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An individual’s consumer’s surplus per day of use for a change in the price of recreational
site is the price change, so it is a constant, independent of the number of days of use.
Consumer’s surplus per day of use for a change in a site’s characteristics is not, in general, a
constant. When a constant compensating variation per day of use exists, it muitiplied by the
number of days at the site in the original state (proposed state) bounds the compensating
variation, CV, from below (above). The average of these two approximations is an almost
second-order approximation to the CV. Simulations indicate the approximation biases can be
large. © 1994 Academic Press, Inc.

Consumer’s surplus per day of use is a common way to express the benefits a
representative individual derives from a recreational site. The U.S. Forest Service
uses consumer’s surplus per day of use for the existence of a site as the basic
measure of that site’s recreational value. Walsh er al [15] survey 20 years of
empirical research on the recreational value of our National Forests. They note,
“The standard unit of measurement is an activity day, defined as one person
on-site for any part of a calendar day” (p. 176). Derivation of per day of use
measures is common in both the travel-cost and contingent valuation literature and
is particularly common in the discrete-choice variants of these methodologies. A
few examples are Bockstael et al. [3], Carson et al. [6], Cameron [4], Cameron and
James [5], and Morey et al. [13].

Why the attraction to consumer’s surplus per day of use when the desired
welfare measure for policy analysis is not consumer’s surplus per unit consumed,
but instead consumer’s surplus over some time interval? For a given time period,
such as a year, the policymaker wants to know how each individual values a change
in a site’s price or characteristics rather than his or her value per day of use for
that change.? However, policymakers and economists alike are attracted to per day
of use measures for a number of reasons, one being consumer’s surplus per day of
use lends itself to use in benefit transfers. The notion is that once a representative
individual’s consumer’s surplus per day of use has been estimated for Xing at one

I thank Tayler Bingham, Neil Bruce, Erwin Diewert, Robert Rowe, V. Kerry Smith, and the
participants of the AERE conference on benefits transfers (Snowbird, Utah, June 1992). 1 also thank
the two anonymous referees. These individuals forced me to vigorously defend the arguments in this
paper.

2Consumer’s surplus is defined here as either the compensating variation or the equivalent variation
associated with the change. These are always defined over some time period such as a year or season.
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site, where X is a recreational activity such as fishing or hiking, the analyst can
obtain that individual’s consumer’s surplus for the site, or any similar site, by
multiplying consumer’s surplus per day of use at the first site by the number of
days spent Xing at the site to be valued.

The purpose of this paper is to delve into the concept of consumer’s surplus per
unit of use and to determine its relationship to consumer’s surplus. Does con-
sumer’s surplus per unit of use stand alone as a well-defined concept, and if so,
should it be the standard-bearer for transferring benefit measures from one site to
another?

I investigate consumer’s surplus per day of use for a change in a site’s price, and
consumer’s surplus per day of use for a change in a site’s characteristics.> The
theoretical results presented are general in that they hold for all demand models
that explain days or trips to a recreational site. First, I demonstrate that consumer’s
surplus per day of use for a change in the price of a recreational site is the price
change, so it is a constant, independent of the number of days the site is visited.
Later, ] demonstrate that consumer’s surplus per day of use for a change in a site’s
characteristics is only a constant independent of the number of days at the site if
one adopts the restrictive assumption that the utility an individual receives from a
day at the site is independent of the number of days at the site. This restrictive
assumption is the norm in discrete-choice models of recreational demand, but
completely alien to standard neoclassical models of recreational demand that
assume continuous choice and a diminishing marginal rate of substitution between
trips to the site and all other commodities. A consumer’s surplus per day of use
that varies as a function of the number of days at a site is not terribly useful for
approximating the consumer’s surplus associated with a change in a site’s charac-
teristics.

When a constant compensating variation per day of use exists, it multiplied by
the predicted number of days in the original state (proposed state) is a Laspeyres
index (Paasche index) that bounds the compensating variation, CV, from below
(above). The first approximation is a linear approximation to the CV and the
second approximation is a linear approximation to the equivalent variation, EV.
The average of these two approximations is an a/most second-order approximation
to the CV and is akin to the famous Harberger triangle. Simulation results indicate
the bias in the linear approximations can be small or large, and the bias in the
average of these two linear approximations, while often quite small, can be large if
the proposed change will result in a large percentage change in the predicted
number of days at the site.

1. THE CV PER DAY OF USE FOR A PRICE CHANGE

The purpose of this section is two-fold. First, to demonstrate that the CV per
day of use for a price change is that price change, so it is a constant independent
of the number of days of use. Second, to demonstrate that when CV per day of use

*Consumer’s surplus per day of use for the availability of a site can be interpreted as the consumer’s
surplus per day of use for an increase in a site’s price from its current level to the minimum price that
would make demand zero.
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is a constant, it can be used, along with information on the number of days at the
site in the initial and proposed states, to approximate the CV for that change.*

Begin our examination of these issues with a thought experiment. Consider the
maximum you would pay to have the price you pay for the next Coke you drink
reduced by 50 cents. Your answer is 50 cents. Further note that this is how much
you would pay each and every time you purchase a Coke to have the price of that
Coke reduced by 50 cents. Fifty cents is your consumer’s surplus per unit of use for
having the price of Coke reduced by 50 cents (i.e., it’s your per Coke consumer’s
surplus for the price reduction). It is a constant, independent of the number of
Cokes you drink.

Consider now a similar thought experiment for a reduction in the cost of a day
at a recreational site. For simplicity, assume a world of three commodities: two
types of activities, days at a recreational site and days at home, and a numeraire
good that can be consumed anywhere. What is the maximum amount an individual
would pay each time he or she spent a day at the site to have the cost of that day
reduced from P} to P}, where P, is the cost of a day at the site? The answer is
(P) — P}), which is the individual’s constant per day of use compensating variation
for the price change, denoted CVPD,.}

Graphically, CVPD | is represented in Fig. 1 as the vertical distance ab, whereas
the individual’s compensating variation, CV, associated with the change is the area
PlacP,. Obviously, CVPD, # CV. The issue is therefore how the CV can be
derived, or approximated, from the CVPD,. Consider multiplying CVPD; by the
number of days at the site.® What is obtained depends on whether CVPDy is
multiplied by the number of days at the site in the original state, the number of
days in the proposed state, or some average of the two. Define CV{) = (DY, x
CVPD,), where DY, is the number of days at the site when P, = P;. Graphically,
CV{ is the arca PlabP;. Define CV{, = (D{, X CVPDy), where D{; is the
predicted number of days when P, = P/). Graphically, CV], is the area P{deP,. As
Fig. 1 suggests, CV)} bounds the CV from below, and CV}; bounds the CV from
above. This is true for both price increases and price decreases. Specifically, if
(P —P))>0,CV,2CV=2CVi=20,andif (P} ~P))<0,0=CVi>CV >
CV{. Therefore, for price increases, CV{, (CV})) will overestimate (underestimate)
the CV in absolute terms.

Section 2 identifies conditions under which the CV per day for a change in a site’s characteristics is
a constant.

*One could loosely refer to CVPDy; as the per trip CV, a reference that would be exact if all trips
were one day. Define CV per day, CYPD, as CV divided by the number of days in the time period
(e.g., year) and note that CVPD # CVPDy,.

Considering per day of use consumer’s surplus measures, Bockstael et al. {3] state, “The calculation
of CV according to equation (20) yields an estimate of the compensating variation per choice occasion
for the household. To obtain annual or seasonal benefit estimates this number must be multiplied by
the number of trips the individual takes” (pp. 10-28). In the same vein, Carson et al. [6] state, “The
benefit is measured in terms of the maximum amount of money the individual would be willing to pay
to ensure that the alternative is available whenever he makes a fishing choice. We therefore obtain an
estimate of benefit per choice occasion, i.e., per fishing trip to any site, not just per-trip to the
particular site of interest. Because our resident angler model is estimated on a weekly basis, the benefit
to an individual is the benefit per choice occasion during that week, multiplied by the predicted number
of trips (choice occasions) that week” (pp. 8-23).
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THEOREM 1.

CV{ = DY(P - P}) <CV (1)
CVY, = DL(PY - P}) = CV. (2)

Proof that DY(P — P)) < CV. Define the indirect utility function for the
season as V = V(Y, P,, P,), where Y is income, P, is the cost of each day at
home, V° = V(Y°, P2, P)), and V' = V(Y?, P?, P}). The indirect utility function
identifies maximum utility as a function of income and prices. Dual to this indirect
utility function is the expenditure function E = E(V, P,, P,); it identifies the
minimum expenditures required to achieve a utility level of V given P, and Pd.7
Define D, as the number of days at the site, H as the number of days at home,
and let N denote the quantity of the numeraire consumed; i.e., N=Y — P,D, —
P, H,

By definition, the CV for a change from {PJ, P{} to {P?, P}} is

CV = E(V°, PY, PY) — E(V°, P{, ). (3)

"For more details on indirect utility functions, expenditure functions, and the CV and EV in terms
of these functions, see, for example, Varian [14].
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By definition of the expenditure function

E(V°, Py, PY) = PDY, + PUHC + N© (4)
E(V',P{, P}) = P\DL, + POH' + N, (5)

Substitute Eq. (4) into Eq. (3) to obtain
CV = (PIDY + POH® + N°) — E(V°, P2, B}). (6)
Now note that
E(VO,P),Pj) < PiD}, + PPH? + N° (7)

because DY, H’ and N? are by definition capable of producing V'°. Therefore,
PiDY + PYHO + N° are sufficient expenditures to produce V'° given P} and Py.
However, E(V°, P, P]) is by definition the minimum expenditures required to
produce V? given P} and P}.

Replacing E(V°, P, P)) in Eq. (6) with the right-hand side of Eq. (7), and
noting the inequality in Eq. (7), one obtains

CV > (PIDY + POH® + N°) — (PIDY + P)H" + N°) = DY(P? - P).
QED. (8)

The proof that CV}, = D,(P) — P}) > CV is analogous to the proof that
CV} = DY(P) - P}) < CV. CV{j can be viewed as a Laspeyres quantity approxi-
mation to the CV because it evaluates the impact of the price change restrictively
assuming the number of days at the site will remain at their initial level, DY;. In
contrast, CV}; can be viewed as a Paasche quantity approximation to the CV
because it evaluates the impact of the price change restrictively assuming the
individual spends D1}, days at the site both before and after the price change.

An immediate corollary to Theorem 1 is that CVPD is not the CV divided by
the number of days of use in either the initial state or the proposed state. If it
were, Theorem 1 would be contradicted. Therefore, it is misleading to view
CVPD,, as an average of the CV in terms of days of use.®

Note that from Eq. (6), Eq. (7), and the definition of CVJ, it follows that

CV - CV}=P/D}, + PJH° + N° — E(V°, P?, P}) > 0. (9)
As Eq. (9) indicates, the bias in CV{} is how much expenditures to produce V'°

8To clarify, for any change in the price and or characteristic of a site, there will be a CV. If this CV
is known, one can divide it by X, to get average CV in terms of units of X. X could, for example, be the
number of days at the site in the initial state, the number of days in the proposed state, or the number
of elephants in Africa. However, CVPDy; does not equal CV /(number of days at the site in the initial
state) or CV /(number of days at the site in the proposed state). For example, in Fig. 1, CVPDy,, the
vertical distance ab, is less than CV/(number of days at the site in the initial state), the (area
PlacP})/D?,. Further note that if one knows X and the average CV in terms of units of X, one can
multiply them to get the CV itself, not an approximation. However, if the CV is known, there is no
point in first dividing and then multiplying it by X.
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would change at the proposed prices if the individual is allowed to adjust his
allocation from {D{),, H°, N°% to {D},, H', N').

CV{ is a linear approximation to the CV for a change in P, (Boadway and
Bruce [2]), that is

CV=EWV'P),P})-EWV° P, Py)
SE(V®, PY, PY)

zE(Vl,P,?,Pd‘) -~ E(VO, P,?,Pdo) +

(Pd1 - PdO) (10)

by Taylor’s Theorem

GE(V°, P, Fy)
- D) ()
since E(VI,P,?,Pdl) = E(VO,Pr?’ Pdo) =Y?

= DY(P) - P})=CVY

by Shepard’s Lemma.’ By an analogous argument, CV}; is a linear approximation
to the equivalent variation.

Note that CV{ is akin to another linear approximation to the CV, denoted
CVyy. CVyy, is essentially due to Hicks [11, 12]. For the change from P to P,
this Hicksian approximation to the CV, which is in terms of quantity changes
rather than price changes, is (Diewert [8])'°

CV = CVyy = P}(DY, = DY) + PY(H' — H®) + (N' = N%.  (11)

Therefore CV{ might be labeled a Hicksian price-change approximation to the
CV. My perception is that economists interested in the valuation of recreational
sites prefer price-change approximations to the CV over quantity-change approxi-
mations. This is because it is easier to observe the initial demand for a site than to
observe, or predict, the changes in the quantity demanded for the site and all other
commodities that would result from a change in the site’s price.!!

Summarizing to here, DY(PJ — P!) and D{,(P{ — P}) are respectively lower
and upper bounds on the CV for this price change, and D{(P{ — P}) is, in
addition, a linear approximation to the CV for this price change. These results
make consumer’s surplus per day of use for a price change, (P — P}), useful.

Unfortunately, neither CVJ or CV], will always closely approximate the CV. Put
simply, the actual degree of bias in these linear approximations depends on the
individual’s preferences and the magnitude of the price change. The bias can be

By Shepard’s Lemma, the Hicksian demand for days at the site given V¥, P?, and P} is
JE(WVS, P2, P /aP,. But since V° = V(Y?, P0, P{), the Hicksian demand at {Y°, P{, P{} is DY, the
Marshallian demand at {Y?°, P2, P?}.

Note that CVy, cannot be identified as an area in Fig. 1 because it is expressed in terms of
changes in H and N.

"'For more details see footnote 14.
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small or large. For example, in Fig. 1 the bias is visually significant.'? Intuitively,
the bias in CV{) and CVY, results because neither measure considers the substi-
tutability between days at home and days at the site. The degree of bias in each of
these measures is an increasing function of the marginal rate of substitution
between days at home and days at the site and of the magnitude of the price
change; the greater the change in Dy, that will result from the proposed price
change, the greater the bias.

In contrast to these linear approximations, the average of CV{ and CV|; is
almost a second-order approximation to the CV for a change in P;. Denote this
average CVJ as

CViEe = 3(CV + CV) = (PP — Pi)3(Dy + DY)

DY(PJ — Pi) + 5(P9 = P)(Dy = DY), (12)

Ii

CV&* will usually, but not always, better approximate the CV than either Ccvy or
CV.." In terms of Fig. 1, CV{© is the area P, fgP,.

In contrast to CV{*, an exact second-order approximation to the CV for a
change in P, (Boadway and Bruce [2]) is

CV=EWV'P,P})-EV’P,P})
IE(VY, PP, PD)

R

E(v', P, Pl - [E(V, P, PO) + (Pd - FY)

1 92E(V°, P2, PY)
+ —
2 oP;

(P{ - P )2 (by Taylor’s Theorem)

(?E(VO, P!?’ Pdn) 1 (?ZE(VO, Pi?’ Pdo)

2
IR R ) = g (8 = )

2Cvy is less than the CV by the area ach and CVY, is greater than the CV by the area adec.
YAlso consider the geometric and harmonic means of CVJ and CV(}; CV#* is the arithmetic mean.
The geometric mean of CV{ and CVY{, is
G —ave 0 1 172
cv§me = [(ev)(evy)] T,

and the harmonic mean is

- [(3){eag) - (9l ae)

It is the case that Abramowitz and Stegun [1]

-1

lcvg—avcl < lcvg—avel < lCV[ajvel'

The arithmetic, geometric, and harmonic means are often close in value. However, there are excep-
tions, as becomes obvious at the end of Section 1 where I report simulation resuits. In general, if these
three means differ significantly, none of them are good approximations to the CV.
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since
E(Vl, PS, Pd‘) = E(VO, PO, Pd") =YY"

14D, (V°, PO, P
=DY(P) - i) + 5 u = w Fd)
d

(P}~ PY)(PY - P))
(13)

by Shepard’s lemma. Comparing Egs. (12) and (13), the difference between CV{}*
and this exact second-order approximation to the CV results because (D, — DY)
approximates, but does not equal, (P — P{) multiplied by the slope of the
Hicksian demand function for D, evaluated at the initial utility level and prices.
In Fig. 1, this exact second-order approximation to the CV is the area PJahP,). It’s
a better approximation than CV{® but requires more information to calculate;
calculation requires the slope of the Hicksian demand function for DU evaluated
at the initial utility level and prices.

Note that a different almost second-order approximation to the CV is the
well-known Harberger triangle. For the single price change P} to P), the
Harberger triangle is 3(P) — PIX D}, — DY) + PXH' — H®) + (N' = N).® The
difference between CV3* and the Harberger triangle is that CV#* is an almost
second-order approxxmatxon to the CV in terms of the price change, and the
Harberger triangle is an almost second-order approximation to the CV in terms of
the quantity changes. In this sense CV{* might be labeled the price-change
equivalent to the Harberger triangle.

Summarizing the last few paragraphs, a constant CV per day of use can be used
to obtain an almost second-order approximation to the CV by multiplying the
constant CV per day of use by the average number of days at the site in the initial
and proposed states. In general, this approximation is better than the approxima-
tion obtained by multiplying CV per day of use by the number of days at the site in
one of the states.

“Note that the Harberger triangle, like CVyy,, cannot be identified as an area in Fig. 1 because it is
expressed in terms of changes in H and N.

For more details on the properties of the Harberger triangle see Harberger [10], Diewert [7-9], and
Weitzman [16].

Both the Harberger triangle and the simpler Hicksian approximation CVy, (Eq. (11)) belong to the
class of approximations that require observations on (or estimates of) p?, p!, x9 and x!, where, in our
notation, p = {p,, p,, 1} and x = {D, H, N}. For example, when only the price of a day at the site
changes, P to P}, the calculation of the Harberger triangle requires P, P, DY, H°, N°, P}, Di;, H?,
and N1

In contrast, calculation of CVJ} requires just P{, P}, and DY), CV{, requires just P{, P, and D{,,
and CV{* requires just Py, PJ, DY}, and D},

Enhancements to the Harberger triangle approximation have recently come from both Weitzman
[16]) and Diewert [9). Extensions of the Harberger triangle involve finding functional forms for the
expenditure function which have the property that the EV is exactly equal to a known function of p°,
p', x° and x' (Diewert [9]), in which case, the EV function is exact, rather than an approximation, for
some known preference ordering. If, in addition, that known preference ordering is represented by an
expenditure function that is flexible, the EV function is said to be a superlative welfare indicator.

Three superlative welfare indicators are the Fisher welfare change indicator We(p?, pl, x%, x') and
the normalized quadratic indicators Wy( p° p', x% x!) and wi( p% p', x% x'). The Fisher welfare
indicator is exact for a transformed quadratic expenditure function (Diewert [9, Egs. (39) and (43)}, and
the normalized quadratic indicators are exact for two particular parameterizations of the normalized
quadratic expenditure function (Diewert [9, Eqs. (48)-(53)].
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To get a feel for how large the biases in CVJ, CV{,, and CV{® can be, I ran
many simulations. Simulations tell us nothing about how small or large the bias will
be in any particular real world example. They are by definition assumption
specific; a particular preference ordering is assumed, and then the bias is deter-
mined for different price changes for that preference ordering. The simulations
reported here are based on a simple repeated discrete-choice random-utility model
of the probability of visiting the site on any given day. Simulations I did using a
continuous-choice mode! exhibit similar degrees of bias. Figure 1 is one example of
the degrees of bias that can result in a continuous-choice model. I chose to report
numerically the simulation results from the discrete-choice model, rather than a
continuous-choice model, because the discrete-choice simulations can also be used
to make an important point about when the CV per day of use for a change in a
site’s characteristics is a constant. No claim is made that the discrete-choice model
reflects truth.

One hundred price changes, Pd° to Pd', were simulated. For each, I calculated
CV, CVg, CV}, CV@<, Prob!, and Prob!;, where Proby; is the per day probability
of visiting the site. The outcomes for five representative price changes are reported
in Table 1. They are referenced in the text by case number. The largest bias 1
generated resulted from a price reduction that causes the per day probability of
visiting the site to increase from effectively zero to 2%. For this case (case 1),
CV = §$18.25, CV{ = $0.0025, and CV|; = $203.40. For comparison, a price reduc-
tion that causes the probability to increase from 4 to 9% (case 2) generated a CV
of $58.95, a CV]} of $35.34, and a CV}; of $90.56, and a price increase that causes

For the change from P to P}, We(p®, p', x° x') [9, Eq. (45)] simplifies to

W[

Wy(p’, p', x° x1) [9, Eq. (56)] simplifies to

(PiDy + PRH' + NY)Y(PIDY + PJH' + N')
PIDY + POHO + NO)(PIDY, + PJHO + NO
d¢~U u

1/2
] - 1](195’1)2, + P)H® + N?),

W [( 1 ) (PIDY + PLH' + NT) (1)(Pd"D{, +PH' + N')
[ 5 5

_ o0po 4 pogo 0
2] (PiDY + PRHO + N) 12 (PIDY, + PIHO + NY) l](P"DU+ W+ ND),

and W(p° p', x° x') [9, Eq. (57)] simplifies to

- 1\ (PIDY + PRH® + N°)
t (2) (PiDL, + POHY + NY)

(1)(Pd01)% + POH® + N©) ]“‘

— - 00 0ry0 0
2 ) (P0DL + PIHT 5 NY) 1](PdDU+PhH +N%).

If, in addition to observations on (or estimates of) PJ, Pi, DJ;, and D},, one also has observations
on (or estimates of) PJ, H?, NO, H! and N, one should consider using this additional information
and approximate the welfare change with either the Fisher welfare change indicator or one of the
normalized quadratic indicators. They will likely provide better approximations to the CV than CV#*,
It should be fairly easy to calculate these estimates if one assumes Py = 0, in which case all of the

terms multiplicative in P, drop out and N = Y — P, D, where Y = income.
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TABLE 1
Five Representative Simulation Results
Case cv cvy vy o' cvg e cvfi=2¢  Probl, Probl,
1 $18.25 $0.0025  $203.40 $101.70 $0.713 $0.0049 =0% 2%
2 $58.95 $35.34 $90.56 $62.95 $56.57 $50.84 4% 9%
3 —$22,59 —3$35.34 —-$13.30 —$24.32 —3$21.67 —-$19.32 A% 1%
4 $0.3233 $0.3205 $0.3262 $0.3234 $0.3233 $0.3233 2%  204%
5

—$101.30 —-$113.60 —$89.50 —$101.50 —$100.83 —$100.12 34% 26%

the per day probability to decrease from 4 to 1% (case 3) generates a CV of
—$22.59, a CV{_]J of —$35.34, and a CVI‘J of —3%$13.30. For the 100 simulations,
neither CV{ or CV/; closely approximates the CV unless the price change caused
the probability to change by less than 10%, and then CV, CV{, and CV}, are all
effectively zero. A typical example is case 4 where the price decrease caused the
per day probability to increase from 2 to only 2.04% (a 2% change). This price
change generated a CV of $0.3233, a CV{} of $0.3205, and a CV|, of $0.3262.
Alternatively, a price increase that caused the per day probability to decrease from
34 to 26% (a 30% change) generated a CV of —$101.30, a CV{, of —$113.60, and
a CV{; of —$89.50 (case 5). These simulation results are just examples, but they do
indicate the potential for a bias and a bias which increases as the significance of
the price change increases.

CV{¥* much more closely approximates the CV. For the five simulation resuits
noted above, the CV’s and their corresponding CV{®’s are {$18.25 and $101.70},
{$58.95 and $62.95}, { — $22.59 and — $24.32}, {$0.3233 and $0.3234}, and { — $101.30
and —$101.50)."> Except for the first set, CV and CV#* are all similar. In the first
case, there is a five-fold difference between the CV and the CV{“. Again, these
simulation results should not be taken too seriously, but they do suggest that the
CV{e closely approximates the CV except in cases in which the price change will
cause a many-fold change in the number of days at the site. However, this is a
significant concern because any policy that increases demand from effectively zero
to a small number of days will involve a large multiplicative change in total
demand.

2. THE CV PER DAY OF USE FOR A CHANGE IN A SITE'S
CHARACTERISTICS IS NOT, IN GENERAL, A CONSTANT

Up to this point we have only considered the CV associated with a change in the
price of a day at the site. However, often we need to estimate or approximate the
CV associated with a change in the characteristics of a site. In Section 1 I
demonstrated that if a constant CV per day of use exists, it can be used, along with
the number of days at the site either before or after the change, to approximate
the CV. In Section 1 I also demonstrated that the CV per day of use for a price
change is that price change, so is therefore a constant. The question addressed in

>The geometric mean CVS ~*¢ and the harmonic mean CV{ ~# for these cases are also reported
in Table 1. Except for case 1, they are both reasonable approximations to the CV. For more details see
footnote 13.
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this section is whether a constant CV per day of use will exist if the proposed
change involves a change in the characteristics of the site. The answer is, in
general, no.

To begin our investigation of this question, again consider our Coke-drinking
thought experiment, but now determine how much you would pay to have the
number of calories in the ith Coke that you drink reduced by 50%. Without loss of
generality, I'll denote your answer «,. This amount, «;, is your CV for this calorie
reduction for the ith Coke consumed. In general, this amount is not a constant. A
constant per Coke CV, independent of the number of Cokes you choose to drink,
only exists if o, = « for all i, in which case « is a constant CV per Coke consumed.
In cases such as our first thought experiment where the change is solely a price
change, a; = a = the price reduction for all i, but typically a; # « if the change
involves a change in the characteristics of the commodity. For example, how much
I would pay to have the calories reduced in the last Coke 1 drink will increase as |
drink more Cokes.

By definition, a; = « only if how you value the change, in money terms, is
independent of the number of Cokes you choose to drink. This must be true for a
change in the price of a Coke, but what would make it true for a change in the
characteristics of the Coke? Without loss of generality, assume a world of three
commodities: two activities, drinking a Coke and not drinking a Coke, and a
numeraire good, where both activities take all day. If you choose not to drink a
Coke, you spend all of your income for the day on the numeraire. Otherwise, you
allocate to the numeraire your income for the day minus the price of the Coke. If
one restrictively assumes the utility you receive on a day is only a function of
whether you drink a Coke that day, the amount of the numeraire consumed that
day, and the characteristics of Coke, you will have a CV per Coke consumed for
any change in the price and/or characteristics of Coke which is a constant
independent of the number of Cokes you choose to drink. However, assuming the
utility you receive from each Coke you drink is independent of the number of
Cokes you drink is not terribly realistic. It is also inconsistent with any demand
model that assumes a diminishing MRS between Cokes and all other commodities.

Now consider a similar thought experiment for a change in the characteristics of
a recreational site. Again, without loss of generality, assume a world of three
commodities: two types of activities, days at the recreational site and days at home,
and a numeraire good that can be consumed anywhere. What is the maximum
amount an individual would pay each and every time he or she spends a day at the
site to have the characteristics of the site be C' rather than C°? As our last
thought experiment indicates, the individual will not in general be able to answer
this question because there is no such amount. A constant CV per day of use for
changes in the characteristics of the site, «, does not usually exist.

In a world with a recreational site but no Coke, «; = a only if how the individual
values the change in the site in money terms is independent of the number of days
he or she spends at the site. @; = « must be true for a change in the price of a day
at the site but will not, in general, be true for changes in the characteristics of the
site.

An individual’s CV per day of use will be a constant in our world of three
commodities only if one makes the additional assumption that the utility the
individual receives on a day is only a function of whether he or she spends that day
at the site, the amount of the numeraire consumed that day, and the characteris-
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tics of the site. In this case, @; = @ for any change in the price of a day and/or
change in the characteristics of the site. Note that when this assumption is made
there is always a price change that would make the individual indifferent between
that price change and the proposed change in the characteristics, and this price
change is independent of the number of days spent at the site. One might denote
this price change as the quality-equivalent price change. Therefore, when one
adopts the restrictive assumption that the utility from a day at the site is
independent of the number of days at the site, any change in the characteristics of
a site can be converted into its quality-equivalent price change, and Theorem 1 and
all the approximation results apply in terms of this quality-equivalent price change.
The fact that a characteristics change can be converted into an equivalent price
change when this restrictive assumption holds makes Theorem 1 and the approxi-
mation results particularly relevant to discrete-choice models of recreational
demand. However, this restrictive assumption is inconsistent with all travel-cost
models that assume a diminishing MRS between days at the site and other
commodities.

When is it assumed that the utility from a day at the site is independent of the
number of days at the site? The assumption that the utility the individual receives
on a day is only a function of whether he or she spends that day at a site, the
amount of the numeraire consumed that day, and the characteristics of the site is
the basic assumption of many discrete-choice models of recreational demand. This
is why a constant CV per day of use can be derived for changes in both prices and
characteristics from most discrete-choice models of recreational demand.'® Con-
sider a simple dichotomous logit or probit model designed to predict the probabil-
ity that an individual will visit a particular site on a given day. Such models are
based on two conditional indirect utility functions. One specifies the utility
received for the day if the site is visited, and the other specifies the utility received
for the day if the site is not visited. From such a random-utility model one can
derive a constant CV per day for any change in the price or characteristics of the
site, denoted CVPD. This CV per day can, for example, be multiplied by the
number of days in the year (365) to get the CV for the year. From this discrete-
choice model one can also derive a constant CV per day of use, CVPD,.!'” Note
that CV per day of use is not the same thing as CV per day. CV per day of use is
what CV per day would be if the individual were constrained to spend the day at the
site, that is, the CV per day assuming the site will be visited. The individual is not
constrained in this way.

Theorem 1 and the approximation results imply the following for the simple
discrete-choice model of recreational demand outlined above: (1) the constant CV
per day of use multiplied by the predicted number of days each year to the site in
the original state is both a lower bound and a linear approximation to the CV
associated with the change; (2) the constant CV per day of use multiplied by the

8 For example, see the earlier references to Bockstael et al. [3], Carson et al. [6], and Morey et al.
[13).

'For details on the derivation of CVPD and CVPDy; from discrete-choice models see Morey et al.
[13). Most typically, CYVPDy; is derived from multiple-site discrete-choice models that model the choice
of site given the decision to participate, but that do not model the participation decision. If, from such a
model, one derives the consumer’s surplus associated with a change in the characteristics of the site,
that consumer’s surplus is a per day of use measure because the individual is implicitly constrained to
take a trip.
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predicted number of days cach year to the site in the proposed state is an upper
bound on the yearly CV associated with the change, and a linear approximation to
the yearly EV associated with the change; and (3) the constant CV per day of use
multiplied by the average of the predicted number of days at the site in the two
states is almost a second-order approximation to the CV associated with the
change. The simulation results discussed earlier were all derived from a discrete-
choice random utility model of this type. Therefore, even though my original
discussion of simulation results described the CVs as those for price changes, they
could for this model also be described as CVs resulting from changes in the
characteristics of the site. This is true because any change in the characteristics of
the site has a quality-equivalent price change if one assumes that the utility the
individual receives on a day is only a function of whether he or she spends that day
at a site, the amount of the numeraire consumed that day, and the characteristics
of the site.

In contrast, CV per day of use for a policy that involves a change in the site’s
characteristics is not a constant if one adopts a travel-cost model that assumes a
diminishing MRS between days at the site and other commodities, an assumption
implicit in many travel-cost models. In these cases, Theorem 1 does not apply
because it only applies to cases where CV per day of use is a constant. However,
Theorem 1 still does apply to policies that just involve changes in the price of the
site, because for price changes, CV per day of use is a constant in all travel-cost
models.

CONCLUSIONS

Care is required when using consumer’s surplus per day of use. A constant
consumer’s surplus per day of use exists for any change in the price of a day at a
recreational site but does not, in general, exist if the change involves a change in
the characteristics of the site. For characteristic changes, it is only a constant if the
utility one gets from a day at the site is independent of the number of days at the
site, a not terribly realistic assumption.

In addition, even when a constant consumer’s surplus per day of use exists,
multiplying it by the number of days at the site in the original state provides only a
lower bound for the consumer’s surplus, and multiplying it by the number of days
at the site in the proposed state provides only an upper bound for the consumer’s
surplus. Simulations show the bias in these approximations can be small or large.
The average of the two often closely approximates the consumer’s surplus, but
even this average can be significantly biased for many proposed policies.

The question of what can be done with a CV per day of use that is not a
constant is left for future research.
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