5.134∗∗∗ 1.001 1.824 −1.543∗∗∗ 0.399 0.504
Opportunity cost of

time (OCT)
(wg.tpyo)

−0.213∗ 0.137 0.167 −0.064∗ 0.055 0.050

OCT (wg.tpyo) x
number of
members in
household
working > 40
h/week

−0.036 0.025 0.032 −0.011 0.010 0.009

OCT (wg.tpyo) x
number of
members in
household
working < 40
h/week

0.074 0.041 0.068 0.022 0.016 0.019

OCT (wg.tpyo) x
number of retired
people in
household

0.019 0.033 0.052 0.006 0.013 0.015

Time (tpyo) 0.778∗∗ 0.225 0.480 0.234∗∗ 0.090 0.146
Time2 (tpyo

2) −0.065∗∗ 0.019 0.038 −0.020∗∗ 0.007 0.012
Income ($10,000)

(y)
0.067 0.056 0.072 0.020 0.022 0.021

West −2.386∗∗∗ 0.290 0.510 −0.717∗∗∗ 0.116 0.137
East −0.421∗∗ 0.164 0.192 −0.126∗∗ 0.065 0.057
Number of males in

shopping party
0.140 0.116 0.159 0.042 0.046 0.046

Number of females
in shopping party

0.274∗∗∗ 0.082 0.098 0.082∗∗∗ 0.033 0.030

Number of children
in shopping party

0.082 0.027 0.343 0.025 0.011 0.097

Urban 0.165∗ 0.093 0.115 0.050∗ 0.037 0.033
Weekday visit 0.216 0.187 0.231 0.065 0.075 0.066
Miles 0.001 0.001 0.002 0.000 0.000 0.001
Traveled > 20 miles −0.140 0.163 0.180 −0.042 0.065 0.052
Number of males in

household
−0.004 0.026 0.098 −0.001 0.010 0.028

Number of females
in household

0.169 0.105 0.150 0.051 0.042 0.044

Number of children
household

0.164∗ 0.069 0.134 0.049∗ 0.027 0.040

Age −0.008∗ 0.004 0.005 −0.002∗ 0.002 0.002
Ben/Lerman R2 0.636
Cramer R2 0.272

Note: One (∗), two (∗∗), and three (∗∗∗) asterisks represent 0.10, 0.05, and 0.01 levels of statistical significance, respectively.
a Standard errors and statistical tests were calculated using the asymptotic covariance obtained using bootstrapping.

procedure for the ideal situation where all the
variables, as outlined in the theoretical section,
are available. The second part shows the pro-
cedure that we followed given the fact that

consumers only chose one type of fruit at a
time and therefore, we did not observe the time
spent buying/picking the type of fruit they did
not buy, which gives rise to a sample selection
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problem.4 Throughout this section PPS is rep-
resented as variety 1 and PYOS is represented
as variety 2.

Estimation with Complete Data

In an ideal situation where all the variables
are observed, parameter estimation of the dis-
crete/continuous choice model can be carried
out using a two-step estimation procedure. In
the first step, the parameters of Pr1 and Pr2
are estimated using maximum likelihood esti-
mation of the probit model for discrete choice.
This model yields consistent estimates of the
	j

′s and wij(i=1,2; j=1,2). With these estimates
and equation (14) the rest of the parameters
of the continuous choice are recovered using
regression analysis. Using (14) the following
regression models are estimated:

ln(x j ) = ln  + �	 j + �I − �� j

× [�1(	̄ j − 	̄i ; 0, 1)/	1(	̄ j − 	̄i ; 0, 1)],

j = 1, 2; i = 1, 2.

(18)

Using (18) consistent estimates of the param-
eters , � , and � can be obtained using OLS
or nonlinear least squares, depending on the
functional form selected for . The continuous
choice model can also be made a function of
the socioeconomic characteristics of the indi-
viduals by making the parameter  depend on
these characteristics. Since  > 0, an appropri-
ate choice for the parameters is  = exp(�’�),
where � is a vector of parameters and � is a
vector of socioeconomic characteristics of the
individuals.

Estimation with Missing Data

In the empirical model only the time spent
picking the fruit (t2) was considered. The time
spent buying the fruit was assumed fixed for
each operation and it was not included in the
estimated models (i.e., the time spent obtain-

4 As a reviewer indicated, with cross-sectional data and the cor-
ner solution situation, the time missing data problem is endemic.
However, we present the estimation with complete data situation
because researchers applying this model in the future might be
able to obtain a panel data of households selecting each variety
on different occasions hence solving the missing data problem. In
addition, looking at the estimation procedure with ideal data facil-
itates the understanding of the issues involved in the missing data
case.

ing PPS, t1, is assumed zero).5 Since the time
that households spent picking the fruit was not
observed for the entire sample, the procedure
to recover the parameters is more complex.
The multiple-step procedure used for the esti-
mation of the parameters, which is explained
and justified in detail in the next two sections,
can be summarized as follows:

1 Estimate the structural parameters of
the discrete choice probability of select-
ing PYOS (Pr2). In order to estimate
these parameters the following steps are
required:

(a) Estimate a reduced form probit
model for the discrete choice prob-
ability (Pr2). This reduced form
does not include t2 as explanatory
variable.

(b) Estimate a regression for t2 as
the dependent variable and as ex-
planatory variables socioeconomic
characteristics of the individual
and the inverse Mill’s ratio, which
is constructed using the results
from step (a) (to correct for the se-
lectivity problem).

(c) Use the parameter estimates in
step (b) to predict values for the
time spent picking the fruit t̂2 for
the whole sample.

(d) Estimate the structural parameters
for the discrete choice probabil-
ity (Pr2) using t̂2 as explanatory
variable.

2 Estimate the parameters of the condi-
tional demands for PYOS (x2) and PPS
(x1).

Estimation of the Parameters of the Discrete
Choice Probability

As shown in the theoretical section, the prob-
ability of choosing PYO fruit is given by

Pr2 = 	1(	̄2 − 	̄1; 0, 1)(19)

where 	̄2 − 	̄1 = �̄2 − �̄1 + �̄′(b2 − b1) +
�̄2�′

l s + �̄(t2) − (1/w
1/2
12 )(p2 + �t2 − p1), and

the probability of choosing PPS is

Pr1 = 1 − Pr2 = 1 − 	1(	̄2 − 	̄1; 0, 1).(20)

5 A more detailed survey will require exact measures of the times
spent going to the field, picking the fruit, and time waiting in line to
pay for the fruit, and ideally, the time spent by the same household
buying PYOS and PPS on different occasions.
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Since picking times are only observed if the
PYO variety is chosen, these probability ex-
pressions cannot be calculated. To recover the
parameters in (19) and (20) steps (a) to (d) as
outlined in the previous section are required.
The first assumption required for this pro-
cedure is to specify t2 as a linear regression
model:

t2 = X�2 + u2(21)

where X is a vector of explanatory variables,
�2 is a parameter vector and u2 ∼ N(0, 
2

2).
When prices are missing, previous studies

have assumed that the mean of the distribu-
tion of prices is a function of household char-
acteristics (e.g., Davis and Wohlgenant 1993).
In this study, we also assume time spent picking
fruit is a function of the households’ character-
istics. If u2 and r = ε2 − ε1 are mutually depen-
dent, they form a bivariate normal distribution
with mean vector zero and covariance matrix(
2

1 
12


21 
2
2

)
. The system of equations formed by

Pr2 and t2 is similar to the set of equations in
the binary choice model with limited depen-
dent variables as shown by Lee (1979). The
reduced form for the binary choice model is
obtained by substituting the time equations t2
into the choice equation. The model can be
written as:

Ct = 1 iff WΠ
−1
� > [(ε2 − ε1)

+ (� − �)(u2)]
−1
�

(22)

Ct = 0 iff WΠ
−1
� < [(ε2 − ε1)

+ (� − �)(u2)]
−1
�

(23)

where WΠ represents the reduced form of
	2 − 	1 with t2 substituted by X�2, Ct defines
the choice of PYO fruit and 
� is the variance
of (ε2 − ε1) + (� − �)(u2). Therefore, the pa-
rameters Π can be estimated consistently by
probit analysis.

To estimate the parameters �2 in the time
equations, the estimated Π is used to form the
appropriate inverse Mill’s ratios to correct for
selectivity bias in the time equation. The fol-
lowing equation is estimated:

t2 = X�2 − 
�e2

�1(WΠ̂
−1
� )

1 − 	1(WΠ̂
−1
� )

+ e2(24)

where e2 is a disturbance and 
�e2
is the co-

variance between e2 and [(ε2 − ε1) + (� −

�)(u2)]
−1
� . To obtain the structural parame-

ters from the discrete choice probability Pr2,
predicted values of time t̂2 = X�̂2 are used
in (18) instead of the t2 values to estimate
the second-stage probit model. As shown in
Lee (1979), this two-stage probit yields con-
sistent estimates of the structural parameters.
The asymptotic covariance matrix is extremely
complicated and difficult to derive. A simpler
approach is to use bootstrapping to obtain the
asymptotic covariance matrix of the estimator
(Wooldridge 2002, p. 379).

Even though in this section we have only
presented the procedure to estimate the struc-
tural parameters of the discrete choice prob-
ability when t2 is missing, if the model were
to include t2 and t1 (or more tj’s in the multi-
variate case), steps (a) to (d) would have to be
conducted for each tj. Efficiency gains could be
obtained by estimating multivariate versions
of the discrete choice models in steps (a) and
(d) and simultaneous estimation of the regres-
sions in step (b).

Estimation of the Parameters of the
Continuous Choice

Estimation of the parameters of the continu-
ous choice in equation (18) is achieved by writ-
ing the two demand equations as one and es-
timating the parameters in the pooled sample.
This approach allows for testing the equality of
the parameters between the two equations. Us-
ing this approach, equation (18) can be rewrit-
ten as:

ln(x) = �1 ln  + �2 ln  + �(�2	2 + �2	2)

+ �I − 0.5�(�2�2 + �1�1) + ex

(25)

where the �′
i s are dummies indicating the ith

alternative, �1 = �1(	̄2 − 	̄1; 0, 1)/	1(	̄2 − 	̄1;
0, 1), �2 = �1(	̄2 − 	̄1; 0, 1)/(1 − 	1(	̄2 − 	̄1; 0,
1)), ex is an error term. � 2 and � 1 are the terms
used to correct for the selection bias. 	2 and 	1
are replaced by the predicted values calculated
using the estimated parameters of the discrete
choice probabilities Pr1 and Pr2, which are
known to be consistent. However, because
the parameters of the sociodemographic
characteristics in the probit model represent
only differences in marginal utilities (i.e.,
these parameters can not be identified), only
the parameters related to price, opportunity
cost of time and time were used to identify the
parameter � .

The parameters corresponding to the
sociodemographic characteristics in the
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continuous choice model can be interpreted
as reduced-form parameters comprising the
effect of these variables in the continuous
choice through , and their effect on the
discrete choice through the 	i

′s. Economic
theory does not provide any guidance with
regard to which variables should be included
in the discrete choice (s) and the continuous
choice models (�). In the empirical model
we included the same set of variables in both
models. For identification purposes, the time
equation t2 also included some variables not
included in s and �.

As in other sample selection models, the
errors �x in the continuous choice equation
are heteroskedastic. To take into account this
problem and the use of imputed regressors in
the estimation of the continuous choice equa-
tion, the asymptotic covariance matrix of the
parameters was approximated using a non-
parametric bootstrapping procedure as out-
lined by Wooldridge (2002, p. 379).

Results

Discrete Choice Model

The structural parameters of the discrete
choice are shown in table 2.6 Conventional
standard errors and the standard errors ob-
tained using bootstrapping are presented for
both models. For the marginal effects only
bootstrapping standard errors are shown. Con-
ventional standard errors ignore the fact that
some of the explanatory variables in the mod-
els are generated using results from previous
regressions. On the other hand, bootstrapping
standard errors take into account these addi-
tional sources of variability.

Table 2 presents the results corresponding
to the decision to buy PYOS (equation 19).
Because of the way in which prices enter into
the equations defining the probabilities to buy
PYOS and PPS (equations 19 and 20), the pa-
rameters corresponding to the price variables
are equal in sign and magnitude for both equa-
tions. The rest of the parameters are equal in
absolute value but with different signs for both
alternatives.

The parameters of the main economic vari-
ables (price:1/w1/2

12 , opportunity cost of time:
�̄ = �/w

1/2
12 , and time: �̄ = �/w

1/2
12 ) in the struc-

6 Reduced form parameters estimates of the discrete choice
model and the parameters of the time equation t2 can be found
in Carpio, Wohlgenant and Safley.

tural discrete choice model all have the ex-
pected signs. Following the structural econo-
metric discrete choice model, the ratio of the
opportunity cost of time parameter and the
price parameter can be interpreted as the pro-
portion of the wage at which consumers value
their time. The estimated value is around 4%,
which is lower than the values of between 10%
and 30% commonly reported in the literature
(Phaneuf and Smith 2005). A possible explana-
tion for this is the fact that this time represents
the household (parents and children) value of
time. Also, the measures of the value of time
presented here correspond to the additional
time required to pick the fruit, conditional on
being on the farm.

With an average wage of 50 cents per minute
($30 per hour) this transforms into an op-
portunity cost value of 2.2 cents per minute
or $1.30/hour for the average household. The
value varies depending on the working sta-
tus of the household members. Each addi-
tional member in the household working more
than 40 hours per week increases the house-
hold’s opportunity cost of time by 0.7% of the
wage, each additional member in the house-
hold working less than 40 hours per week de-
creases the household’s opportunity cost of
time by around 1.3% of the wage. Finally each
additional member in the household who is
retired decreases the household’s opportunity
cost of time by 0.3%.

For the time variable, a quadratic effect
was included in the empirical specification of
the discrete choice model. The estimation re-
sults indicate that the utility function obtained
by picking strawberries increases as the time
increases, reaching a maximum at 5.80 min-
utes/lb and then decreasing with further in-
creases in time. At the average time spent by
the households picking strawberries (3.30 min-
utes/lb), the monetary value of the benefit ob-
tained from picking strawberries is about 0.10
cents per minute or $6/hour.7 Therefore, there
is, in general, a positive effect of time on the
discrete choice decision.

In the probit model, the coefficients are
not the marginal effects (Greene 2003). The

7 As pointed out by a reviewer time might also affect some of
the quality characteristics bj (i.e., some bj’s are a function of time).
A model including the bj’s explicitly would require the inclusion
of time in the index function. The inclusion of time in the utility
function in our model is motivated by the experiential character-
istic of the PYO activity rather than any quality improvement that
could be obtained by spending time picking fruit. Given that we
did not include any bj’s in our model, it is possible that the time
parameter might be picking up some of this quality effect.
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Table 3. OLS Structural Parameters of Continuous Choice (Conditional Quantities Demanded)

PYOS PPS

OLS Boot. OLS Boot.
Std Std Std Std

Variable Parameter Error Errora Parameter Error Error

Intercept 2.352∗∗∗ 0.131 0.166 2.352∗∗∗ 0.131 0.166
Adjusted price (	j) −0.176∗∗ 0.066 0.078 −0.176∗∗ 0.066 0.078
Income ($10,000) (y) −0.010 0.010 0.010 0.011∗ 0.009 0.008
West 0.269∗∗∗ 0.067 0.067 0.056 0.100 0.107
East 0.034 0.080 0.083 −0.519∗∗∗ 0.078 0.087
Number of males in

the shopping party
0.108∗∗ 0.051 0.065 −0.062∗ 0.042 0.050

Number of females in
the shopping party

0.066∗∗ 0.020 0.037 0.066∗∗ 0.020 0.037

Number of children
in the household

−0.030 0.017 0.035 0.022 0.008 0.074

Urban −0.102∗∗∗ 0.043 0.043 −0.102∗∗∗ 0.043 0.043
Weekday visit −0.076∗ 0.050 0.049 −0.076∗ 0.050 0.049
Miles −0.001∗ 0.001 0.001 −0.001∗ 0.001 0.001
Traveled > 20 miles 0.249∗∗∗ 0.076 0.084 0.249∗∗∗ 0.076 0.084
Number of males in

the household
−0.026 0.039 0.047 0.012 0.009 0.032

Number of females in
the household

−0.019 0.028 0.038 −0.019 0.028 0.038

Number of children
in household

0.041∗ 0.020 0.029 0.041∗ 0.020 0.029

Age −0.002 0.002 0.002 −0.002∗ 0.002 0.002
R2 0.195
Adj. R2 0.178

Note: One (∗), two (∗∗), and three (∗∗∗) asterisks represent 0.10, 0.05, and 0.01 levels of statistical significance, respectively.
a Standard errors and statistical tests were calculated using the asymptotic covariance obtained using bootstrapping.

marginal effects of dummy explanatory vari-
ables are the effects in relation to an individ-
ual with characteristics of the dummy variables
not included in the model (Central region, cur-
rently living in the rural area, visiting during
the weekend and traveling less than 20 miles).
Relative to this type of customer, a customer
in the Central region and one in the Eastern
region are, respectively, –72% and –13% less
likely to buy PYOS. This indicates that loca-
tion has a very important effect of the deci-
sion to buy PYOS or PPS. This effect might
be capturing characteristics of the individuals
living in that area and also characteristics of
the farms located in that region. Unfortunately,
characteristics of the operations were not con-
sidered in the survey. Relative to the baseline
customer, people living in urban areas are 5%
more likely to buy PYOS and people visiting
during the weekday are 7% more likely to buy
PYOS.

The marginal effects of the continuous vari-
ables represent the change in the probability of
choosing an alternative for a one-unit change

in the variable. Each additional female in the
shopping party increases the probability that
the household will buy PYOS by about 8%
and each additional child in the household in-
creases the probability of buying PYOS by 5%.
The effect of income is very small. A $10,000
increase in income increases the probability of
buying PYOS by only 2%. The marginal effects
of the other variables included in the model are
not economically important.

Continuous Choice Results

The results of the estimation of the parameters
of the conditional continuous choice model
(equation 25), that is the mean quantity de-
manded conditional on having previously se-
lected a type of fruit, are shown in table 3.
Following the structural econometric model,
the conditional own price elasticity (parame-
ter �) is estimated to be –0.157. When com-
paring the effects of the sociodemographic
characteristics on the discrete choice and the
continuous choice decisions it can be seen that,
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even though some variables increase the prob-
ability of buying one type of fruit, their effect
on the conditional quantity demanded can
have the opposite effect. For example, even
though the number of females in the shopping
party decreases the probability of buying PPS,
this variable increases the conditional quantity
demanded of both types of fruit. This is an in-
teresting feature of this model since it allows
analyzing the effects of the variables on both
the discrete choice and the continuous choice
separately. This information might be impor-
tant if the marketing efforts were directed to
obtain more customers interested in one type
of fruit or customers who are likely to buy more
fruit.

The marginal effects of the variables on the
unconditional demands (equation 16) are pre-
sented in tables 4 and 5. From this expres-
sion, it can be seen that these marginal effects
can also be decomposed into the effects cor-
responding to the discrete choice and the ef-
fects corresponding to the conditional quan-
tity demanded. For example, in table 4, the
marginal own price effect indicates that a 1
cent increase in the own price of PYOS de-
creases the mean PYOS quantity demanded
by 0.16 pounds. Most of the effect comes
from a decrease in the probability of choos-
ing the fruit through the term ∂Pr2

∂p2
E[x2|x2 > 0],

which equals 0.135 pounds versus the effect
on the conditional PYOS quantity demanded
( ∂ E[x2|x2>0]

∂p2
Pr2), which is only 0.025 pounds.

Price, time, location of the operations, num-
ber of males and females in the shopping party,
number of children in the household and dis-
tance traveled are the most important deter-
minants of demand for PYOS. Relative to the
baseline customer (Central region, currently
living in the rural area, visiting during the
weekend and traveling less than 20 miles),
customers in the Western region demand 5
fewer pounds of PYOS. Each additional male
or female in the shopping party increases de-
mand for PYOS by around 1 pound. Each addi-
tional child in the household increases demand
for PYOS by 0.7 pounds. Customers traveling
more than 20 miles buy on average 1.1 more
pounds of PYOS. The own price elasticity of
PYOS is estimated to be –1.28 (table 6). The
cross price elasticity is 1.91. The overall effect
of own time in the demand for PYOS is posi-
tive but small with an estimated elasticity value
of 0.09.

Price, location of the operation, location of
residence, the variable indicating if the visit

was done during the weekday, the number
of members in the household, the distance
traveled and the numbers of members in the
shopping party are the most important deter-
minants of demand for PPS. Relative to the
baseline customer, customers in the Western
region demand 7 more pounds of PPS and cus-
tomers living in the Eastern region demand 1
less pound of PPS. Customers visiting the op-
erations during the weekdays demand 1 less
pound of PPS. Customers traveling more than
20 miles buy on average 1.4 more pounds of
PPS. The own price elasticity of PPS is esti-
mated to be –2.90. The cross price elasticity
is 1.73. As expected, the own price elasticity
for PPS is much larger (in absolute value) than
the own price elasticity for PYOS. This result
has to do with the fact that strawberries at the
store are closer substitutes for PPS than for
PYOS.

Previous studies estimating elasticities for
strawberries report elasticity values ranging
from –0.26 to –2.8 (Carter et al. 2005; Richards
and Patterson 1999; You, Epperson, and
Huang 1998). To be able to compare our elas-
ticity estimates with those of previous authors,
the elasticity of the aggregate commodity com-
posed of PYOS and PPS was also estimated
(equation 17). This elasticity measures the ef-
fect of a proportional change in the prices of
the two types of fruit on the aggregate quan-
tity demanded. The elasticity for the aggregate
good is estimated to be –0.32, which is on the
lower side of previous estimates. This low elas-
ticity might reflect the value of the recreational
experience of visiting the farm, which is shared
by both PYOS and PPS.

Summary and Conclusions

This article develops a fully structural econo-
metric consumer demand model for goods,
which have time and monetary costs, and
where time spent obtaining the goods also
enters into the utility function. The assumed
framework allows for obtaining closed form
solutions for both the probability that the per-
son will choose every alternative and for the
demand function for the continuous good. The
derived demand functions and indirect utility
functions differentiate the effect of time as a
resource constraint forming the full price of
the good and the effect of time in the utility
function.

The model was used to estimate customers’
decision to buy PYO versus preharvested fruit
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Table 4. Marginal Effects of Variables: Unconditional Demand for Pick-Your-Own
Strawberries

Discrete Choice Conditional Mean Total Unconditional
Effects Effects Mean Effects

Boot. Boot. Boot.
Std Std Std

Variable Parameter Errora Parameter Error Parameter Error

Price (ppyo) −13.595∗∗∗ 4.482 −2.516∗∗∗ 1.394 −16.112∗∗∗ 5.271
Opportunity cost of

time (OCT)
(wg.tpyo)

−0.565∗ 0.438 −0.105 0.088 −0.669∗ 0.520

OCT (wg.tpyo) x
number of
members in
household working
> 40 h/week

−0.095 0.083 −0.018 0.018 −0.113 0.098

OCT (wg.tpyo) x
number of
members in
household working
< 40 h/week

0.195 0.170 0.036 0.042 0.231 0.203

OCT (wg.tpyo) x
number of retired
people in
household

0.051 0.133 0.010 0.028 0.061 0.158

Time (tpyo) 2.061∗∗ 1.288 0.381∗ 0.260 2.442∗ 1.532
Time2 (tpyo

2) −0.172∗∗ 0.102 −0.032∗ 0.022 −0.204∗∗ 0.122
Income ($10,000) 0.177 0.189 −0.045 0.069 0.132 0.229
West −6.318∗∗∗ 1.222 0.971∗∗ 0.501 −5.347∗∗∗ 1.433
East −1.114∗∗ 0.503 0.091 0.540 −1.022∗ 0.790
Number of males in

shopping party
0.370 0.407 0.697∗ 0.442 1.066∗∗ 0.637

Number of females in
shopping party

0.726∗∗ 0.264 0.478∗∗ 0.252 1.204∗∗ 0.374

Number of children
in shopping party

0.217 0.861 −0.158 0.255 0.058 1.024

Urban 0.437∗ 0.295 −0.578∗∗ 0.289 −0.141 0.458
Weekday visit 0.572 0.586 −0.403 0.335 0.169 0.737
Miles 0.003 0.004 −0.005∗ 0.004 −0.002 0.006
Traveled >20 miles −0.372 0.459 1.481∗∗∗ 0.575 1.109∗ 0.781
Number of males in

household
−0.011 0.251 −0.161 0.304 −0.171 0.438

Number of females in
household

0.448 0.391 −0.070 0.259 0.378 0.558

Number of children
in household

0.435∗ 0.353 0.295∗ 0.197 0.730∗∗ 0.437

Age −0.021∗ 0.014 −0.014∗ 0.011 −0.034∗∗ 0.020

Note: One (∗), two (∗∗), and three (∗∗∗) asterisks represent 0.10, 0.05, and 0.01 levels of statistical significance, respectively.
a Standard errors and statistical tests were calculated using the asymptotic covariance obtained using bootstrapping.

at North Carolina PYO fruit operations. The
empirical application distinguishes the double
effect of time as a resource constraint and as a
source of utility. The effect of time is found to
be relatively small compared to the direct price
effect. For practical purposes, this result indi-
cates that even though demand is positively

affected by the PYO experience (time utility
effect), and therefore compensates the cost of
time as a resource, price effects are relatively
more important. The measures of the value of
time presented here correspond to the addi-
tional time required to pick the fruit, condi-
tional on being on the farm.
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Table 5. Marginal Effects of Variables: Unconditional Demand for Preharvested Strawberries

Discrete Choice Conditional Mean Total Unconditional
Effects Effects Mean Effects

Boot. Boot. Boot.
Std Std Std

Variable Parameter Errora Parameter Error Parameter Error

Price (ppre) −8.938∗∗∗ 2.960 −6.308∗∗∗ 2.278 −15.246∗∗∗ 5.167
Opportunity cost of

time (OCT)
(wg.tpyo)

0.371∗ 0.288 0.233∗ 0.184 0.604∗ 0.471

OCT (wg.tpyo) x
number of
members in
household working
> 40 h/week

0.063 0.055 0.039 0.036 0.102 0.090

OCT (wg.tpyo) x
number of
members in
household working
< 40 h/week

−0.128 0.111 −0.081 0.077 −0.209 0.188

OCT (wg.tpyo) x
number of retired
people in
household

−0.034 0.087 −0.021 0.058 −0.055 0.145

Time (tpyo) −1.355∗∗ 0.846 −0.850∗∗ 0.520 −2.204∗∗ 1.365
Time2 (tpyo

2) 0.113∗∗∗ 0.067 0.071∗∗ 0.042 0.184∗∗ 0.109
Income ($10,000) −0.116 0.124 −0.027 0.085 −0.143 0.204
West 4.154∗∗∗ 0.815 2.830∗∗∗ 0.793 6.983∗∗∗ 1.504
East 0.732∗∗ 0.329 −1.619∗∗∗ 0.429 −0.887∗ 0.658
Number of males in

shopping party
−0.243 0.267 −0.402∗ 0.252 −0.645∗ 0.459

Number of females in
shopping party

−0.478∗∗∗ 0.171 −0.037 0.191 −0.514∗ 0.325

Number of children
in shopping party

−0.142 0.565 −0.001 0.275 −0.144 0.765

Urban −0.287∗ 0.194 −0.589∗∗∗ 0.212 −0.877∗∗∗ 0.352
Weekday visit −0.376 0.385 −0.540∗∗ 0.324 −0.916∗ 0.666
Miles −0.002 0.003 −0.005∗ 0.003 −0.006 0.006
Traveled > 20 miles 0.245 0.303 1.151∗∗∗ 0.405 1.395∗∗ 0.609
Number of males in

household
0.007 0.165 0.054 0.143 0.061 0.265

Number of females in
household

−0.295 0.257 −0.262∗ 0.190 −0.557∗ 0.402

Number of children
in household

−0.286∗ 0.232 −0.016 0.185 −0.303 0.391

Age 0.014∗ 0.009 0.001 0.008 0.015 0.015

Note: One (∗), two (∗∗), and three (∗∗∗) asterisks represent 0.10, 0.05, and 0.01 levels of statistical significance, respectively.
a Standard errors and statistical tests were calculated using the asymptotic covariance obtained using bootstrapping.

Elasticity estimates indicate that strawber-
ries sold at pick-your-own operations are price
elastic, with PYOS being less price elastic than
PPS. The elasticity of the aggregate commod-
ity composed of PYOS fruit and PPS is found
to be inelastic. The high elasticities of demand
for strawberries sold on each market indicate
that small changes in prices could lead to sub-

stantial switches from one outlet to the other.
The effect of the sociodemographic character-
istics of the individuals also provides useful in-
formation for the design of marketing strate-
gies by producers. Even though farmers have
little control over prices they have an incen-
tive to get the price differences between PYOS
and PPS right and to target customers who can



Carpio, Wohlgenant, and Safley Joint Consumption of Goods and Recreational Time 657

Table 6. Elasticities Estimates

Pick-Your-Own Strawberries Prepicked Strawberries
(PYOS) (PPS)

Discrete Conditional Total Discrete Conditional Total
Variable Choice Mean Effect Choice Mean Effect

Price PYOS −1.08 −0.20 −1.28 1.06 0.67 1.73
Price PPS 1.72 0.18 1.91 −1.70 −1.20 −2.90
Time PYOS 0.09 0.01 0.09 −0.09 −0.05 −0.12

increase their sales the most. Future work on
the demand for PYO fruit should collect more
information on the farm attributes and cus-
tomers’ perceptions about the characteristics
of the fruit.

[Received October 2006;
accepted November 2007.]
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