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Introduction

According to Jing Chen, project investment can be determined by using an analytical theory of project investment.  This analytical theory differs from the real option theory because it is an initial value problem, valuing the outcome as a variable cost to the project (C).
   Furthermore, after determining the variable cost of a project (C), the profit of a project can be determined based on the variables of S (present value of the projects cash flows), K (fixed cost of the project), Q (market size or output of the project), and C.


Generally, a project with a high fixed cost will generate high returns if the level of uncertainty (sigma) is stable and the market size is large, and a project with a low fixed cost will benefit largely from a small, unstable market.
  Therefore, using the analytical theory of project investment, this paper is going to determine whether or not salary caps in professional sports are necessary for teams to produce sufficient returns.  In order to do this there will be a comparison of two teams in the same sport and a comparison of two teams in different sports.  The two North American professional sports that will be comparing in this paper are; the National Hockey League (NHL) and the National Lacrosse League (NLL).   The two teams from the NHL are; the Toronto Maple Leafs (Leafs) and the Pittsburgh Penguins (Penguins), and the team from the NLL is the Toronto Rock (Rock).  The reason for the comparison between two different professional sports is the fact that it is necessary to show the impact of fixed costs on variable costs, taking into consideration the other important variables (S, K, r (discount rate), t (duration of the project), and sigma (uncertainty)).  

Salary Cap (K)

In North American sports, salary caps have become a major issue between players and owners.   In definition, a salary cap is a maximum, and sometimes a minimum, on the amount of money a team can spend on player salaries.
  In addition, a salary cap can be based on a percentage of total revenues produced by the league.  Typically a salary cap is the total limit a team can spend on its roster (all players), but it can also be based on a per-player limit.  Furthermore, salary caps are a method of keeping overall costs down, and help balance the league; so a wealthy team cannot become dominant simply by buying all the top players, and so a poor team cannot purchase cheap players to maximize its profit.
  Salary caps are also intended to help produce larger profits for teams that are in-the-money and reduce losses for teams that are out-of-the-money in order to promote profit sharing. 


In regards to the NHL, the salary cap is based on a percentage of projected revenues, and is a per-team limit.  Therefore, for the 2005-06 season, players in the NHL receive 54% of revenues produced by the league (all teams), which works out to be a $39 million US per-team limit.  Furthermore, the NHL has both a floor (minimum) and a ceiling (maximum).  So, NHL teams have to pay all their players no less than $21.5 million US.


As for the NLL, it has place a limit on a per-player basis.  The maximum limit that a player in the NLL can receive is $22,500 US.  Therefore, if a team were to purchase all the best players in the league, its maximum team salary would be $607,500 US.  

The Teams



The first of the three teams discussed here is the Toronto Maple Leafs.  The Leafs is one of the first six teams in the NHL and has built up a very strong fan base.  Out of 30 teams in the NHL, the Leafs has the highest average home game attendance.  Therefore, Toronto’s market for professional sports is verily stable and as a result, the Maple Leafs is able to charge extremely high prices for tickets, ranging from $42 CA to $385 CA, compared to any other team in the NHL.  Furthermore, the Maple Leafs, along with every other professional sports team in Toronto, plays in the Air Canada Centre (ACC), which has a maximum capacity of 19,500 seats.  The Maple Leafs team salary is at the top of the limit; $39 million US.


The second team from the NHL is the Penguins.  In the past it has done extremely well when looking at championships, players, and revenue, but lately the Penguins Empire has been on a downfall.   Due to the fact that its average attendance is the lowest in the NHL, ticket prices are also the lowest in the NHL.  Furthermore, its team salary is at the bottom of the limit; $21.5 million.  The Penguins play 41 home games in the Mellon Arena, which holds a maximum capacity of 17,000 fans.


The third team being compared is the Rock.  The Rock is associated with the NLL.  Currently, the NLL does not have much exposure to the North American professional sports market, even though it is Canada’s national summer sport.  As mentioned previously, Toronto’s market for professional sports is verily stable, and it shows with the demand to watch lacrosse games.  In addition, the Rock is the best supported team in the league and have won numerous championships.  Therefore, it has the largest average attendance and the most expensive tickets, ranging from $22 CA to $57 CA, in the league.  Along with the Maple Leafs, the Rock plays its 8 home games in the ACC.

Assumptions (refer to Appendix 1A):


Since professional sports teams are all privately owned it is extremely hard to obtain accurate information about the finances of each team.  For this reason, assumptions have been made to find realistic results.  The assumptions that have been made here are on a per-game basis and are as follows:

· Fixed Costs (K):  based solely on the players’ salaries per-game.  Although, this excludes any other costs that a team might occur including building fees, traveling expenses and the production of merchandise.

· Revenues (S):  based on the average ticket price per-game.  Although, teams also make revenues off things like concessions (i.e. food) and the sale of their team’s merchandise.  Therefore, it was necessary to add $20 to each teams’ ticket price.
· Market Size (Q):  this was calculated as the average per-game attendance.  Since it is almost impossible to find an accurate number of people that would go to a certain team’s game, this is the best way to calculate the market size. 

· Uncertainty (sigma):  refer to appendix 1A
· Discount rate (r):  the rate of a long term United States government bond.

· Duration (T): assuming that the projects would continue forever, duration is equal to 100 years.  This may sound unrealistic, but it helps improve the quality of the outcomes.
· Currency:  all the numbers are in American currency because North American professional sports players receive their income in American dollars
Conclusions (refer to Appendix 1B):

Maple Leafs vs. Rock:


From the calculations you can see that both teams are profitable, even though the numbers are quite different.  This comparison proves the theory that a larger fixed cost system works better in a larger market with a lower uncertainty.  We can see that the market sizes for the Maple Leafs and the Rock are quite different, 19,377 and 17,123 respectively.  This difference in market size coupled with the difference in uncertainty (i.e. the Rock’s uncertainty is higher than the Leafs’) is the reason why both of the teams’ systems have worked.  The smaller fixed cost system of Toronto Rock has given it a sizeable profit and a good return.
Maple Leafs vs. Penguins:

As you can see from the calculations, the Pittsburgh Penguins are suffering an immense loss of profit per-game due to its lack of fan support.  This lack of support is creating a diminishing average attendance, which in turn is creating a large uncertainty rate.  This abnormally high uncertainty rate has forced the Penguins to lower its fixed cost (salaries) as much as possible, as well as lower its ticket prices to try to attract larger crowds.  The Maple Leafs are on the exact opposite side of the spectrum in terms of profits, as you can see from its $1.8 million per-game gain.  The main reason that the Leafs are able to earn this profit is because of its fan support which gives the Leafs a low uncertainty of 1% and its ability to have substantially higher average ticket prices than the Penguins.  In turn, this creates a variable cost per-fan, per-game of less than $1 (refer to the * in Appendix 1B).  
The example of these two teams is the reason why the NHL needs a salary cap and profit sharing to make sure that all 30 teams can compete at a respectable level.  Profit sharing would allow the Penguins to take money from profitable teams (i.e. the Maple Leafs) to help rebuild its organization.  Without this profit sharing system the Penguins would continue losing money until it was forced to fold its team.  The profit sharing system groups all of the teams as one big organization and allows for the teams with the larger profits to help the teams in struggling markets. 

The salary cap is another way the NHL has tried to insure that all teams can compete.  For teams such as the Maple Leafs it is no problem to pay the maximum $39 million team salary because of its enormous profits.  If there were no salary cap the Leafs would willingly exceed that level to acquire better talent.  In the case of the Pittsburgh Penguins, there is no way that its management can think about paying its players the maximum because the Penguins are already losing large amounts of money.  For that reason the Penguins have gotten as close to the salary floor as possible, and if there was no salary cap in place it would likely go way below that level.  So without the salary cap, teams like the Toronto Maple Leafs would have all of the talent and teams like the Pittsburgh Penguins would have none.  This would create an unfair playing field for a lot of the teams in the league and it would make many games in the NHL schedule very lopsided and boring.  If this scenario were to happen, the league would lose many fans very quickly which would not be in the best interests of anyone in the NHL.

As you can see, the salary cap and profit sharing do not benefit all of the teams in the short run, but the main goal is to keep the league growing and popular so that the owners of the teams can look forward to profits well into the future.
Recommendations:
Toronto Rock:


The National Lacrosse League is growing rapidly.  The amount of games a year, the ticket prices, the market sizes, and the players’ salaries are all going to increase.  This rapid change makes it difficult to suggest recommendations for the Toronto Rock, but it can be said that as the Rocks market size increases it should be careful not to raise the ticket prices to high.  If the Rock raise the prices too high it may turn some people off of the game, which will increase the team’s uncertainty level.  However, if the Rock raise the prices appropriately it will have no problem increasing the players’ salaries (fixed cost) at the same time.  These changes will move the Toronto Rock away from the small fixed cost system and toward the large fixed cost system that the Maple Leafs have been so successful with.

Toronto Maple Leafs:


As you can see from the calculations there is not a lot that the Toronto Maple Leafs are doing wrong.  There are a few suggestions, but the execution of these suggestions is unlikely.  One suggestion would be to try to teach the Penguins how to run the same system.  This would be very difficult because the Penguins market is so different that it would take decades to build the kind of fan support that the Maple Leafs enjoy.  Another suggestion would be to build a larger arena.  This is unlikely because the Leafs would need to get it accepted by the government and there would be an enormous cost to such a project.  However, if the Maple Leafs could add seats to their venue it could increase its profits.
Pittsburgh Penguins:


The suggestions for the Penguins are aimed more at the NHL.  It is obvious that revenue losses of the Penguins are hurting the league, in the sense that other teams have to share their own profits with another organization.  For that reason we suggest that they move the team to a better location.  The NHL should find a city with a better market, where a team could get better support.  There are a couple other teams, in the NHL, that have the same problems as the Penguins.  So if they could move these teams to better locations the entire league would benefit.  Also, since the salaries are based on the revenues of the league, they would go up as well, benefiting the players.  Some problems with this suggestion are that some cities have a long NHL history and should never be moved, and that some owners might not be willing to move their teams.
Appendix 1A
	 
	Rock
	Maple Leafs
	Penguins

	Ticket Price
	$25
	$125
	$35

	Salary Cap
	$607,500
	$39,000,000
	$21,500,000

	Home Games
	8
	41
	41

	Average Attendence
	17123
	19377
	11877

	Sell Out Capacity
	19500
	19500
	17000

	S
	$45
	$145
	$55

	K
	$75,938
	$951,220
	$524,390

	r
	0.05
	0.05
	0.05

	T
	100
	100
	100

	Q
	17123
	19377
	11877


Uncertainty (    ) = (19500 x 8 – 17123 x 8)/(19500 x 8) = 0.12*
*This is the uncertainty for Toronto Rock.  The uncertainties for the other teams are calculated the same way, just with their own numbers.

Appendix 1B

	
	Rock
	Maple Leafs
	Penguins

	S
	$45
	$145
	$55

	K
	$75,938
	$951,220
	$524,390

	r
	0.05
	0.05
	0.05

	T
	100
	100
	100

	sigma
	0.12
	0.01
	0.30

	d1
	-1.38
	-60.03
	0.13

	d2
	-2.60
	-60.10
	-2.89

	 
	 
	 
	 

	C
	1.38
	0.00*
	23.40

	 
	 
	 
	 

	Q
	17123
	19377
	11877

	 
	 
	 
	 

	Return
	2.05
	1.08
	-0.21

	 
	 
	 
	 

	Total Revenue
	$770,535
	$2,809,665
	$653,235

	 
	 
	 
	 

	Total Costs
	$99,545
	$951,220
	$802,283

	 
	 
	 
	 

	Profit
	$670,990
	$1,858,445
	-$149,048


*The Maple Leafs’ variable cost is 0, because it is based on a per-fan, per-game bases.  Therefore, it is directly related to the Maple Leafs uncertainty which is almost 0.  Increasing other variables to obtain a variable cost for the Maple Leafs can be done, but then its profit-per game becomes unrealistic.
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