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INTRODUCTION

This note discusses a logically appealing approach to handling the

problem of multiple destination trips in travel cost models. This problem is

discussed by Haspel and Johnson (1982), who show the potential biases fr
om

ignoring the problem to be quite large. The basic problem is simply that a

travel cost for a given site is difficult to determine if the given travel
er

visits more than one destination. The problem is one of allocating a joint

cost to more than one output (destination). Though such problems are

generally intractable, this particular case may have a solution that is not

completely arbitrary. A general theoretical framework for analyzing multiple
•

destination trips is provided here, followed by a logically appealing means of

allocating travel costs to more than one destination.

THE TRAVEL COST ALLOCATION PROBLEM

Define a travel cost function:

• .1 Wm? Y1' •? 'en) [1]

where the W. are factor prices and the Yi are quantities of travel (zero or

one) to i = 1, n different destinations. Equation [1] is derived from first

order conditions in a cost minimization formulation (Silberberg 1978).

Holding factor prices constant, define:

ac*

aYi

where the Si are marginal cost functions. Since the concern is with

allocating costs of one trip, total trip costs are:

- Si (YI, . . 'en)' i = 1, n [2]

C' (41, . . Wm, 1, . . 1) - c* (41, . Wm, o, . . 0) [3]

Using equation [2], an alternative expression for [3] would be:

f E Si d Yi [4]
c

where f is a line integral evaluated between 7° = (0, . . 0) and

7' = (1, . 1).
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Equation [4] is analogous to the generalized consumer surplus measure for

multiple price changes in interrelated demand-functions (see, for example,

Hotelling 1938; Silberberg 1978; Just et al., 1982).

By expressing the cost function (1) as a line integral [4], the problem

of cost allocation is mathematically captured as a problem of choosing a path

of integration. Since cross partial derivatives are symmetrica1,2 the value

of C* is independent of the path of integration. The allocation of C* to the

however, is not independent of the integration path.

A common theorem on line integrals (see, for example, Danese 1965, p.

103) indicates that with symmetrical cross derivatives, this line integral [4]

is equivalent to a sum of ordinary definite integrals as follows (see Just et

al., 1982).

Define a quantity vector for each j = 1, m as:

7j (Yj) = (Y1, Y,..., Yj, YrI)

where all Y344,..., Y; = 0 and all Y,1_1 = 1. All Y are

parametrically represented as functions of Yj. Then [4] is equivalent to:

n
E f 'S. [Y3. (Yj)] dYj
j=10

To simplify the exposition, assume only two destinations (Yl and Y2).3

Equation [5] would then indicate that trip costs could be either:

51 Si (YI, 0) dYi + 51 S2 (1, Y2) dY2
0 0

or

[5]

[6]

51 S2 (0, Y2) dY2 + 51 Si (YI, 1) dYi [7]
0 0

The first [6] implies a path of integration from (0,0) to (Y*1,0) to (Y11,11 ).

The second [7] implies a path of integration from (0,0) to (0,Y*2) to (YT,Y*2).
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The trip cost allocation problem now becomes obvious. If one chooses the

integration path in [6], then one is implicitly assuming no travel to Y2 when

integrating Sl, but is assuming travel to Y1, when integrating S2. The

converse is true for the integration path implied in [7]. In viewing

equations [6] and [7], one is tempted to use the order of visitation on the

recreator's itinerary to define the integration path. That this is incorrect,

clarifies the nature of the problem. That is, when a recreator travels to his

first destination, he is also moving closer (or farther away) to (from) his

other destinations. It is thus not appropriate to use an integration path

such as in equations [6] and [7]. Each of the (n+1) "legs" of the trip occurs

in sequence, but each leg constitutes simultaneous movement towards or away

from potentially all of the destinations. What is needed is a means of

accounting for this "secondary" effect on travel distances to other

destinations that occurs with any movement towards a given destination.

The theory above also suggests that the relative "importance" of

different destinations is generally not relevant to the travel cost allocation

problem. In equation [6], site 1 is treated as a dominant site. The only

costs allocated to site 2 are the additional costs necessary to reach site 2,

given previous travel to site 1. The converse is true for equation [7]. The

travel cost allocation problem arises simply because of interdependent

marginal travel cost functions -- the act of traveling to one destination

influences the travel cost at other destinations. Whenever this occurs, then

travel towards any destination actually involves travel towards (or away from)

more than one destination simultaneously. Thus an integration path such as

that implied by [6] or [7] is not appropriate. Thus, in general, allocation

of costs to a "dominant" site is not tenable.
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There is one exception that can best be addressed by example. Suppose an

individual travels first to destination 1, then to destination 2, then back to

1, and then returns home. If it can be established that destination 1 was

"dominant" such that the trip to destination 2 was a purely marginal decision,

then [6] would imply an appropriate integration path and cost allocation. The

cost of destination 1 would be the round trip cost from home to destination 1

and back, and the cost of destination 2 would be the round trip cost from

destination 1 to destination 2 and back. If, however, the individual returned

home directly from destination 2, then a discrete, independent, round trip

cost for neither destination would be defined, even though destination 1 is

identified as "dominant." The path of integration implied by [6] would not be

tenable.

Basically, what is being sought is a representation of the travel cost

function in parameters that account for the fact that any travel movement

affects the marginal travel costs to other destinations. The next section

discusses a travel cost function whose parameters are geometric vectors of the

sequential trip legs. These vectors serve this purpose and provide a logical

means of allocating travel costs to different destinations.

A GEOMETRIC TRAVEL COST FUNCTION

In order to pursue this logic, the cost function [1] will be defined in

much the same manner as in Burt and Brewer (1971, p. 815):

"The relevant geographic region is denoted by R and is approximated
by an area on a geometric plane. . . .We define ci (zi) as the
cost (price) associated with consumption of one unit of the ith-
commodity, which makes the coordinates x and y implicitly arguments
of the cost function ci."

Without loss of generality, locate the "geometric plane" such that the

origin is the given recreator's residence. Figure 1 portrays a simple example

where the recreator goes on a trip with three destinations (A, 6, and C).
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Naturally, this trip has four legs, the costs of which are: T1, T2, T3, and

T4. The problem is to allocate the travel cost of these four legs to the

three destinations (one of which might be a recreation site which is to be

evaluated, using the travel cost method). Notice that the four legs of the

trip do occur in sequence (as in the integration path in equations [6] and

[7]), even though each leg involves, potentially, movement to all destinations

simultaneously.

Looking at the first leg of the trip depicted in Figure 1 (which costs

Tl), the movement from the origin to destination A can be defined by x and y

vectors: xl + x2 + x3 and yl. It is clear that the x3 vector'only occurs

because of destination A. Vector x2, however, is equally necessary for both

destinations A and B. This reflects the fact that the marginal travel cost

functions for destinations A and B are interrelated. Similarly, the horizontal

vector xl is equally necessary for all three destinations, and the vertical

vector yl is equally necessary for all three destinations. This, then,

suggests a way to determine the "contribution" of the first leg of the trip to

travel to the three destinations. Weighting all horizontal and vertical

vectors equally4, T1, would be allocated to the three destinations as follows:

1/3 xl + 1/2 x2 + x3 + 1/3 yl

xl + x2 + x3 + yi

should be allocated to destination A.

1/3 xl + 1/2 x2 + 1/3 yl

xl + x2 + x3 + yi

should be allocated to destination B. And,

1/3 xl + 1/3 yl

xi + x2 + x3 + yl

should be allocated to destination C.
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FIGURE 1

An Example Trip Itinerary Mapped Onto a Geometric Plane
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Following this logic for all four legs, the costs to be allocated to the

three destinations, C(A), C(6), and C(C), would be as follows:

1/3 xl + 1/2 x2 + x3 + 1/3 yl
C(A) -   • T

xi + x2 + x3 + yl

+

+

x3

x3 + y2 + y3

1/2 x2
• T3

T2

x2 + y3

1/3 xl + 1/3 yl
+   • T4

xl + y2 + yi

1/3 xl + 1/2 x2 + 1/3 yl
C(B)=   • T

xi + x2 + x3 + yl

1/2 y2 + y3
+   T

X3 + y2 + y3

1/2 x2 + 3,3
+   • T

x2 + y3

1/3 xl + 1/2 y2 + 1/3 yl
+   T

xl + y2 + yi

1/3 xl + 1/3 3,1
C(C) -

3

2

xi + x2 + x3 + yi

1/2 y2
+   • T2

x3 + y2 + y3

0
+ • T3

• T1

x2 + y3

1/3 xl + 1/2 y2 + 1/3 yl
+   • T

xi + y2 + yi
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Extension of this example to any multidestination trip itinerary is

straightforward. It should be noted that:

C(A) + C(B) + C(C) = Tl + T2 + T3 + T4,

always. It should also be noted that the logic for "allocating" a vector is

whether or not it is necessary for the destination in question. Thus, for

example, all of X3 is allocated to destination A in both legs 1 and 2. And,

it should be noted that the vectors are only used to apportion Ti, T2, T3, and

T4 among destinations. The vectors themselves are never actually costed.

If the legs in a given trip are not straight, then this "circuity" can be

handled by adjusting the estimates of T1, T2, T3, and T4. The basic geometric

logic just presented should still provide a tenable means of allocating the

travel costs. The simple example in Figure 1 did not involve any destinations

in the second, third, or fourth quadrants (West and/or South of the origin).

This presents no problem. The only additional complication is to assure that

movements in one quadrant are never allocated to destinations in any other

quadrant.

It should be clear that this approach assumes that all destinations are

of equal importance, except as indicated by the different prices (cost

allocations). Since the purpose of the valuation analysis is, in a sense, to

measure the relative importance of the site, it would be circular to use some

(a priori) relative importance scales to adjust prices and then interpret the

prices as values. One possible alternative would be to adjust quantities

rather than prices to account for multidestination trips.

It is also important to note that the cost allocation that is generated

with the approach discussed above is somewhat sensitive to the orientation of

the axes. Since this orientation (for example, orienting the vertical axis to

point north) is arbitrary, the cost allocation for any given recreator is not
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thoroughly tenable. However, if recreator origins are located somewhat

randomly around the recreation site, and a consistent orientation is used for

all recreators, then the effect of the axis orientation will more-or-less be

averaged out. This would be most tenable when valuing high-valued sites that

draw recreators from many origins. It is most likely that a relatively

complicated approach such as the one discussed above would only be undertaken

when analyzing such a high-valued site.

In the case that all destinations are equidistant, the scheme just

presented (with a "neutral" axis orientation) reduces to the simple averaging

of travel costs across destinations, as discussed in Haspel.and Johnson

(1982). And, in a situation where a number of destinations are very close

together, this scheme does not preclude the possibility of grouping them into

one destination as Haspel and Johnson also discuss.

CONCLUSION

Clearly, application of this cost allocation scheme requires rather

complete itinerary information on each individual trip. It is likely that zip

codes would be adequate to identify locations, if they can be ascertained.

Programs are available that can convert zip codes into latitude-longitude and

other location identifiers. It is also obvious that in a study with many

observations, the allocation scheme would have to be automated. This may be

difficult, given the large number of itinerary types that are possible (for

example, with crossing legs, coincident legs, etc.). This should not be

impossible, however. The extra effort of using this cost allocation scheme

would be most defensible when the recreation resource being analyzed is of

high value, when multiple destination trips are ubiquitous in the visitation

data, and when the multiple destinations are typically not close to being

equidistant.
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FOOTNOTES

1. The author would like to thank F. Reed Johnson, David A. King,

Frank A. Ward, and John B. Loomis for many helpful comments. All errors

and opinions are, of course, the sole responsibility of the author.

2. 02c* ak*

 , by Young's Theorem.
saY.H. avH..1 J J 1

asi asj
Thus, --- = --=, i j.

ay. ay.J 1

3. The basic logic, of course, applies to m destinations, by equation [5].

•
4. Because per unit costs of vertical and horizontal movement should be

equal, this seems tenable.
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