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Travel Cost Method For Environmental Valuation 

1. Introduction 

The continued demand for environmental quality as manifested by outdoor 

recreation participation coupled with reductions in funding for resource 

management increases the importance of obtaining reliable measures of 

relative economic value of environmental resource. The values of outdoor 

recreation resources are not directly observable in the marketplace. Some 

economists (Freeman; Smith 1984; Feenberg and Mills, 1980) prefer the 

resource valuation methodology used for nonmarket goods be based on 

observed consumption behavior. One such class of nonmarket valuation 

methodologies is termed as travel cost demand models (TCM), in which a 

recreationist is viewed as choosing one or more sites, site qualities, and site 

visit rates based in part on relative travel costs from home to each site. In 

principle TCMs assume that consumers often combine market goods with 

environmental goods in their consumption basket. 

Natural resources like lakes, forests are used extensively for the purpose of 

recreation. But it is often difficult to value these resources because no prices 

generally exist for them with which to estimate demand functions.  

The original idea behind the travel cost method (TCM) was attributed to 

Hotelling (first reported in Prewitt, 1949) where he suggested that the costs 

incurred by visitors could be used to develop a measure of the recreation value 

of the sites visited. However it was Clawson (1959) and Clawson and Knetsch 

(1966) who first developed empirical models along these lines. TCM is a 

survey technique where a questionnaire is often prepared and administered to a 

sample of visitors at a site in order to ascertain their place of residence; 

necessary demographic and attitudinal information; frequency of visit to the 

site under consideration and other sites; and trip information such as 

purposefulness, length, associated costs, etc. From this data, visit costs can be 

calculated and related, with other relevant factors, to visit frequency so that a 

demand relationship may be established. In the simplest case this demand 

function can then be used to estimate the recreation value of the whole site, 

while in more advanced studies, attempts can be made to develop demand 
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equations for the differing attributes of recreation sites and values evaluated for 

these individual attributes. 

There are three major dimensions to travel cost analysis of the demand for an 

environmental good. First dimension concerns how demand depends on quality 

of the good, second is associated with the number and duration of trips during a 

period of time such as a year. The third concerns the treatment of substitute 

such as when a visitor to a national park faces the choice of several parks. The 

paper is organized as follows. In the next sub-section we focus on policy issues 

followed by the economic criteria for environmental management. Section 2 

presents the economic theory for TCM. Section 3 compares the different TCM 

models as well as TCM in comparison with other valuation methods like 

CVM(Contingent valuation Method).Section 4 concludes the paper. 

1.1 Policy Issues 

Management Choices  

As outlined by (Ward and Loomis, 1986) there are a variety of resource 

management issues for which TCM has been applied. Three such classes of 

policy issues have emerged in the empirical literature:  

(a) First is the existing value of recreation from the availability of a particular 

single recreation site. This value is often needed to identify the recreation 

benefits lost if project X or land use policy Y is adopted that may 

adversely affect the site. 

(b) Second is the benefit (benefit foregone) if a single site's environmental 

quality is improved (reduced). With the reduction of federal and state 

resource management budgets, this second policy issue is likely to be 

more important than in the past, which commonly saw the opening up of 

entirely new sites.  

(c) Third is the benefit gained (lost) from a wide range of pricing or 

environmental quality policies directed at systems of multiple sites. This 

last class probably has always been the most important to policy makers, 

but because of the high costs of data gathering and analysis, it has 

received the least attention from TCM practitioners. 
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1.2 Economic Criteria for Environmental Management 

In examining the TCM literature, one might come to the conclusion that the 

major economic criterion used by government agency decision makers when 

evaluating recreation site improvement is what is measured by the TCM, 

namely the direct on-site recreation benefit which accrues to the site user. 

However, TCM can provide more insights. Even if one accepts the value 

judgment that the relevant objective function is national (or regional) economic 

efficiency, four components could be included in that efficiency: (a) direct on-

site recreationist benefit, (b) benefits accruing to off-site users such as option 

or existence values, (c) revenues accruing to the managing agency from 

entrance fees, and (d) the net gain in regional income derived from on-site 

visitor expenditure. Although this paper will follow traditional TCM lines by 

focusing exclusively on the first component; a state agency may care very little 

about any of the first three but have great interest in the last, particularly where 

a recreation site contributes materially to a region's export base. 

2. The economic theory of TCM 

Following Bateman (1993) the demand function estimated by the TCM is an 

uncompensated ordinary demand curve incorporating income effects and the 

welfare measure obtained from it will be that of Marshallian consumer surplus. 

The TCM evaluates the recreational use value for a specific recreation site by 

relating demand for that site (measured as site visits) to its price (measured as 

the costs of a visit). A simple TCM model can be defined by a 'trip-generation 

function' (tgf) such as; 

)1...().........,( XCfV 
 

where, V = visits to a site 

C = visit costs 

X = other socioeconomic variables which significantly explain V. 

The literature on TCM can be divided into two basic variants of this model 

according to the particular definition of the dependent variable V. The 

'Individual Travel Cost Method' (ITCM) simply defines the dependent variable 
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as the number of site visits made by each visitor over a specific period, say one 

year. The 'Zonal Travel Cost Method' (ZTCM) on the other hand, partitions the 

entire area from which visitors originate into a set of visitor zones and then 

defines the dependent variable as the visitor rate (i.e., the number of visits 

made from a particular zone in a period divided by the population of that zone). 

The ZTCM approach redefines the trip generating function (tgf) as; 

 

where, Vhj = Visits from zone h to site j 

Nh = Population of zone h 

Ch = Visit costs from zone h to site j 

Xh = Socioeconomic explanatory variables in zone h 

The visitor rate, Vhj/Nh, is often calculated as visits per 1,000 population in 

zone h. 

2.1 Individual travel cost model 

The individual travel cost model which accounts for estimating individuals‟ 

recreation demand functions. This is done by observing the visitation rate of 

individuals who make trips to a recreational facility as a function of the travel 

cost. The value of a recreation site to an individual is the area under each 

demand curve summed over all individuals. This model requires that there is a 

variation in the number of trips individuals make to the recreational site, in 

order to estimate the demand function. The variation is not always perceived as 

all individuals do not always make a positive number of trips to a recreational 

site. 

The individual travel cost models are preferred over the zonal travel cost 

model. The zonal travel cost model is statistically inefficient since it aggregates 

data from a large number of individual observations into a few zonal 

observations (Georgiou et al., 1997). Moreover all individuals from within a 

zone are considered to have same travel costs in the zonal model. 

 

)2)........(,(/ hhhhj XCfNV 
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We can specify the individual travel cost model as: 

Vij = f (Cij, Eij, Si, Ai, Yi, Hi, Ni, Mi)  

where, Vij = number of visits made per year by individual i to site j 

Cij = individual's total visit cost of visiting site j 

Eij = individual i's estimate of the proportion of the day's enjoyment which was 

contributed by the visit to site j 

Si = dummy variable; individual i's assessment of the availability of substitute 

sites 

Ai = age of individual i 

Yi = income of individual i's household 

Hi = size of individual i's household 

Ni = size of individual i's party 

Mi = dummy variable; whether individual i is a member of an outdoor or 

environmental organisation 

The demand curve for the site is illustrated in Figure 2. Integrating under this 

curve gives us our ITCM estimate of consumer surplus per individual. 

Consumer surplus for the site is then obtained by multiplying the individual 

consumer surplus with the number of individuals visiting the site annually 

 

Figure 1: Individual travel cost model – Illustrative demand curve 
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2.2 Zonal travel cost model 

The Zonal travel cost model was first applied and developed by Clawson at 

Resources for the Future in the late 1950s and 1960s. The data needed includes 

a sample of visitors to the site in question, identifying their origin. Having 

identified the origin of visitors, it is possible to estimate the number of visitors 

per year from each origin „zone‟. Knowing the population of each origin zone 

gives a visitation rate for the zone. This visitation rate is explained by two 

factors: the travel cost from the origin to the site and the demographic/income 

characteristics of the population of the origin zone to the site. Table 1 below 

elaborates these.  

Table 1: Consumer Surplus Estimates for the Whole Recreation 

Experience Using the ZTCM 

 Zone 

no. 

(1) 

No. of 

households 

(2) 

Average no. 

of visits per 

households 

(3) 

Average 

travel cost 

per 

household 

visit (4) 

Consumer 

surplus per 

households 

- all visits 

(5) 

Consumer 

surplus per 

household 

per visit 

(6) 

Total 

consumer 

surplus (7) 

Source: Bateman (2003) 

The steps involved in estimating ZTCM can be summarized as:  

(i)  Initially the data on the number of visits made by households in a period 

and their origin is collected via on-site surveys. 

(ii)  The area encompassing all visitor origins is subdivided into zones of 

increasing travel cost (column 1 of Table 1) and the total population 

(number of households) in each zone noted (column 2). 

(iii)  Household visits per zone (column 3) is calculated by allocating sampled 

household visits to their relevant zone of origin. 

(iv)  The household average visit rate in each zone (column 4) is calculated by 

dividing the number of household visits in each zone (column 3) by the 

zonal population (number of households; column 2) 

(v)  The zonal average cost of a visit (column 5) is calculated with reference 

to the distance from the trip origin to the site. 
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(vi)  A demand curve is then fitted relating the zonal average price of a trip 

(travel cost) to the zonal average number of visits per household. The 

curve estimates the demand for the "whole recreation experience"  

Figure 2 shows the whole recreation experience demand curve. The estimation 

of this curve involves the implicit assumption that households in all distance 

zones react in a similar manner to visit costs. They will make same number of 

trips if faced with the same level of costs. 

 

Figure 2: Whole recreation demand curve in the zonal travel cost model 

(vii) In each zone the household consumer surplus for all visits to the site 

(column 6) is calculated by integrating the demand curve between the 

price (cost) of visits actually made from each zone and that price at which 

the visitor rate would fall to zero 

(viii) The annual total consumer surplus for the whole recreation experience is 

estimated in each zone, total household consumer surplus must firstly be 

divided by the zonal average number of visits made by each household to 

obtain the zonal average consumer surplus per household visit (column 

7). This can then be multiplied by the zonal average number of visits per 

annum (column 3) to obtain annual zonal consumer surplus (column 8). 

(ix) Cumulating annual zonal consumer surplus (column 8) across all zones 

gives our estimate of total consumer surplus per annum for the whole 

recreational experience of visiting the site. 
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2.3 Random Utility models 

The Random Utility Models (RUM) considers the decision about the recreation 

site to visit for any one choice occasion. It is particularly suitable for cases 

where the major component of recreation behaviour is substitution between 

sites. RUMs cannot readily predict the total amount of recreation that will 

occur. Thus if due to some environmental change more people decide to 

participate more often, then the benefits of this extra activity will not be 

captured by the RUM 

2.4  Participation models 

In participation models a two-stage approach is generally followed – a logit 

model to predict whether an individual participates or not, and a second 

equation to predict the amount of recreation „consumed‟ given that an 

individual is a participant. The second equation usually includes a range of 

socio-economic variables, and some measures of the availability and quality of 

recreational resources. Changes in participation can be estimated by inputting 

alternative values for the quantity and quality variables. 

3. Merits and demerits of TCM  

Addressing econometric and theoretical questions relating to the proper 

specification of demand equations are not unique to TCM studies. In this 

regard three issues to be discussed are 

(i) definition/measurement of critical variables, (ii) the role of substitutes, and 

(iii) functional form of the specified equations. 

Definition/measurement of critical variables: Much attention in TCM studies 

has focused on definition/measurement of two of the critical variables: (a) 

quantity and (b) price.  

(a) Quantity: Empirically measuring the quantity or use rate variable have been 

used in TCM studies namely visitor trips and visitor days.  

(b) Price: The price variable for TCM studies is generally stated as the price 

per trip made to the recreation site which is generally not clear.In evaluating 

which expenditures to include in per trip travel costs, the TCM models measure 
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the recreational value of one or more recreation sites or policies which change 

opportunities at those sites, given the absence of actual site pricing policies 

which would permit direct site demand estimation. The travel cost variable 

should be defined so that site consumers respond to variations in travel cost in 

a similar manner as they would respond to varying site entry fees. The decision 

of which expenses to include becomes more difficult due to recreationists' 

behavior which depends largely on how they perceive costs(Ward and 

Loomis.,1986) 

Substitutes and demand specification: Price and availability of substitues is an 

important determinant of demand.If the travel cost to a given site and the travel 

cost to a substitute site are positively correlated, then omission of price of 

substitutes as a demand shifter will result in estimation of a more inelastic 

demand curve than the true demand curve (Caulkins, Bishop, and 

Bouwes.,1985). Much effort has gone into incorporation of substitutes into 

TCM demand curves. Often a system of demand equations suffers from high 

multicollinearity between own price and cross price. If one lives a long way 

from one type of recreation site he or she may live a great distance from all 

types of recreation sites. 

Functional forms: Studies in TCM needed to be focused in regard of specifying 

utility functions which are consistent with recreationist decision-making 

behavior and the resultant ordinary demand functions consistent with 

underlying preferences.  

Table 2 gives us an overview of the studies which has applied different types 

of TCM. 

Table 2: Overview of studies based on TCM 

Title National/International Description and results 

Valuing Eco-tourism in 

a Tropical Rain Forest 

Reserve (Tobias and 

Mendelsohn, 1991) 

International 

An attempt have been 

made to quantify 

recreation value applying 

a zonal travel cost model. 

The finding inferred 
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Title National/International Description and results 

tourist valuation of the 

reserve can potentially 

exceed the economic 

value of the competing 

alternative land use by a 

magnitude up to two times 

is indicative of a current 

bias in economic appraisal 

Mass Tourism and the 

Demand for Protected 

Natural Areas: A 

Travel Cost 

Approach(Font.,2000) 

International 

The paper is based on a 

two-stage decision 

process of tourists. In the 

first stage, 

the household decides 

where to go on holiday. 

The second stage begins 

once the 

tourist destination is 

reached. Here tourists 

have to decide which 

activities they will 

participate in each day 

during the period they 

stay at their destination. 

Testing Significance of 

Multi-Destination and 

Multi-Purpose Trip 

Effects in a Travel Cost 

Method 

Demand Model for 

Whale 

International 

They applied a general 

TCM that allows for 

inclusion of multi-

destination visitors as 

incidental demand to 

allow estimation of an 

unbiased measure of 

single and multi-
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Title National/International Description and results 

Watching 

Trips(Loomis et 

al.,2000) 

destination willingness to 

pay for whale viewing 

using a single pooled 

equation. 

Public park valuation 

using travel cost 

method(Iamtrakul et 

al.,2005) 

International 

The study integrate the 

traditional method on 

travel cost valuation 

together with other 

expenses to reflect total 

benefit generate at site 

visitation. 

Recreational users' 

willingness to pay and 

preferences for 

changes in planted 

forest features(Dhakal 

et al.,2012) 

International 

Individual travel cost 

model and stated choice 

method. The study 

examines the current and 

potential economic value 

of recreation by users of a 

New Zealand peri-urban 

planted forest.  

Tourism recreational 

value of Rock Garden 

Chandigarh, 

India(Chaudhuri and 

Tiwari.,2008) 

National 

Zonal Travel cost method 

is applied where the 

method, the visitors are 

divided into different 

zones e.g. concentric 

circles around the study 

site. It was found that the 

garden account for about 

75% of annual 

recreational use value 

accruing to the city‟s 

overall urban parks and 
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Title National/International Description and results 

gardens from the view 

point of domestic tourists. 

Application of travel 

cost method to assess 

the pricing 

policy of public parks: 

the case of kaziranga 

national park(Bharali 

and Mazumder.,2012) 

National 

In this study the Zonal 

Travel Cost method is 

used to estimate the 

revenue 

maximization entry fee. 

The total recreational 

value of the park is 

estimated at ` 773.45 

million.Revenue 

maximization entry is 

estimated at ` 187.6 per 

visitor per visit assuming 

zero entry fees. 

3. TCM models in comparison  

3.1 Comparing the ITCM and the Zonal Travel cost Model 

1. Study By Garrod and Willis(1991) showed that the two methods are 

producing different results. 

2. There are a number of methodological problems associated with the use 

of an average value as a dependent variable. The use of a zonal visitor 

rate means that it is impossible to specify individual-specific explanatory 

variables. However in the ZTCM such individual characteristics 

information cannot be used, and a constructed zonal average for such a 

variable is likely to be highly inefficient(Brown and Nawas, 1973). 

Consequently the very high R2 values recorded in many ZTCM studies should 

be treated with extreme caution. Their only real validity is as indicators of 

which model has relatively higher explanatory power within any particular 

functional form, their absolute value should be disregarded (and even not 
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reported as it may well be misleading). This criticism does not apply to the 

ITCM for which R2 figures are, in this respect, unbiased. 

A more fundamental problem for the ITCM occurs where a high proportion of 

visitors make only one visit per annum or are first time visitors (Freeman, 

1979; Bowes and Loomis, 1980). In such cases statistical techniques used in 

the ITCM will not have a sufficient spread of observations to make the 

technique operational. 

3.2 Non-Use Values 

TCM measures only the 'use value' of recreation sites. Underestimation of the 

total value of a site due to the truncation of non-visitors would be made worse 

if the non-use value of both visitors and non-visitors was significant. TCM is 

not capable of producing any total economic value estimate in that it cannot 

estimate non-use items such as existence value. This is because the basis of the 

technique is the level of use-based costs incurred by visitors in visiting a site. If 

non-use values are thought to be significant then an appropriate methodology 

(eg., the contingent valuation method, CVM) must be employed to capture 

these values. 

3.3 Comparing TCM with other valuation methods 

Comparison of CVM and TCM derived values is difficult to compare given the 

restriction of the number of people perceiving the CVM questions. Three 

potential scenarios can be envisaged to have an overview of that: 

(i) Respondents may perceive CVM questions as relating to their total 

willingness to pay (WTP) for the use value of the good in question. In 

such a situation CVM and TCM measures are comparable although even 

here we may expect some divergence given that the CVM produces 

income-compensated (Hicksian) welfare measures whilst the TCM 

produces uncompensated (Marshallian) consumer surplus measures. 

(ii) Respondents may perceive CVM questions as relating to their total WTP 

for both the use and non-use value of the good under investigation. In 

such a situation, once we have made any adjustment with regard to the 

compensated/uncompensated measures issue mentioned under (i) above, 
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we would expect a residual difference between CVM and TCM measures 

to reflect WTPCVM > WTPTCM. 

(iii) Respondents may perceive CVM questions not as relating to their total 

valuation of the site, but rather as relating to the surplus over that already 

paid (as travel costs, etc) to use the site. Here the CVM measure relates 

not to the total value of the site but to the consumer surplus over the price 

paid. 

 

Source: Bateman(1993) 

Figure 3: Comparison of TCM and CVM Values 

It may be useful to compare these two methods from the standpoint of a public 

agency that must estimate recreation benefits for existing or proposed 

projects(Stoevener.,1980. For both of these methods, some means of 

determining the number of user days needed to be taken at an existing site, or 

potential user days at a proposed site. 

Once the estimation of user days has been made, benefits can be estimated by 

one of the two methods. 

For the travel cost method, data are usually gathered at the site for which 

benefits are being estimated. If a benefit estimate is needed for a site being 

planned, data must be gathered at a similar area. Difficulty is usually 

encountered when trying to find a similar area to use.The greater the 

dissimilarities between sites, the less reliable will be the results..  
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Contingent valuation requires personal interviews which are expensive to 

obtain. Attention must be given in designing the willingness to pay questions. 

The CVM is flexible in estimation of benefits of an existing or proposed 

project 

Choice varies between choosing these two methods in regard to reliability of 

results. One could argue on the one hand that the contingent valuation model is 

based on hypothetical scenario, while the travel cost method is based on the 

actions of recreationists. Recreationists may have incentive to underestimate 

their true valuation. Thus the travel cost method would be more reliable.  

In TCM, a number of basic methodological problems remain, and literature 

shows that welfare estimates generated by TCM are sensitive(Randall.,1994)- 

(1) Recreationists vary considerably in their investment in durable equipment 

useful in travel and recreation. Such equipment may be more or less 

expensive, and more or less specialized. Allocation of the costs of owning 

and maintaining vehicles and other durable equipment to any particular 

trip proceeds, if at all, in arbitrary fashion.  

(2) For multi-site recreational trips and multi-purpose trips, cost allocation to 

specific sites proceeds without benefit of any acceptable theoretical basis.  

(3) Lodging and subsistence expenditures have a large discretionary 

component. This is often not included for visiting a site 

(4) There is ample empirical evidence that the treatment of substitute sites 

and/or activities influences the welfare estimates generated with TCM 

(e.g., Rosenthal 1987). And it is conceptually clear that substitutes should 

receive proper consideration because they help determine the opportunity 

costs of selecting the chosen site. However, no non-arbitrary procedure 

has emerged for de- limiting the set of substitutes.  

(5) Conventional TCM practice treats the distance from the home to the 

recreation site, and the cost per mile travelled as exogenously given. 

(6) There is general agreement that the opportunity cost of time spent 

traveling should be counted among the costs of travel.  
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4. Conclusions 

The TCM is a potentially useful valuation tool producing uncompensated 

consumer surplus estimates of use value. It is best applied to the evaluation of 

well defined recreation sites or to the evaluation of a well-perceived, separable, 

environmental attribute within such a site. However the technical and data 

requirements should not be underestimated, and travel cost method is not likely 

to be a low cost approach to non- market valuation. 
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Centre of Excellence in Environmental Economics at MSE.  MSE has also 

served as an ENVIS Centre in Environmental Economics under the 

Environment Information System (ENVIS) of the Ministry of Environment 

and Forests, Government of India.  A dedicated program on Trade and 

Environment, with support from the Ministry of Environment and Forests, 

Government of India, has been initiated at MSE.
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