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Abstract
There is substantial variation in income tax rates across Canada and the United States.

Are highly skilled mobile agents able to demand compensation in the form of additional gross
salary when they work in high tax cities? Using the NHL as a case study, this paper investigates
the relationship between income taxes and salaries. We find that there is a statistically significant
relationship between taxes and salaries in the NHL. After controlling for player ability, team quality,
and the level of the salary cap in the NHL, we find that a one percentage point increase in the
highest marginal income tax rate leads to approximately an $11,000 increase in a player’s gross
annual salary. This is equivalent to approximately 0.5% additional salary for each one percentage
point increase in taxes. When the sample of NHL players is broken down further, we find that
defencemen, unrestricted free agents, and players at the top of the salary distribution are even
more sensitive to income taxes.
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1 Introduction

When taxes are levied, who actually has to pay the tax burden? The theory of tax incidence

posits that mobile factors of production will be able to avoid paying taxes while fixed factors

of production will face the burden of taxation. When mobile agents face high taxes they

can either migrate to an area with lower taxes or they can demand compensation for these

taxes if they have enough bargaining power. A natural empirical question to ask is whether

highly skilled mobile agents are actually able to avoid paying taxes by demanding extra

compensation. This paper examines this question using the National Hockey League (NHL)

as a case study. We will address two specific questions. First, to what extent do income tax

rates affect player salaries in the NHL? Second, does tax sensitivity vary among different

groups of players or the salary distribution in the NHL?

Each season, an NHL team is scheduled to play 82 regular season games with 41 games

played in the team’s home city and the remaining 41 played in other cities. Players are

only paid for regular season games; they receive no income for playoff or exhibition games.

In both the United States and Canada, nonresident athletes are liable for taxes on income

earned in another state or province (Ekmekjian, 1994 and Jadd, Bacal, and Leung, 2008).

Since NHL players play half of their games in their team’s city, players who play in a state

or province with low income tax rates will have a higher after tax salary than a player who

has the same gross salary but plays in an area with high income tax rates. Tax incidence

theory would suggest that taxes will be shifted from the mobile factor, the NHL player, to

the fixed factor, the NHL franchise. Our first question investigates whether NHL contracts

reflect the tax disadvantage of playing for a team in a city with high taxes.

Previous attempts to address these tax questions have either looked at wealthy individuals

or sports leagues. Focusing on a sports league for tax questions offers two advantages. First,

salary data is usually available which is not the case for highly skilled agents in general.

Second, it is possible to control for individual and team characteristics in the NHL since

there is a wealth of performance statistics available. It is harder to control for the ability of
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highly skilled agents in general since we often cannot measure their marginal contribution.

While we cannot perfectly measure the contribution of a player to his NHL team, we can

approximate this through performance attributes. Since there is so much data available

for sports leagues there are fewer omitted variable bias problems since it is much easier to

control for team and player ability.

While previous research has examined the impact of income tax rates in other sports

leagues, this is the first paper to examine a sports league with a hard salary cap. In 2004,

the NHL team owners locked out the players which lead to cancelation of the entire 2004-05

season. This lockout resulted in some rule modifications, a 24% salary rollback, and most

importantly the introduction of a firm salary cap and salary floor. During the regular season,

a team’s payroll cannot exceed the salary cap even for emergency reasons. The salary cap

is tied to league revenues and the salary floor is always $16 million less than the salary

cap. Understanding the relationship between gross salaries and taxes is important in this

context because the presence of a salary cap could feasibly give low tax cities a competitive

advantage. If cities with low taxes can pay less gross salary to players then these teams will

have an easier time assembling a roster of good players without exceeding the salary cap.

Our findings show that NHL contracts are related to marginal tax rates once ability and

team quality is controlled for. For a one percentage point increase in the highest marginal tax

rate, a team will have to pay each player approximately an additional $11,000 in gross salary

each year. When working with log transformed salaries, a one percentage point increase

in the tax rate leads to 0.5% higher salaries. This effect is even greater for defencemen,

unrestricted free agents, and higher quantiles of the salary distribution. We speculate that

these differential tax effects may arise due to differences in bargaining power.

This paper will proceed as follows: Section 2 reviews the existing literature. Section 3

presents our empirical method. Section 4 describes the data sets and tax information used in

our analysis. Section 5 presents results for our entire subsample and Section 6 breaks these

results down for different subsamples. Finally, Section 7 concludes.
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2 Literature Review

There are two strands of literature that look at how highly skilled mobile agents react to

taxes. The first looks at how wealthy individuals behave when confronted with different

tax rates. The papers in this strand tend to focus on the number of tax returns filed in

a state or province for a given year although some use the salaries of corporate executives

since compensation data for these individuals is available. For example, Goolsbee (2000)

looks at the responsiveness of taxable income for corporate executives to a change in the

highest marginal tax rate in 1993. He finds that executives with stock options exercise them

before the tax change in order to shift income to the lower tax period while executives with

more traditional forms of compensation show little responsiveness to the tax change. Papers

which look at the number of tax returns filed investigate whether individuals migrate in

response to tax changes. While Slemrod and Bakija (2004) find that high state inheritance

and estate taxes lead to a small decrease in the number of federal estate tax returns filed in

that state, most of the research in this area shows that people do not migrate in response

to tax changes since migration involves many large costs (Day and Winer, 2006, Coomes

and Hoyt, 2008, and Young and Varner, 2011). Migration is just one possible reaction to

higher taxes. Highly skilled mobile agents could also demand compensation. The issue with

this strand of the literature is that even when salary data is available, it is very difficult to

control for the ability of wealthy individuals.

The second strand of this literature focuses on sports leagues. Kopkin (2011) analyzes

the migration decisions of National Basketball Association (NBA) free agents and finds an

increase in the marginal tax rate for a team leads to a decrease in the average skill of free

agents that migrate to that team. Alm, Kaempfer, and Sennoga (2011) investigate whether

there is a relationship between marginal tax rates and salaries in Major League Baseball

(MLB). Using a panel of 372 baseball free agents from 1995 until 2001, they find that a one

percentage point increase in the highest marginal tax rate increases free agent salaries by

$21,000 to $24,000, which they interpret as giving an advantage to low tax teams in the
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free agent market. This advantage only exists for teams with an internal spending limit

since the MLB does not have a salary cap. Rich teams with high tax rates such as the New

York Yankees or Boston Red Sox can just offer more money in order to attract the best free

agents.

Besides attempts to model the relationship between tax rates and highly skilled mobile

agents, there is also an existing literature which looks at the determinants of NHL salaries.

The sports economics literature tends to focus on baseball and soccer so there are very few

papers which look at how NHL salaries are determined. Vincent and Eastman (2009) use

quantile regression techniques to show that some statistics such as penalty minutes are only

important determinants for certain salary quantiles. While the data set used by Vincent

and Eastman is rich and contains many interesting variables, they focus on just one season

(2003-04) and make the assumption that every player in the NHL signed a new contract

that year. Deutscher (2009) uses panel data from 2004 to 2008 to estimate the payoff to

leadership for NHL players but makes the assumption that players sign new contracts every

year. This is the first paper which uses panel data to examine the determinants of NHL

salaries and that takes into account when players actually signed their contracts.

3 Empirical Strategy

Our empirical strategy focuses on exploiting variation in marginal income tax rates across

time and cities in the NHL. Figure 1 shows how tax rates vary across the United States

for the year 2010. States with a NHL team are coloured blue while states without a team

are coloured white. Table 1 reports descriptive statistics which illustrate how tax rates vary

across the entire NHL, Canada, and the United States. The table shows that Canadian

teams tend to have higher tax rates than American teams and that the variation in tax rates

is more pronounced in Canada (see Appendix A for a complete list of tax rates in each NHL

city). To investigate the relationship between tax rates and NHL salaries, we construct a
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Figure 1: Tax Rates by State in 2010

panel for all NHL players who signed a contract between 2006 and 2011. We collect salary

data, individual player performance data, and team performance data. Unlike earlier NHL

salary determination papers, we do not assume that players renegotiate contracts every year.

The time period is chosen to coincide with the introduction of the salary cap in the NHL. To

test whether tax rates affect NHL player salaries, we follow the method of Alm, Kaempfer,

and Sennoga (2011) and estimate the following model

Sit = βMTRit + γXit + θi + δt + εit

where i indexes individual players and t indexes years. We observe the average annual salary

Sit of a player and relate it to the sum of local, state or province, and federal marginal income

tax rates MTRit for that player’s team, a vector Xit which contains relevant individual and

team control variables, an individual fixed effect θi, a time fixed effect δt, and a random error

term εit.

Our main parameter of interest is β as it is the marginal impact of a one percentage point

increase in the marginal tax rate that a player faces. For marginal tax rates, we include the
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Table 1: Income Tax Summary Statistics

Mean Tax Rate Lowest Rate Highest Rate Standard Deviation
All Teams 41.84 35 53 3.78
U.S. Teams 41.48 35 47.846 3.33
Canadian Teams 43.06 39 53 5.17
Note: All tax rates are for the year 2011

highest marginal tax rate for federal, state or province, and local income tax rates. NHL

players make so much money that they will always face the highest marginal tax rate. The

minimum salary in the NHL is $450,000 while usually the threshold for facing the highest

marginal rate is less than $100,000. For this reason, we only consider the effect of changing

the highest marginal tax rate.

The vector Xit contains variables to control for both the ability of the player and the

quality of the team. The inclusion of team quality variables is an important difference

between our model and Alm, Kaempfer, and Sennoga’s model. Most of the variation in

player salaries should be determined by player ability but team quality is important in a

league with a salary cap. It is more difficult to assemble a great team under the salary cap

through free agent signings so players will sometimes take less money in order to play for a

contending team. These team quality variables will also remove bias caused by teams like

Florida and Edmonton who have low taxes but have to pay free agents a premium since they

have consistently finished near the bottom of the league in terms of wins since the lockout.

The inclusion of individual and time fixed effects may be appropriate for this analysis.

Since players often sign long term contracts of four or five years, our panel includes much more

variation between individuals rather than within individuals. There are many individual

characteristics that determine compensation and it is likely impossible to control for all of

these characteristics. Player fixed effects can capture any permanent differences between

individuals that our control variables do not identify (Alm, Kaempfer, and Sennoga, 2011).

Time fixed effects can capture any factors that affect player salaries over time such as a weak

group of free agents in a year. As a robustness check, we run our models with and without
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time and individual fixed effects to see if our results are sensitive to the inclusion of these

fixed effects.

4 Data

The main outcome variable in this analysis is the annual average salary of player i in year t.

The NHLPA decided to disclose salaries in 1989 which has made yearly salary data for NHL

players easy to obtain. However, contract lengths and total contract values are usually not

available for contracts signed before 2007. Due to this data limitation, earlier NHL salary

determination papers, which often focus on a time period earlier than 2007, assume that in a

given year every player signs a one year contract for their actual salary in that year. In order

to avoid this unrealistic assumption, we constructed a data set that takes into account when

a player signed a contract, how long the contract is for, and the total value of the contract.

This allows us to calculate the average annual salary for a player which is also known as

the cap hit. This is the most important contract variable since it is the amount of money

actually counted towards the salary cap. This number can also diverge quite drastically from

the actual salary for a given year. For example, Christian Ehrhoff made $10 million in salary

last year but his cap hit was only $4 million. If we used his actual salary for last season, we

would be comparing him to the best players in the NHL such as Sidney Crosby and Alex

Ovechkin which is simply not a good comparison. By using the actual salary cap hit, we can

get a more accurate valuation of a player.

Although using the actual salary cap hit provides an advantage, constructing this data

set required matching observations from various sources which could lead to possible errors.

The two primary data sources are TSN and Capgeek. Individual player pages on TSN’s

website contain transaction information which list when a player signed a contract, who he

signed the contract with, and usually the length of the contract. Capgeek’s website contains

the average annual salary, the length of the contract, and when the contract came into effect.
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Table 2: Descriptive Statistics

Mean Standard Deviation
Contract Data

Total Salary 5,180,863 9,582,147
Contract Length 2.08 1.54
Cap Hit 1,695,106 1,588,001

Individual Statistics
Games Played (a) 53.18 27.70
Points (a) 21.91 21.36
Shots (a) 85.77 70.68
Games Played (c) 292.62 303.93
Points (c) 134.61 219.13
Shots (c) 503.31 705.79
Tenure 2.48 2.08

Team Measures
Regular Season Wins 41.04 7.26
Playoff Wins 2.90 4.33
Attendance 17,081.13 2,216.91
Revenue (millions) 90.38 25.21

Number of Observations
Total 1,963
Forwards 1,336
Defencemen 627
Unrestricted Free Agents 873
Restricted Free Agents 678

Number of Individuals
Total 997
Forwards 672
Defencemen 325
Unrestricted Free Agents 566
Restricted Free Agents 482

Note: (a) denotes annual statistics while (c) denotes career totals
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There were initially 2261 observations from TSN and 1687 of these were matched to contracts

from Capgeek. The missing contracts were usually signed in 2006 or 2007 (Capgeek did not

start recording all contracts until 2008). Yearly salary data is available for 256 of these

missing contracts (see Appendix B for a listing of contract sources by year). The advantage

of using these contracts is that there is more precision while the disadvantage is that we are

unsure for which players the annual salary differs from the cap hit. We perform robustness

checks to see if our results are sensitive to including these 256 contracts.

The data set contains every forward and defenceman who signed a contract from 2006

to 2011 and played in the NHL the previous season. Goalies are excluded because they are

fundamentally uncomparable to skaters and there are relatively few of them. For each player

in the data set, there are four categories of variables: individual statistics, contract data,

team quality measures, and marginal income tax rates. Table 2 includes descriptive statistics

for selected variables. Appendix B includes descriptive statistics and data sources for every

variable in our data set. Individual statistics come from TSN and are used to control for the

ability of a player. These contain annual and career totals for all of the offical NHL statistics

for the season prior to the contract signing date. There is one non-performance related

measure in this category which is tenure. This is the number of seasons that a player has

been with their current team. Contract data comes mostly from Capgeek and contains the

total value of the contract, the length of the contract, and the average annual salary. Team

quality measures come from ESPN and Forbes and contain regular season wins, playoff wins,

home attendance rates, and team revenue. Finally, tax data comes from Revenue Canada

for Canadian Teams and the Tax Foundation for American teams.

5 Main Results

Our first set of results uses the entire sample from our data set. In these regressions, the

dependent variable is the average annual salary for each player measured in thousands of
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dollars. We include a set of a control variables to control for player ability, tenure, team

quality, the salary cap when the contract was signed, and a dummy variable for Canadian

teams. To see if fixed effects are appropriate for this analysis, four different models are

used: one with no time or player fixed effects, one with time fixed effects, one with player

fixed effects, and one with both player and time fixed effects. In these models we do not

differentiate between forwards and defencemen or unrestricted and restricted free agents.

This assumption will be relaxed in Section 6 when we analyze different subsamples of the

data set. The results are summarized in Table 3.

When controlling for player ability, there are two types of ability that we want to control

for: offensive ability and defensive ability. Compared to defensive ability, offensive ability is

relatively easy to identify using official NHL statistics. The key element to offensive ability

is scoring goals. To control for this, we include a player’s points and shots totals. Points

measure how many goals a player actually contributed to and is somewhat influenced by luck

while shots measures how many attempts a player takes. The key element to defensive ability

is preventing goals. Unlike offensive ability, there is no NHL statistic that is a good proxy

for defensive ability. We include a player’s contract length as a control variable for ability

because usually only good players get long contracts. It may be difficult to differentiate a

good defensive player from an average defensive player using only official NHL statistics but

good defensive players will most likely have longer term contracts since teams will want to

keep these types of players. A quadratic specification is used for the contract length due to a

peculiar practice in the NHL. In order to circumvent the salary cap, many big market teams

offer long term contracts to stars with some low salary years at the end of the contract to

lower the cap hit. The understanding is that the player will retire before these low salary

years come into effect.

All four models give similar estimates for the marginal impact of income tax rates. Using

either a random effects or a fixed effects model, a one percentage point increase in the highest

marginal tax rate increases player compansation by an additional $8,000 to $9,000 in gross
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Table 3: Marginal Impact of Income Tax Rates on Average Annual Salary

Random Effects Fixed Effects

Marginal Tax Rate 8.07*
(4.66)

8.21*
(4.66)

8.76
(6.02)

9.37
(5.97)

Contract Length 413.03***
(36.24)

391.01***
(35.97)

327.83***
(64.16)

275.98***
(60.05)

Contract Length2 -10.75**
(4.86)

-9.24*
(4.74)

-12.27
(11.88)

-9.16
(10.98)

Games Played (c) 2.45***
(0.26)

2.54***
(0.26)

4.97***
(0.68)

7.86***
(0.93)

Games Played2 (c) -0.002***
(0.0002)

-0.002***
(0.0002)

-0.004***
(0.0004)

-0.004***
(0.0005)

Points Per Game (c) 861.56***
(194.17)

845.84***
(194.88)

1115.60***
(327.34)

1116.81***
(331.32)

Shots Per Game (c) 100.72
(66.00)

97.04
(66.47)

253.56*
(142.55)

256.98*
(140.27)

Games Played (a) -9.78***
(1.23)

-9.94***
(1.24)

-10.28***
(1.50)

-10.92***
(1.50)

Points (a) 33.41**
(3.00)

33.54***
(3.00)

19.66***
(4.30)

20.77***
(4.22)

Shots (a) 0.17
(1.06)

0.27
(1.07)

1.83
(1.21)

1.59
(1.19)

Tenure 86.94***
(25.06)

87.38***
(25.00)

54.28**
(25.12)

52.74**
(25.56)

Tenure2 1.38
(3.83)

1.42
(0.71)

2.16
(3.51)

2.68
(3.66)

Team Wins -1.31
(2.79)

-1.42
(2.80)

0.15
(3.55)

-0.06
(3.50)

Team Revenue -0.30
(0.80)

-0.20
(0.81)

-1.33
(1.05)

-1.36
(1.06)

Salary Cap 7.74**
(3.04)

8.62***
(3.17)

-7.98
(7.25)

-43.91***
(9.95)

Canadian Team -13.31
(45.05)

-11.55
(45.07)

-38.11
(57.96)

-15.87
(58.32)

R2 0.75 0.76 0.69 0.55
Year Dummies? No Yes No Yes
Hausman Test - - 0.0000 0.0000
Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent,

respectively. (a) denotes an annual measure while (c) denotes a career total.
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salary. These results are only significant for the random effects models. The random effects

model is an efficient estimator while the fixed effects model is a consistent estimator. The

Hausman test fails to reject the null hypothesis that there is a systematic difference between

the regression coefficients in the fixed effects and random effects specifications. This suggests

that the estimates from our random effects model are inconsistent. However, it is only the

estimated coefficients for the control variables that tend to show large variations when adding

in player fixed effects. The estimates for β are quite similar when using a random effects

estimator or a fixed effects estimator. The results of these models give some evidence that

there is a significant positive relationship between the gross salary of an NHL player and the

income tax rates of the city that they play for.

In these four specifications, all of the significant variables have the expected sign with

two exceptions. First, the number of games played in the previous season is significantly

negative in all four models. This implies that injury prone players are paid a premium. This

significant negative relationship remains when a quadratic or cubic specification is used for

games played and also when we limit the sample to players who played more than 5, 10,

or 20 games. The second exception is the estimate on the salary cap in the two way fixed

effects model. The estimated coefficient implies that a one million dollar increase in the

salary cap is expected to reduce a player’s salary by $43,000 which is counterintuitive. Using

a quadratic or cubic time trend instead of fixed year effects removes this counterintuitive

result and does not affect the estimate for β. For this reason, when controlling for time we

will use a quadratic trend for the rest of the results in this paper.

After controlling for player ability, team quality, and the salary cap, there seems to be a

relationship between income tax rates and gross salary. One thing that we have not taken

into account is that NHL teams play an unbalanced schedule. An NHL team plays 6 games

against teams in the same division, 4 games against teams in the same conference but a

different division, and 1 or 2 games against teams in the other conference. Both states

and provinces can tax nonresident athletes for income earned while working in that state
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Table 4: Tax Rates by Division

Average Tax Rate
Northwest Division 40.836
Central Division 41.005
Pacific Division 42.238
Northeast Division 43.518
Southeast Division 38.900
Atlantic Division 43.371
Note: All tax rates are for the year 2010.

or province. Table 4 shows that tax rates vary across divisions. This may create a tax

advantage for players than play on teams in relatively low tax divisions since teams play

more games against division rivals than any other set of teams. Teams with low tax rates

that play in a high tax division may need to compensate players additional gross salary in

order to sign them to a contract. The Pittsburgh Penguins for example have an income tax

rate 2.77 percentage points lower than the average tax rate but they play in the Atlantic

division which has the second highest average tax rate. Players on the Penguins will face a

low tax rate when they play at home but will often face a high tax rate when the play on

the road. Consequently, the Penguins may need to compensate free agents with additional

gross salary in order to attract them to Pittsburgh.

To control for these division factors, we take our earlier regression specifications and add

division dummy variables. Average division tax rates are essentially constant throughout our

sample so dummy variables are used since they will capture tax differences as well as any other

time invariant differences between divisions. The results are summarized in Table 5. After

controlling for team division, the estimates for β become approximately $1,500 larger for

both the random effects and fixed effects model. While the Hausman test still suggests that

the random effects estimates are inconsistent, the estimates for β in both models are similar

and statistically significant when division is accounted for. These results suggest two things.

First, the division that a team belongs to plays a role in NHL salary determination. This is
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Table 5: Marginal Impact of Income Taxes with Division Controls

Random Effects Fixed Effects

Marginal Tax Rate 9.83**
(4.82)

10.92*
(6.16)

Northwest Dummy 226.38***
(71.40)

219.19**
(95.07)

Central Dummy 124.11**
(61.35)

188.82**
(80.74)

Pacific Dummy 118.43**
(60.27)

107.26
(78.16)

Northeast Dummy 170.05*
(93.51)

219.59*
(123.54)

Southeast Dummy 69.65
(59.34)

105.91
(77.46)

R2 0.76 0.55
Time Trend Quadratic Quadratic
Hausman Test – 0.0002
Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99

percent, respectively. Both models use the same control variables as Table 3. The Atlantic division is not

included due to collinearity so all results are relative to playing in the Atlantic division.

evidenced by the fact that most of the division dummies are economically and statistically

significant. Second, salary differences between divisions are most likely not driven entirely

by tax differences. For example, the Northwest division has the highest salary premium

despite having the second lowest average tax rate while the Atlantic division has the lowest

salary premium despite having the second highest average tax rate.

While we cannot say for certain what causes these divisional differences in salaries, it

is clear from these models that there is a positive and statistically significant relationship

between gross average annual salaries in the NHL and income tax rates. One concern is

that the 256 contracts for which there is only salary data available for the first year of the

contract may be biasing our results since the first year salary could differ quite significantly

from the average annual salary over the entire contract. If these contracts are driving the

results, it may make our conclusions invalid. To test the sensitivity of our results to these
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Table 6: Sensitivity to Unknown Cap Hit Contracts

Random Effects Fixed Effects

Marginal Tax Rate 12.09**
(4.97)

11.64*
(6.19)

R2 0.78 0.66
Hausman Test - 0.0469
Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent,

respectively. Both models use a quadratic time trend and the same control variables as Table 5. There are

1687 observations for 949 players.

contracts, we exclude these contracts and estimate our model with division controls again.

The results are summarized in Table 6. These models indicate that the 256 contracts for

which we do not know the cap hit actually make our estimates for β smaller. Although these

estimates are larger than our earlier estimates, they are similar enough to suggest that these

256 contracts are not driving our results.

All of the results so far suggest that a one percentage point increase in the highest

marginal income tax rate leads to approximately $11,000 in additional gross salary per

year. To put these results into context, that represents roughly 0.6% of the average annual

salary for the league from 2006-2011. This linear specification was used to make our results

comparable to Alm, Kaempfer, and Sennoga’s results for the MLB. Their estimates suggest

that a one percentage point in the highest income tax rate leads to around $21,000 additional

gross salary per year. These results are surprising since the mean average annual salary and

its standard deviation for their data set is very similar to our NHL data base. It may be the

case that NHL players are less tax sensitive than MLB players or that the salary cap causes

players to demand less compensation for taxes.

The linear specification for salaries and taxes used so far may be inappropriate for this

analysis because $11,000 is worth more to a player making $450,000 dollars a year than

to a player making $5,000,000. Similarily, a one percent increase in the tax rate is going

to cost a player making $5,000,000 much more money. Table 7 presents the estimates for

β for alternative specifications of the average annual salary and marginal tax rate. The
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Table 7: Alternative Specifications for MTR and Sit

Random Effects Fixed Effects
Quadratic Tax, Linear Salary

Marginal Tax Rate -42.47
(63.07)

-24.78
(80.77)

Marginal Tax Rate2 0.62
(0.74)

0.42
(0.94)

Linear Tax, Log Salary

Marginal Tax Rate 0.005**
(0.002)

0.005
(0.003)

Log Tax, Log Salary

Marginal Tax Rate 0.19*
(0.10)

0.20
(0.13)

Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent,

respectively. All models use a quadratic time trend and the same control variables as Table 5.

same control variables are used from the earlier models along with division controls and a

quadratic time trend. The log-linear model indicates that a one percentage point increase in

the income tax rate increases a player’s gross salary by 0.5% per year which is quite close to

the average effect from the model which only uses linear terms. The log-log model estimates

the elasticity of salaries with respect to the marginal income tax rate. An estimate of 0.2

implies that a one percent increase in the marginal tax rate increases annual salaries by

0.2%. The quadratic tax rate model suggests that the marginal impact of income tax rates

is increasing for tax rates greater than 30% but the overall impact on salaries is actually

negative until tax rates reach a level of 60% or higher. The standard errors for the quadratic

model are very large so there is no strong evidence of a negative relationship between taxes

and salaries. Our models thus far indicate that a one percentage point increase in the

marginal income tax rate will increase annual salaries $11,000 although these three models

illustrate that the impact of increasing the marginal income tax rate on salaries may vary

along the distribution of tax rates and average annual salaries.
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6 Subsample Analysis

In our analysis we have not considered fundamental differences between forwards and de-

fencemen, unrestricted free agents and restricted free agents, and different quantiles of the

average annual salary distribution. Instead we have treated all of these players as the same.

In this section we will relax this assumption and consider these groups separately to de-

termine if tax rates have differential effects for different subpopulations of the NHL. First,

forwards and defencemen will be estimated separately, then unrestricted and restricted free

agents, and finally we will look at different salary quantiles.

There are several reasons that NHL forwards and defencemen may be fundamentally

uncomparable. Forwards tend to score more goals than defencemen so a goal scored by a

defenceman and a forward may not have the same salary value. This could be solved by

interacting our offensive control variables with a defenceman dummy but defencemen may

also have more bargaining power than forwards. There are twelve forwards but only six

defenceman on a NHL roster. As a consequence NHL defencemen play more minutes per

game than forwards which makes each individual defenceman relatively more important to

the team. To account for this potential difference in bargaining power, we would need to

interact every single variable in our model. Estimating forward and defencemen models sep-

arately gives an advantage since it is possible to see if the model fits forwards or defencemen

better allowing us to selectively add or remove control variables.

We estimate our model with division controls and a quadratic time trend for forwards and

defencemen separately. The results are summarized in Table 8. The estimate for β is much

larger for defencemen than forwards even though the average annual salary for both groups

is roughly the same. A one percentage point increase in the city’s income tax rate leads to

approximately $20,000 additional salary for defencemen but only a $6,000 increase in salary

for forwards. The results for defencemen are also quite similar to the estimates from Alm,

Kaempfer, and Sennoga (2011) for MLB players. The estimates for defencemen are large

and only significant when a random effects specification is used. However, the Hausman test
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Table 8: Income Tax Rate Effects for Forwards and Defencemen
Forwards Defencemen

Random Effects Fixed Effects Random Effects Fixed Effects

Marginal Tax Rate 6.07
(5.05)

6.48
(6.96)

20.47**
(8.47)

19.83
(13.10)

R2 0.81 0.64 0.82 0.58
Hausman Test - 0.0192 - 0.0945
Observations 1336 1336 627 627
Number of Individuals 672 672 325 325
Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent,

respectively. All models use a quadratic time trend and the same control variables as Table 5.

presents some evidence that the random effects model is consistent for defencemen. These

results suggest that defencemen salaries are much more sensitive to tax rates than forward

salaries. The elasticity of salaries with respect to tax rates is almost three times larger for

defencemen than forwards.

One possible reason for the divergence in the response to income tax rates between

forwards and defencemen is bargaining power. There is another set of players in the NHL

that also have bargaining power differences: restricted free agents and unrestricted free

agents. Unrestricted free agency usually begins at age 27 although there are some exceptions

to this rule. Restricted free agents are considerably less mobile than unrestricted free agents.

Restricted free agents do have mobility options since they can sign offer sheets with other

teams although the team that owns the player’s rights can match the offer to retain the

player. This should give restricted free agents bargaining power since they can threaten to

sign an offer sheet with another team. However, teams that poach restricted free agents have

to compensate the original team with draft picks so the cost to signing a restricted free agent

is quite higher than the cost of signing an unrestricted free agent. In certain cases teams can

elect to take restricted agents to salary arbitration which prevents the player from signing

an offer sheet. Offer sheets are very rare in the NHL. In our data set, only six offer sheets

were signed over six years. All of these factors potentially give unrestricted free agents more
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Table 9: Income Tax Rate Effects for Restricted and Unrestricted Free Agents
Restricted Free Agents Unrestricted Free Agents

Random Effects Fixed Effects Random Effects Fixed Effects

Marginal Tax Rate 4.93
(7.51)

5.93
(15.93)

17.15**
(7.20)

17.56**
(8.77)

R2 0.75 0.68 0.75 0.62
Hausman Test - 0.2549 - 0.0393
Observations 678 678 873 873
Number of Individuals 482 482 566 566

Forwards (Random Effects) Defencemen (Random Effects)
Restricted Unrestricted Restricted Unrestricted

Marginal Tax Rate 3.06
(7.61)

10.64
(7.71)

23.18*
(12.26)

30.08**
(8.77)

R2 0.80 0.80 0.75 0.84
Observations 465 593 213 280
Number of Individuals 333 384 149 182
Notes: Robust standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent,

respectively. All models use a quadratic time trend and the same control variables as Table 5.

bargaining power than restricted free agents.

To test if these differences in bargaining power affect the sensitivity to tax rates, we es-

timate our model with division controls and a quadratic time trend separately for restricted

free agents and unrestricted free agents. We also further separate the groups into forwards

and defencemen for comparison. The results are summarized in Table 9. It should be noted

that it was not always possible to identify if a player was a restricted or unrestricted free

agent. There are 412 observations which are excluded for this reason. As expected, unre-

stricted free agents are much more tax sensitive than restricted free agents. When using

both forwards and defencemen, unrestricted free agents receive an additional $17,000 per

year when taxes increase by one percentage point while restricted free agents only recieve

$5,000. The estimate for restricted free agents is also very statistically insignificant. Both

restricted and unrestricted free agent forwards are relatively less sensitive to taxes compared

to the whole sample. Restricted forwards receive an extra $3,000 in gross annual salary and
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Table 10: Marginal Impact of Taxes for Different Quantiles
Marginal Tax Rate

Estimate Elasticity R2

10th Quantile 0.56
(3.52)

0.15
(0.11) 0.26

25th Quantile 3.36
(3.59)

0.09
(0.10) 0.38

50th Quantile (Median) 8.80***
(2.99)

0.22**
(0.10) 0.52

75th Quantile 6.42*
(3.41)

0.16
(0.17) 0.61

90th Quantile 11.23
(6.92)

0.32**
(0.16) 0.63

Notes: Standard errors in parantheses. *, **, *** indicate a significance level of 90, 95, and 99 percent, respectively.

All models use a quadratic time trend and the same control variables as Table 5.

unrestricted forwards receive $10,000 although both estimates are statistically insignificant.

Interestingly, restricted free agents who play defence are quite sensitive to tax rates. Re-

stricted defencemen receive an extra $23,000 in gross annual salary for a one percentage

point increase in the income tax rate while unrestricted defencemen receive an additional

$30,000 in salary.

Both unrestricted free agents and defencemen are more sensitive to income tax rates.

Tax sensitivity may also vary along the average annual salary distribution. Players who are

able to demand $5 million a year most likely have more bargaining power than a player who

only makes the NHL minimum salary. We perform quantile regressions using our model

to compare the the tax sensitivity of the 10th, 25th, 50th, 75th, and 90th percentiles. We

are unable use the simple two step panel quantile regression technique developed by Canay

(2011) because it requires all individuals to have at least two observations. Instead, we

treat our data set as if it were cross sectional data and include a quadratic time trend. The

disadvantage to this approach is that we cannot include player fixed effects. Although this

is likely not the best approach for quantile panel regressions, it presents some evidence as

to how tax sensitivity varies along the salary distribution. The results are summarized in
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Figure 2: Elasticites by Salary Quantile

Table 10.

Our quantile regressions show that players in the 10th quantile receive the least amount of

compensation for increases in the income tax rate while players in the 90th quantile receive

the most amount of compensation. These results are partially mechanical though due to

higher quantile players having higher gross salaries. Elasticities are also reported so that tax

sensitivity can be compared between different quantiles. The players in the 90th quantile also

have the highest elasticity. The overall relationship between salary quantile and marginal

tax rates is less clear. Overall it increases from the 10th to 90th percentile although this is

not a strictly increasing relationship. Figure 1 plots elasticities against quantiles for every

5th quantile. This graph illustrates that overall as players make more salary, they become

more sensitive to the income tax rate.
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7 Conclusion

In this paper, we study the relationship between income tax rates and gross annual salaries

in the NHL. Tax rates vary considerably across North America ranging from 35% in Florida

and Texas to 53% in Quebec. We exploit this variation and after controlling for player

ability, team quality, and team division we find that a one percentage point increase in the

highest marginal income tax rate leads to approximately $11,000 or 0.5% additional salary

per year. When we consider different subsamples of NHL players, we find that defencemen,

unrestricted free agents, and higher salary quantile players show more sensitivity to taxes

possibly due to differences in bargaining power. Our results show that mobile free agent

NHL players who play in high tax cities are able to demand compensation for these higher

taxes.

Our estimates for the marginal impact of taxes are statistically significant for both ran-

dom effects and fixed effects models when we use our entire sample of NHL players. They

also seem to be economically significant especially considering that the NHL has a salary

cap. In the 2011-12 season the Montreal Canadiens spent $62 million dollars and finished

second last in the Eastern conference. Montreal also faced the highest marginal income tax

rates in the league. If Montreal had faced the average income tax rate and each percentage

point of income taxes removed reduced salaries by 0.5%, the Canadiens would have spent

$58.5 millon dollars. This $3.5 million dollars in savings combined with the $2 million in

cap space that Montreal had would have been enough for the Canadiens to re-sign James

Wisniewski, a key defencemen they lost to the Columbus Blue Jackets in the 2011 offseason.

Since higher taxes increase gross salaries and the NHL has a firm salary cap, low tax cities

may be enjoying a competitive advantage under the current collective bargaining agreement.
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Appendix A: Team Tax Rates in 2006 and 2011

Tax Rates by Team
2006 Rate 2011 Rate

Anaheim Ducks 45.3 45.3
Atlanta Thrashers 41 41
Boston Bruins 40.3 40.3
Buffalo Sabres 42.7 43.97
Calgary Flames 39 39
Carolina Hurricanes 43.25 42.75
Chicago Blackhawks 38 40
Colorado Avalanche 39.63 39.63
Columbus Blue Jackets 44.185 43.425
Dallas Stars 35 35
Detroit Red Wings 40.15 40.6
Edmonton Oilers 39 39
Florida Panthers 35 35
Los Angeles Kings 45.3 45.3
Minnesota Wild 42.85 42.85
Montreal Canadiens 53 53
Nashville Predators 41 41
New Jersey Devils 43.97 43.97
New York Islanders 42.7 43.97
New York Rangers 46.576 47.846
Ottawa Senators 40.16 40.16
Philadelphia Flyers 42.371 41.998
Phoenix Coyotes 40.04 39.54
Pittsburgh Penguins 39.07 39.07
San Jose Sharks 45.3 45.3
St. Louis Blues 42 42
Tampa Bay Lightning 35 35
Toronto Maple Leafs 40.16 40.16
Vancouver Canucks 43.7 43.7
Washington Capitals 40.75 40.75
Winnipeg Jets - 46.4
Note: The Atlanta Thrashers moved to Winnipeg in the summer of 2011.
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Appendix B: List of Variables and Data Sources

Data Sources

Source ID Link Last Accessed

TSN a http://tsn.ca/nhl June 5, 2012

Capgeek b http://www.capgeek.com July 17, 2012

Blackhawk Zone c http://blackhawkzone.com/salaries/ June 25, 2012

ESPN d http://espn.go.com/nhl/ July 7, 2012

Forbes e http://forbes.com/nhl-valuations/ July 7, 2012

Contracts by Source and Year

Capgeek Blackhawk Zone

2006 119 193

2007 205 79

2008 314 1

2009 332 1

2010 358 2

2011 359 0
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Descriptive Statistics and Data Sources
Data Source Mean Standard Deviation

Total Salary (thousands) b 5,180.86 9582.15
Contract Length a, b 2.08 1.54
Cap Hit (thousands) b, c 1,695.11 1,588.00
Games Played (a) a 53.18 27.70
Goals (a) a 8.19 9.32
Assists (a) a 13.72 13.39
Points (a) a 21.91 21.36
Plus Minus (a) a 0.26 9.29
Power Play Goals (a) a 2.17 3.55
Power Play Assists (a) a 4.02 6.50
Short Handed Goals (a) a 0.30 0.77
Short Handed Assists (a) a 0.29 0.66
Game Winning Goals (a) a 1.27 1.81
Penalties in Minutes (a) a 42.31 38.70
Shots (a) a 85.77 70.68
Hits (a) a 32.23 49.36
Games Played (c) a 292.62 303.93
Goals (c) a 50.63 87.84
Assists (c) a 83.97 136.18
Points (c) a 134.61 219.13
Plus Minus (c) a 2.40 41.73
Power Play Goals (c) a 14.13 29.44
Power Play Assists (c) a 23.10 43.48
Short Handed Goals (c) a 1.94 4.32
Short Handed Assists (c) a 1.60 2.79
Game Winning Goals (c) a 7.91 14.01
Penalties in Minutes (c) a 249.58 356.32
Shots (c) a 503.31 705.79
Hits (c) a 59.86 100.34
Tenure a 2.48 2.08
Regular Season Wins d 41.04 7.26
Regular Season Points
(team)

d 91.64 13.72

Regulation OT Wins d 40.06 7.52
Playoff Wins d 2.89 4.33

28



Attendance d 17,081.13 2,216.91
Attendance Percentage d 92.92 10.01
Payroll (millions) b, c 50.80 8.70
Estimated Team Value
(millions)

e 213.38 80.70

Revenue e 90.19 24.99
Debt e 45.24 28.31
Operating Income e 4.29 16.53
League Salary Cap b 55.72 6.55
Notes: (a) denotes annual statistics while (c) denotes career totals. Career totals are calculated from annual

statistics.
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