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INTRODUCTION

Earlier studies of travel demand were based on single equation models, in which
the demand for a particular type of travel is simply expressed as a function of its
own price and income. (See, for example, Gray (1966), Quandt (1970), Kwack
(1972), Artus (1972), Bechdolt (1973) and Straszheim (1978).) One defect of
this approach is that cross price elasticities are lacking. Moreover, the single equa-
tion estimates are inefficient because they do not use all the information provided
by consumer theory.

Taplin (1980) made a strong case for a systems approach in the estimation of
travel demand. He attempted to compute cross price elasticities between foreign
and domestic vacation travel for Australian travellers, using information available
from previous studies. Walker and White (1980) used the Stone (1954) linear
expenditure system to estimate a system of demand equations for travel by
Americans to foreign countries. White (1982) also used the almost ideal demand
system of Deaton and Muellbauer (1980) to estimate American travel to destin-
ations in western Europe.

Our objective in this paper is to estimate a system of demand equations for
individual components of vacation travel at a particular resort. We analyse
expenditure by visitors to Hawaii for six different classes of goods: (1) food and
drink, (2) lodging, (3) recreation and entertainment, (4) local transport,
(5) clothing and (6) other. Our results provide the first empirical estimates of
income and own and cross price elasticities of demand from a complete data set
on expenditure by visitors to a tourist destination.

Our analysis is particularly useful in evaluating the effects of public policies
on the pricing of goods and services at resorts. For example, any assessment of
the effects on local government revenues and on the travel industry of a tax on
hotel occupancy ideally requires a systems approach, which could capture more
completely all the own and cross price elasticities among various vacation goods.
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In their analysis of the effects of a hotel occupancy tax, Combs and Elledge
(1979, p. 203) argued, without empirical evidence, that both the own and cross
price elasticities of demand for tourist lodging are likely to be very low (that is,
zero); and they suggest that an ad valorem tax on accommodation would have
“very little impact on the industry and would generate substantial revenue for
the local government”. In contrast, Arbel and Ravid (1983, p. 710) produced
estimates that indicated very high (—1.67) own price elasticity of demand for
lodging in the United States, but failed to produce any estimates of cross price
elasticities.

Our results in this paper indicate that both the own price elasticity of demand
for lodging (—0.95) and the cross price elasticities between lodging and some
components of visitor spending in Hawaii are moderately large. Thus we differ
both from Combs and Elledge and from Arbel and Ravid. Our results indicate
that a tax on hotel occupancy has a moderately negative impact both on the
lodging and on some non-lodging sectors of the travel industry.

THE MODEL: THE ALMOST IDEAL DEMAND SYSTEM

There are many functional forms that can be used to estimate a system of demand
equations for commodities. (See, for example, Philips (1983), Deaton and
Muellbauer (1980), and Parks (1969).) Only two systems consistently aggregate
over individual consumers without requiring all goods to have unitary income
elasticities: (1) the linear expenditure system of Stone (1954) (LES), and (2) the
almost ideal demand system of Deaton and Muellbauer (AIDS). We have chosen
the AIDS model to analyse visitor spending in Hawaii because we think the LES
is too restrictive.! AIDS has a flexible functional form and does not impose any
a priori restrictions on the elasticities. In the AIDS model goods can be either
normal or inferior, and pairs of goods can be either substitutes or complements
to each other.

In the AIDS model, the demand equations for n goods can be expressed as a
system of budget share equations. Their most commonly estimated form is:

S;=a; +f; log (Y/P)+Zyij logP;+e, ij= 1,2,...n
j

where S; is the budget share of good i, P; is the price of good j, Y is total expend-
iture per capita, and P is the aggregate price index defined by

log P = ES]- long.
j

The slope coefficients of the model §; and 'y,-,-'s, i,j=1,2,...n,reflect the expend-
iture and price effects on the demand for the n goods.

Consumer theory requires the demand system to satisfy the restrictions of
homogeneity, adding up, symmetry and negativity. These restrictions are easily
imposed on the AIDS model. Homogeneity is satisfied when

1 1ES requires positive compensated cross price elasticities (i.e. all goods must be net substit-
utes) and positive income elasticities (i.e., goods may not be inferior).
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]z_:'Y,'j =0;

symmetry is satisfied when

Y T Vi >

and, given these restrictions, adding up requires only that
Zo;=1and 2B, =0.
i i

The negativity conditions in the AIDS model cannot be imposed by simple para-
metric restrictions; but they are likely to be satisfied automatically by any data
set generated by utility maximising behaviour.?

The different elasticities have very simplé expressions in terms of the co-
efficients of the AIDS model:

Elasticity Measure Own Cross
Price (uncompensated) -1 —B; +v;/S; (vij — BiS)IS;
Price (compensated) —1+8; +v;/5; S; + 7,-]-/S,-
Expenditure 1+ B;/S;

DATA

The data required to estimate the AIDS model are visitors’ expenditure per head
on each commodity group and the prices of the commodities.

The annual number of visitors to Hawaii were obtained from the Hawaii
Visitors Bureau (1982a).

Data on aggregate expenditure by visitors and all prices (except the prices for
lodging) were obtained from Hawaii’s Income and Expenditure Accounts: 1958—
1980 (HIE), published by the State of Hawaii, Department of Planning and
Economic Development (DPED). Since visitor spending comprises a large per-
centage (25% in 1980) of Hawaii’s gross state product, the Department has
published separate time series estimates of personal consumption expenditure for
visitors and residents for the period 1958 to 1980. Estimates of visitors’ spending
were largely constructed from information contained in visitor surveys which have
been conducted periodically by the Hawaii Visitors Bureau since 1953.3 White

2 The negativity conditions require the matrix of substitution effects to be negative semi-
definite. One subset of these conditions implies that all the compensated own price elasticities
must be negative.

3 For a brief description of the methodologies and data used in constructing these estimates,
see the Appendices in HIE. A Procedure Manual, describing the estimating methodology for
each item, is held in the DPED’s Research and Economic Analysis Division file record.
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and Walker (1982) and Gray (1966) have noted the generally poor quality of
national data on visitors’ expenditure, which are usually derived from tourist
sample surveys at border crossings or from bank exchange records. For Hawaii,
the principal surveys comprised detailed expenditure diaries kept by westbound
(mainly U.S. and Canadian) visitors while in Hawaii. A recent review of these
surveys (Hawaii Visitors Bureau, 1982b) indicated that ‘““younger” visitors and
visitors to some of the islands were under-represented in the sample; this resulted
in a modest under-estimation of the aggregate expenditure of westbound visitors.
Separate annual surveys of expenditures were also conducted among Japanese
visitors to Hawaii after they had returned home; this recall method probably also
introduces a downward bias in the estimates of aggregate Japanese expenditure
(Mak, Moncur and Yonamine, 1977). Nevertheless, the Hawaii data on visitors’
expenditure remain the only lengthy aggregate time series detailing expenditure
on various goods in a particular destination. Clearly, it would be desirable to
have similar studies conducted for other destinations as data become available.

Thirty-seven separate categories of visitor expenditure were listed in the HIE.
They were further aggregated under eight broad categories. We reduced these
to six categories: (1) food and drink (hereafter referred to as “food’), (2) cloth-
ing, accessories and jewellery (‘““clothing), (3) lodging, (4) local transport
including inter-island air fare (‘‘transport™), (5) recreation and entertainment
(“entertainment”) and (6) other. Clothing is treated separately in our analysis
because Polynesian wear and locally produced jewellery comprised a very large
percentage (12.8% in 1980) of total visitor spending in Hawaii. Our expenditure
categories and their equivalent HIE definitions are shown in Table 1. The HIE
expenditure categories have the same definitions as the U.S. National Income and
Product Accounts.

Prices, except for lodging, were also obtained from the HIE accounts. They
were derived from the relevant component series from the Honolulu Consumer
Price Index for all urban consumers. The aggregation of detailed categories of
visitor expenditure to form two broader expenditure categories (food and other)
required the construction of two new price indices. For aggregating the com-
ponent price indices, we have used the Tornqvist (1936) price index. An advant-
age of this index is that it allows for moving weights. Moreover, Diewert (1976,
1978) has shown that it is “‘superlative”, that is that it corresponds to a flexible
aggregator function) and approximately “consistent in aggregation”, (that is, the
value of the index based on sub-indices is the same as the value calculated in a
single stage from all the basic commodities).*

A hotel room (that is, lodging) price index was constructed for 1961 to 1980
by splicing together two separate weighted price indices, using the method of
proportions described in Yamane (1973, p. 321). Each series is an index of the
weighted average of posted room rates (double occupancy) for a selected number
of Hawaii hotels; the total number of rooms in each hotel is used as a weight. The
first series consists of room rates at 22 hotels (1961—1974); and the second series,
38 hotels (1974—1980). Data on the number of rooms and room rates at each
hotel are published annually in Hawaii Visitors Bureau (1961—1980). Our analysis

4 Laspeyres and Paasche indices are consistent in aggregation but not superlative.
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of visitor spending in Hawaii was confined to the 20 year period, 1961 to 1980
because our lodging price index covers only that period, though the available
series on visitor expenditure extends from 1958 to 1980. Table 2 presents the
mean values of the real visitor expenditure per head by categories of goods and
the respective average budget shares.

EMPIRICAL RESULTS

In the static theory of consumer behaviour, prices and income are the only
explanatory variables. In the real world, expenditure patterns can change as a
result of factors other than changes in prices and income. In Hawaii’s visitor
industry, a likely source of change (apart from such causes as demographic
changes and changes in the proportions of first-time and repeat visitors) is the
change in the countries from which visitors come. Between 1960 and 1980
Japanese visitors increased from less than 5% of total visitors to 14.5%; corres-
pondingly U.S. visitors declined from 80% of total visitors to 65%. To capture
simply the steady change in visitor mix as well as other influences over time, we
included a trend variable in each of our estimating equations. In most of the
estimated equations, the coefficients of the time trend were significantly different
from zero. Leaving out the trend variable would have resulted in specification
error and biased coefficients of the remaining variables. The actual AIDS model
estimated is as follows:

S; =aq; +B; log (Y/P) + Zyij logP]- + 71t + €, Liji=12,...,6
i

where 7 is the time trend® and ¢; is a random disturbance term. Since we are
estimating a system of (budget) share equations, it can reasonably be assumed
that €; has constant variance. However, initial experiments revealed substantial
first order serial correlation in the disturbance terms. Hence we corrected for
first order serial correlation.

By the adding up requirement, the random disturbances in the system must
sum to zero at each observation, making the covariance matrix of errors singular.$
We handled this problem by estimating the system of equations by the method of
maximum likelihood after arbitrarily dropping one of the six share equations,
namely, “other” goods. Barten (1969) has proved that the results are invariant
to the equation deleted. The coefficients of the deleted equation are easily calc-
ulated, since they are linear combinations of the parameters of the equations
included.

The estimated parameters of the AIDS model, corrected for first order serial
correlation, are shown in Table 3. Note that four of the six coefficients of the
trend variable (7;’s) are significantly different from zero. They indicate that the

5 Now an additional requirement for adding up is that Z’r,- =0.
1

6 Adding up also requires that, if we specify first order serial correlation in each equation as
€ = D; €;_4 +u;,, then we must have p; = p for all i. See Berndt and Savin (1975). Our estim-
ated p is 0.730 with asymptotic standard error = 0.045. The likelihood ratio chi-square test
statistic is 25.42 with one degree of freedom.
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TABLE 1

Visitor Expenditure Categories and their Equivalent
Hawaii Income and Expenditure Account Categories

Visitor Expenditure Category Category Name HIE Expenditure Categories

Food and drink Food Food purchased for off-
premise consumption,
and purchased meals and

beverages.

Lodging Lodging Housing

Clothing, accessories, and Clothing Clothing, accessories and
jewellery jewellery

Local (including inter-island) Transport Transportation
transport

Recreation and entertainment Entertainment Recreation

Other Other Tobacco, personal care,

household operation, and
medical care expenses

Source: State of Hawaii, Department of Planning and Economic Development, Hawadii’s Income
and Expenditure Accounts: 1958—1980 (Honolulu: DPED, 1982), Table 6—4 (Visitor Pers-
onal Consumption Expenditures by Type of Expenditures: 1958—1980), pp. 178—179.

TABLE 2

Real Per Capita Visitor Expenditures and Average Budget Shares

Average Per Capita Expenditure Average Budget Share
(in 1972 $) %
Food 192.06 40.40
Lodging 117.94 26.68
Clothing 61.60 12.96
Transport 38.77 8.40
Entertainment 25.26 5.52
Other 26.89 6.05
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TABLE 4

Expenditure Elasticities
(at mean budget shares)

Food 0.998*
(0.046)
Lodging 1.030*
(0.055)
Clothing 0.910*
(0.091)
Transport 1.045*
(0.094)
Entertainment 0.896*
(0.191)
Other 1.109*
(0.110)

Standard errors are in parentheses.
* Elasticity significantly different from zero at the 5% level.

budget shares for transport, entertainment, and other goods increased between
1961 and 1980; but the share for food decreased.

The elasticities vary with the shares of expenditures, and so are different for
each observation. We evaluated all the expenditure, own and cross price elastic-
ities at the average budget shares over the sample period.

The estimated expenditure elasticities (Table 4) are all positive, indicating
that all goods purchased by visitors are normal goods. Though clothing and
entertainment appear to be necessities and other goods (which consist largely of
gifts and souvenirs) appear to be luxuries, none of the estimated expenditure
elasticities is significantly different from one.

Table 5 presents the compensated own and cross price elasticities of demand.
All the own price elasticities are negative and significantly different from zero.
Among the six categories of goods, four pairs, (1) transportation and lodging, and
(2) food and lodging, (3) entertainment and clothing, (4) entertainment and
other, appear to be moderately strong substitutes for each other.

For policy making, special interest attaches to the estimates of the uncompen-
sated price elasticities (Table 6). Again, all the own price elasticities are negative
and significantly different from zero. The own price elasticity of demand for
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TABLE 5

Compensated Own and Cross Price Elasticities
(at mean budget shares)

Commodities X; Prices P;
Food Lodging  Clothing Transport Entertainment  Other
Food —0.514*% 0.551* 0,099 0.100 —0.049 —0.028
(0.154) (0.053) (0.093) (0.060) {0.071) (0.042)
Lodging 0.593* —0.679*+ —-0.034 0.131% —0.048 0.037
(0.081) (0.072) (0.053) (0.034) (0.048) (0.031)
Clothing 0.309 —-0.070 —0.675* 0.003 0.303* 0.131
(0.290) (0.109 (0.184) (0.116) (0.144) (0.088)
Transport 0481 0416* 0.004 —1.068* 0.145 0.022
(0.287) (0.109) (0.178) (0.143) (0.146) (0.090)
Entertainment —0.358 -0.230 0.710* 0.220 —0.657* 0.315%
(0.525) (0.234) (0.339) (0.223) (0.284) (0.151)
Other -0.184 0.163 0.280 0.030 0.288* ~0.577*%
(0.284) (0.136) (0.189) (0.125) (0.138) 0.177)

Standard errors are in parentheses.
* Elasticity is significantly different from zero at the 5% level.
t Compensated own price elasticity significantly different from —1 at the 5% level.

other goods (—0.64) is significantly different from minus one (—1); this indicates
that the demand is price inelastic. For the remaining goods, including lodging
(—0.95), estimated elasticities are not significantly different from unity.

Our results also indicate that in most cases the cross price effects are small.
That is, a price rise in one good generally has little impact on expenditure on
all the other goods. Lodging is an important exception. We find that a rise in
the price of lodging decreases the demand for clothing and entertainment but
increases the demand for food (and vice versa). Also, an increase in the price of
food reduces the demand for other goods, and vice versa.

Thus, the results in Table 6 suggest that a tax on hotel room occupancy, which
is at present levied in many tourist resorts, probably does significant damage to
the lodging industry. Further, and despite the arguments advanced by Combs
and Elledge (1979) it also has significant impact on the non-lodging sectors of
the travel industry. Therefore such a tax is not as discriminatory (that is, select-
ive) as is often believed.

169



May 1985 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 6

Uncompensated Own and Cross Price Elasticities
(at mean budget shares)

Commodities X, i Prices Pi
Food Lodging  Clothing Transport Entertainment  Other
Food —-0917* 0.125* —-0.030 0.016 —-0.104 —0.088*
(0.162) (0.050) (0.091) (0.061) (0.071) (0.042)
Lodging 0.177* —0.953* —0.168* 0.044 —0.105* -0.025
(0.089) (0.067) (0.053) (0.036) (0.049) (0.031)
Clothing —0.058 —-0.313* —0.793* -0.074 0.252 0.076
(0.305) (0.103) (0.181) (0.118) (0.143) (0.088)
Transport 0.059 0.136 -0.131 —1.156* 0.087 —-0.041
(0.304) (0.102) (0.175) (0.147) (0.144) (0.089)
Entertainment -0.720 —0.469* 0.594 0.149 —-0.707* 0.261
(0.552) (0.223) (0.334) (0.228) (0.282) (0.151)
Other —0.632% -0.133 0.137 —0.063 0.227 —0.644*%
(0.295) (0.129) (0.188) (0.128) (0.137) (0.177)

Standard errors are enclosed in parentheses.
* Elasticity significantly different from zero at the 5% level.
t Uncompensated own price elasticity significantly different from —1 at the 5% level.

CONCLUSION

In this paper, we have applied the almost ideal demand system to the analysis
of expenditure by visitors in Hawaii. Our results provide the first empirical
estimates of the income (that is, expenditure), own and cross price elasticities
of demand from a complete data set on visitor expenditures at a tourist destin-
ation. Despite the lack of similar sets of estimates with which they could be
compared, our estimates nevertheless appear to be reasonable. Of special interest
is our finding that a tax on hotel room occupancy, imposed in many resorts,
probably does significant damage to the lodging and some non-lodging sectors
of the visitor industry. These results shed useful light for the makers of public

policy.
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