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Abstract

Randall (1994) argued that the Travel Cost Method, TCM, cannot do what it is supposed

to do - generate monetary measures of recreation site benefits for use in Cost Benefit

Analysis. Randall argues that what is relevant to recreational decision making is the

subjective, and unobservable, price of travel, whereas what TCM uses is the observer

assessed cost of travel. Hence, the best that can be expected from TCM is ordinally

measurable welfare estimates. This paper formulates ‘Randall’s difficulty’ as an estimation

problem and derives some results for that problem. A survey data set and Monte Carlo

simulations based upon it, where many of the problems usually attending TCM application

are absent, are used to illustrate and quantify Randall’s difficulty. The meaning of, prospects

for, and usefulness of ordinal measurement are explored, and the question of the existence

of a solution to Randall’s difficulty is considered.
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I. Introduction

  The travel cost method, TCM, appears to be widely regarded as a reasonably satisfactory

means for assigning use values to environmental assets that do not have market prices

attached to them. It has been the subject of much less controversy than the contingent

valuation method, CVM, which is supposed to permit the elicitation of non-use and use

values. In comparisons of TCM and CVM results for the same ‘commodity’ - see, for

examples, Smith et al (1986), Hanley (1989), Loomis et al (1991) - it is usually taken that

convergence confers credibility on the latter.

  However, Randall (1994) claimed that the TCM, as generally implemented, is inherently

flawed and cannot do what is supposed to do. The essence of ‘Randall’s difficulty’ is that:

Instead of observable prices of recreational visits, travel cost method (TCM)

researchers are obliged to substitute researcher assigned visitation cost

estimates....visitation costs are inherently subjective, but are ordinally measurable so

long as the cost increases with the distance travelled. It follows that traditional TCM

yields only ordinally measurable welfare estimates (p88).

Randall’s basic point is that what is relevant to recreational decision making is the price of

travel which is inherently subjective, and unobservable. If subjective prices were observable,

it would be possible to use them in what Randall calls the ‘travel price method’. Given the

non-observability of price, what gets used is the travel cost method, wherein ‘researcher

assigned visitation cost estimates’ are substituted for price. These estimates  may be

computed according to agreed conventions across different applications, but nevertheless

The resulting travel costs and welfare estimates remain artifacts of the travel cost

accounting and specification conventions selected for imposition (p93).

so that

the best we can expect is ordinally measurable welfare estimates (p95, emphasis

added)

  The purpose of this paper is to explore ‘Randall’s difficulty’. The first point to be made is

that it is relevant to a wider set of applied economic analysis than Randall (1994) considers.

Interest in the TCM is not restricted to the production of ‘welfare estimates’. It is also a

means by which access price demand elasticities for  recreational sites, where access is

either un-priced or where there is little historical variation in price, can be estimated. Such

information is of interest to managers contemplating using access pricing to ration use and/or
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raise revenue. A second point concerns the welfare measure. While Randall considers

welfare measures associated with (Hicksian) compensated demand functions, most TCM

applications actually estimate the consumers’ surplus associated with (Marshallian)

uncompensated demand functions. In this paper we follow the usual practice: the problems

of interest here would also attend  estimation of measures based on compensated demand

functions. Similarly, we do not explicitly look at elasticity estimates but, rather, at the

estimated slope coefficient in a linear regression of visits on travel cost.

  The paper is organised as follows. In section II we review the recognised problems in

measuring travel costs in applications of the TCM, note some other problems attending

application, and earlier work making the distinction between estimated travel cost and

subjective, or perceived, travel price. Section III sets things up as an estimation problem. To

focus on essentials, this is done for a simple situation where many of the problems listed in

section II are absent. In section IV we report some results from a data set, generated in a

survey conducted by one of the authors, where many of those problems could also be

considered to be absent. This survey asked respondents what they perceived their travel

costs to be. Building on these results, section V reports the results from Monte Carlo

simulations which put some numerical flesh on the analysis of section III, and an extension of

that analysis suggested by the survey results. Section VI considers the question of ordinal

welfare ranking, and VII considers the prospects for solving, or circumventing, Randall’s

difficulty. Finally, in section VIII, we offer some conclusions.

II. Travel Cost Measurement

  We discuss the issues as they arise in the context of data generated by on-site

surveys.There are several widely recognised problems associated with the assessment of

respondent travel costs for use in recreational modelling using such survey data:

A1. It is often the case that many of the survey respondents are engaged in multi-

purpose and/or multi-site trips, so that there are joint costs.

A2. Some survey respondents will have incurred expenses in regard to

accommodation, subsistence, and souvenirs, all of which are to some degree

discretionary, as, in many cases, are on-site expenditures.

A3. The opportunity costs of recreational travel are taken to include time costs, and

the assessment of the unit value of time is difficult, and contentious. For some

recreationalists in some contexts, it is plausible that travel itself yields positive utility,
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implying a negative cost. There is also the matter of time at the site, which often

varies substantially across recreationalists.

A4. Survey respondents face different costs per unit distance, on account, for

example, of using different sizes and types of motor vehicle, and per unit time.

A5. Some survey respondents may be individuals who at the time of making the

decision to take a trip did not plan to visit the site where the survey is conducted.

A6. For survey respondents using motor vehicles there is the matter of group size

and vehicle related cost apportionment. Where group size is greater than one,

should vehicle costs be divided by the number of occupants of the vehicle? Should

adults and children be equally weighted in such a calculation?

  While all of these have received some attention in the TCM literature, it is A3 that has

received the most, generating a number of theoretical and applied papers. In a recent

survey, Bockstael (1995), the only cost measurement issue explicitly mentioned is that

associated with time.1

  Over and above these cost measurement problems, other problems noted in the TCM

literature are:

B1 The treatment of sites that are substitutes for the one which is the subject of

analysis.

B2 The functional form to be used for the visitation equation, or trip generating

function, to be estimated.

B3. The possible endogeneity of respondent origin and motor vehicle size/type.

B4. In regard to estimation, the data is subject to censoring and truncation 

problems.

Of these, B3 has received the least attention in the TCM literature, while a great deal of

effort has gone into responding to B1 and B4.

  Referring to a subset of lists A and B, Randall (1994) states that to date: ‘These problems

with TCM have proven rather intractable’ (p90). Further, Randall expects the problems to

‘remain intractable’ since they reflect the common problem of  ‘specifying the “true costs”

of participating in recreation at a particular site’ (p91). According to Randall, whereas

neoclassical theory has cost determined by technology and factor prices, for the Austrian
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school cost is opportunity cost which is always subjective and ex ante, and it is the latter

who are right. Then:

The neoclassical concept of  cost survives not as a set of principles for

understanding cost, but as a tractable approximation that is serviceable in certain

circumstances. However, there are good reasons to believe that the neoclassical

approximation to true subjective cost is rather poor, especially, perhaps, in the case

of recreation (Randall 1994, p 91).

According to Randall, travel cost accounting conventions adopted in the literature mask the

inherent subjectivity of the costs relevant to recreational decision making, giving rise to

welfare estimates which are ‘artefacts’.

  While most of the TCM literature follows the ‘neoclassical’ route, using researcher

assessed travel costs, Randall was not the first to raise the issue of the subjectivity of the

costs/prices relevant to recreational decision making. In an early, UK, paper Mansfield

(1971), for example, argued that:

Basically, however, one is measuring “utility” in consumer’s surplus calculations and

therefore should be valuing costs at what motorists think they are paying, and not

what they actually pay

Mansfield was analysing Lake District recreation  survey data, but because that survey did

not include questions on perceived costs he actually used perceived cost data from a survey

of Leeds motorists, in a different year. In another UK TCM exercise of the same  vintage,

Smith (1970), respondents to the survey for the site of interest were asked about their

perceived costs, but the responses were such that they were not used in the analysis.2

Common (1973) noted the difficulties of principle and practice involved in using perceived

cost in recreation analysis, and argued for using, where possible, the implied price revealed

in recreational behaviour. Common found that using a researcher supplied estimate for

vehicle cost per unit distance, the implied price per unit time in a survey of recreational

fishermen was negative: see A3 above.

  In this paper we are concerned, as was Randall, with cost measurement problems, A, and

we focus particularly on A4 and A6. For most of the paper we proceed by following

Randall in assuming that correct welfare and elasticity measurement requires that we work

with perceived travel cost: we return to this in sections VII and VIII.

III. Randall’s Difficulty as an Estimation Problem
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  In this section we set out, in a simple context, the essence of Randall’s difficulty as an

estimation problem arising where the explanatory variable is measured with error, using the

following notation:

Ti is the (subjective) cost of a visit from location i

Ci is the (researcher assigned) cost of a visit from location i

pi = p + µi is the (subjective) price per unit distance for location i, where

µi∼NID(0,σµ
2)

ci = c is the (researcher assigned) cost per unit distance of a visit from location i

Vi is visits from location i

Di is distance to the site from location i

For the purposes of this section, we can assume a one to one correspondence between

locations and visitors, so that i indexes both.

  Then, the model to be considered is:

Vi = α + βTi + ε i : ε i∼NID(0, σε
2) [1]

Ti = (p + µi)Di : µi ∼NID(0, σµ
2) [2]

Ci = cDi [3]

Randall’s point is that, while it is [1] that generates visits, with Ti unobservable the TCM

analyst actually regresses Vi on Ci. Substituting from [2] and [3] into [1] and rearranging,

we have

Vi = α +  β([p+ µi]/c)Ci + ε i [4]

which can be written as a, special, random coefficient model:

Vi = α + BiCi + ε i: Bi∼N( [β(p/c)], σµ
2/c) [5]
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Ols regression of Vi on Ci will yield an unbiased estimate for the expectation of Bi, β(p/c),

and for α. Alternatively, we could write [4] as

Vi = α + BCi + wi: B=β(p/c), wi = (β/c)µiCi + ε i [6]

which is a, peculiar, errors in variables model, where Cov[Ci, wi] = 0, so that ols will give

unbiased estimation of B and α, while heteroskedasticity implies inefficiency.

  Looked at either way, it is clear that, unless p = c, the standard TCM procedure will yield

a biased estimate for β , with expectation β(p/c). The bias will not vanish asymptotically.

Note that we are assuming the absence of other problems, such as censoring/truncation,

which would render ols inappropriate. The problem is the lack of information on p, not the

estimation method. If p were known, an unbiased estimate for β  could be recovered from

the ols estimate for B.

  Consumers surplus’, denoted as S, is given by

S = -(1/2β)ΣiVi
2 [7]

which by [1] is a random variable with expectation E[S] which the TCM analyst seeks to
estimate. This is done in two ways in the literature, using either actual visits, the observed Vi,

or predicted visits from the fitted trip generating equation obtained by regressing Vi on Ci.

Denote the first consumers’ surplus estimate Sa and the second Se.
3 For the model which is

[1], [2] and [3], if we use in [7] the expected values for the intercept and slope estimates
from an ols regression of Vi on Ci, with the actual Vi, we get

Sa = (c/p)S         [8]

or

(S - Sa)= [1 - (c/p)]S [9]

for the error arising in estimating consumers’ surplus. While [9] is easily derived and clear,

this is not so for the second consumers’ surplus estimator - which uses the estimates from a
regression of Vi on Ci and the so-predicted Vi - where the expression for (S - Se) is (S -

Sa) plus one positive term and minus two positive terms, where the terms involve p2, β2,

Σεi
2 Σµi

2Di
2, and ΣDi

2. Generally, this expression may be smaller than or greater than (S -

Sa). We shall consider (S - Se) for particular numerical cases in section V below.   
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IV.The Tidbinbilla Survey

  Tidbinbilla is a nature reserve in the Australian Capital Territory, the ACT. It is visited by

the residents of Canberra, which is within the ACT and contains virtually all of the ACT

population, by residents of Queanbeyan, a city in New South Wales but contiguous with

Canberra, and by people visiting Canberra and Queanbeyan. The ACT is completely

surrounded by New South Wales. Tidbinbilla comprises 5515 hectares of  rolling hills and

steep mountain slopes, with numerous valleys and small creeks. It contains a broad cross-

section of Australian forest and grassland types. Some of the area was previously farmed,

but there is no farming now. The nature reserve itself is home to abundant native wildlife:

there are over 150 species of native birds. Within the nature reserve there are large

enclosed areas where kangaroos and koalas can be observed, and wetlands with bird

watching facilities. Kangaroos, and emus, are also present in the unenclosed area of  the

nature reserve. Access to the enclosures and hides is from carparks adjacent to paved

roads: off-road use of motor vehicles is prohibited. Tidbinbilla is managed by the ACT

Parks and Conservation Service. There are other protected areas in the ACT, but none of

these have either enclosed areas for seeing kangaroos at close range or bird watching

facilities. New South Wales has several protected areas within 3 hours driving distance from

Canberra, but none of  these have similar enclosures and hides. Within the ACT and the

adjacent parts of  New South Wales there are sites which are essentially zoos, and lack

Tidbinbilla’s associated protected bush. Such sites charge an entrance fee. At Tidbinbilla

there is no entry charge for either the nature reserve or the facilities within it. In 1994

opportunities for on-site expenditure at Tidbinbilla were limited to a small information centre

at the entrance selling a limited range of postcards and posters.

  In 1994 one of the authors conducted a visitor survey at Tidbinbilla, as the basis for an

undergraduate thesis at the Australian National University (Bull 1994). Approximately 800

visitors either completed and returned a questionnaire, or were interviewed using the

questionnaire. Surveying took place during two parts of the year, corresponding to peak

and off-peak visitation periods, as determined from visitor number records kept by the ACT

Parks and Conservation Service. Respondents were asked to provide information on the

following, where a capitalised abbreviation is an  identifier for future reference:

their point of departure for the visit

their place of residence

the length of their stay at Tidbinbilla, STAY

their sex, SEX

their age, AGE

their educational status, EDU
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their employment status, STAT

their income status, INC

the number of adults, ADS, and children, KIDS, in their party for the visit

their travel mode (there is no bus or rail route which serves Tidbinbilla, some

respondents were cyclists)

the make and model of their motor vehicle, if that mode used

whether this was their first visit to Tidbinbilla, VIR

whether their trip from their point of departure involved visiting any other

destinations

their number of visits to Tidbinbilla in the previous year, VPA

their perception of the one way transport cost of this visit, EST - respondents were

asked Question 11: How much do you think the journey to Tidbinbilla has cost (ie

one way expenses incurred in getting here such as petrol and ‘wear and tear’ on the

car)?

their perception of the time taken for the one way trip, TIME - respondents were

asked Question 19: How long did the trip here  take?

  Each completed questionnaire was marked so as to identify it as self-filled or interviewer

filled, INTVW, and as to whether it referred to a peak or off-peak visit, SSN. The basic

data set consisted of the foregoing data, together with FCPK as the fuel cost per kilometre

for the make and model of vehicle,  CPK as the total cost per kilometre for the make and

model of vehicle, and DIST as the one way distance travelled. FCPK and CPK were taken

from figures compiled by an Australian motoring organisation (NRMA 1994). DIST was

measured from a large scale map as the distance from the centre of the respondent’s suburb

to the entrance to the nature reserve. Canberra suburbs are unambiguously identified and

known to residents, and are small in area and population size (average 4000 residents).

Hence, the measurement of DIST was less problematic than in many TCM applications. A

variable VINF was also created, taking the value 0 where the questionnaire information on

make and model was insufficient to accurately identify FCPK and CPK, otherwise 1.

  All of the results reported here are based on a sample of size 410, which resulted when the

following observations were removed:

where the travel mode was other than a motor vehicle

where their departure point was other than Canberra/Queanbeyan

where there were destinations additional to Tidbinbilla

where VINF=0

Some additional variables were calculated from this data as follows:
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ECPK = EST/DIST

SPEED = DIST/TIME

C1A = FCPK/ADS

C1AK = FCPK/(ADS+KIDS)

C2A = CPK/ADS

C2AK = CPK/(ADS+KIDS)

C3A = ECPK/ADS

C3AK = ECPK/(ADS+KIDS)

The result is what is for TCM purposes a relatively ‘clean’ data set, where we have, inter
alia, data on, in the notation of the previous section, pi according to differing conventions

about handling group size, and on ci according to two different conventions for vehicle cost

and different group size conventions. Table 1 reports some descriptive statistics for this data

set. Costs and prices are in units which are Australian cents, per kilometre: speed is

kilometres per hour.

  For the data on perceived, ECPK, and observer assessed costs for applying the TCM it

clearly does matter which convention is followed. With regard to perceived cost,

respondents were directed to think specifically about vehicle related costs, on the grounds

that so doing could be expected to make the least demands on respondents. Note that for

all of the conventions for treating group size, mean perceived cost lies between mean fuel

cost and mean total vehicle cost per unit distance. For ECPK and its variants, the

distributions have long upper tails. In regard to SPEED, note that from any origin considered

in this data set the trip includes both urban and rural segments, and that the urban speed limit

is, at most, 80kph while the rural is 100 kph.

  We now use this data to illustrate Randall’s difficulty. We do this here in terms of fitted

linear trip generating equations, looking at the estimated, by ols, coefficients on the travel

cost variable. In the next section we present results for this estimate and estimated consumer

surplus from a Monte Carlo experiment based on the parameter estimates shown in the first

row of Table 2 taken to be the true values for the parameters of equation [1]. Since the

point here is to illustrate the nature and potential magnitude of Randall’s difficulty in actual

survey data and to generate the basis for Monte Carlo experimentation, rather than to

establish substantive results, we do not exhaustively report our analysis of the Tidbinbilla
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data in relation to such matters as alternative functional forms, variables included but found

insignificant etc.

   The results reported in Tables 2 and 3 come from the popular zonal averaging

implementation of the TCM. Using VPA as dependent variable, for an individual respondent

based implementation, produced unsatisfactory results. We treated suburbs as zones, giving

80 zones. In the zonal average implementation of the TCM it is usual, but not essential, to

use as the dependent variable visits per thousand of population. For the Tidbinbilla data this

also produced unsatisfactory results, in that the coefficient on travel cost was typically not

statistically significant at 10%. Table 2 gives the (ols) regression results, t values in

parenthesis, when zone population is entered as an explanatory variable along with zonal

average travel cost: other explanatory variables were considered, but always had non-

significant coefficients. In Table 2 the dependent variable is respondents per zone. For the

results shown in Table 3 the dependent variable is adult visits per zone, with zonal average

travel costs measured correspondingly.

  Looking at the last two rows in each table, using observer assessed travel costs one gets

quite different estimates for the parameter relating visits to costs according to the

conventions adopted in assessing such costs. Comparison of the first rows in the two tables

shows, further, that one gets quite different parameter estimates from data on perceived

costs according to the convention adopted for dealing with multiple occupancy of vehicles.

If one adjusts for party size in this case, counting only adults, the travel cost coefficient is not

significant.
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V. Monte Carlo Results

  We now consider the results from some Monte Carlo simulations based on the results from

the Tidbinbilla survey.4 Corresponding to [1] and [2], here we use

Vi = 4 - 0.001Ti + ε i:  ε i∼N(0, σε
2) [1a]

where

Ti = (20 + µi)Di: µi ∼N(0, σµ
2 ) [2a]

The parameter values in [1a] are rounded from the first row in Table 2, for perceived unit

distance cost, and the value of 20 comes from Table 1 for ECPK, adjusted, with the ranges
considered for the variances of µi and ε i , so that [1a] does not generate negative visits. The

use of normal distributions for µi and ε i in the simulations is a matter of convenience and to

accord with standard assumptions. It is unlikely that the use of alternative symmetric

distributions would affect the nature of the reported results.

  The experiment uses 2 assumptions, rounded from Table 1, about observer assessed unit

distance cost:

Ci = 10Di [3ai]

for fuel cost, FCPK, version of the model and

Ci = 50Di [3aii]

for the full cost, CPK, version. Note that while the Tidbinbilla parameter estimates are for

vehicle costs only and the terminology here reflects that, the analysis in this section is not so

restricted - [2a] could be taken to covering all distance related costs, as could [3ai] and
[3aii]. The results to be reported are based on 50 replications. In each, Vi observations are

generated by [1a] and [2a], with Di = i for i = 1, 2.....80, and Vi is regressed on Ci

generated according to [3ai] and [3aii] respectively. In each replication the so-estimated

slope and intercept coefficients are used to calculate estimates of consumers’ surplus using
actual and predicted visits, and actual consumers’ surplus is also calculated using the Vi

generated by [1a].

  Tables 4 and 5 show the mean across 50 replications for the estimated slope coefficient. In

both of these tables the reported means accord closely to the results at [5] and [6] above on

substitution for β , p and c. The results in Tables 4 and 5 show no pattern of dependence on
the values taken by the variances for µi and ε i, consistent with the analysis in section III. The
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variances of the slope estimates across replications do depend on these values, increasing

with σµ
2 and σε

2. For given values of σµ
2 and σε

2  the variance is larger for c=10 than for

c=50, which is consistent in intuition with [5] and [6] (see also Table 8).5

  As originally stated by Randall, his difficulty relates to the use of observer assessed travel

costs for estimating welfare measures. Tables 6 and 7 here report results for consumers’

surplus from the same Monte Carlo simulations as just considered, where, across 50
replications, S is the mean for the actual consumers’ surplus, Sa is the mean when

consumers’ surplus is calculated using the estimated regression coefficients with actual visits,
and Se is the mean when using visits predicted by the fitted equation. For this numerical

specification, expected consumers’ surplus is 4.15E05 Where fuel cost is used, Sa is always

approximately 50% of S: where full cost is used Sa is always approximately 2.5 times S.

These large errors are as given by [9]. We did not, in section 3, write out an expression for
the error associated with Se, but noted that it left the sign indeterminate. For this experiment,

Tables 6 and 7 show that Se Û Sa always, with the difference always small in relation to the

difference between S and Sa. If we look at the variances across replications here, we find
that the variance on Sa is always greater than that on S, and always at least as great as that

on Se. The variance for each of S, Sa and Se is greater for c=50, full cost, than for c=10,

fuel cost. For Sa with c=50, the variance ranges from 1.97E8 (σµ
2 =1, σε

2 =0) to 3.58E10

(σµ
2 =25, σε

2 =0.25): with c=10, it ranges from 9.48E6 (σµ
2 =1, σε

2 =0) to 1.26E9

(σµ
2 =25, σε

2 =0.25).6

  Tables 8 and 9  report results from simulations with a numerical variant of the model just

considered. For this experiment the data is generated by

Vi = 350 - 0.5 Ti + ε i:  ε i∼N(0, σε
2) [1b]

Ti = (0.5 + µi)Di: µi ∼N(0, σµ
2 ) [2b]

with Di = 10i for i = 1,2,....20. Across 50 replications, Table 8 gives the mean and variance

for the slope coefficient estimated from a regression of Vi on Ci as σµ
2 and the observer

supplied unit travel cost, c, are varied. As previously, the mean values decline, in absolute

size, with p/c, and are approximately equal to 0.5 for p=c, for all values of σµ
2 . The

variance appears to increase with σµ
2 , and decline with p/c. Both of these features were

also apparent in the previous numerical specification. For this model, the expected

consumers’ surplus is 2.1E06. Table 9 shows how the mean of the estimated consumers’

surplus - using actual visits, Sa, and predicted visits, Se - varies with σµ
2 and c. There does

not appear to be a marked dependence of either Sa or Se on σµ
2 , for given c. For c<p, Sa

and Se are less than expected consumers’ surplus, for c>p they are greater. As before, Se ≤
Sa always, and here they are usually equal when reported rounded as in Table 9.7
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  Both of the numerical specifications considered thus far use a single, observer generated,

assessment for the unit cost of travel. However, in the survey data reported, and used for

estimation, in section IV, the observer generated unit of travel varied across respondents

with car make and model. The question which arises is, does respondent dependent

observer assessed unit travel cost affect the nature of the results reported thus far in this

section, and in section III?

  If we consider [1] and [2]  together with

Ci = (c + π i)Di : π i ∼NID(0, σπ
2) [3c]

rather than

Ci = cDi

we obtain

Vi = α + BiCi + ε i: Bi = β([p+µi]/[c+π i]) [10]

rather than [4].
  In the case of this random coefficient model, Bi and Ci are not statistically independent,

and ols will not give unbiased estimation of the expectation of Bi, β(p/c). In Table 10 we

report the mean, across 50 replications, slope estimate from a regression of Vi on Ci, where

α and β  take the values as in [1a], and where for ‘Fuel’ c=10 and σπ
2 = 1, and for ‘Full’

c=50 and σπ
2 = 100. Thus, the results in Table 10 for ‘Fuel’ correspond to those in Table

4, and those for ‘Full’ correspond to those in Table 5. The values for used for σπ
2 were

chosen in the light of  the data of Table 1.  Comparing Table 10 with Tables 4 and 5 it is

apparent that introducing stochasticity into observer assessed unit travel costs does make a

difference - the numbers in the former are consistently smaller than in the latter. Where Fuel

cost is used, this moves the estimate toward the true value of β , where Full cost is used

away from it. However, in both cases the differences as between the Table 10 results and

those in Tables 4 and 5 are small compared with those between the values in the latter

tables and the true value for β .

  In Table 11 we report the corresponding results for estimates of consumers’ surplus.

Recall that for the values of α and β  used here the expected consumers’ surplus is

4.15E05.The results in Table 11 are for consumers’ surplus estimates calculated using actual
visits, and so are to be compared with the entries for Sa in Tables 6 and 7. For this

experiment, the relationship between results using actual visits and predicted visits follows

the same pattern as that reported above for the earlier experiment based on the Tidbinbilla
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results. For both Fuel and Full the results in Table 11 are always smaller than the

corresponding mean estimate in Table 6 or 7. It is not obvious that the size of the difference

depends systematically on either σε
2  or σµ

2 . The differences as between the case where

observer assessed cost per unit is stochastic and where it is a constant are small in relation

to the differences between estimates in the latter experiments and the true value of

consumers’ surplus.

  On the basis of these experiments, it appears that the fundamental problem is, as identified

by Randall, the use of observer assessed unit travel cost, and that having these vary across

respondents introduces relatively small additional error. In saying this, it needs to be noted

that whereas this last experiment involved normally distributed stochastic terms in the

determination of observer assessed unit cost, in actual survey data observer assessed costs

are not randomly assigned to respondents, and the data summarised in Table 1 here suggest

that their distribution is not then well described as normal. However, it is not apparent from

that data that symmetry is an unreasonable assumption. These experiments use ols

estimation. However, it should be clear that Randall’s difficulty is not a problem about the
estimation method. The problem is that pi is not known to the TCM analyst.

VI. On Ordinality

  The results considered here show that the convention adopted for researcher assigned

travel costs has a strong effect on both the estimated coefficient on travel cost, and hence on

the inferred price elasticity of demand for access, and the estimated monetary welfare

measure. They also show that the ‘errors’ in the estimates can be large. In the results for the

first experiment based on the Tidbinbilla survey results, while the true value of β  was -

0.001, the estimated value was -0.002 or -0.0004 according to whether fuel or full unit

vehicle cost was used. The expected consumers’ surplus was approximately $415000,

while estimates were approximately $208000 or $1040000 according to the cost

convention. These results support Randall’s argument that TCM welfare estimates for

recreation sites based on observer assessed unit travel costs cannot be used in CBA with

any confidence. They also suggest that TCM derived price elasticity estimates based on

observer assessed costs may seriously mislead recreation site managers as to the

implications of access pricing for visitor numbers and revenue.

  Randall argues that while cardinal welfare measurement is impossible, TCM using observer

assessed costs can support ordinal measurement. By this he means that, provided the same

unit cost assessment conventions are followed at each site, TCM will rank sites correctly in

welfare terms. It is not usually envisaged that TCM results are intended only to rank sites. In

some contexts, however, such a role may be of use, as for example where the question is
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which of a number of forest recreation sites should be used to supply timber, where it is

taken as given that the timber is to come from one of them. However, in such contexts the

ranking could  be done simply in terms of distance units, rather than monetary units. Randall

(1994) notes that willingness to pay could be expressed in distance units, and goes on to

say, in effect, that those who prefer ‘dollar denominated welfare measure’ (p92) can have

them, for ranking only, so long as they stick to a single unit travel cost assessment

convention across all sites.

  However, formulating Randall’s difficulty as an estimation problem indicates that the order

preserving conditions are more complex than simple convention consistency. Consider two
sites 1 and 2, where consumers’ surplus is larger at the latter, so that S2=kS1, k>1. Now,

leaving aside sampling effects, consider estimates for consumers’ surplus at each site based
on using actual, rather than predicted, visits. From [8] these are Sa1=(c1/p1)S1 and

Sa2=(c2/p2)S2 so that Sa2/Sa1>1 requires

 (c2/c1) >(p2/p1)/(1/k) [11]

and c2 = c1 alone is neither necessary nor sufficient. If  p1 = p2, then c2/c1 > 1/k is necessary

and sufficient, and is satisfied for c2 = c1, given k>1. If c2 = c1 then [11] becomes

(p1/p2) > 1/k [12]

where p1 = p2 is sufficient but not necessary.

  Convention consistency will be order preserving if the expectation of perceived unit travel

cost is the same across sites, but it is not necessary. If the expectation of perceived unit

travel cost differs across sites, then convention consistency is neither necessary nor

sufficient. Should it  generally be assumed that p is the same across sites? The published

literature does not, as far as we are aware, offer any evidence that bears directly upon this

question. We now consider the data from the Tidbinbilla survey.

  We regressed ECPK, perceived unit vehicle travel cost, on each of FCPK, fuel cost per

kilometre, and CPK, full cost per kilometre, together with: DIST, TIME, VIR, SSN,

INTVW, WTP, ADS, KIDS, INC, STAT, EDU, AGE, SEX, STAY. Based on

significance levels, variables were dropped and the equations re-estimated. We do not

report any results for the equations involving CPK as in no case did the t value on its

coefficient estimate exceed 0.6. The final result for the FCPK variant was, t values in

parenthesis,

ECPK = 30.36+2.07FCPK-0.70DIST+0.18TIME+9.54VIR+4.55SSN-1.43STAT

              (3.89)  (2.87)         (5.15)       (2.01)         (3.03)      (2.16)       (2.32)
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with an adjusted R squared of 0.1044. In this case coefficient estimates and t values were

reasonably stable across alternative versions arising as variables were dropped.

As sites differ in regard to the profile of visitors by STAT, VIR and SSN, and in DIST and

TIME, this is consistent with the hypothesis that perceived unit travel cost varies across

sites.

  Perceived unit travel cost falling with distance has some intuitive plausibility. Suppose that

the expectation for perceived unit travel cost is constant for a given site, but that there are
two sites at different distances from the population of interest and that the expectation of pi

is lower at the more distant site.8 For S2=kS1, k>1, suppose S2 is the more distant site and

that p2<p1. Then, from [11], the order preserving condition is c2/c1> (x)(y) where x<1 and

y<1, so that for convention consistency, c1 = c2, the condition will be satisfied. If, on the

other hand, the site with the larger consumers’ surplus is the nearer one, so that p2>p1, then

the condition is c2/c1> (x)(y) where x>1 and y<1 so that satisfaction of the order preserving

condition depends on the sizes of p1, p2 and k, and is not guaranteed by convention

consistency.

  Finally here it might be noted that the condition, corresponding to [11], for the correct

ordering of sites by the value for the parameter β  in [1] is

(p2/p1)(c1/c2) > 1/k [13]

where β2 = kβ1, k>1. Condition [13] is not the same as [11].

VII. Is There a Solution to the Difficulty?

  Randall’s difficulty with the TCM arises if a) it is accepted that perceived travel costs are

the appropriate cost measure, and if b) only observer assessed unit travel costs are

available.

  Randall clearly accepts b as binding, suggesting, in general terms, two conceivable

solutions, neither of which involves collecting respondent data on perceived costs. However,

it is clear that TCM practitioners could ask respondents for their assessment of  travel cost.

In regard to vehicle costs, this was done in the Tidbinbilla survey reported here, and it has

been done in other published TCM applications: see, for example, McKean et al (1995)9.

But, the regression results reported in the previous section here, and in Table 1, suggest that

the answers to such questions could be of questionable usefulness as inputs to TCM, being

incoherent. According to the regression results reported above, perceived vehicle unit

distance cost decreases with distance but falls with, self-assessed, time spent travelling,

whereas distance and time, must, on average, be positively associated. In Table 1, the

results in terms of SPEED imply that many respondents could not accurately recall how long
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the trip had taken them. While it is agreed that travel cost should include the opportunity

cost of time spent travelling, attention to date has focussed on measuring the price rather

than the quantity of time. If a above is accepted, then clearly the question of the coherence

and consistency of respondent perceptions requires further investigation before TCM results

based on such are uncritically accepted. It is perhaps because of an implicit assumption

about the usefulness of reported perceptions that Randall did not mention this solution, and

few TCM analysts have adopted it.

  As regards a above, some might have a problem with Randall’s insistence that what

matters for TCM recreation site welfare assessment is perceived opportunity cost. It is

generally understood that in CBA recreation site benefits are, at least implicitly, to be

compared with other costs and benefits assessed on the basis of actual, market, prices

where such exist, and on some other basis where they do not. If a is accepted, consistency

would appear to require that all prices used in CBA should be those perceived. Unless one

believes that markets ensure the coincidence of actual and perceived prices over all of their

domain, and that such other non-market valuation techniques as are used also produce

consistent perceived prices, the amount of effort required for CBA implied is very great.

Certainly, the majority of welfare economists do not argue for analysis in terms of perceived

opportunity costs.

  Does considering Randall’s difficulty as an estimation problem suggest the nature of a

solution based on observable behaviour? We sketch here only the essentials of a possible

approach. The insight behind TCM is that travel is a necessary input to the consumption of

recreation site services. Suppose that there is some other necessary input, which has a

unique market price per unit. Then, assuming a constant unit distance cost, we could write

Vi = α + β1p1Di + β2p2Xi [14]

where X is the other input with price p2, and p1 is unit distance cost. Suppose that we

regress Vi on Di and Xi with the result

Vi = a + b1Di + b2Xi

so that we have

b1 = β1p1 [15]

and

b2 = β2p2 [16]
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From [16]

β2 = b2/p2

and if we assume that β1 = β2, then from [15] we have

p1 = b1/β1 = b1/β2 = b1/(b2/p2)

as an estimate of the unit distance cost implied in observed behaviour, and we can use the
derived estimate of  β1 = β2 to forecast rationing/revenue responses to entry price levels

and to estimate consumers’ surplus.

  The feasibility of this approach depends on the existence of  the required commodity X,
and requires the assumption that β1 = β2. The assumption that recreation consumption

responds in the same way to variations in expenditures on two necessary inputs to it is,

perhaps, not unacceptable. The real problem is finding a candidate for the role of X.

VIII. Conclusions

  Randall’s difficulty applies to TCM applications where cost data is supplied by the analyst.

Our results, for contexts where many of  the difficult judgements that have to be made in

practice are absent, confirm that the difficulty is real, and show that it can be expected to be

quantitatively significant. Where unit distance cost is observer assessed, the resulting entry

fee elasticity and welfare estimates will indeed be artefacts of the cost accounting

conventions adopted. In this connection, it is interesting to note that in their meta analysis of

TCM applications Smith and Kaoru (1990) did not include a variable reflecting the

conventions used to compute, non-time, travel cost. The conditions under which convention

consistency produces ordinally valid welfare measurement are more complex than stated by

Randall.

  There are dimensions to the travel cost measurement problem that we have not considered

here, as well as problems concerning model specification and estimation. These interact with

and are likely to compound the basic problem considered here. The exploration of the

estimation problems arising will likely involve Monte Carlo analysis, not being analytically

tractable. As Randall notes, the basic cost measurement problems are not solved by

embedding the TCM in a household production function context, or by using random utility

models. Our conclusion is that results from TCM applications are probably best ignored,

unless and until the rather basic issues focussed on here can be resolved. At the least, it

would appear that the reporting of any TCM results based on observer assessed cost
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should be accompanied by sensitivity analysis. Where perceived costs are used, there

should be some demonstration that the respondent data used is coherent.

  If the TCM cannot be salvaged, is this a major problem? We have noted two uses for it -

welfare measurement and estimation of entry fee elasticity. In the first case, the underlying

problem is, essentially, some social decision about choosing between alternative uses of

what is currently, perhaps among other things, a recreation site. As an increasing number of

commentators are arguing -see, for example, Vatn and Bromley (1995) - CBA is not the

only, and perhaps not the best, way of making such decisions. If the fundamental difficulties

associated with TCM are more widely recognised, it might not be unreasonable to hope that

there may be some reallocation of scarce intellectual resources from it to alternative decision

making procedures. In which case, abandoning TCM may not be a great loss. The case of

entry fee elasticity estimation is somewhat different, in that the underlying question is not a

normative one, but rather concerns the efficacy of a means of rationing access and/or raising

revenue. In this case, there is the CV option, in a context where the design problems are

likely to be less than in many other contexts for which CV has been employed.
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Table 1. Descriptives for Tidbinbilla data

Mean Standard

Deviation

Minimum Maximum

FCPK 8.84 1.40 5.00 14.00

C1A 4.51 1.99 0.89 13.00

C1AK 2.86 1.60 0.89 13.00

CPK 49.02 14.39 21.00 92.00

C2A 24.72 12.06 4.89 90.00

C2AK 15.76 9.90 4.89 90.00

ECPK 31.34 21.25 0.00 177.78

C3A 15.96 12.96 0.00 88.89

C3AK 9.77 7.41 0.00 44.44

SPEED 63.92 18.74 10.33 168.00
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Table 2. Fitted Equations: Respondents per Zone as Dependent Variable

Constant Travel Cost Population R2

ECPK 4.0094 -0.0008 0.0007 0.3219

(4.44) (2.13) (5.96)

CPK 6.7384 -0.0011 0.0006 0.3820

(5.14) (3.53) (5.72)

FCPK 7.1619 -0.0072 0.0006 0.3606

(4.71) (3.08) (5.44)

Table 3. Fitted Equations: Adult Visits per Zone as Dependent Variable

Constant Travel Cost Population R2

C3A 6.8993 -0.0223 0.0013 0.2397

(3.16) (0.19) (4.92)

C2A 12.1430 -0.2220 0.0013 0.2764

(3.99) (1.99) (5.07)

C1A 11.1527 -0.9969 0.0013 0.2635

(3.50) (1.56) (4.96)
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Table 4. Mean Estimates for Slope of Fitted Trip Generating Equation: Fuel Cost.

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0 -2.12E-03 -1.99 -2.01 -1.99 -1.98 -2.02

1 -2.00E-03 -2.00 -1.98 -2.04 -2.01 -1.98

4 -2.01E-03 -2.01 -2.01 -1.97 -1.97 -1.94

9 -2.00E-03 -2.01 -1.98 -2.03 -1.97 -1.95

16 -2.00E-03 -2.00 -1.98 -1.98 -2.01 -1.98

25 -2.01E-03 -2.02 -2.02 -1.98 -2.00 -2.01

Table 5. Mean Estimates for Slope of Fitted Trip Generating Equation: Full Cost

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0 -4.00E-04 -4.00 -3.99 -3.98 -3.91 -3.96

1 -4.01E-04 -3.99 -3.99 -4.04 -3.99 -3.95

4 -4.00E-04 -3.99 -3.99 -4.03 -3.96 -4.09

9 -3.98E-04 -3.97 -3.98 -3.92 -4.01 -4.06

16 -3.99E-04 -3.96 -3.98 -3.97 -3.97 -4.01

25 -4.01E-04 -3.99 -4.00 -3.95 -3.98 -4.15
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Table 6. Mean Consumers’ Surplus and Estimates of: Fuel Cost

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0 S 4.16E05 4.16 4.17 4.19 4.21 4.24
Sa 2.08E05 2.09 2.07 2.11 2.15 2.12
Se 2.08E05 2.09 2.07 2.09 2.11 2.08

1 S 4.16E05 4.15 4.17 4.20 4.25 4.26
Sa 2.08E05 2.08 2.11 2.06 2.13 2.20
Se 2.08E05 2.08 2.10 2.04 2.10 2.14

4 S 4.16E05 4.16 4.18 4.18 4.22 4.21
Sa 2.07E05 2.08 2.09 2.14 2.16 2.20
Se 2.07E05 2.07 2.08 2.13 2.12 2.14

9 S 4.16E05 4.17 4.20 4.20 4.25 4.26
Sa 2.08E05 2.08 2.13 2.09 2.17 2.22
Se 2.08E05 2.07 2.11 2.07 2.14 2.16

16 S 4.16E05 4.19 4.16 4.21 4.22 4.27
Sa 2.09E05 2.11 2.11 2.15 2.12 2.18
Se 2.08E05 2.10 2.10 2.13 2.08 2.13

25 S 4.18E05 4.17 4.21 4.22 4.27 4.33
Sa 2.09E05 2.07 2.10 2.14 2.16 2.21
Se 2.08E05 2.06 2.08 2.12 2.12 2.15
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Table 7. Mean Consumers’ Surplus and Estimates of: Full Cost

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0 S 4.16E05 4.16 4.15 4.20 4.23 4.23
Sa 1.04E06 1.04 1.04 1.06 1.09 1.08
Se 1.04E06 1.04 1.04 1.05 1.08 1.06

1 S 4.16E05 4.16 4.16 4.19 4.25 4.23
Sa 1.04E06 1.05 1.04 1.04 1.07 1.09
Se 1.04E06 1.04 1.04 1.03 1.06 1.06

4 S 4.17E05 4.17 4.19 4.20 4.22 4.27
Sa 1.04E06 1.04 1.06 1.05 1.07 1.06
Se 1.04E06 1.04 1.05 1.04 1.06 1.04

9 S 4.16E05 4.18 4.19 4.19 4.23 4.27
Sa 1.05E06 1.06 1.06 1.07 1.07 1.06
Se 1.05E06 1.05 1.05 1.06 1.05 1.04

16 S 4.17E05 4.19 4.18 4.20 4.22 4.28
Sa 1.05E06 1.06 1.06 1.07 1.08 1.08
Se 1.04E06 1.06 1.05 1.06 1.06 1.06

25 S 4.17E05 4.19 4.20 4.20 4.25 4.25
Sa 1.05E06 1.05 1.06 1.07 1.09 1.05
Se 1.04E06 1.05 1.05 1.05 1.07 1.02
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Table 8. An Alternative Numerical Specification: Mean and Variance for Estimated

Slope Coefficient

c 

σσ µµ
2

0.3 0.4 0.5 0.6 0.7

0 E[B] -0.84 -0.62 -0.52 -0.42 -0.36

Var[B] 0.016 0.0081 0.0052 0.0065 0.0029

0.0004 E[B] -0.86 -0.63 -0.49 -0.41 -0.35

Var[B] 0.014 0.0069 0.0059 0.0049 0.0028

0.0016 E[B] -0.87 -0.60 -0.50 -0.42 -0.37

Var[B] 0.012 0.011 0.0069 0.0044 0.0027

0.0036 E[B] -0.86 -0.64 -0.50 -0.42 -0.35

Var[B] 0.013 0.011 0.0083 0.0054 0.0034

0.0064 E[B] -0.81 -0.64 -0.51 -0.43 -0.34

Var[B] 0.025 0.0079 0.0063 0.0052 0.0037

0.01 E[B] -0.83 -0.65 -0.50 -0.42 -0.35

Var[B] 0.022 0.0090 0.016 0.0068 0.0058
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Table 9. An Alternative Numerical Specification: Consumers’ Surplus Using Actual

and Predicted Visits

c 

σσ µµ
2

0.3 0.4 0.5 0.6 0.7

0 Sa 1.29E06 1.75 2.07 2.61 3.03
Se 1.28E06 1.74 2.07 2.61 3.02

0.0004 Sa 1.25E06 1.71 2.23 2.67 3.10
Se 1.25E06 1.71 2.22 2.67 3.09

0.0016 Sa 1.23E06 1.82 2.18 2.57 2.91
Se 1.23E06 1.82 2.18 2.56 2.91

0.0036 Sa 1.24E06 1.69 2.20 2.61 3.05
Se 1.24E06 1.69 2.20 2.60 3.04

0.0064 Sa 1.36E06 1.69 2.13 2.56 3.22
Se 1.36E06 1.69 2.13 2.56 3.22

0.01 Sa 1.31E06 1.66 2.23 2.62 3.18
Se 1.31E06 1.66 2.22 2.62 3.18
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Table 10. The Tidbinbilla Model with Stochastic Observer Assessed Unit Travel

Cost: Slope Estimate

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0 Fuel -1.92E-03 -1.93 -1.94 -1.95 -1.96 -1.94

   Full -3.45E-04 -3.49 -3.45 -3.44 -3.52 -3.52

1 Fuel -1.93E-03 -1.93 -1.90 -1.90 -1.94 -1.97

   Full -3.47-E04 -3.50 -3.39 -3.48 -3.53 -3.45

4 Fuel -1.93E-03 -1.94 -1.92 -1.97 -1.93 -1.90

   Full -3.42-E04 -3.47 -3.46 -3.45 -3.45 -3.48

9 Fuel -1.93E-03 -1.92 -1.91 -1.96 -1.93 -1.93

   Full -3.41-E04 -3.44 -3.47 -3.41 -3.43 -3.55

16Fuel -1.92-E03 -1.93 -1.93 -1.91 -1.88 -1.93

    Full -3.46-E04 -3.45 -3.50 -3.48 -3.49 -3.52

25Fuel -1.93-E03 -1.92 -1.96 -1.97 -1.92 -1.94

    Full -3.41-E04 -3.41 -3.45 -3.48 -3.41 -3.46

Table 11. The Tidbinbilla Model with Stochastic Observer Assessed Unit Travel

Cost: Consumers’ Surplus

σσ εε
2 

σσ µµ
2

0 0.01 0.04 0.09 0.16 0.25

0   Fuel 2.17E05 2.17 2.17 2.16 2.18 2.22

     Full 1.21E06 1.20 1.22 1.22 1.22 1.23

1   Fuel 2.15E05 2.16 2.21 2.21 2.20 2.20

     Full 1.20E06 1.19 1.24 1.21 1.20 1.26

4   Fuel 2.16E05 2.16 2.18 2.16 2.21 2.27

     Full 1.22E06 1.21 1.21 1.23 1.25 1.24

9   Fuel 2.16E05 2.17 2.20 2.16 2.22 2.27

     Full 1.22E06 1.22 1.22 1.25 1.25 1.24

16 Fuel 2.19E05 2.17 2.17 2.23 2.27 2.27

     Full 1.21E06 1.22 1.20 1.22 1.24 1.23

25 Fuel 2.14E05 2.20 2.14 2.17 2.34 2.24

     Full 1.24E06 1.24 1.23 1.23 1.27 1.26
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1  It is of some interest to note that cites, and apparently endorses, an argument that ‘ given

all the approximations implicit in our characterization of behaviour and measurement of

variables, requiring models to follow from a specific utility function “overstretches” the

power of the construct’.
2  The Smith paper referred to is unpublished, but see  Smith (1971) and Common (1973).
3  We are, in the interests of focussing clearly on the basic problem, ignoring here another

problem that arises in TCM practice. Sa and Se refer to consumers’ surplus for the observed

visitors. CBA would require consumers’ surplus for the relevant population. A standard

approach is to divide Sa/Se for the sample by total visits, actual/predicted, so as to get

estimated consumers’ surplus per visit, which can then be multiplied by population total

visits, if known.
4  The programmes for these simulations were written in Basic:listings can be made available

on request.
5   Full results for the variances, here and for consumers’ surplus, are available on request.
6   These statements are not strictly true. For both stochastic term variances set to zero, the

variance of  Sa is 0 for c=10 and c=50.
7  The variances on Sa and Se for this experiment can be supplied on request.
8   The implications for elasticity and welfare estimation at a single site if  pi declines with

origin distance are also of interest, of course. Preliminary results from Monte Carlo

experiments indicate that pi falling with distance introduces an additional source of bias. This

would further complicate ordinality conditions across sites.
9 In this TCM application, see also McKean et al (1996), distance was as reported by

survey respondents, but travel time was ‘based on reported distances and assume an

average speed of 50 miles per hour’.


