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I. Introduction


In 1997 the Pittsburgh Pirates and Steelers decided that their old multi-use stadium, Three Rivers, was outdated and they both needed new baseball and football only stadiums with more luxury boxes, advertising space, and gimmicks like a view of the city to compete with other major league teams.  The additional revenue brought in by these new stadiums would allow the teams to buy better players and as a result, deliver a better team to the fans.  The estimated cost for a new football stadium was $233 million while a new baseball stadium was estimated to cost $228 million.  The teams turned to the city of Pittsburgh and the state of Pennsylvania for assistance in paying for these stadiums.  A voter referendum was proposed to add one half of a percent to the sales tax for seven years to finance the new stadiums along with a new convention center downtown.  The referendum was hotly debated with both sides of the issue citing economic studies.  The proponents of the new stadium said the stadiums would bring in revenue for the city while helping to revitalize the run down North Shore area where the stadiums were to be located.  Opponents said that taxpayer money could go to projects that would have a greater chance of benefiting the city like tax breaks to encourage businesses to relocate to the area, instead of stadiums.  Voters defeated the referendum but eventually the city and state came up with funding for the stadium projects through the use of other funds.  In this paper I want to look at how these new stadiums affect the attendance of fans at baseball games. In the literature review I will provide an overview of past research done on attendance at major league sporting, the empirical model section will define the regression equation I will be using and a description of variables.  Finally the estimation and the conclusions reached from examining these results will be provided.


    Since a large part of a team’s payroll is made up of revenues collected from tickets purchased by fans,  then a team is able to increase their attendance while keeping prices the same, then they will collect more revenue and then can use that revenue to purchase better players making a team more competitive.  Often a team will use the novelty effect of a new stadium to increase attendance and ticket prices at the same time, because if fans are sensitive to price a team would not be able to raise ticket prices without seeing some drop in attendance.  Table 1 shows that the year a new stadium opened teams increased the weighted average ticket price by an average of 41.1% compared to an average of 9.7% the year before the new stadium opened.  Teams were also able to increase attendance by an average of 28.3% that same year. Quirk and Fort (1997) estimate that the novelty effect for baseball stadiums lasts for five seasons after a stadium opens.   

Table 1: Percent Increase in Ticket Price at New Ballparks
	Team
	Year
	Increase in ticket price year a stadium opened
	Increase in ticket price year before a stadium opened
	Change in attendance year a stadium opened

	Reds
	2003
	5.2%
	8.1%
	26.9%

	Brewers
	2001
	39.2%
	6.4%
	78.6%

	Pirates
	2001
	65.3%
	10.2%
	40.9%

	Astros 
	2000
	50.5%
	12.0%
	12.9%

	Giants
	2000
	75.2%
	5.7%
	59.7%

	Tigers
	2000
	103.0%
	21.8%
	20.3%

	Mariners
	1999
	27.2%
	11.5%
	10.0%

	Braves
	1997
	19.0%
	8.8%
	19.4%

	Indians 
	1994
	38.6%
	13.0%
	-9.0%

	Rangers
	1994
	35.1%
	0.0%
	11.5%

	Orioles
	1992
	-6.0%
	N/a
	39.8%

	Average Increase
	41.1%
	9.7%
	28.3%


Ticket price information comes from Rod Fort’s website

Attendance information comes from ballparks.com

II. Literature Review

The relationship between attendance, stadiums and winning percentage in professional sports has been examined before.  The question of what characteristics specific to each stadium, such as the stadium capacity or a dome, have on attendance percentage, is addressed by Kinnard and Geckler (1997).  Their study is similar to Quinn et al’s study because they both use performance and stadium related characteristics to explain attendance except Kinnard and Geckler do not include demographic characteristics.  The authors found that winning percentage has the greatest influence on attendance with a new stadium being the second biggest effect on attendance while a domed stadium decreases attendance.    


 Welki and Zlatoper (1994) take a slightly different approach to the attendance question by examining what influences attendance at NFL games.  The authors include many of the same variables as the other studies like population, team record, and ticket price.  Their study differs in that they have several variables that relate to quality of game such as the temperature, the presence of rain, when is the game played, and whether it is a regular Sunday afternoon game or a nationally televised Monday night game.  The study concludes that weather has no effect on attendance but playing a game on a day other than a Sunday does have a positive affect on attendance but overall the quality of a team and economic factors like ticket price have the greatest influence on attendance. 


In Pay Dirt by Rodney Fort and James Quirk (1997) the effect of a new stadium on attendance over a period of five years is examined.  The authors found that a new stadium would increase attendance by 600,000 fans over the course of a year during the five years after a stadium was built while teams in the rest of the league were only able to increase attendance by 96,000 fans per year.  The authors theorize that a new stadium draws more fans because of the novelty effect of a new stadium, and since the stadium is drawing more fans it makes it worthwhile for an owner to spend the revenue to improve the caliber of the team to keep those fans coming to games.

III. Empirical Model


The model that I will be using will look at factors that affect the total yearly attendance at major league ballparks.  According to Quirk and Fort (1997) baseball teams rarely sell out their stadiums so stadium capacity is not a concern in baseball.     The sample consisting of 346 time series-cross sectional observations covers 1991 through 2003 baseball seasons and includes, 24 teams that existed during the entire data range and four expansion teams that were formed during the sample range, two in 1993 and two in 1998.  The data for this study comes from Rod Fort’s Sports Information Website, Ballparks.com, and the Bureau of Economic Analysis.  From 1991 through 2003 twelve teams opened new stadiums.  The two Canadian teams, the Expos and Blue Jays are excluded due to insufficient population and income data.  To account for inflation, all dollar values are converted to 2003 values using the annualized consumer price index.  E-views statistical software using the OLS method is used to estimate Equation 1 (EQ.1) where the dependent variable Attendance represents the total yearly attendance for a team for a specific season.

EQ. 1   ATTENDANCE = Bo + B1 DH + B2 STADAGE + B3 DOME + B4 STRIKE + B5 PCTWIN + B6 ALLSTAR + B7 POP + B9 INCOME + B10 FCI + Error term

Table 2 below includes a definition of the variables being used and the expected sign of their coefficient.

Table 2: Independent Variables and Expected Coefficients

	Ind. Variable
	Definition of Variable
	Expected Coefficient

	 
	Stadium Variables
	 

	FCI
	The cost for a family of four to attend a baseball game
	Negative

	STADAGE
	Age of stadium in years
	Negative

	DOME
	Dummy variable equal to 1 if domed stadium and 0 otherwise
	Indeterminate

	 
	Team Variables
	 

	PCTWIN
	Team winning percentage
	Positive

	ALLSTAR
	Number of players a team sends to the All-Star game in a season
	Positive

	DH
	Dummy variable equal to 1 if a team plays in the American League and 0 otherwise
	Positive

	STRIKE
	Dummy variable equal to one if a strike occurred in a particular year and 0 otherwise
	Negative

	 
	Demographic Variables
	 

	POP
	Population of the Metropolitan Statistical Area a team plays in
	Positive

	INCOME
	Per capita income of the Metropolitan Statistical Area a team plays in
	Positive



There are three different types of explanatory variables included in this model.  The first type is stadium characteristics.  These variables relate to different aspects of stadium construction that would have an affect on attendance and are usually related to fan comfort.  Team characteristics are the second type of variable used.  These variables relate to characteristics of a team.  These variables relate to different characteristics of teams and the league.  These variables change from year to year unlike stadium characteristics, which usually change little over time.  The third type of variable included in this model is demographic statistics about the region where a team is located like population and income and number of other professional sports teams.  

Stadium Variables

When a team builds a new stadium often the prices of complementary goods are raised in addition to ticket prices.  For example, after the Pittsburgh Pirates and Steelers announced that they were building new stadiums the city, who owns the parking lots surrounding the stadiums, raised the price to park in their lots on game days.  Quirk and Fort (1997) note that new stadiums can increase profits even if attendance does not increase substantially, through higher ticket prices.  Parking, concessions, and souvenirs are complimentary to buying baseball tickets.  Depken and Grant (2003) use variables for the prices of beer, pop, hot dogs, parking, programs, and souvenir caps in addition to ticket price in their study on Major League Baseball attendance.  Because of this I chose to use the field cost index (FCI) instead of ticket price in my model.  The field cost index is supplied by the Team Marketing Report website. It provides a better representation of the costs that a family would incur when they go to a baseball game.  When fans attend a baseball game it is usually as a group of friends or family instead of going as an individual so fans may purchase one parking ticket for every four beers or pops they buy.  The field cost index is meant to represent the cost for a family of four to attend a baseball game and is made up of the cost of two adult tickets, two child tickets (or adult tickets if no child discount is given), two beers, four small soft drinks, four hot dogs, parking for one car, two game programs, and two caps.  The higher the FCI is, then the less likely it is that a family will go to a baseball game so the expected coefficient for FCI is negative.  


The variable STADAGE is the number of seasons that a stadium has been in use since it was built or renovated.  Older stadiums will sometimes suffer from problems such as blocked views from some seats, not enough concessions/restrooms, or not enough capacity.  As a stadium ages, fans may become weary of dealing with these shortcomings and attend less games so we would expect stadium age to have a negative effect on attendance.

The dummy variable DOME takes a value of one if a stadium is domed dome stadium or has a retractable roof and 0 if it is strictly outdoors.  The expected coefficient of DOME is indeterminate because some fans may enjoy watching games outdoors while others may prefer a watching a game without having to worry about inclement weather.

Team Variables

The variable PCTWIN is the percent of games won by a team in a given season.  It is calculated by dividing the number of wins a team had in a season by the total number of games played in a season.  The more wins a team has in a season the higher their win percentage will be.  Fans generally enjoy watching a winning team as opposed to a team that loses.  If a team is having a good year there will also be a “fair-weather fan” effect.  Fair weather fans are fans that support a team when they are winning but lose interest when a team is not performing well so a team that has a good winning percentage can expect attendance to increase because some fair weather fans will be showing up; as a result the coefficient of PCTWIN is expected to be positive.

The variable ALLSTAR represents the number of players from a team that went to the all-star game in a given season.  Many people go to games because a certain player is playing like when Mark McGwire or Sammy Sosa were chasing Roger Maris’s home run record.  People would go to games so they could say they saw those players hit home runs that season.  Therefore ALLSTAR is expected to have a positive effect on attendance. 

The variable DH is a dummy variable that designates whether a team plays in the American League (AL) or the National League (NL).  DH takes a value of one if a team plays in the AL and zero if a team plays in the NL.  In the AL teams are allowed to substitute a designated hitter for the pitcher in the batting rotation.  The designated hitter is usually a player who is big and can hit the ball hard so they usually have a significant role in a baseball team’s offense.   Having a designated hitter would increase offense also because pitchers are notoriously bad at hitting.  Having a designated player makes a game more exciting because it adds an extra offensive player to a team’s lineup, therefore the coefficient of DH is expect to be positive.


The dummy variable STRIKE accounts for if a strike occurred during the season.  It takes a value of one if a strike occurred and zero if there was no strike.  There were four strikes during the years included in the data set: 1980, 1981, 1985, and 1994.  The expected coefficient of STRIKE is negative for two reasons, first because since games must be cancelled during a strike there are less total games for fans to attend and second because a strike turns some fans off to baseball for while.  Some fans feel that pro athletes are overpaid or that owners are being stingy so they will stop supporting them by not attending games.

Demographic Variables


The variable POP is the population of the Standard (or Consolidated) Metropolitan Statistical Area (SMSA, CMSA) that a team plays in.  The SMSA is a measure of the population in the metropolitan area surrounding a major city.  The CMSA is a measure of the population in a region with two large cities in relatively close proximity like Washington D.C./Baltimore or Dallas/Fort Worth/Arlington.  These areas give a good approximation of the fan base that a team draws from.  In SMSA’s or CMSA’s with more than one team the population is divided by the number of teams in the market to account for the fact that each team has a separate group of supporters.  The coefficient of POP is expected to be positive because the larger an area’s population the larger the pool of people that may attend baseball games.


The variable INCOME is the per capita income for the CMSA or SMSA that a team is based in.  Since baseball tickets could be considered a luxury item it is expected that as income rises so does attendance at baseball games, therefore INCOME is expected to have a positive coefficient.       


Testing for Multicollinearity


A problem that may arise when specifying an equation is having two or more independent variables linearly related to each other.  When this occurs it is called multicollinearity.  For example, if winning percentage and whether or not a team made the playoffs are both used as variables in an equation then multicollinearity would probably exist because these variables are linearly related to each other as they both capture a team’s win/loss record in a season.  There are two different types of multicollinearity that may exist in an equation, perfect and imperfect multicollinearity.  According to Studenmund perfect multicollinearity exists when “the variation in one explanatory variable can be completely explained by movements in another explanatory variable” (245).  Perfect multicollinearity is usually not as much of a problem as imperfect multicollinearity.  Imperfect multicollinearity occurs when the “linear relationship between two or more independent variables is so strong that it can significantly affect the estimation of the coefficients of the variables” (Studenmund, 247).  


Testing for multicollinearity is done by examining the examining the correlation coefficient between two variables. The rule of thumb is if the correlation coefficient is above 0.70 then multicollinearity is a problem.  Table 3 gives the results of the test for multicollinearity.  Since the highest correlation coefficient is .65, multicollinearity does not appear to be a problem for this model.  

Table 3: Multicollinearity Matrix

	
	ATTENDANCE
	ALLSTAR
	DH
	DOME 
	FCI
	INCOME
	PCTWIN
	POP
	STADAGE
	STRIKE

	ATTENDANCE
	 1.00
	 0.43
	-0.13
	-0.06
	 0.03
	 0.05
	 0.46
	0.17
	-0.10
	-0.19

	ALLSTAR
	
	 1.00
	 0.01
	 0.03
	 0.03
	 0.06
	 0.58
	0.09
	-0.10
	-0.05

	DH
	
	
	 1.00
	 0.09
	 0.05
	 0.15
	-0.03
	0.08
	-0.16
	 0.01

	DOME
	
	
	
	 1.00
	 -0.02
	 -0.02
	-0.06
	-0.24
	-0.25
	-0.03

	FCI
	
	
	
	
	 1.00
	 0.65
	 0.10
	-0.01
	-0.03
	-0.02

	INCOME
	
	
	
	
	
	 1.00
	 0.18
	 0.17
	 0.07
	0.15

	PCTWIN
	
	
	
	
	
	 
	 1.00
	 0.13
	-0.06
	-0.04

	POP
	
	
	
	
	
	
	
	 1.00
	 0.12
	-0.01

	STADAGE
	
	
	
	
	
	
	
	
	 1.00
	 0.02

	STRIKE
	
	
	
	
	
	
	
	
	 
	 1.00


Testing for Autocorrelation


When using a time series data set to estimate an equation an issue that may occur is autocorrelation.  Autocorrelation implies that the error term from one time period depends in some systematic way on error terms from other time periods (Studenmund, 310).  If an equation is not specified correctly then impure autocorrelation can occur because the error term will absorb the effect of an omitted variable or incorrect functional form.  Autocorrelation that occurs in a correctly specified equation is called pure autocorrelation.  Pure and impure autocorrelation can each be further divided into positive and negative autocorrelation.  Positive autocorrelation happens when the error term has the same sign from one time period to the next while negative autocorrelation implies that the sign of the error term switches back and forth between positive and negative in consecutive observations (Studenmund, 312).  
If autocorrelation is present in an equation there are three major consequences.  The first is that pure serial correlation does not cause bias in the coefficient estimates.  The lack of bias means that while the distribution of the estimated coefficients is still centered around the true coefficient, it’s standard error is wrong.  This makes the results of the t-test of significance of estimated coefficients unreliable.


To test for autocorrelation the Durbin-Watson test is utilized.  The Durbin-Watson test uses the residuals of the equation to calculate a d statistic.  The d statistic equals zero if strong positive autocorrelation, two if there is no autocorrelation, and four if there is strong negative correlation.  The value of the d-statistic will determine if you test for positive or negative autocorrelation, if the d-stat is greater than two test for negative autocorrelation and if the d-stat is less than two test for positive autocorrelation.  The d statistic for this equation equals 1.94 so a test for positive autocorrelation was done.  The null hypothesis was that no positive autocorrelation exists and the alternative hypothesis stated that autocorrelation exists.  The number of independent variables and observations in the study are used to calculate a critical dL and dU value.  If the d-stat is less than the critical dL the null hypothesis is rejected and positive autocorrelation is a problem, if the d-stat is greater than the critical dU then the null hypothesis is not rejected and positive autocorrelation is not a problem.  If the d-stat is between the critical dL and dU then the test is inconclusive.   The largest sample size that I could find the critical dL and dU for was 200 observations.  Even though this study has 346 observations I am confident that the critical dL and dU will change little between 200 and 346 observations because as the number of observations increases the critical dL and dU change less so they should not increase much higher than the values for 200 observations.  The critical dL equals 1.675 and the critical dU equals 1.863 for 200 observations and nine independent variables at the 5% level of significance.  Since the d statistic is greater than the critical dU, positive autocorrelation is not a problem at the 95% level of confidence.       

Testing for Heteroskedasticity


 Heteroskedasticity occurs in a regression equation when the error term does not have a constant variance.  There are two types of heteroskedasticity that may occur in a regression equation, pure and impure.  Impure heteroskedasticity occurs because of an error when specifying a model like omitting a necessary variable while pure heteroskedasticity results when the error term of a correctly specified equation does not have a constant variance.  Heteroskedasticity is a problem because the OLS will tend to underestimate the standard errors in an equation which causes the t-stat to be higher and makes the t-test of significance to be unreliable.


Testing for heteroskedasticity is done by using the White test named after it’s inventor, Halbert White.  The White test checks for heteroskedasticity by looking at the residuals of EQ (1).  The residuals are the difference between the observed value of the dependent variable and what the value of the dependent variable would be if plugged into EQ (1).  The values of these residuals are squared and included in another regression as the dependent variable.  The independent variables in this equation are the variables from EQ (1), the square of each variable, and the product of each two independent variables.  A test of overall significance is done using the Chi-square test.  If the number of observations in the second equation (348), times the unadjusted R2 (n*R2), is greater than the critical Chi square value then the null hypothesis is rejected and heteroskedasticity is present.  If n*R2 is less than the critical Chi-square then the null hypothesis is accepted and homoskedasticity is present.  The value of the critical Chi-square depends on the level of significance being used and the number of dependent variables in the second equation.  The value of n*R2 for EQ (1) is 76.95 and the critical Chi-square value for 50 independent variables at 5% level of significance equals 67.72.  Since n*R2 is greater than the critical Chi-square the null hypothesis is rejected and accept the alternative hypothesis that heteroskedasticity is present in EQ (1).


The first step to remedy heteroskedasticity is to determine if it is pure or impure heteroskedasticity.  Reviewing the literature relevant to this model shows that no major variables were omitted and the functional form appears to be correct so pure heteroskedasticity is suspected.   The method I used to account for heteroskedasticity was to use heteroskedasticity corrected standard errors.  E-views calculates new standard errors for each independent variable to avoid the consequences of heteroskedasticity.  This allows the t-test of overall significance to be done without interference from heteroskedasticity.   

IV. Results of the Regression Equation


Table 4 shows the results of the estimation of Equation 1

Table 4: Results of Equation 1
	Type of Variable
	Independent Variables
	Coefficient
	Expected Sign of Coefficient
	T-Statistic



	
	
	
	
	

	
	Intercept
	620098.9
	
	

	Stadium Variables
	FCI
	-2.08
	-
	-2.912***

	
	STADAGE
	-4034.82
	-
	-1.963**

	
	DOME
	-92427.49
	Indeterminate
	-1.003

	Team Variables
	PCTWIN
	2739692
	+
	5.885***

	
	ALLSTAR
	133213.8
	+
	5.483***

	
	DH
	-214355.4
	+
	-3.376***

	
	STRIKE
	-461730.3
	-
	-4.051***

	Demographic Variables
	POP
	0.032
	+
	2.383***

	
	INCOME
	2.36
	+
	0.445

	Adjusted R Squared
	.301
	
	Sample size:    n = 346
	


Note: ** and *** stand for significant at 5% and 1% respectively.


The adjusted R squared gives an idea of the explanatory power of an equation. EQ (1)’s adjusted R squared of .30 is rather low.  This means that the variables in EQ (1) account for only 30% of the total variation around the mean yearly attendance leaving 70% of the variation unexplained by the variables in EQ (1).


After estimating EQ (1) a t-test was done to determine if variables were significant.  To do a t-test a level of significance must be determined.  The 5% level is commonly used, at the 5% level of significance the critical t is 1.645.  The regression gives a t-stat for each variable.  If the absolute value of the t-stat is greater than the critical t, then the variable is significant to the equation.    


After running the t-test for significance it was found that the variables DOME and INCOME were not significant at the 5% level.  Therefore I cannot conclude that these variables have a significant effect on the dependent variable ATTENDANCE.  The first variable that did not pass the significance test was DOME.  This means that a domed stadium does not have a significant impact on the attendance of fans at a baseball game.  The other variable that did not pass significance testing was INCOME.  While the coefficient for INCOME had a positive sign as expected, since INCOME did not pass the t-test the per capita income of the metropolitan area a team is located in does not significantly affect attendance at baseball games.


  As Table 4 indicates the first variable related to stadium characteristics to pass the significance test was FCI.  This means that I am 95% sure that the sign of the coefficient is negative.  This means that for every dollar increase in the field cost index, ceteris paribus, yearly attendance decreases by 2.08.  Even though FCI passed significance testing it’s coefficient is very small compared to the coefficients of the other significant variables which means that the other variables have a greater influence over attendance than FCI.  


The other variable related to stadium characteristics that passed the t-test was STADAGE.  Therefore, I am 95% sure that as a stadium ages attendance decreases.  This means that a one year increase in the age of a stadium, ceteris paribus, will decrease yearly attendance by 4034.82.


The variable PCTWIN was the first variable related to team characteristics to be found significant at the 5% level.  Therefore I am 95% sure that winning percentage has a positive effect on attendance.  If a team increases it’s winning percentage by one percentage point over the course of the season, ceteris paribus, then yearly attendance is expected to increase by 27,397 while a team that decreases it’s winning percentage one point over the course of the season can expect 27,397 less fans at their games over the season.        


The next team characteristic variable to pass significance testing was ALLSTAR.  This means that I am 95% sure that All-star players have a positive effect on attendance.  More specifically, each All-star player a team has will increase yearly attendance by 133,213 while holding all other factors constant.  


The third team characteristic that passed the t-test at the 5% level of significance was DH.  However, DH has a negative coefficient when I expected a positive coefficient.  I expected American League teams to draw more fans because they use a designated hitter instead of having the pitcher bat, because I theorize fans enjoy watching hitting over pitching.  In their study Kinnard and Geckler (1997) find that American League teams drew more fans than national league while in the study done by Quirk and Fort (1997) they find National League teams draw more fans so previous research has conflicting views on the effect of the National and American Leagues on attendance.  According to EQ (1) if a team plays in the American League attendance is expected to be 214,355 less than a National League team, ceteris paribus.  


The final team characteristic to pass significance testing was STRIKE.  This means that I am 95% sure a strike by baseball players will decrease attendance.  Specifically a strike will decrease yearly attendance by 461,730 fans.  Since strikes usually shorten the baseball season by several games or longer the large size of the coefficient is expected.     


The only demographic characteristic in EQ (1) to pass the t-test at the 5% level of significance was POP.  The coefficient of POP is small at only .032, however, the coefficient has a positive sign as expected and since POP represents the total population of a metropolitan area the scale of the variable is very large.  If a metropolitan area increases it’s population by 10,000 then, ceteris paribus, the yearly attendance for a baseball team in that area should increase by 320.     

III. Conclusions

The purpose of this study was to determine what factors influence yearly attendance at Major League Baseball games.  The variables PCTWIN, ALLSTAR, STRIKE and DH all have large coefficients compared to the other variables.  The fact that all of these variables come from the category of team characteristics is interesting.  For fans, being able to see the players they watch on TV in person and being able to cheer for a winning team outweigh the economic considerations a fan may have.


The fact that the variable INCOME was not significant and the fact that FCI had a small coefficient relative to the other variables in this study surprised me.  Income and the price of attending a baseball game have little influence over whether a fan chooses to attend a baseball game.  I was surprised by the size of STADAGE’s coefficient. The fact that STADAGE does not have as much influence as the team characteristic variables indicate that fans may also be willing to put up with an older stadium’s shortcomings to attend a baseball game.  Quirk and Fort (1997) and Kennard and Geckler (1997) found that since 1989 stadium age has had a very significant affect on yearly attendance but only for a few years after a stadium opens so perhaps a different functional form for STADAGE would be more appropriate in future studies.  The overall message that these results give me is that baseball fans are very dedicated to their teams, as long as they perform well, and highly value being able to see their teams play in person.  A decision to attend a baseball game is more of an emotional decision rather than one based on economic thinking.
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