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ABSTRACT 

When determining the means by which to finance the operations of a local 

government, officials must choose methods that are appropriate to the tax base and do not 

place too large a burden on the population.  One method that seems favorable from this 

standpoint is the hotel occupancy tax because it is supposed to fall on non-residents. 

There is some question, however, about whether such a tax might have a negative impact 

for localities that boast a large tourism industry. 

To date, most of the literature dealing with hotel taxes and their effect on the 

lodging industry is focused on the effect of the tax on resort hotels.  A second group of 

hotels that have not been studied as thoroughly are hotels that exist in an area where there 

are many separate taxing jurisdictions that are adjacent to each other.  Hotels in such an 

area may be faced with different tax rates depending on which jurisdiction they belong to. 

This thesis seeks to determine whether imposing a hotel tax in such an area would 

be detrimental to the lodging industry in the jurisdictions with a higher tax.  To do this, 

the hotel industry in the Dallas-Fort Worth Metroplex is analyzed using two-stage least 

squares and fixed effects models to determine the elasticity of demand for hotel rooms.  

Although there are some issues with the data that is available for use, the results indicate 

that imposing a tax on hotel rooms does not have a significant impact on the industry.      
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CHAPTER I 

INTRODUCTION 
 

When determining the means by which to finance the operations of a local 

government, officials must choose methods that are appropriate to the tax base and do not 

place too large a burden on the population.  One method that seems favorable from this 

standpoint is the hotel occupancy tax because it is supposed to fall on non-residents.  

Using a hotel tax to finance local government can mean a smaller tax burden on residents 

while still maintaining the level of funding needed for the government to perform its 

duties.  Another reason that a hotel tax is useful is that it forces non-residents to pay for 

using a community’s resources.  As people travel to or through a locality they use roads, 

electricity, water, and other resources which are paid for by residents and are provided by 

the local government; therefore, it seems only fair that a tax be placed on travelers to 

compensate for this.   

 There is some question, however, about whether such a tax might have a negative 

impact for localities that boast a large tourism industry; especially in areas where there 

are plenty of hotels in numerous localities that border each other.  A community that 

boasts attractions for tourists and places a tax on hotel occupancy could find that tourists 

choose to stay in an adjacent community to avoid the tax, and then travel to their desired 

destination.   

 The question then is whether or not a hotel tax is useful in areas with many 

adjacent localities that are destinations for tourists.  If such a tax does hurt the hotel and 
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tourism industries, then local officials must find ways to offset the losses in revenue to 

finance the use of local infrastructure by non-residents or consider repealing taxes on 

hotel rooms.  However, if a hotel occupancy tax has no effect on hotel revenues then 

using such a tax could have benefits for the local government and may be a useful 

method for raising revenues. 

 The Dallas-Fort Worth metroplex (DFW) is an example of such an area.  The 

metroplex is made up of the four primary cities of Dallas, Fort Worth, Irving, and 

Arlington which sit at the center of a metropolitan area comprised of many smaller cities.  

The metroplex stretches about one hundred miles from its easternmost point to its 

westernmost point, and about sixty miles going north to south.   

 Although DFW cannot be considered a tourist destination the same way that a 

Hawaiian resort might be, attractions such as Six Flags Over Texas, the Fort Worth Stock 

Yards, Texas Motor Speedway, and the Texas State Fair all provide opportunities for 

travelers to visit the area.  In addition to these attractions, sports teams like the Dallas 

Cowboys, the Dallas Mavericks, the Dallas Stars, and the Texas Rangers are from DFW, 

and the area hosts events such as the Red River Rivalry and the Cotton Bowl.  These 

attractions and events may not provide an incentive to take a long vacation to DFW; 

however, they are attractive for a two or three day trip that requires a stay in a hotel room.  

The continuous nature of DFW means that a traveler could easily choose to stay in a 

different city than his or her final destination to enjoy a lower priced hotel room, which 
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implies that a tax on occupancy could have a negative effect on hotel revenues for each 

city in the area. 

 Despite this, local governments in the area do tax hotel rooms.  Table 1.2 provides 

tax rate information for the metroplex for the years 2004-2009.  The table separates cities 

into two categories, interior and exterior.  The interior cities are the four primary cities 

mentioned above, and all other cities are considered exterior cities.  While there is not a 

lot of variation on the tax rate, some variations are of interest.  The first of these is Irving 

before April 2008.  At that time, the city imposed a tax rate of 0.07 on the hotel stays.  

For travelers interested in visiting Six Flags or a Texas Rangers Game in Arlington, the 

proximity of the two cities and a smaller tax rate in Irving could draw to Irving hotels that 

border Arlington.  The same might be true for the city of Grapevine which imposes a tax 

rate of 0.06, is close to both Arlington and Irving, and is near the DFW airport. 

Table 1.1 Tax rates in the DFW Metroplex, 2004-
2009 

   
City 

Tax 
Rate 

Type of 
City 

Seagoville 0.04 Exterior 
Willow Park 0.04 Exterior 
Grandview 0.06 Exterior 
Grapevine 0.06 Exterior 
Arlington 0.09 Interior 
Dallas 0.09 Interior 
Fort Worth 0.09 Interior 
Irving (before April 2008) 0.07 Interior 
Irving (April 2008 - present) 0.09 Interior 
All other cities 0.07 Exterior 
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 From the table it is clear that any competition based on tax rates is between the 

interior cities and the exterior cities.  The interior cities are home to the attractions and 

events that bring people to DFW, but the tax rate on hotel rooms is higher in these 

locations.  The question is, does the tax rate affect the price enough to encourage the 

migration of travelers to the exterior cities in order to avoid possibly paying more for a 

hotel? 

 The goal of this thesis is to answer this question.  To do so, the supply and 

demand functions for hotels rooms in the Dallas-Fort Worth metroplex will be estimated.  

These functions will be used to estimate the price elasticity of demand for DFW hotel 

rooms which can be used to determine the sensitivity of travelers to differences in room 

price.  This in turn can be used to draw conclusions about how likely travelers are to 

migrate to cities with a lower occupancy tax rate.  
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CHAPTER II 

LITERATURE REVIEW 
 

The research problem posed in this thesis requires knowledge of three topics.  The 

first of these is how individuals generally react to taxes on consumption, especially when 

adjacent jurisdictions exist where one area taxes consumption and the other does not.  

The second topic is that of the effect that hotel taxes have been found to have on the 

lodging industry in past studies.  The final topic of interest is the precise methods by 

which hotel supply and demand can be calculated. 

The Border County Problem 
 

The adjacent communities of the Dallas-Ft. Worth area are a region where 

individuals could evade unwanted taxes by crossing over to bordering counties to do their 

shopping.  Such action is known as the “border county problem.”  The effect of this 

problem is well researched in the area of sales tax differentials, and the effect is generally 

understood to be that the area with no tax tends to pull business from the area with a sales 

tax.   

One of the earlier studies on this problem was done by McAllister (1961).  The 

area of study for the analysis was three cities in Washington State that were close to the 

borders of Idaho and Oregon.  Each of the three cities were compared to similar 

communities that were not subject to the same border problem in order to determine if the 
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existence of a border community with no sales tax affected the shopping habits of 

residents.   

McAllister used surveys based on random samples of the study and control cities.  

The surveys asked questions pertaining to where the respondents last made certain 

purchases.  These goods were classified as high price durable goods; groceries, or goods 

normally bought close to home; and, clothing and other style items.  The study found that 

respondent’s purchasing patterns were affected by the existed of a sales tax in 

Washington, and that the decision to shop in bordering communities was made in part to 

avoid the tax. 

A second study performed in 1971 by Mikesell compares border counties in 

Illinois to non-border counties in the state.  The purpose of the study was to determine if 

the location of a county on the border would affect the level of sales tax that purchases 

were subject to.  According to the author, if the existence of a sales tax has an impact on 

purchases, then border counties should have lower levels of per capita sales and sales tax 

revenues than their non-border counterparts. 

To determine whether or not this hypothesis is correct, Mikesell uses five 

regression models that relate four different categories of sales, as well as sales tax 

revenue, to explanatory variables that include variables for affluence, urbanization, and a 

border county dummy.  In each of these equations the coefficient for the dummy variable 

was negative; indicating that being located on the border has a negative impact on sales 

and tax revenue (Mikesell, 1971).  Mikesell concludes that consumers in border counties 



Texas Tech University, Andrew P. Wright, August 2010 
 

7 
 

in Illinois do cross over into other states in order to avoid the sales tax; however he does 

note that this was not as true for convenience store sales.  This result implies that some 

types of goods may be more susceptible to the border problem than others. 

A 1997 study by Beard, Gant and Saba both confirms the border county problem, 

and provides further evidence that some sales may not be as susceptible to the problem as 

others.  The study looked at alcohol sales across the United States in the years 1989-1993 

to determine if the tax on alcohol, which is different depending on the state, caused 

consumers to travel across borders to make purchases. 

To test the amount of border crossing related to alcohol sales, the authors develop 

two regression models; one for beer sales and one for liquor sales.  In the model for beer 

sales, the analysis showed that border crossing had a significant impact on sales, but the 

same was not true for liquor sales (Beard, Gant, & Saba, 1997).  The authors hypothesize 

that this is due to liquor and beer being consumed by two different groups of consumers 

with different travel costs, which implies that a relation may exist between travel costs 

and border crossing.  The authors also note that border crossing is more prevalent in some 

areas than in others depending on the geographical size of the taxing jurisdiction. 

The instance of border crossing in order to avoid sales taxes is well documented, 

and the effect on sales in the taxing region is agreed to be negative.  There is some 

indication that not all goods are subject to this phenomenon, however, and there is also an 

indication that travel costs may have an impact on border crossing as well.  There is no 
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indication in the literature of any attempt to apply the border tax problem to the hotel 

industry.   

The Effect of a Hotel Tax on the Lodging Industry 
 

The concept of the border county problem may not have been applied to the 

lodging industry because most of the literature that focuses on the effect of a hotel tax is 

confined to resort locations, such as Hawaii, where all hotels are subject to a tax.  These 

studies focus on the effect of a hotel tax on room rentals and on the burden of the tax, or 

who pays.  Early work on this subject indicated that a tax on hotel rooms would have 

little effect on the industry and would be paid by the consumer.   

Combs and Elledge (1979) argue that if the demand for lodging in a resort area 

was inelastic then a small ad valorem tax on room rentals would have little effect on the 

lodging industry.  To determine if hotel demand is inelastic, the authors used four criteria 

based off of Marshall’s rules for the elasticity of demand for a factor of production 

(Combs & Elledge, 1979) (Marshall, 1920).  First, the authors expected that hotel 

demand would be inelastic if hotel accommodations were essential to a vacation.  

Second, the more inelastic the demand for vacations, the more inelastic the demand for 

hotels was expected to be.  Third, hotel demand was expected to be more inelastic as the 

ratio of hotel costs to the total vacation costs decreased.  Finally, as the supply of other 

inputs necessary to produce a vacation become more inelastic, hotel demand should 

become more inelastic.  
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The authors qualitatively analyzed lodging demand at a Hawaii resort using the 

above criteria and concluded that demand was in fact inelastic; however, they did not 

attempt to verify these results empirically.  Furthermore, the authors admitted that 

demand for lodging would be made more elastic if lodging substitutes were available in 

adjacent locations, a so called “border county” problem such as that identified in Mikesell 

(1971); but, they argue that in the case of a resort the problem would be minimal due to 

the cost involved in transportation from alternative lodging to resort activities.  The 

authors use their conclusion that demand is inelastic to further assume that the tax burden 

will fall on consumers and not the hotel operators. 

Two later studies build on Combs and Elledge’s work by predicting the effects of 

a proposed occupancy tax in Hawaii.  In a 1979 paper that focuses on resorts in Hawaii, 

Mak and Nishimura estimate ex ante the effects of a hotel room tax on length of stay, trip 

demand, and non-lodging expenditure.  No tax existed at the time of the study, so the 

authors assume that the airfare required to obtain passage to a resort acts as a tax because 

tourist receive no value from consuming the plane ride (Mak & Nishimura, 1979).  This 

assumption allows the authors to determine the effect of a planned tax on hotel rooms in 

Hawaii resorts. 

 The analysis uses OLS models to determine the effect of a hotel room tax on trip 

demand, length of stay and non-lodging expenditures.  The study found that neither 

length of stay or trip demand should be affected by the imposition of a small hotel tax.  

The authors do find, however, that lodging and non-lodging expenses would be 
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substitutes, and tourists would spend less on non-lodging expenses to compensate so that 

the tax did have a negative effect on income in these industries.  The authors conclude 

that a hotel room tax could raise revenue, but the overall effect would need to be weighed 

against the negative effect on non-lodging related industries (Mak & Nishimura, 1979). 

Fujii, Khaled, and Mak (1985) focus on Hawaii resorts, and attempt to estimate 

how much of the hotel tax would actually be paid by tourists.  To do this, the study 

compares the elasticity of supply for lodging to the elasticity of demand for lodging 

where a higher ratio indicates that more of the tax is being paid by tourists.  To estimate 

the demand for lodging the authors use an AIDS model which expresses the demand for a 

good through a system of budget share equations (Fujii, Khaled, & Mak, 1985).  The 

analysis finds that the demand for lodging is more elastic than previously thought, with a 

price elasticity of nearly -1.   

The paper estimates the supply elasticity of lodging using an OLS model using 

simultaneous demand and supply equations, and the authors find that the supply elasticity 

is close to two (Fujii, Khaled, & Mak, 1985).  From their results the authors conclude that 

about two-thirds of the hotel tax would be paid by non-residents, but that the tax would 

have a negative effect on the demand for lodging. 

These two studies predict the result of imposing a hotel tax on Hawaii resorts 

before such a tax was actually imposed.  While ex ante studies such as these are valuable, 

they are limited by the fact that their conclusions do not rely on data from the imposition 
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of an actual tax.  Two studies have estimated the actual effect of the tax using time series 

methods.   

The first of these studies estimates that the hotel tax had little or no impact on 

after tax receipts by hotel operators (Bonham, Fujii, Im, & Mak, 1992).  This study 

implemented an interrupted times series approach using an ARIMA model which 

controlled for both the introduction of the hotel tax in 1985 and for the depreciation of the 

dollar due to an exchange rate adjustment by the Group of Five Nations in 1985.  This 

second effect was controlled for because it opened Hawaii up to more tourist activity 

originating in Japan.  The model did not find that the imposition of the tax had a 

statistically significant effect on room receipts, and the authors conclude from their 

results that room demand is inelastic and the tax is largely passed on to consumers.   

The previous analysis is extended in a study performed by Bonham and Ganges 

(1996) by considering more factors that might have affected Hawaii hotel revenues 

during the time of the study.  The authors include variables meant to capture economic 

variables for both the U.S. and Japan in a new time series model and find that the tax did 

not result in a reduction in room rentals.  Both of these studies explain their findings by 

pointing out that the tax is not visible to the tourist when planning a vacation and that 

lodging represents a small proportion of the total cost of a Hawaii vacation (Bonham, 

Fujii, Im, & Mak, 1992) (Bonham & Ganges, 1996). 

These studies focus on the effect of a hotel room tax on revenues and on 

consumers in the context of a resort vacation.  While there is some conflict between the 



Texas Tech University, Andrew P. Wright, August 2010 
 

12 
 

results from different analyses, the results tend to indicate that a hotel tax can be 

implemented with little or no effect on the lodging industry.  The results, however, are 

limited to resorts and may not be indicative of the effect a hotel tax would have on the 

lodging industry elsewhere.  Analysis of the lodging industry across the United States 

indicates that a hotel tax may have more negative effects outside of a resort setting. 

Mak (1988) provides a survey of existing literature on the subject and an analysis 

of the lodging industry across the United States.  His analysis focuses on tax rates in 

cities across the United States, revenues from the hotel tax, and how those taxes are used.  

He points out that hotel taxes in cities across the nation were not small, contrary to the 

recommendation of Combs and Elledge (1979).  Although the analysis gives no answers 

as to the effect these taxes have in the cities included, according to the theory of Combs 

and Elledge, the fact that the taxes are deemed high would indicate that they might have a 

negative effect on the lodging industry. 

Two analyses by Hiemstra and Ismail provide further information on the effect of 

a hotel tax on the lodging industry in the US as a whole.  The first of these uses data from 

a survey done by the American Hotel & Motel Association to estimate hotel demand in 

the United States.  In one of these studies, the authors estimate an average lodging 

demand elasticity of -.44 for the nation, which they claim means the effect of a hotel tax 

would not be trivial (Hiemstra & Ismail, 1992).  Using their elasticity estimate they 

determine that at the 1990 average hotel tax rate in the United States, the average hotel 
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would lose about four and a half rooms per day, or that the occupancy rate would decline 

by about 4.3%. 

  In order to determine the elasticity of demand for hotel rooms, the authors took 

survey data for a four week period from multiple sources to construct a data set of 310 

hotels across the nation and used an OLS model to analyze their data. (Hiemstra & 

Ismail, 1992).  Their dependent variable was rooms rented and the independent variable 

of interest was the average room rate for the hotels in the survey.  Other variables in the 

model included gross revenue from food and beverage sales at hotels in the survey; 

percentage of business, tourist or conference guests; dummy variables for room rate 

groups, property size groups, and population size groups; type of property; type of 

location; type of management; and, region of the country.  During the course of their 

analysis, the authors also estimated a model that excluded the hotel tax from the room 

price, but found this had no impact on the results.  From their results the authors 

estimated the elasticity for demand for lodging, which they would use in a later analysis 

of the incidence of the hotel tax in the United States.  

The author’s second study analyzes the incidence of the hotel tax burden in the 

United States.  As in previous studies, they evaluate the ratio of lodging supply elasticity 

to lodging demand elasticity and find that on average hotel guests pay six dollars out of 

seven of the hotel tax (Hiemstra & Ismail, 1993).  To perform this analysis, Hiemstra and 

Ismail use their estimate for demand elasticity from their previous work, -.44, and 

determined an elasticity of supply of 2.86 using an OLS model with the general form Q = 
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f(Pw, Pk, Po) where Q is the number of rooms available, Pw is the price of labor, Pk is the 

price of capital, and Po is the price of other inputs.  Their results show that despite the 

negative impact a hotel tax has on demand, the tax itself is paid by consumers and not by 

the industry. 

Studies on the effect of a hotel tax on the industry have been confined to either 

analyzing resort locations or the U.S. market in aggregate.  These studies make it clear 

that there should be little to no impact on a hotel tax in a resort area, but that across the 

nation such a tax would have significant negative impact; however, it is unclear from this 

body of literature what effect a hotel tax would have on individual communities. 

Estimating the Supply and Demand for Hotel Rooms  
 

Attempts to estimate the supply and demand functions for hotels rooms use a 

variety of techniques and variables.  These studies provide insight into the factors that 

influence both supply and demand and the problems associated with estimating the 

supply and demand functions.    

A 1998 study by Canter and Maher analyzes both supply and demand for the hotel 

industry in the United States.  The authors do not attempt to model a supply function, but 

rather analyzes statistics on new hotel construction to estimate future supply in the 

market.  To forecast the growth in demand for the years 1998 to 2001 the authors use a 

regression model of the form:  

d = β0 + β1tourism + β2employ + β3airline + β4delegate +ε,  
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where d is room night demand, tourism is the growth in tourism employment, employ is 

the growth in total employment, airline is airline passenger growth, and delegates is the 

growth in the number of convention delegates (Carter & Maher, 1998).  The model was 

tested on information for the years 1990 to 1997, was found to have an adjusted R-

squared of 65.5%, and was significant at the 95% level.  Once the authors determined that 

the model was a good fit for their data, it was used to forecast the growth in demand in 

U.S. metropolitan areas.  The results of the model were compared to the information on 

supply the authors had obtained in order to estimate the growth rate differential for the 

areas included in the study.  

A 2002 study by Qu, Xu and Tan estimates hotel supply and demand functions for 

Hong Kong, China.  One of the main features of this study is that it estimates supply and 

demand functions for the hotel industry in a single city.  While the analysis is for hotels 

in another country, the methods used and the types of variables considered can be applied 

to supply and demand estimation for U.S. cities.  The authors use a system of two 

simultaneous equations meant to estimate demand and short run supply in Hong Kong.  

The demand equation is specified as the number of rooms occupied per day as a function 

of average daily room price, average tourist arrivals, the exchange rate, median 

household income in Hong Kong Dollars, Hong Kong’s consumer price index, a dummy 

variable meant to capture the effects of the 1990-1991 recession in some countries, and a 

dummy variable meant to capture the effect of the Asian financial crisis (Qu, Xu, & Tan, 

2002).  The authors specified short run supply as room price as a function of quantity 

demanded, the room occupancy rate, the cost of labor in Hong Kong dollars, the lagged 
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room rate, the square foot price of private offices in Hong Kong, and a dummy meant to 

capture the effect of the Asian financial crisis (Qu, Xu, & Tan, 2002). 

The authors estimated the above models using two stage least squares to 

determine how well they fit existing data and found that both equations produced very 

high R squares.  In the demand model the variables for the exchange rate and median 

income were the only variables found to be statistically insignificant, and in the supply 

model all variables were significant.  The authors conclude that their model is a good 

predictor of demand and short run supply for the hotel industry in Hong Kong. 

A similar study in 2006 which also used simultaneous equations was performed 

for Las Vegas from the 1992-1999.  Like Qu, Xu & Tan (2002), the authors use two log-

log equations, but use variables specific to the Las Vegas Market.  The demand equation 

featured the price of a room in each month, the price lagged by one month, personal 

income in each month, the Dow Jones industrial average in each month, the consumer 

price index in each month, and the unemployment rate in each month as independent 

variables (Tsai, Kang, Yeh, & Suh, 2006).  The independent variables in the supply 

equation were the room price, the price lagged twelve months, the occupancy rate lagged 

twelve months, the 3-month Treasury bill rate lagged twelve months, the Las Vegas 

gaming revenue per room lagged twelve months (Tsai, Kang, Yeh, & Suh, 2006). 

 The two models estimated in this study provided few statistically significant 

results.  In their demand equation, only the variable for the CPI was found to be 

significant (Tsai, Kang, Yeh, & Suh, 2006); however, the model features a very high R-
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squared which indicates some issues with their estimation.  The supply model estimated 

in the study yielded the room price for the month, the lagged T-bill rate, and the lagged 

gaming revenue per room as significant variables.  Neither of these models seems to 

provide good estimations of hotel supply or demand, and both appear to suffer from 

problems with their estimation.      

Another study was done in 2005 that used property level data to estimate room 

demand for properties in twenty-two major metropolitan areas in the United States 

between the years 1988 to 2000 (Canina & Carvell, 2005).  The author’s use of property 

level data allowed them to calculate cross-price elasticity for properties, which gives 

insight into how the price of possible substitutes affects room demand.  The model used 

in the study is a feasible generalized least squares model which estimates the effect of 

GDP, the consumer confidence index, the average daily room rate (ADR) at a property, 

and the ADR for the property’s metropolitan statistical area (MSA).  To determine the 

effect of alternative measures of income, a second model substituted measures for 

corporate and personal income for GDP.  Finally, the authors separated properties into 

five property types and ran the data for each market segment through the second model. 

The models estimated in this study resulted in R-squared values above .90, and 

the variables in the model were found to be significant.  The results for this study show 

that at the property level, hotel room demand is inelastic with respect to the property’s 

own price and the price of other hotels in the area (Canina & Carvell, 2005).  Separating 

hotels by market segment shows that demand for upper scale hotels tends to be inelastic 
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while demand for lower scale hotel rooms tends to be elastic, while cross-price effects 

were only significant at the lower end of the scale (Canina & Carvell, 2005).  The 

implication of this result is that consumers may only find the price of substitutes 

important when looking for lower price rooms to begin with. 

A final study on hotel demand examines the effect of certain demographic factors 

on lodging demand in the U.S.  The purpose of the study is not to forecast demand for 

lodging, but rather to estimate how changes in socio-demographic factors affect hotel 

demand (Palakurthi & Parks, 2000).  To do this the authors first partitioned the U.S. 

market into segments based on socio-demographic characteristics such as household size, 

marital status, number of children in the household, gender, age distribution, household 

income, head of household education, and head of household occupation.  Each of these 

characteristics were tested as to their effect on demand through a model of the form:  

Dt = ∑MNitPitFit, 

where Dt is the demand for lodging at time t, Nit is the number of people in market 

segment i at time t, Pit is the proportion of the population in segment i that use any type 

of commercial lodging in time t, Fit is the average number of nights stayed, and M is the 

number of market segments (Palakurthi & Parks, 2000). 

The analysis of the socio-demographic characteristics involved in the study was 

performed in two phases.  The first phase looked at each characteristic separately and 

found that only four of the characteristics, age distribution, income distribution, 

occupation, and gender, had a statistically significant effect on lodging demand, and from 
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the R-squared values associated with these regressions the authors conclude that these 

factors are important to determining hotel demand in the U.S.  The second phase of the 

study took the four characteristics that had been found to be significant and considered 

them two at a time using ANOVA regression models.  From these models the authors 

conclude that overall people between the ages of 35 and 54 who make over $35,000 and 

are employed in managerial and technical occupations a year are more important to the 

hotel industry than other groups. 

Summary 
 

This literature review provides information not only on the nature of the problem 

that a hotel tax poses local governments, but also on methods that could be used to 

analyze the issue.  It is clear that in areas which lie on borders between taxing entities 

consumers will shop in the area with a lower tax rate, even if it means crossing the border 

to avoid the tax.  In the Dallas-Ft. Worth metroplex, all communities are border 

communities because each city is adjacent to at least one other; therefore, the potential 

for border crossing to occur when shopping for hotels is possible.  The literature also 

tends to agree that outside of a resort setting, the demand for lodging in the U.S. is elastic 

enough that a tax on lodging would have a negative effect on room demand; however, no 

studies have looked at specific markets in the U.S. outside of resorts to determine if this 

is true.  Finally, the methods by which to estimate lodging demand have been established.  

A simultaneous equation is the most favored approach because it correctly assumes that 

the price and quantity demanded of hotel rooms are endogenous variables that affect each 
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other simultaneously.  However, other studies done at the property level estimate demand 

without a supply function, treating price as an exogenous variable.  Finally, it is 

important to remember that socio-demographic factors may be important to consider 

when modeling supply and demand for hotel rooms. 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 
 

 This chapter examines the economic theory underlying the research problem of 

this thesis.  Determining how both the consumers and producers of hotel rooms will be 

affected by an ad valorem tax first requires an explanation of the affect that an ad 

valorem tax will have on the price, quantity supplied, and quantity demanded of hotel 

rooms.  Then, the concept of tax incidence and how it relates to the elasticity of supply 

and demand will be explained.  Finally, the concepts identified in this chapter will be 

summarized and connected to the hotel industry of the Dallas- Fort Worth Metroplex. 

The Effect of an Ad Valorem Tax 
 

 An ad valorem tax is a tax based on the value of a good.  Normally such a tax is 

assessed as some percentage of the price of the good in question.  When the government 

requires the producers to pay the tax, then producers report how much they have sold and 

at what price, and pay the tax to the government as some percentage of the total value of 

all sales.  As such, an ad valorem tax can be thought of as increasing the cost of 

producing the good in question; therefore, to supply any quantity of the good, producers 

would have to ask for a higher price.  Thus, the effect of an ad valorem tax is to shift the 

supply curve inward, as is shown in Figure 3.1.  As the figure shows, the consequence of 

this shift is to increase the equilibrium price in the market from P* to Pt and to decease 

the equilibrium quantity in the market from Q* to Qt. 
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Figure 3.1- Effect of an ad valorem tax on the equilibrium price and quantity in a 
market 
 

 Consumers pay a price Pt for the good, but producers do not receive this price 

fully.  Part of this goes to the government in the form of the tax, so the producer actually 

receives price PP, as shown in Figure 3.1.  The amount that the producers pays to 

government out of the after tax price is the producer’s tax burden, or the economic 

incidence of the tax that falls on the producer.  The rest of the burden of the tax falls on 

the consumer.   

 Imposing a tax on a good or service that is paid by the producer places an extra 

burden on both the consumer and producer of the good, and reduces the quantity 

provided in the market.  From these conclusions, two conditions for a hotel tax to have 

the least burden on the hotel industry of the interior cities can be identified.  First, the tax 

cannot affect the equilibrium quantity too much.  In other words, it cannot push travelers 
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to exterior city hotels.  Second, as much of the burden of the tax should be paid by the 

consumer as possible.  This condition is necessary so that the travelers from outside the 

city, who are the targets of the tax, are actually the ones who pay the tax.  The next 

section will describe what qualities are necessary with respect to the supply and demand 

for hotel rooms for these two conditions to be met.    

The Elasticity of Demand, the Elasticity of Supply, and Taxes 
 

 According to economic theory, the effect that a tax has on the amount of a good 

or service provided by the market, as well as the incidence of the tax, or how much is 

paid by the consumer and the producer, depends on the elasticity of demand and of 

supply for the good (Nicholson, 2005).  As the quantity demanded of a good or service or 

the quantity supplied becomes less sensitive to changes in price, the effect on the quantity 

of a good provided by the market in the presence of a tax becomes less; therefore, for a 

tax to have the least effect on the equilibrium quantity both supply and demand should be 

inelastic with respect to price.  Such a scenario, as illustrated in Figure 3.2, part b), would 

satisfy the first condition identified above. 

To satisfy the second condition requires that the price elasticity of supply be more 

elastic.  To see this, consider part b) of Figure 3.2.  Were the supply curve to become 

more elastic, the effect on the equilibrium quantity would increase, but the difference 

between P* and PP would become less, signifying that the burden of the tax is placed 

more on the consumer.  Alternatively, consider part a) of Figure 3.2.  Were the supply 

curve to remain elastic, but the demand curve to become less elastic, then the effect of the 
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tax on quantity would be reduced and P* and PP would once again move closer together.  

If the opposite were true, then the effect on quantity would still be lessened, but the 

burden would fall more heavily on the producers.  These concepts are illustrated 

graphically in Figure 3.3. 

a) Elastic demand and supply        b)    Inelastic demand and supply 
 

            P                                                                        P                                 St     S0 
                                                                    
                                                                    St 
 

           Pt       Pt 

           P* S0       P* 

           PP                      D    PP 

  

 D 

 Q Q 
                           Qt                  Q* Qt  Q* 

 

 
Figure 3.2- Change in equilibrium quantity with elastic and inelastic supply and 
demand 
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a) Elastic demand/ Inelastic supply                b)    Inelastic Demand/ Elastic Supply 
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Figure 3.3- Effect on tax incidence from different supply and demand elasticities 

 

Summary 
 

 In summary, for a tax to have as little effect as possible on quantity, either supply 

or demand must be inelastic with respect to price.  At the same time, for the burden of the 

tax to fall on the consumer, as is the goal of a hotel tax, the supply curve must be elastic.  

Therefore, for the hotel tax to have the least negative impact on the hotel industry in 

DFW, the supply and demand curves for hotel rooms must reflect those shown in part b) 

of Figure 3.3.  Furthermore, an inelastic demand for hotel rooms would imply that 

visitors are less sensitive to price changes, and less likely to shift consumption to 

substitutes, such as staying in an exterior city hotel instead of one in an interior city.  

Determining whether or not these conditions hold true for DFW requires the estimation 
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of the supply and demand functions for hotel rooms in the regions.  The method this 

thesis will use for doing this will be addressed next. 
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CHAPTER IV 

DATA AND METHODS 
 

 The problem that this thesis seeks to examine is how the DFW hotel tax affects 

the region’s hotel industry.  As the previous chapter explained, if the demand for hotel 

rooms in DFW is price inelastic, it can be concluded that the hotel tax has no effect on 

where travelers choose to stay.  To determine the price elasticity of demand for hotel 

rooms in DFW, the demand function for the region’s lodging industry was estimated.  To 

properly perform this estimation, simultaneous equation methods were necessary.   

 Estimating the price of hotel rooms as a function of quantity demanded and other 

factors in a single equation ignores the fact that the quantity of rooms demanded is itself a 

function of room price.  A simultaneous equation approach allows for the specification of 

one function that estimates the quantity of rooms demanded and a second function that 

estimates the price of a room so that the two variables can affect each other 

simultaneously. 

 To estimate the equations, two-stage least squares (2SLS) estimation will be used.  

In the first stage, the two endogenous variables in the model, price and quantity 

demanded, are estimated by regressing them on the other variables in the model.  Then, 

the estimated values from these regressions are used to estimate the structural equations 

in the model.  Using this method allows the two endogenous variables to inform each 

other in the first stage so that in the second stage the structural models identify properly 

and provide accurate results.  
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The Model 
 

 The general forms for the two equations that this thesis uses are as follows: 

Qd = f(P, PRS, GDP, M)                 (1) 

P = f(Qd, Qs, PRS, NS, t, S, M)                                                                                                (2) 

where 

Qd = the average number of rooms occupied per day in a hotel in each month, 

 Qs = the total number of rooms in a hotel in each month, 

P = the average daily room rate for a hotel in each month, 

PR S = the average daily room rate for all other hotels by city and star rating in 

each month, 

GDP = Quarterly GDP, 

t = the tax rate faced by a hotel in each month 

S = the star rating for a hotel in each month, 

M = a monthly dummy variable for each month of the year, 

NS = the number of rival hotel rooms by city and star rating. 

To estimate the price elasticity of demand for rooms, a log-log function was developed 

with the following specification: 

logQd = α0 + α1logP + α2logPR2 + α3logPR3 + α4logPR4 + α5logGDP + α6-16M + ε                   (3) 

logP = β0 + β1logQd + β2logQs + β3logPR2 + β4logPR3 + β5logPR4 + β6N2 + β7N3 + β8N4           (4)  

            + β9logt + β10S + β11-12M + u                       
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 Using log-log models allows for easy estimation of the price elasticity of demand.  The 

coefficient of the variable on logP, α1, can be interpreted as the percent change in the quantity of 

rooms demanded resulting from a one percent change in room price, which is the definition of 

price elasticity. 

 This model has two endogenous variables, P and Qd.  In the first stage these two 

variables were estimated by regressing them on the exogenous variables in the model.  

This provided predicted values for P and for Qd which were then used in the second stage 

to estimate the structural equations identified above.  For estimation purposes two-stage 

least squares (2SLS) estimation was performed. 

The Data and Variables 
 

 The dataset used in this study is a seventy-two period panel comprised of data 

taken primarily from three sources.  The first source used in this study is the monthly 

hotel tax reports for the years 2004 – 2009 provided by the Texas Comptroller’s Office.  

These reports provide monthly data on the total receipts and taxable receipts reported by 

each hotel in the study.  These reports also provide the address of each hotel in the data 

set and the number of rooms in each hotel.  The tax rate faced by each hotel in the study 

was primarily determined through the budget documents for the city the hotel was located 

in.  In the case that the tax rate was not specified in the document, the city’s finance 

department was called to confirm the tax rate.  Finally, the measurement of GDP comes 

from the U.S. Bureau of Economic analysis.  To determine the star rating for each hotel, 

no single data base was used.  Rather, to determine hotel star ratings, each hotel was 
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searched on travel sites such as Hotels.com and YahooTravel that provide hotel class 

ratings.   

 All of the variables included in the model used for this study come from the above 

data sources; however, some of the variables require additional estimation based on 

certain assumptions in order to be identified.  Certain data necessary for this study, which 

will be identified below, is not available and therefore had to be estimated.  Furthermore, 

some of the hotels in the data set no longer exist, which made the determination of some 

characteristics using existing sources impossible.  The estimation of the variables in the 

model, as well as their justification for inclusion and expected results, are explained 

below.    

 The model’s first endogenous variable is the price of a room in a hotel, P; 

however, price information is not available for the hotels in the study.   Current and 

future room rates are available, historical room rates are not.  Thus this variable must be 

estimated using available data.   

 Each hotel’s room price was estimated based off of the total revenues and total 

rooms in each month.  First, the data for each hotel was split into quarters.  For each 

quarter, the month with the highest total revenues was assumed to be the month when the 

hotel was at full occupancy.  Based on this assumption, the room price in the month with 

the highest total revenues could be estimated as: 

P = (TR / Days) / Rooms, 

where: 

 TR = Total revenue for the month, 
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 Days = Number of days in the same month, 

 Rooms = Number of rooms in the hotel. 

This price was assumed for the other two months of the quarter.  In general, the average 

daily room price for each quarter was calculated as: 

P = (MaxTR / Days) / Rooms, 

where: 

 Max TR = Total revenue from the month with the highest revenue in each quarter, 

 Days = Number of days in the same month as Max TR, 

 Rooms = Number of rooms in the hotel. 

 This estimation requires two assumptions to be considered a valid measure of 

price.  The first assumption is that hotels operate at or near full capacity in most months, 

so that the month with the highest total receipts reported is close enough to full capacity 

to estimate the price of a room.  The second assumption is that room prices are seasonal 

so that the price in each month of a quarter does not vary too much.  If this is not true, 

then using the price estimated from the month with the highest receipts for the other two 

months in a quarter will not be accurate.  These two assumptions are difficult to evaluate 

because of the non-existence of the necessary information.  If the occupancy rate for each 

hotel in each month was available, then the first assumption could be confirmed.  The 

second assumption would require knowledge of prices, the absence of which is the whole 

reason for this estimation technique.   

 The room price acts both as a dependent variable in its own equation and as an 

independent variable in the other equation.  In the demand equation room price acts as an 



Texas Tech University, Andrew P. Wright, August 2010 
 

32 
 

independent variable, and is the variable of interest in the model.  As this variable 

approaches zero, it can be inferred that the demand for DFW hotel rooms is inelastic and 

the hotel tax should have less of an impact on the region’s hotel industry. 

 To ensure that there were no months with unrealistically large or small prices due 

to the method of estimation, any hotel with a price that was found to be less than twenty 

dollars or greater than five hundred dollars was dropped from the data.  This price was 

chosen based upon current prices advertised by hotels. 

 The second endogenous variable, the average number of rooms occupied in a 

hotel per day in each month, Qd, is also not reported.  The estimation of this variable 

requires the use of the estimation of hotel room price so that: 

Qd = (TR / Days) / P, 

where: 

 TR = a hotel’s total revenue in each month, 

 Days = the number of days in the same month as TR, 

 P = the hotel’s estimated room price. 

If the number of occupied rooms came out to be more than the number of rooms in the 

hotel, then the number of rooms in the hotel was used instead.  This estimation of 

quantity demanded requires that in at least one month out of each quarter a hotel has full 

occupancy which may or may not be a realistic assumption; however, the fact that 

reliable historic data on occupancy does not exist makes confirming this assumption 

impossible.  As is the case with room price, this is the best possible estimation of quantity 

demanded considering the available data. 
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 The variable Qs, or the maximum number of rooms available in a hotel each 

month, is a part of the data provided by the comptroller.  The variable enters into the 

inverse supply equation as a determinant of price.  It is expected that as the number of 

hotel rooms increases that the price will increase as well.  Any hotel in the data set that 

had less than ten rooms was dropped.  This is to account for entries in the Comptroller’s 

data that were listed as hotels but were actually suite style arrangements that were either 

meant for long term use, or were very high end properties that would not be considered a 

good substitute for other hotel rooms in the data.   

 The variable S, or the star rating for a hotel, is meant to capture differences in 

quality.  Visitors to the Dallas-Fort Worth area have the choice of not only where to stay 

but also of the quality of accommodations they choose to stay in.  It is expected that 

higher quality accommodations will command a higher price than lower quality 

accommodations.  To measure quality the star rating for a hotel was used.  Hotels are 

rated by stars numbering one to five where a one star hotel provides only minimal 

accommodations whereas a five star hotel offers many luxury accommodations.  In the 

estimation of the price of a hotel room, the star rating should be positively related with 

price.   

 In this study, only hotels with a two, three, or four star rating are used.  One star 

hotels were excluded because these are normally smaller hotels or road side motels that 

are used by travelers passing through on their way somewhere else and not by travelers 

who intend to stay in DFW for an extended period of time.  Five star hotels were 

excluded for two reasons.  First, the hotels were excluded because there are only a 
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handful of them in DFW.  Second, they were excluded because five star hotels tend to 

offer luxury accommodations and a wide variety of amenities not available in lower rated 

hotels; therefore, patrons of five star hotels are assumed to be insensitive to price 

changes.   

 Determining a hotel’s star rating required searching for each hotel in the data set 

on sites such as Hotels.com and YahooTravel.  These sites provide information on star 

ratings for existing hotels, but do not provide information on hotels that no longer exist.  

For hotels in the data set that were not in business as of December of 2009, star ratings 

were estimated based on the ratings of existing hotels of the same brand.  For example, 

Courtyard Mariott hotels tended to be three star hotels so any Courtyard Mariott in the 

data set that no longer exists is assumed to be a three star hotel.  A second group of hotels 

that was difficult to code were those hotels that were not listed on any travel sites and did 

not belong to any chains.  These hotels were coded as having no star.  Finally, the data set 

includes extended stay properties that are not rated the same way normal hotels are, and 

were therefore coded as having no star.  Properties coded as no star were dropped from 

the final sample. 

 The methods used to estimate hotel quality may present some issues with the final 

regression estimations that should be addressed.  First, using star ratings assumes that 

quality and star ratings are related.  While this is likely true, there may be other 

considerations that go into star ratings that are not related to quality; and, there is no 

accounting for on sight differences in management that could affect quality.  Second, 

using the present star ratings assumes that a hotel’s quality does not change over time.  
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Again, this may be true, but a hotel may be able to perform renovations that allow for an 

increase in quality that this measurement does not capture.  Finally, using the star ratings 

of one hotel to determine the rating of another obviously means that some hotels will be 

mistakenly rated; however, it is likely that hotels of the same brand conform to the same 

standard of quality and star rating.        

 The next variable in the model, PR S, is defined as the price of other two, three, 

and four star hotels in the same city.  The price of rivals is important to include in the 

model in order to account for the effect that the price of substitutes will have on the price 

and quantity demanded of a hotel room.  Two, three, and four star hotels in DFW should 

exhibit some degree of substitution between each other so that changes in prices will 

affect what type of rooms are desired by travelers; however, how much substitution 

occurs between two star and four star hotels is questionable due to the greater difference 

in amenities that a traveler would experience as opposed to moving from one of the 

extreme classes to the middle class of three star hotels.  As such, it may be that the 

majority of substitution as prices change occurs between two and three star hotels and 

between three and four star hotels, and not as much between two and four star hotels.   

 Including the rival room rate as a determinant of quantity demanded also allows 

for examination of how sensitive room demand is to the price of substitutes.  In the 

model’s first equation, the values for the coefficients associated with rival room price 

represent the cross-price elasticity of demand for hotel rooms.  If these estimates are 

positive and greater than one, then it can be inferred that room demand is sensitive to the 
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price of substitutes, and differences in the price of a hotel room due to the tax rate would 

cause travelers to choose hotels in cities with a lower rate.      

 The data for next variable in the model, GDP, or quarterly GDP for the United 

States, comes from the U.S. Bureau of Economic Analysis.  GDP is included to account 

for the affect that contractions and expansions in the economy might have on an 

individual’s willingness to travel and stay in a hotel room.  It is expected that as GDP 

increases so will the demand for hotel rooms. 

 Including the tax rate, t, should capture the effect that different tax rates may have 

on the price of a hotel room.  It may be that hotels where the tax rate is higher embed the 

tax in the starting price of the hotel so that the after tax price is similar to hotels where the 

tax rate is lower.  All four interior city hotels in the Dallas- Fort Worth area impose a tax 

of 0.09; however, before April of 2008 Irving imposed a tax rate of 0.07.  With the 

exception of Seagoville, Willow Park, and Grapevine all of the exterior cities impose a 

tax rate of 0.07.  Seagoville and Willow Park impose a rate of 0.04, and Grapevine 

imposes a rate of 0.06.  Although including the tax rate in the demand function allows for 

the possibility that visitors to DFW might migrate to the exterior cities, it is assumed that 

visitors do not know the tax that they will face when they book a hotel room so any affect 

that the tax rate would have would be from the price of the hotel and the price of rival 

hotels. 

 Including a monthly dummy variable, M, is meant to capture seasonal effects on 

price and quantity.  Furthermore, since this is a panel study, using a dummy variable for 

each month in the year will correct for time specific individual effects in the error term.  
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There are times of the year when it is likely that there are more travelers visiting the 

Dallas-Fort Worth area.  For example, the Texas State Fair in October, Fridays and 

Saturdays during football season, graduation months, and the middle of summer are times 

of the year where more visitors might be attracted to the area, and should have an effect 

on the price of rooms and the quantity of rooms demanded. 

 The final variable NS, or the number of rival two, three, and four star hotels in the 

area by star rating, is meant to capture the effect on price and quantity demanded that 

substitutes have.  More substitutes should mean higher price elasticity.  This variable is 

measured as the number of rooms in rival hotels, defined the same way as for PRS, 

separated by star rating.  By separating rivals by stars, the different effects on elasticity 

that rivals of different qualities has can be accounted for.  If two star and four star hotels 

are not good substitutes, then separating rival rooms by star will help account for this. 

 The above variables are expected to affect the price of rooms and quantity of 

rooms demanded in the Dallas- Fort Worth area.  Using the model specified above, the 

price elasticity of demand for hotel rooms in the area can be calculated to determine the 

effect of the hotel tax on the area’s lodging industry.  Since the above models use a log-

log form, should the estimate for the price variable in the demand equation be close to 

zero then the demand for rooms is inelastic, and this study can conclude that the tax has 

little effect on room demand.  On the other hand, if the estimate for the price variable be 

close to one then demand for rooms is elastic and this study can conclude that the hotel 

tax has a large negative effect on the Dallas-Fort Worth lodging industry. 
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Problems associated with estimating P and Qd 
 

 Due to the lack of real information on room prices and occupancy, the variables 

P, PRS, and Qd had to be estimated based on available data.  This section will examine 

how the estimation of these variables could affect the results of the model.  Hotel room 

prices vary from day to day throughout the month, and from room to room on the same 

day; therefore, fixing the price for each quarter does not allow these variables to vary as 

they should.  Making the quantity of rooms occupied in each month vary positively as 

total receipts go up or down could result in a relationship with room price that opposite of 

what is expected depending on the price elasticity of demand.   

 Consider the case of price inelastic room demand.  If this is the case in DFW then 

increasing the price of the room would not decrease the quantity of rooms demanded 

enough to negatively affect the total receipts of the hotel.  Assuming the same price for 

every month in a quarter would decrease the quantity of rooms demanded as total 

revenues went down.  The result would be that the month in a quarter with the highest 

price and the month in the quarter with the highest number of rooms occupied would be 

the same, as is assumed in this study.    

 On the other hand, if the demand for hotel rooms in DFW is actually price elastic 

then increasing the room price would negatively affect total revenues.  In this case, the 

month with the highest total revenues is the month with the lowest price.  This is the 

opposite of what this thesis has to assume in order to make estimations for price and 

quantity demanded, and should be kept in mind later when considering the results of the 

model. 
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 The implication of estimating price and quantity as is done here is that the sign for 

the coefficients on the price and quantity demanded variables could be opposite of what 

is expected when estimated.  This means that greater care is necessary when interpreting 

the results of the model.  Ultimately, historical data on price and quantity do not exist so 

this method of estimation is necessary and must be dealt with accordingly. 

 A second consequence of estimating the price and quantity demanded in the way 

this thesis does is that the demand and inverse supply functions may not fully identify 

when estimated simultaneously.  The lack of accurate price and quantity data in the first 

stage of estimation would mean that the structural equations in the second stage might not 

be identified correctly.  A simultaneous equations approach would be effectively 

impossible with the data available, and another method of estimating room demand 

would be necessary.  The next section of this chapter will address alternative methods of 

estimating the demand for hotel rooms. 

Alternative Estimations of the Demand Function 
 

 Working from the body of literature that focuses on hotel rooms demand, there is 

some support for using simpler models to estimate the demand for hotel rooms (Hiemstra 

& Ismail, 1992; Carter & Maher, 1998; Canina & Carvil, 2005).  Care would need to be 

taken in using the exact values of the coefficients from the results of such a model 

because it assumes that the room price is determined exogenously as opposed to making 

it endogenous to the model.  While this is not the best way to estimate room demand it 

should provide some insight into the nature of the demand for hotel rooms in DFW. 
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 The data used in this thesis makes up a panel data set with seventy two time 

periods, so an OLS model with fixed effects would be an appropriate model specification.    

Assuming the model exhibits fixed effects implies that there is some unobserved 

heterogeneity in the error term that is correlated with the observations.  Using a fixed 

effects model will correct for this by differencing each observation from the mean so that 

the error term is corrected. 

 Two different models will be estimated.  The first assumes that travelers are not 

aware of the tax rate they pay up front.  Any affect that the tax rate has would be captured 

in the price variables as interior and exterior city hotel owners adjust their price to 

accommodate the tax.  This equation will take the form: 

logQd = β0 + β1logP + β2logPR2 + β3logPR3 + β4logPR4 + β5logQs + β6logN2                           (5)  

 + β7logN3 + β8logN4 + β9logGDP + β10S + β11-21M + ε 

The second equation will assume that travelers are aware of the difference in interior and 

exterior city tax rates, and choose to stay in a hotel based in part on that choice.  This 

equation will take the form: 

logQd = β0 + β1logP + β2logPR2 + β3logPR3 + β4logPR4 + β5logQs + β6logN2                           (6)  

 + β7logN3 + β8logN4 + β9logGDP + β10S + β11logt + β12-22M + ε             

The variables, estimation procedures, and expected results do not change from the 

previous discussion of variables.  

Summary 
 

 In order to properly estimate the demand for hotel rooms a simultaneous 

equations approach estimating the price and quantity of demand rooms at the same time 
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should be used.  However, due to the nature of the data this type of estimation may not be 

possible.  If true, an OLS model with fixed effects will be used in order to control for 

heterogeneity in the error term of the model.  This method is in agreement with other 

work that has been done in this area. 

 The resulting estimates of the model will not be as accurate as the simultaneous 

equations approach; however, they should give some insight into the nature of the 

demand for hotel rooms in DFW.  The results of the above models and their interpretation 

are the focus of the next chapter. 
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CHAPTER V 

RESULTS AND DISCUSSION 
 

 This chapter will report the results of the models specified in the previous chapter, 

and will provide some discussion of their meaning.  As hypothesized previously, using a 

simultaneous equations approach proved impossible with the data available; therefore, 

the focus of this chapter will be on the estimation of the Fixed Effects models specified in 

the last chapter. 

Results of OLS with Fixed Effects Estimation 
 

 The results for the two Fixed Effects models are reported in Table 5.1.  In the 

models, estimation of a coefficient for Star could not be performed due to collinearity 

with other variables.  Model 1 reports the results from the model that did not include the 

tax rate as a variable.  In the table, results for the monthly dummy variables are not 

included.  Full results for both models can be found in the appendix to this thesis.   

As the table shows, adding the variable logt to the second model made only a 

small difference in terms of estimation.  The results of the two models are almost 

identical with some small differences in the coefficient estimates and a slight 

improvement in model fit for the second model.  In both models the coefficient on logP 

was found to be significant along with all of the other estimates but logPR4, the price of 

rival four star hotels.  While the F-value indicates a good overall model fit, the R-square 

values for both models are low.  While the exact reason for this is not known for certain, 
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it is likely due to the low amount of variability in P and Qd as well as the use of a single 

equation model.  The remainder of the chapter will focus on the interpretation of these 

results.  Due to the slight improvement in model fit the values for the second model will 

be used. 

Table 5.1 Results from Fixed Effects Estimation of Room Demand 

     
Variable 

Coefficient 
Model 1 Pr > │t│ 

Coefficient 
Model 2 Pr > │t│ 

Cons -5.9777*** 0.000 -5.9132*** 0.000 

 
(0.6179) 

 
(0.6190) 

 logP -.2157*** 0.000 -0.2163*** 0.000 

 
(0.0173) 

 
(0.0173) 

 logPR2 0.0177* 0.041 0.0161* 0.063 

 
(0.0086) 

 
(0.0086) 

 logPR3 0.0301*** 0.000 0.0301*** 0.000 

 
(0.0071) 

 
(0.0071) 

 logPR4 0.0094 0.157 0.0082 0.222 

 
(0.0066) 

 
(0.0067) 

 logQS 0.6793*** 0.000 0.6766*** 0.000 

 
(0.0474) 

 
(0.0476) 

 logN2 -0.0191*** 0.006 -0.0181*** 0.009 

 
(0.0069) 

 
(0.0069) 

 logN3 -0.0283*** 0.000 -0.0285*** 0.000 

 
(0.0059) 

 
(0.0059) 

 logN4 -0.0236*** 0.000 -0.0204*** 0.001 

 
(0.0059) 

 
(0.0060) 

 logGDP 0.8791*** 0.000 0.8984*** 0.000 

 
(0.0711) 

 
(0.0718) 

 S (omitted) 
 

(omitted) 
 logt na 

 
-0.1170*** 0.001 

      (0.0355)   
R-sq= 0.2252 

 
R-sq= 0.2256 

 F= 146.77 
 

F= 140.23 
 Pr > F = 0.000 

 
Pr > F = 0.000 
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Price Elasticity of Demand for Hotel Rooms 
 

 In the second model, the estimate for logP is -0.2163 and can be interpreted as the 

price elasticity of demand for hotel rooms.  From the results, it would appear that the 

demand for hotel rooms in DFW is relatively inelastic; more so than Hiemstra and Ismail 

(1992) found for the nation as a whole but not as much as had been found for resort 

hotels in Bonham et. al (1992) or Bonham & Ganges (1996).  The conclusion based on 

these models is that changes in hotel room price do not greatly affect the demand for 

hotel rooms in DFW. 

 This result may seem counter intuitive at first because of the large numbers of 

subsitutes available in DFW; however, it is important to consider the effect that business 

travel would have on room demand in the area.  According to the Office of the Governor, 

in 2008 about forty percent of travel to the Dallas-Irving-Plano metropolitan district was 

for business purposes, and business travel made up about thrity percent of travel to the 

Fort Worth-Arlington metropolitan district (D.K. Shifflet & Associates, Ltd, 2009).  

These travellers are likely staying in hotel rooms at their company’s expense and so may 

be less sensitive to prices than regular travellers.  If this is the case, then the expected 

result would be DFW room demand being price inelastic as is observed in the above 

models. 

 When considering the above results it would be easy to conclude that the hotel tax 

does not influence migration to lower tax areas; however, it is important to note that 

while the market demand is inelastic, each hotel still faces an elastic demand curve.  It is 
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possible to transform the market elasticity from the regression equation into elasticity for 

a market segment using the equation Ef = N*EMs, or the market elasticity multiplied by 

the number of motels.  For example, using this method, the elasticity of demand facing 

the two star hotel market is -93.87, or (434*-0.2163).  The demand elasticity facing the 

three star hotel market is -42.82, or (198*-0.2163).  Finally, the elasticity facing the four 

star market is -7.35, or (34*-0.2163).   

This relationship indicates that, despite the fact that the hotel tax does not 

discourage visitors from travelling to DFW, the tax rate may encourage migration to 

areas with lower tax rates.  Considering that market elasticity is -0.2163, it would only 

require the existence of five hotels in any city to result in an elasticity greater than one for 

the local hotel market.  If the different tax rates in the interior and exterior cities creates a 

difference in the price paid by consumers for hotel rooms, then travelers to DFW may 

choose to stay in hotel rooms in the exterior cities instead of the interior city.      

Cross-Price Elasticity of Demand for Hotel Rooms 
 

  Estimating the cross-price elasticity of demand for hotel rooms gives insight into 

how the demand for hotels in one class is affected by changes in the price of hotels in 

another class; in other words how a change in the price of a two or three star hotel room 

would affect the willingness of travelers to pay for a four star hotel room.  The estimates 

for logPR2, logPR3, and logPR4 provide estimates for the cross-price elasticity of demand 

for hotel rooms with respect to rival two, three, and four star hotels.   
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   The sign for all three of these variables are positive and indicate correctly that 

two, three, and four star hotels do act as substitutes for other hotels in a city.  Of the three 

rival price variables, only the estimate for logPR2 and logPR3 are found to be significant in 

the model.  This may mean that travelers that choose to stay in two and three star hotels 

are significantly more sensitive to room price than travelers who choose to stay in four 

star hotels.  Like patrons of five star hotels, people who stay in four star hotels may 

choose these hotels for not only price, but also the number of amenities and extra 

comforts that are offered.  It should also be noted that there are only about thirty four star 

hotels present in DFW, and that these hotels are found predominately in the interior 

cities.  Four star hotels are not always included in the panel, so it makes sense that the 

effect of the price of these hotels on the demand for hotels in other star classes would be 

insignificant.   

 The estimate for logPR2 of 0.0161 and for logPR3 of 0.0301 indicates that although 

there is some substitution between hotels based on price, in general room demand is not 

very responsive to changes in rival room prices.  The reason for this probably goes back 

to whether or not business travel is a large proportion of total travel or not.  If this is the 

case, as is probably true, then travelers probably want to stay at the hotel where the event 

that he or she is attending is being held, or if he or she is not attending a specific event, at 

a hotel close to whatever business they are in town for.  This would limit the amount of 

substitution between hotels.  The same explanation may be true for leisure travelers as 

well.  The travel costs involved with choosing a hotel farther away from a traveler’s 

intended destination may be enough to influence a visitor to stay close by even if the 
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hotels are more expensive.  Regardless of the reason, the fact that the models both 

indicate very little substitution between hotels is evidence that travelers would probably 

not switch hotels to avoid an increase in price due to the hotel tax. 

Issues with the Interpretation of the Results 
 

 The previous chapter explained that estimating room demand via an OLS model 

was only a second best approach to the problem made necessary by a lack of data.  As 

such, it is important to understand that the results of these models should be taken with a 

grain of salt. 

 First, estimating room demand while assuming exogenous prices is incorrect.  

Assuming that price is exogenous ignores the fact that changes in the quantity of hotel 

rooms demanded affects the price at the same time price is affecting the quantity 

demanded.  Ignoring the simultaneous effects of price and quantity demanded on each 

other means that estimates for logP, logPR2, logPR3, and logPR4 are probably inaccurate.  

Taking the estimates for these variables and the resulting interpretations at face value 

would be a dangerous thing to do.   

The fact that prices should actually be treated as endogenous is further 

complicated by the method used to estimate prices.  Recall from the previous chapter that 

historical information on hotel prices and occupancy was not available for use in this 

thesis.  This means that values for price and quantity demanded for each hotel in every 

month had to be estimated based upon available information on revenues and the total 

number of rooms in each hotel.  If room price and occupancy were fully observable, then 
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there would be more variability in the observation of both and it would be easier to come 

up with accurate estimates for the effect of price on quantity demanded.   

The effect of correcting either of these issues is unclear.  It may be that the 

resulting estimates would indicate a higher amount of sensitivity in the quantity of rooms 

demand both to a hotel’s own price and to the price of its rivals.  At the same time, while 

the estimated would be more accurate, the existence of large amounts of business travel 

may still keep demand insensitive to price.  At best, the conclusions from the above 

models must be taken with a certain amount of caution both in terms of their actual value 

and in terms of their implications for the industry. 

The second problem with these model’s estimates is the value and interpretation 

of the variables dealing with the number of rooms supplied by the hotel.  Recall that to 

find occupancy, the following formula was used:  

Qd = (TR / Days) / P, 

and that P was the result of the formula: 

P = (MaxTR / Days) / Rooms. 

In other words, the quantity of rooms demanded shares a direct relationship with the 

quantity of rooms in the hotel.  As a result of this estimation, in one month out of each 

quarter hotels were assumed to have every room filled.  Under such estimation it is no 

surprise that the estimate for logQs would be so large.  While the results of the models 

indicate that the number of hotel rooms has a large effect on quantity demanded, the 

actual magnitude of the effect is unclear due to the limitation of the estimation methods.  
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To fully understand the relationship between the number of rooms in a hotel and the 

quantity demanded more research into the topic will be required. 

Summary 
 

 This chapter has described the results of the models specified in Chapter 4.  While 

a simultaneous equations estimation of room price and room demand proved impossible 

with the available data, Fixed Effects estimation did provide some results.  According to 

the models estimated, the DFW hotel market appears to be price inelastic.  At the same 

time, the elasticity of demand for individual hotels in a city would be elastic as long as 

five hotels operate in the city.   However, the estimation of cross-price effects indicates 

little substitutability between rival hotels based on price.  These results indicate that the 

hotel tax does not negatively affect hotel occupancy, but issues with the estimation leaves 

these conclusions subject to further review. 
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CHAPTER VI 

CONCLUSION 
 

 The intent of this thesis was to evaluate the market for hotels in the Dallas-Fort 

Worth metroplex for tax policy purposes.  Currently, the cities of DFW all impose a tax 

on hotel rooms ranging from four percent to nine percent of the price of a room; however, 

if room demand in the area is elastic with respect to price then a tax would encourage 

travelers to migrate to cities with a lower tax rate.  Cities would effectively be pushing 

away the intended target of the tax and would lose out on the revenue from the tax.  

Hotels in the city would lose business as a result of the tax, as would other businesses 

such as restaurants and retail stores.  As such, whether the characteristics of the hotel 

industry can support a hotel tax should be of interest to city managers and other decision 

makers in the region.  

 The results of the models estimated in this thesis indicate that the hotel tax in 

DFW does not have much of a negative impact on room demand.  Despite the fact that 

visitors to the area have options as to what jurisdiction they stay in, travelers do not seem 

to make choices based on price.  Of course, these conclusions are based upon the models 

estimated in this thesis, which suffer from weaknesses that have already been explained.  

At best, the conclusions of this thesis based on empirical results should be taken as a 

starting point for further research on the Dallas-Fort Worth hotel industry. 

 In the end, the best contribution that this thesis makes may be to illustrate how 

necessary good data is to estimating functions for room price and room demand, or even 
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price and demand functions in general.  Without accurate data the task becomes much 

more complicated and the results nowhere near as reliable.  Future research into this area 

must keep this in mind in order to further our understanding of the problem of hotel taxes 

and room demand. 

 In the future, researchers interested in this topic should endeavor to find better 

data on room prices and occupancy.  This would likely be accomplished most easily 

through survey methods or through cooperation with local industry associations.  Future 

studies could also focus on separating the effect that business travel has compared to 

leisure travel, or on determining whether the patrons of hotels in different star classes 

differ in terms of price sensitivity.  Another related topic that could produce interesting 

results would be to determine how much DFW and other metropolitan areas act as 

substitutes for each other.  In other words, does the price of a hotel room affect a 

traveler’s decision to go to Houston or Austin over DFW?  The opportunities for research 

into DFW hotel markets, and other local markets, are plentiful.  This thesis builds upon 

the existing research and hopefully provides a stepping stone to further examination of 

the topic. 
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APPENDIX 
 

Table A.1 Full Results for Model 1 

    
Variable 

Coefficient Model 
1 t Pr > │t│ 

Cons -5.9777*** -9.67 0.000 

 
(0.6179) 

  logP -.2157*** -12.45 0.000 

 
(0.0173) 

  logPR2 0.0177* 2.05 0.041 

 
(0.0086) 

  logPR3 0.0301*** 4.24 0.000 

 
(0.0071) 

  logPR4 0.0094 1.42 0.157 

 
(0.0066) 

  logQS 0.6793*** 14.34 0.000 

 
(0.0474) 

  logN2 -0.0191*** -2.77 0.006 

 
(0.0069) 

  logN3 -0.0283*** -4.83 0.000 

 
(0.0059) 

  logN4 -0.0236*** -3.99 0.000 

 
(0.0059) 

  logGDP 0.8791*** 12.37 0.000 

 
(0.0711) 

  S (omitted)     
R-sq= 0.2252 

  F= 
146.77 

   Pr > F = 0.000 
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Table A.1 Full Results for Model 1 

    
Variable 

Coefficient Model 
2 t Pr > │t│ 

Month2 0.0779 12.80 0.000 

 
(0.0061) 

  Month3 0.1426 20.39 0.000 

 
(0.0070) 

  Month4 0.0960 14.68 0.000 

 
(0.0065) 

  Month5 0.0239 3.01 0.003 

 
(0.0079) 

  Month6 0.1413 18.93 0.000 

 
(0.0075) 

  Month7 0.0502 4.68 0.000 

 
(0.0107) 

  Month8 -0.0145 -1.70 0.090 

 
(0.0085) 

  Month9 0.1012 14.90 0.000 

 
(0.0068) 

  Month10 0.1548 22.60 0.000 

 
(0.0068) 

  Month11 0.0312 4.18 0.000 

 
(0.0075) 

  Month12 -0.1798 -18.82 0.000 
  (0.0096)     
R-sq= 0.2252 

  F= 
146.77 

   Pr > F = 0.000 
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Table A.2 Full Results for Model 2 

    
Variable 

Coefficient Model 
2 t Pr > │t│ 

Cons -5.9132*** -9.55 0.000 

 
(0.6190) 

  logP -0.2163*** -12.50 0.000 

 
(0.0173) 

  logPR2 0.0161* 1.86 0.063 

 
(0.0086) 

  logPR3 0.0301*** 4.24 0.000 

 
(0.0071) 

  logPR4 0.0082 1.22 0.222 

 
(0.0067) 

  logQS 0.6766*** 14.21 0.000 

 
(0.0476) 

  logN2 -0.0181*** -2.62 0.009 

 
(0.0069) 

  logN3 -0.0285*** -4.84 0.000 

 
(0.0059) 

  logN4 -0.0204*** -3.43 0.001 

 
(0.0060) 

  logGDP 0.8984*** 12.51 0.000 

 
(0.0718) 

  S (omitted) 
  logt -0.1170*** -3.30 0.001 

  (0.0355)     
R-sq: 0.2256 

  F= 
140.23 

   Pr > F = 0.000 
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Table A.2 Full Results for Model 2 

    
Variable 

Coefficient Model 
2 t Pr > │t│ 

Month2 0.0779 12.80 0.000 

 
(0.0061) 

  Month3 0.1426 20.40 0.000 

 
(0.0070) 

  Month4 0.0966 14.76 0.000 

 
(0.0065) 

  Month5 0.0245 3.09 0.002 

 
(0.0079) 

  Month6 0.1419 19.01 0.000 

 
(0.0075) 

  Month7 0.0507 4.73 0.000 

 
(0.0107) 

  Month8 -0.0140 -1.64 0.101 

 
(0.0085) 

  Month9 0.1017 14.94 0.000 

 
(0.0068) 

  Month10 0.1551 22.64 0.000 

 
(0.0069) 

  Month11 0.0315 4.22 0.000 

 
(0.0075) 

  Month12 -0.1795 -18.80 0.000 
  (0.0095)     
R-sq: 0.2256 

  F= 
140.23 

   Pr > F = 0.000 
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