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This thesis examines whether differences in jurisdictional taxation in United States and Can-

ada is in association with NHL teams’ player mass quality and whether differences in player 

mass quality is associated with better success in the regular season. Research was conducted 

using panel data which cover 33 NHL teams over the period 2015-2025. In total the data set 

consist of 312 observations. Estimators used are pooled OLS, fixed effects and random ef-

fects. 

The results indicate that jurisdictional tax rates do not have a statistically significant associ-

ation with the quality of a team’s player mass. Player mass quality is measured by a compo-

site quality index. However, player quality has a positive and statistically significant associ-

ation with team performance. Team performance is measured with points per game -statistic. 

These findings suggest that while differences in taxation do not create competitive ad-

vantage, quality of a team’s player mass has statistically significant relationship with on-ice 

success. 
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Tämä tutkielma tutkii onko alueellisen verotuksen eroilla Yhdysvalloissa ja Kanadassa 

yhteyttä NHL joukkueiden pelaajamassan laatuun sekä onko pelaajamassan laatu yhteydessä 

urheilulliseen menestykseen runkosarjassa. Tutkimus toteutettiin paneeliaineiston avulla, 

joka kattaa 33 joukkuetta vuosilta 2015-2025. Yhteensä aineistossa oli 312 havaintoa. 

Estimointimenetelmänä käytettiin pooled OLS -estimaattoria, kiinteiden vaikutusten 

estimaattoria ja satunnaisten vaikutusten estimaattoria. 

Tulokset osoittavat, että alueellisen verotuksen eroilla ei ole tilastollista yhteyttä joukkueen 

pelaajamassan laatuun, jota mitataan eri tilastoista luodulla laatuindeksillä. Pelaajamassan 

laadulla sen sijaan on tilastollisesti merkitsevä positiivinen vaikutus joukkueen 

menestykseen, jota mitataan runkosarjan pistekeskiarvolla. Tulokset viittaavat siihen, että 

veroedun luomaa kilpailuetua ei voida empiirisesti todistaa, mutta joukkueen kokoonpanon 

laatu on merkittävä tekijä menestyksen takana. 
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1  Introduction 

Besides functioning as a form of entertainment, professional sports function as major eco-

nomic enterprise. Over recent years, National Hockey League has seen major economic 

growth as average team valuations have more than doubled since 2022 (Teitelbaum & 

Knight 2025). Salary cap is a key mechanism in major North American sports leagues. Its 

idea is to balance competitive imbalances by regulating the total amount of salaries teams 

can pay to their players (Dietl, Franck, Lang & Rathke 2012, 307). The National Hockey 

League has had a salary cap since 2005-2006 season after a labor dispute between the league 

and National Hockey League Players’ Association which led to cancellation of the previous 

2004-2005 season. 

NHL implemented salary cap after the labor dispute lasting the whole 2004-2005 season. 

One key reason behind it was rising player salaries that were 75 percent of revenues in the 

2002-2003 season. In long run, that kind of relationship between salaries and revenues is not 

financially sustainable so measures were taken to limit team spending. (Levitt 2004, 23)  

The salary cap in the NHL is a hard cap, meaning a team’s payroll can’t be above the maxi-

mum cap (National Hockey League Players’ Association 2013, 261). The salary cap is de-

cided between the league and National Hockey League Players’ Association in their Collec-

tive Bargaining Agreement. The CBA determines growth of the cap, and it is tied to the 

leagues Hockey Related Revenue. (National Hockey League Players’ Association 2013, 

258-260) 

As the main motivation for a sports league to have a salary cap is to balance competition and 

make the league more attractive, salary caps take into consideration the player’s gross in-

come. There are major differences between US States and Canadian provinces and territories 

in taxation as some US states have zero income tax and in others it is over 10 percent. This 

causes salary cap to lose its effect as some teams can pay significantly smaller gross salary 

to players, but the player still gets same net income than in a team based in higher taxed 

state. Teams are logically willing to pay more to players who have a higher impact on their 

success, so if a part of teams have the opportunity to get better players while paying less in 

salaries there is a clear competitive advantage for some teams.  
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Getting quantitative results of this problem is relevant for the National Hockey League, as it 

would create incentive for the league to move from gross salary-based salary cap to a net 

salary-based cap. Hembre (2022) suggests that in all four major US sports leagues, state 

income tax influences team winning percentage. In this thesis, the phenomenon will be ex-

plained through player statistics, focusing on whether the low tax teams have better overall 

player quality that causes the teams to succeed better. 

1.1  Research questions and hypotheses 

The aim of this thesis is to find out whether National Hockey League teams based in low-

tax States have been able to compose rosters consisting of better player quality by examining 

player level statistics. Then it will be examined if the possible better player mass has im-

pacted team performance. The thesis examines these by the following research questions: 

1. Do National Hockey League teams based in low-tax jurisdictions have better quality 

player mass under the salary cap? 

2. Is better quality player mass in association with team performance in the National 

Hockey League? 

Based on prior empirical research and theoretical background, two hypotheses can be 

formed: 

H1: NHL teams in low-tax jurisdictions have better quality player mass under the sal-

ary cap. 

H2: Better quality player mass is positively associated with team performance in the 

National Hockey League. 

1.2  Structure 

The thesis is split into six chapters. Chapter 2 presents prior literature and theoretical back-

ground. Chapter 3 presents prior empirical research. Chapter 4 discusses the data and meth-

odology of the thesis. Chapter 5 provides the results and conclusions are presented in chapter 

6. 
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2  Theory background 

2.1  Competitive balance and economics 

Prior research has shown that in professional sports, competition leads to higher revenue. 

Rottenberg (1956) argued that for any team to be successful, all teams in a league must be 

approximately the same size. In professional sports, unrestricted competition would eventu-

ally steer high quality players to wealthiest teams and harm the overall profitability (Rotten-

berg 1956, 246). As ticket sales are major source of income for sports teams, uncertainty of 

outcome is key theory in maximizing revenue in the industry. If the result of a sporting event 

is not uncertain, customers will eventually lose interest and move their consumption else-

where (Rottenberg 1956, 246). 

Neale (1964) broadens this topic and brings out another unique aspect of professional sports, 

inverted joint product. It means that a single product is a result of two production processes, 

whereas joint product is two products generated by a single production process. Teams need 

other teams, as if they try to achieve monopoly, at some point they no longer have anyone 

to play against and therefore no revenue. (Neale 1964, 2-3) Neale (1964) also suggests that 

frequent changes in league standings, caused by closer competition, directly affect ticket 

sales because of higher interest by consumers. These insights explain why mechanisms like 

salary caps are implemented to maximize revenue even though they limit free market dy-

namics. 

Competitive balance is widely considered as a prequisite for maximizing profits through 

ticket sales (Rottenberg 1956; Neale 1964). Salary cap is a key mechanism to do so, and by 

limiting the total payroll any team can spend, playing field is leveled. Teams in the National 

Hockey League are scattered across the United States and Canada. This causes some to be 

located in areas where games draw more attendance regardless of the home teams playing 

success. Without a salary cap, high-drawing teams end up having more money to spend on 

players, causing imbalances in the competition. (Quirk & Fort 1992, 271) 

Since the early research of Rottenberg (1956) and Neale (1964) which recognized many 

causes of competitive imbalances, North American sports leagues have implemented 
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different kinds of mechanisms to counter them. Salary cap not only aims to achieve compet-

itive balance but also ensures financial stability in the long run (Dietl et al. 2012, 307). As 

all major North American sports leagues have already implemented salary caps and other 

measures, Dietl et al. (2012) researched the effects if such measures were implemented into 

European football leagues. 

2.2  Taxation and migration of high-income individuals 

National Hockey Leagues’ players can be defined as high-income individuals, as the mini-

mum yearly salary agreed in the CBA is more than the minimum amount to be in the per-

centile having the biggest Adjusted Gross Income (National Hockey League Players’ Asso-

ciation 2013, 49-50; Internal Revenue Service 2025). Prior research regarding high income 

individuals and relocation has shown that highly paid individuals tend to relocate based on 

the state tax (Hembre 2017; Moretti & Wilson 2017). In the context of NHL, every team 

faces the same salary cap limit. And as it is a hard salary cap it can’t be exceeded under any 

circumstances. Therefore, teams in high-tax states can’t indefinitely cover the lost gross in-

come for players. 

2.3  Player compensation and marginal productivity in sports 

Labor Economics assume wages to reflect labor units Marginal Revenue Product (MRP). It 

is the additional value generated by labor to the employer. When wage rate equals the MRP 

of labor, the firm is at the profit maximizing state in terms of labor. (Pindyck & Rubinfeld 

2018, 544) Scully (1974) presented this concept in professional sports context and stated that 

in baseball, a player’s MRP represents the player's contribution to team performance and 

through it, the ticket sales. 

Therefore, teams seek to get the best possible players within the salary cap limits. The frame-

work considers gross salary as a proxy for the assumed player quality. While tax rates differ 

regionally, the same gross salary may yield different net income. This results in high tax 

state-based teams possibly needing to offer larger gross salaries to sign equally productive 

players when compared to low-tax state-based teams. 
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2.4  Definitions 

Salary Cap 

Salary cap is a mechanism that restricts the total payroll a sports team can pay to its players. 

Major North American sports leagues NHL, NBA and NFL all have implemented some var-

iation of the mechanism. (Dietl et al. 2012, 307) The motivation to implement a salary cap 

is to balance competition and ensure financial responsibility in terms of spending on player 

wages. Salary cap improves the distribution of the player talent across the league, as without 

it teams located in big markets could acquire more talented players than teams located in 

small markets. (Késenne 2000)  

Salary cap can have limits on maximum and minimum spending on total payroll. Salary caps 

exist in different forms, most notably hard salary cap and soft salary cap. Of the major North 

American leagues, NFL and NHL use a hard salary cap, which means the maximum total 

payroll can not be exceeded under any circumstances. Soft salary cap on the other hand has 

exceptions under which the cap can be exceeded. Of the four major North American leagues, 

NBA uses a soft salary cap. MLB which doesn’t have a salary cap and NBA have imple-

mented a mechanism called luxury tax. Teams are charged if their payroll exceeds a certain 

amount. (Dietl, Lang & Werner 2010, 2) 

 

National Hockey League playing format 

National Hockey League currently has 32 teams divided into two conferences and four divi-

sions. Teams play 82 matches during the regular season, two points are awarded after a win, 

one point for losing after regulation time and zero for a regular time loss. After the regular 

season, the three most points scoring teams from each division and two most points scoring 

teams from each conference who did not finish in the top 3 of their division advances to the 

playoffs. Playoffs are played in best-of-seven format and teams face other teams from their 

own conference and ultimately the best teams from their respective conference face in the 

Stanley Cup final. (National Hockey League 2026b) 

 

Collective Bargaining Agreement 
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Collective Bargaining Agreement or shortly CBA is an agreement between the National 

Hockey League (NHL) and the National Hockey Leagues Players’ Association (NHLPA). 

In the agreement, the two parties have agreed on the terms and rules regarding the employ-

ment of players in the league. (National Hockey Leagues Players’ Association 2013) 

 

Cap-Hit 

Cap-hit is the amount of money that each player affects their respective teams salary cap for 

any given season. Cap-hit is calculated by summing the total contract value and dividing it 

by the contract length. Therefore cap-hit might not be equal to the salary player receives 

because contracts sometimes include signing bonuses or the contract is front-loaded, mean-

ing the salary in first years of it is bigger than in the latter years. 

Tax-Advantage 

Tax-Advantage in the National Hockey League refers to the benefit some teams gain from 

being located in low taxed geographical locations. These teams can offer players contracts 

that have smaller cap-hit, but players’ net income is same or bigger when compared to teams 

located in high-taxed areas.  

3  Prior Empirical Research 

3.1  Regional taxes and professional sports 

There is no prior empirical research explicitly about the National Hockey League in taxation 

context, but many papers usually research all the major North American sports leagues to-

gether as they all have many similarities so the results of the studies can be applied to all 

leagues. 

Kopkin (2012) researched the effects of state taxes and the ability of NBA teams to sign free 

agents. It was found that higher state tax causes teams to sign less talented players in the 

NBA. The data used was NBA players’ contract information from 2001-2002 season to 

2007-2008 season. Player skill level was quantified by doing a regression analysis where the 
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explained variable was the logarithm of player salary and explaining variables were players 

career statistics. (Kopkin 2012, 597) 

Hembre (2022) investigates whether differences in state income tax rates affect the team 

performance of professional sports teams in the United States. Using a panel dataset of team-

level performance across the NFL, NBA, MLB, and NHL from 1986 to 2017, he estimates 

the effect of taxation on winning percentage through fixed-effects regression models. The 

result is that for one percentage point increase in state income tax, there is a drop of 0,7 

percentage points in win percentage (Hembre 2022, 722). 

As the findings of these studies are combined, it is likely that NHL players take income taxes 

into account when choosing the team to play in, making low-tax teams more desirable choice 

and giving the teams more options when building their roster. And it is also likely that these 

teams have had more success because of the ability to acquire better player-mass. 

3.2  High income individual migration and taxes 

While not linked to ice hockey or professional sports, Moretti & Wilson (2017) examine 

whether top income earners relocate in response to state-level income tax differences in the 

United States. Using a panel dataset of over one million inventors, with a focus on the most 

productive individuals, they estimate the effect of marginal tax rates on migration patterns 

using fixed-effects regressions and event study methods. The key finding is that the top-

earners are more responsive to state income taxes than regular population. (Moretti & Wilson 

2017) 

Young & Varner (2011) examined whether change in the highest bracket of state income tax 

has an association with migration of top earners. The study evaluated New Jerseys increase 

of state income tax on incomes over 500000 dollars by 2.6 percentage points in 2004. The 

impact of the increase was estimated using a difference-in-differences model. The data of 

the study consisted of a group of people that belong to the increased tax bracket, a control 

group of people whose income falls just below that threshold and the amount of them mi-

grating into and out of the state in 2000-2007 timeframe. (Young & Varner 2011) The study 

found that overall, the increase in state tax did not have a statistically significant impact on 

migration of high-income individuals (Young & Varner 2011, 268). 
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Therefore, there exist studies both for and against the concept of high-income individuals 

migrating in response to high state tax or major changes in it. The attributes of the population 

of people used in a study are likely linked to this as Young & Varner (2011) found that 

migration rate is higher for retirement-age people. This implies that those individuals who 

do not have a certain bond to a specific state could be more mobile.  

3.3  Competitive balance in professional sports 

Vrooman (2009) studied the competitive balance in the four major North American sports 

leagues from 1971 to 2007. The study estimated the continuity of win-percentages with an 

OLS-regression model where win-percentage is explained by previous season’s win-per-

centage (Vrooman 2009, 38). Beta-coefficient is a measure for the continuity of winning. 

When it is close to one there is continuity in performance and lower competitive balance. 

Value close to zero implies higher uncertainty of outcome and higher competitive balance 

(Vrooman 2009, 28). 

Vrooman (2009) found that NBA has the highest Beta-value of all four major North Amer-

ican sports leagues, meaning imbalanced competition. NFL has the lowest Beta-value out of 

the four, meaning best competitive balance, while MLB and NHL lie between the two 

(Vrooman 2009, 39). The results suggest that NHL’s competitive balance improved after the 

implementation of salary cap in 2005, NHL however has low revenue sharing between teams 

which combined with the hard salary cap might increase competitive balance at the cost of 

players’ salaries (Vrooman 2009, 41-42). 

York & Miree (2018) studied competitive balance in the National Hockey League and spe-

cifically how the lockout season in 2004-2005 changed the measures of competitive balance 

as the new Collective Bargaining Agreement brought a hard salary cap and new revenue 

sharing system to the league. The study was conducted by analyzing data from 11 seasons 

prior to the lockout season and 11 seasons after it and it consisted of a total of 23397 games 

final scores (York & Miree 2018, 40). The study utilized multiple measures for competitive 

balance such as win percentage and margin of victory (York & Miree 2018, 41). In addition 

to these metrics for measuring single season competitive balance, win percentage across 

multiple seasons were analyzed to give insight into long-term competitive balance (York & 

Miree 2018, 44). 
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Key findings are that competitive balance improved in the National Hockey League after the 

implementation of salary cap in 2005. Standard deviation of win percentage dropped from 

0.1 to 0.09, mean margin of victory dropped from 2.22 to 2.03 (York & Miree 2018, 41). 

After salary cap implementation, also the mean number of consecutive winning and losing 

seasons both decreased, indicating better competitive balance across multiple seasons too 

(York & Miree 2018, 44). 

 

4  Empiric section 

4.1  Data set 

The data set used in this thesis is collected from multiple websites. The marginal income tax 

rates for Canadian Provinces and population for the USA Metropolitan Statistical Areas 

where teams are based are collected from their respective government websites. USA tax 

rates are collected from Tax Foundation website, where all States data is compiled into a 

single table. Sports related statistics are from two sources; MoneyPuck, which is an online 

statistics database for the National Hockey League and National Hockey League’s own web-

site. Teams payroll data is collected from Spotrac website. Estimated value of each NHL 

franchise are collected from Forbes website. The data from all these sources are then com-

bined into one panel data set. 

During the timeframe between 2015-2016 season and 2024-2025 season that this thesis fo-

cuses on, the number of teams in the NHL has ranged from 30 to 32. Vegas Golden Knights 

joined the league in 2017-2018 season, Seattle Kraken in 2021-2022 season and Arizona 

Coyotes franchise moved to Utah and changed its name to Utah Mammoth. Even though 

Utah Mammoth is the same franchise as Arizona Coyotes, these two are treated as separate 

entities and total number of teams during the timeframe is 33. 



10 

 

4.2  Ice hockey metrics 

Hockey related metrics used in this research are collected from MoneyPuck database. Team 

level metrics are collected for every season and data is cleaned so that it consists of metrics 

for all situations including powerplay and penalty kill. Advanced statistics used are expected 

goals, corsi and fenwick. MoneyPuck’s expected goals value is calculated using gradient 

boosting machine learning method (MoneyPuck 2026a). The model is built on goal and shot 

data from 2007-2008 season to 2014-2015 season (MoneyPuck 2026a). Expected goals 

probability is calculated using shot data that includes the distance from goal, angle of the 

shot, type of shot and speed between events (MoneyPuck 2026a). In this research, expected 

goals percentage is used which is the percent of expected goals the team creates compared 

to the opposing team (MoneyPuck 2026b). 

𝑥𝐺% =  
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑜𝑎𝑙𝑠 𝑓𝑜𝑟

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑜𝑎𝑙𝑠 𝑓𝑜𝑟 + 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑜𝑎𝑙𝑠 𝑎𝑔𝑎𝑖𝑛𝑠𝑡
∗ 100  

  (1) 

Corsi is the second advanced hockey metric used, and it is the sum of all shot attempts in-

cluding shots on goal, missed shots and blocked shots (MoneyPuck 2026b). Similarly to 

expected goals, corsi percentage is used and it is the percentage of corsi value generated by 

the team compared to the opposing team’s value (MoneyPuck 2026b). 

𝐶𝑜𝑟𝑠𝑖 % =  
𝐴𝑙𝑙 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 

𝐴𝑙𝑙 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 + 𝐴𝑙𝑙 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 𝐴𝑔𝑎𝑖𝑛𝑠𝑡
∗ 100 

  (2) 

Third advanced metric used is fenwick. Fenwick is similar to corsi, but it includes only un-

blocked shot attempts (MoneyPuck 2026b). Again, fenwick percentage is used, where the 

value team generates is compared to opposing team’s respective value (MoneyPuck 2026b). 

 

𝐹𝑒𝑛𝑤𝑖𝑐𝑘 %

=  
𝐴𝑙𝑙 𝑢𝑛𝑏𝑙𝑜𝑐𝑘𝑒𝑑 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 

𝐴𝑙𝑙 𝑢𝑛𝑏𝑙𝑜𝑐𝑘𝑒𝑑 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 + 𝐴𝑙𝑙 𝑢𝑛𝑏𝑙𝑜𝑐𝑘𝑒𝑑 𝑠ℎ𝑜𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡𝑠 𝐴𝑔𝑎𝑖𝑛𝑠𝑡
∗ 100 

  (3) 
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These three metrics are then combined into a single quality index. Variables the quality index 

consists of are standardized using z-scores to ensure comparability with each other. Z-score 

is calculated by subtracting the mean from each observation and dividing the result with 

standard deviation (Mehmetoglu & Jakobsen 2022, 141). 

Quality index is calculated as the average of the standardized values of the three metrics: 

 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =
𝑧(𝑥𝐺%) + 𝑧(𝐶𝑜𝑟𝑠𝑖%) + 𝑧(𝐹𝑒𝑛𝑤𝑖𝑐𝑘%)

3
 

  (4) 

Since the underlying metrics of team-level statistics are sum of players individual statistics, 

the index reflects overall strength of the team’s roster. Therefore, quality index serves as 

proxy for the overall quality of team’s player mass. 

Success of teams is measured by points per game. In National Hockey League two points 

are awarded for a win, one point for a loss in overtime or penalty shootout and zero points 

for a loss in regulation time (National Hockey League 2026a). Points per game is calculated 

by dividing the total points acquired during a season with total games played (National 

Hockey League 2026). 

4.3  Other metrics 

In addition to the performance related metrics, the analysis includes other explanatory vari-

ables. Main explanatory variable is the top marginal income tax rate faced by players in the 

jurisdiction where the team is located. Top marginal income tax rate is used because, per the 

NHL collective bargaining agreement, the minimum salary is over the threshold of that tax 

rate for the 2015-2025 period (National Hockey League Players’ Association 2013, 49-50; 

Internal Revenue Service 2025). This variable captures differences in regional taxation that 

might have a relationship with teams’ ability to attract and retain players.  
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Figure 1. Distribution of Top Marginal Income Tax Rate 

Figure 1 visualizes the distribution of the tax percentages. The State or Province tax rates 

differ from 0% to 25.75% and majority of the observations build up on the lower end of the 

spectrum. 

Average age is used to measure average age of the roster for a team in a given season. Higher 

values indicate that a team is more experienced and could have higher performance levels 

than lower age teams. 

Characteristics of the market that a team operates in are measured with two variables. Pop-

ulation is the population of the metropolitan statistical area for teams based in the United 

States and for Canadian teams the population of census metropolitan area the team is located 

at. Both represent the total population of multiple municipalities or counties around a central 

city that are economically tied. (Statistique Canada 2022; United States Census Bureau 

2026a) The other variable that represents the market characteristics is franchise value. It 

represents the market value of the franchise, estimated annually by Forbes. Values are based 

on enterprise value of the franchise, defined as equity plus net debt and these values are 

derived from franchises financial information (Teitelbaum & Knight 2025).  



13 

 

 

Figure 2. Distribution of Franchise Value in millions of dollars 

Figure 2 shows the distribution of NHL franchises valuations that are calculated by Forbes 

annually. Majority of observations are low compared to few outlier observations. Most Fran-

chises are therefore valued at lower level, while few teams located in big markets have sig-

nificantly higher valuations. 
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Figure 3. Distribution of Metropolitan Statistical Areas in millions of residents 

Similarly to the Franchise Values, also Metropolitan Statistical Area population distribution 

displayed in figure 3 has a right skew. Both variables represent the market size it can be said 

that most teams are in small or medium-sized markets and only few teams are in big markets. 

Teams payroll is represented by total cap-hit for each season. That value is the sum of cap-

hits of players in the roster for a given season. Even though NHL operates under a salary 

cap, there are differences in total payroll between teams. 

 

Figure 4. Distribution of Cap-Hit 

Distribution of cap-hit is displayed in figure 4. It is relatively normally distributed and does 

not need to be transformed with natural logarithm. Franchise Value and population will be 

transformed with natural logarithm to reduce clear skewness. Even though tax percentage 

has some skewness, it will not be transformed with natural logarithm. This is done because 

retaining tax rate in its original unit allows for a direct interpretation of its coefficient as the 

association with a one percentage point increase in the state income tax rate on the dependent 

variable. 

 

Table 1: Variable definitions 
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Definitions for all variables to be used in analysis can be found in Table 1.  

Table 2: Descriptive statistics for variables. 

 

Table 2 displays the mean, standard deviation, minimum and maximum of all variables. All 

variables have 312 observations of the 33 teams in the NHL over the period from season 

2015-2016 to season 2024-2025. The quality index has a mean of zero because of the z-score 

normalization. Income tax varies across observations, ranging from 0 to 25,75 percent. Fran-

chise value and Population show also significant variation, as Franchise value ranges from 

$186 million to $3,8 billion. Population of the Metropolitan areas range from circa 792000 

residents to nearly 20 million residents. 
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4.4  Methodology 

In this section, the methodology used in this study is introduced. Analysis is conducted with 

panel data methods as the data consists of repeated observations of National Hockey League 

teams across multiple seasons. In panel data models, each cross-sectional unit, in this case 

an NHL team may have unobserved time-invariant characteristics that can have a relation-

ship with dependent variable. The choice of correct model depends on whether the unob-

served effects are correlated with explanatory variables. (Wooldridge 2002, 251-252) 

Choice between fixed effects and random effects is done by estimating both models and 

Hausman test is used to make the decision (Wooldridge 2002, 288). The null hypothesis of 

Hausman test states that unobserved effects are uncorrelated with the regressors and random 

effects is chosen. If null hypothesis gets rejected, fixed effects is chosen (Wooldridge 2002, 

288-289). 

Results of Hausman test are then validated with a second test. If the Hausman test points 

towards fixed effects, F-test is used. Null hypothesis in it is that all cross-sectional units have 

the same intercept (Wooldridge 2002, 274). If null hypothesis is rejected, fixed effects is 

chosen, on the other hand if null hypothesis is not rejected pooled OLS, is correct model. If 

the Hausman test suggests random effects, Breusch-Pagan Lagrange Multiplier test is con-

ducted, where null hypothesis is that variance of individual effects is equal to zero 

(Wooldridge 2002, 264-265). If null hypothesis is rejected, random effects will be chosen, 

and other results point towards pooled OLS (Wooldridge 2002, 265). 

In this study, two models are used, one for each research question. Both models are estimated 

using pooled OLS, Random Effects regression and Fixed Effects regression. Since observa-

tions within a team are likely correlated across seasons, cluster-robust standard errors are 

applied in pooled OLS to counter this (Wooldridge 2002, 175-176). The first model esti-

mates whether the top marginal tax rate is associated with the quality of a team’s player 

mass. Equations for the estimators in the first model are presented below. 

Pooled OLS equation: 

QualityIndexit

= 𝛽0 + 𝛽1Taxit + 𝛽2AvgAgeit + 𝛽3ln(Populationit)

+ 𝛽4ln(FranchiseValueit) + 𝛽5CapHitit + 𝜀𝑖𝑡 
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  (5) 

For fixed effects equations, 𝛼𝑖 is the team-specific fixed effect that captures time-invariant 

unobserved characteristics for each team. Fixed Effects equation: 

QualityIndexit

= 𝛼𝑖 + 𝛽0 + 𝛽1Tax𝑖𝑡 + 𝛽2AvgAge𝑖𝑡 + 𝛽3 ln(Population𝑖𝑡)

+ 𝛽4 ln(FranchiseValue𝑖𝑡) + 𝛽5CapHitit +  𝜀𝑖𝑡 

  (6) 

For random effects equations, 𝑢𝑖 is the team-specific random effect. Random Effects Model: 

QualityIndexit

= 𝛽0 + 𝛽1Tax𝑖𝑡 + 𝛽2AvgAge𝑖𝑡 + 𝛽3 ln(Population𝑖𝑡)

+ 𝛽4 ln(FranchiseValue𝑖𝑡) + 𝛽5𝐶𝑎𝑝𝐻𝑖𝑡𝑖t + 𝑢𝑖  +  𝜀𝑖𝑡 

  (7) 

The second model estimates whether the quality of team’s player mass is associated with on-

ice success. The equations for the three estimators are presented below: 

Pooled OLS equation: 

PointsPerGame𝑖𝑡

= 𝛽0 + 𝛽1QualityIndex𝑖𝑡 + 𝛽2AvgAge𝑖𝑡 + 𝛽3 ln(Population𝑖𝑡)

+ 𝛽4 ln(FranchiseValue𝑖𝑡) + 𝛽5𝐶𝑎𝑝𝐻𝑖𝑡𝑖t + 𝜀𝑖𝑡 

  (8) 

Fixed Effects equation: 

PointsPerGame𝑖𝑡

= 𝛼𝑖 + 𝛽0 + 𝛽1QualityIndex𝑖𝑡 + 𝛽2AvgAge𝑖𝑡 + 𝛽3 ln(Population𝑖𝑡)

+ 𝛽4 ln(FranchiseValue𝑖𝑡) + 𝛽5𝐶𝑎𝑝𝐻𝑖𝑡𝑖t + 𝜀𝑖𝑡 

  (9) 

 

Random Effects equation: 
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PointsPerGame𝑖𝑡

= 𝛽0 + 𝛽1QualityIndex𝑖𝑡 + 𝛽2AvgAge𝑖𝑡 + 𝛽3 ln(Population𝑖𝑡)

+ 𝛽4 ln(FranchiseValue𝑖𝑡) + 𝛽5𝐶𝑎𝑝𝐻𝑖𝑡𝑖t + 𝑢𝑖 + 𝜀𝑖𝑡 

  (10) 

In both models, i is team and t is the season. 𝜀𝑖𝑡 is the error term in all equations. The selec-

tion of the model is done separately for both models.  

4.4.1  Selection of models 

Before conducting the regression models, diagnostic tests are conducted to select correct 

model. The results of these tests are reported in Table 3. 

Table 3. Diagnostic tests results 

 

For the first model Hausman test null hypothesis is rejected because there are differences 

between fixed effects and random effects coefficients and 𝜒2(8) = 27.06, 𝑝 = 0.001. Haus-

man test for the second model got similar results as the coefficients of fixed effects and 

random effects differ so null hypothesis is rejected 𝜒2(8) = 24.75, 𝑝 = 0.002. The results 

of F-tests indicate fixed effects too. For model 1 𝐹(32, 265) = 6.96, 𝑝 = 0.0000 and for 

model 2 𝐹(32, 265) = 3.00, 𝑝 = 0.0000 . Null hypothesis for both F-tests is rejected and 

therefore, for both models fixed effects estimator is the most appropriate choice according 

to the tests in the selection process. 

However, because the objective of the first research question is to compare the low-tax teams 

and high-tax teams, the data can be described as hierarchical. Hausman test indicated fixed 

effects model as the most appropriate estimator for both research questions, but it only esti-

mates within-team effects over time and cannot be used to make inferences about differences 

between teams (Bell & Jones 2015, 139). As the first research question in this study concerns 

whether low-tax teams differ from high-tax teams, fixed effects does not answer the research 
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question properly and random effects is better fit to estimate it. Random effects and pooled 

OLS results are also presented alongside fixed effects in the results section for both research 

questions to allow a more comprehensive interpretation. 
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5  Results 

In this section, the empirical results from the models presented in section 4 will be presented. 

For both research questions, there will be results from fixed effects regression, random ef-

fects regression and pooled OLS. Random effects is treated as the preferred estimator for 

model 1, despite the process of selecting correct method for panel data suggested Fixed ef-

fects. As outlined in section 4.4.1, fixed effects would not give the best possible results for 

this kind of data and first research question. 

5.1  Tax rate and player quality 

Table 4 reports the results of pooled OLS, Random effects regression and Fixed effects re-

gression for research question one. In all three, quality index is dependent variable and top 

marginal income tax rate as well as control variables are the independent variables. Results 

of the three different estimators are presented to allow comparison between them. 

Table 4. Pooled OLS, Random Effects and Fixed Effects results for research question 1 
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The coefficient on tax rate is negative in both pooled OLS and random effects, but both are 

statistically insignificant. 

However, the coefficient is positive and highly significant under the fixed effects estimator. 

This is likely caused by the within-estimator absorbing the between-team variation, which 

is the variation of interest needed to answer the research question. Among other independent 

variables, average age of a team’s roster is positive and statistically significant across the 

three estimators, suggesting that higher roster average age are in association with better qual-

ity index. Cap Hit is positively in correlation with higher quality index in pooled OLS and 

random effects estimators. While little statistical significance exists, the coefficients are 

small in both estimators so increase in total player payroll does not increase quality index 

much. 

Metropolitan area population has high positive coefficient in the fixed effects estimator. 

While pooled OLS and random effects have coefficient values −0.247 (𝑝 < 0.1) and 

−0.280 (𝑝 < 0.05) subsequently, the coefficient drastically increases to 6.210 (𝑝 < 0.01) 

in the fixed effects estimator. This result is statistically significant; the extreme change indi-

cates that the fixed effects estimator does not function correctly with this variable as a spe-

cific city’s population does not shift enough in the timeframe of ten seasons meaning little 

within-team variation. 

Franchise Value is positive in all three estimators; it is only statistically significant in the 

fixed effects estimator. Similarly to population, it too reaches relatively high coefficient 

value of 1.173 (𝑝 < 0.01). This implies the value of a franchise does not have important 

association with quality index, but the within-team change in franchise value over time is 

linked to improvements in quality index. 

At best these results suggest weak evidence that higher jurisdictional taxation is associated 

with lower quality player mass in the National Hockey league. The hypothesis that lower 

jurisdictional income taxes are in association with higher quality player mass is not sup-

ported.  
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5.2  Points per game and Quality Index 

In Table 5, results of three estimators; pooled OLS, Random Effects regression and Fixed 

Effects regression are presented. Points Per Game (PPG) is the dependent variable in all 

three and Quality Index is the most important independent variable in terms of the research 

question. Control variables Cap Hit, Average Age, Franchise Value and Metropolitan Sta-

tistical Area Population were used in all models as well. 

 

Table 5. Pooled OLS, Random Effects and Fixed Effects results for research question 2. 

 

Quality Index -variable has strong predictive power on PPG. Across the three estimators p-

value is less than 0.01 and coefficients in range from 0.124 to 0.128. This suggests that high 

player mass quality systematically translates to more points scored meaning better success 

on ice. This is achieved regardless of the differences in especially fixed effects and random 

effects models which makes the result robust. 

Cap-Hit is statistically significant in pooled OLS and random effects. For fixed effects the 

p-value is also less than 0.1 and all three have coefficient value of 0.002 or less. In words, 
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one million more spent in player salaries equates to only a tiny increase in the PPG statistic. 

Majority of teams spend close to the maximum payroll limit each season, so total player 

payroll can’t really be a defining factor in terms of on-ice performance between teams. 

Average Age has high statistical significance in both pooled OLS and random effects (𝑝 <

0.01). Although for both of these estimators, the coefficient is relatively small so that vari-

able does not have substantial correlation with a given teams point scoring ability. Unlike 

pooled OLS and random effects, in fixed effects Average Age of a roster is not statistically 

significant. The result suggests that roster age matters more when teams are compared 

against each other, but it matters less when within-team variation is considered. 

Franchise Value and Population both lack statistical significance in pooled OLS and random 

effects but become significant in fixed effects with p-values less than 0.05. Under the fixed 

effects estimator, the coefficients are -0.171 for Franchise Value and 0.772 for Population. 

As both of these variables are used as a proxy for market size, one key finding is that across 

the three estimators they pull in opposite directions, Franchise Value having negative coef-

ficients and Population positive. Inconsistency in these variables was also found from the 

results in section 5.1. This could suggest that as these variables, especially population, don’t 

vary as much year-to-year as other control variables, the within-estimator is likely to cause 

this inconsistency.  

Pooled OLS and random effects estimators have high R-squared, it being over 0.5 for both. 

Fixed effects has R-squared value of 0.427, so all explain relatively high share of PPG, Qual-

ity Index being the most dominant driver behind this. The hypothesis of Quality Index being 

associated with Points Per Game is therefore supported. 
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6  Conclusions 

The purpose of this thesis was to find empirical evidence of how regional taxation is associ-

ated with National Hockey League roster quality and how that quality transfers into on-ice 

performance. The data set consisted of both on and off-ice metrics from 2015-2016 season 

to 2024-2025 season, totaling to 312 observations from 33 NHL teams. This data set was 

then analyzed using panel regression methods. Main finding regarding the taxation was that 

there is no statistical significance supporting it being in association with Player mass quality. 

However, the quality of a team’s player mass is strongly and consistently associated with 

on-ice performance across all estimators. 

6.1  Discussion of findings 

The model explaining how taxation is associated with player quality indicates that jurisdic-

tional income tax rates are not significantly associated with player quality mass under Ran-

dom Effects estimator. In addition, under the fixed effects estimator, the direction of the tax 

coefficient contradicts the expected negative relationship suggested by prior research. Hem-

bre (2022) found that for one percentage point increase in state income tax rate, team win-

percentage declines by 0.7 percentage points across all major North American leagues. The 

findings of this thesis do not align with that finding. 

There are few reasons that might explain this difference in findings. First, the analysis relies 

on team-level data, which combines individual player characteristics into one single team-

level quality measure. The phenomenon, however, is individual level as a single player 

makes location decisions based on income tax rate. Team-level aggregates likely hide the 

phenomenon as individuals choose their location based on different reasons. Player-level 

data would allow to do a more direct interpretation of whether low-tax teams draw more 

talented players than high-tax teams. 

Second, the Quality Index used in this study measures whole teams’ on-ice performance 

rather than single players’ individual performance. While it serves as a proxy for roster 

strength, team level statistics include collective output besides individual performance. With 
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individual statistics, this metric could be constructed for each player, allowing more precise 

interpretation of whether low-tax teams attract better talent. Although, it is good to mention 

that also the individual metrics capture collective output so even with individual statistics it 

could be debated if a player’s performance is only achieved by themselves. 

Results of the second model provide support for the hypothesis that the quality of player 

mass is positively in association with team performance. The model has high R-squared re-

gardless of the estimator and the player quality index is very robust across the three estima-

tors. Given the strong association between player quality and team performance established 

in model 2, a significant association between taxes and player quality would have also im-

plied an indirect association between on-ice performance and taxes. 

6.2  Limitations 

This study has few limitations that need to be considered when interpreting the results. As 

mentioned in section 6.1, one key limitation is the lack of individual level data. The theoret-

ical background from prior research describes the phenomenon as individual level. It is a 

possibility that with individual level data, the result would have been in the same direction 

as Hembre (2022). 

Second limitation was also briefly addressed in section 6.1, and it is the construction of 

quality index using team-level advanced metrics. The underlying metrics xG, Corsi and Fen-

wick capture collective output. However, these team-level metrics are aggregates of all play-

ers’ output from that team, so on deeper level the issue is that one player’s specifically indi-

vidual performance is hard to measure. For example, individual xG is not created by one 

player, but also the performance creating xG has other players output like passes before a 

shot and positioning on the ice behind it. So, this same limitation would happen with player-

level data too. 

Third, the sample period is from season 2015-2016 to season 2024-2025. The sample period 

includes COVID-19 pandemic and season 2019-2020, when the regular season was cut short 

from the 82 games normally played. The period also includes the addition of Vegas Golden 

Knights and Seattle Kraken as Expansion teams and relocation of Arizona Coyotes franchise 

to Utah. After COVID-19 pandemic, the franchises have also seen rapid growth in value. 
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The results therefore represent this 10-season timeframe, and some other 10 season 

timeframe would likely get different results. Longer time horizon would therefore strengthen 

the study altogether. Despite the limitations, model 2 got robust and statistically significant 

results and the limitations concern more the first model which was not statistically signifi-

cant to begin with. 

6.3  Future Research 

Based on the limitations identified in section 6.2, recommendations regarding future research 

can be suggested. Most important recommendation is to use player-level salaries and other 

statistics. The whole phenomenon relates to individual-level decision making and that phe-

nomenon is difficult to analyze properly without player-level data set. This change would 

likely produce results closer to what Hembre (2022) presented. Player-level contract data 

and hockey statistics combined would provide a more precise approach to the tax advantage 

hypothesis. 

Another recommendation is to lengthen the timeframe so that it includes for example the 

whole time NHL has had a salary cap, so from 2005-2006 season onwards. This would pro-

vide better results, as then the timeframe would include multiple different Collective Bar-

gaining Agreements and obviously difference in the terms causes teams and players to be-

have differently. Therefore, having the timeframe to start all the way from implementation 

of the salary cap would provide results from different eras of NHL. 
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