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Abstract

Prior studies show that taxes matter for the residential locations of high-income

earners. But, states raise a significant share of income taxes from nonresidents,

especially superstars. Using superstar athletes and variation in state tax rates, we

provide causal evidence on the effect of the net-of-participation tax rate on the

location of labor supply. The elasticity of working in a state is 0.32, with larger

effects at the top of the earnings distribution. Our results suggest a novel margin

of labor supply responses for top-earners: the spatial relocation of labor supply by

nonresidents.
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Superstars are important for fiscal systems around the world (Scheuer and Wern-

ing, 2016; Scheuer and Slemrod, 2020). Given that top-income taxpayers are a critical

source of tax revenue, many jurisdictions have proposed tax reforms aimed at raising

more revenue from these individuals. For example, France recently levied a 75% top

marginal tax rate on the superrich. In the United States, states like California and New

Jersey have raised their state top marginal tax rates to 10%. Taxing superstars raises

important policy challenges as they are extremely mobile across taxing jursidictions. A

unique feature of high-income earners – such as consultants, entertainers, athletes, rental

property owners, business owners and the self-employed – is that they often have employ-

ment contracts in many different states earning nonresident income, which is taxable by

the state of employment.1 Thus, they may live and work in different locations. This mar-

gin is important as states raise 7.5% of personal income tax revenue from nonresidents,

with nonresident employees contributing as much as 15% of revenue.2 In New York, this

revenue represents more than six times both cigarette tax revenue and estate tax rev-

enue. Due to the importance of superstars for fiscal systems, even states with little or

no cross-border commuters, such as Hawaii, raise 7% of revenue from nonresident income

taxes.

Following the COVID-19 pandemic, taxation of nonresident income will likely rise

in importance. As many companies allow their employees to telecommute, companies are

less confined to hiring individuals within a short commute. Telecommuting will break

any link between the place of residence and place of work.

As taxes in the U.S. are predominantly employment-based, taxes are due to where

the income is earned.34 For an individual with employment opportunities in other states,

moving residences will reduce tax liabilities only if the initial state of residence tax rate

is higher than in the employment state. Therefore, even without changing her state of

residence, high taxes in the non-resident state may deter the individual from accepting

an employment contract in that state. Thus, at the margin, taxes should matter for

the location of where to work as well. Although a large literature studies the mobility

of residences across jurisdictions (Kleven et al., 2020),5 empirical work on the effect of

taxation on the location of employment and taxation of nonresidents is virtually nonex-

1Against the recent rise in pass-through income (Smith et al. 2019), many sole-proprietors, partner-
ships, or S-corporation owners earn income in multiple states.

2See Table A.1 for the contribution of nonresident income taxes by state.
3Internationally, taxation of nonresidents are governed by bilateral tax treaties. Nonresident workers

may be taxed in the country of residence or employment.
4An exception to this is if the states have a reciprocity agreement (Agrawal and Hoyt 2018). Moreover,

if the resident state is higher-tax,then taxes are paid to both states.
5See Agersnap et al. (2020); Agrawal and Foremny (2019); Akcigit et al. (2016); Bakija and Slemrod

(2004); Gordon and Cullen (2012); Kleven et al. (2013); Moretti and Wilson (2017); Muñoz (2020);
Schmidheiny and Slotwinski (2018); Young and Varner (2011); Young et al. (2016); Lehmann et al.
(2014); Kleven et al. (2014); Milligan and Smart (2019) for other examples.
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istent.6 Yet, both elasticities matter to measure the efficiency costs of taxation. This

paper is a first step at analyzing the causal effect of taxes on the decision of where to

work. We provide previously elusive evidence on the effect of nonresident income taxes

on the location of employment. This represents an important contribution because the

elasticities of residence versus employment need not be similar due to different frictions

or costs to changing each.

Studying the effect of taxes on the location of where income is earned has been

hindered by a lack of data. Most publicly available data sets, like the American Commu-

nity Survey or Current Population Survey, only contain information on the location of

the primary employment contract. Moreover, Internal Revenue Service (IRS) Form 1040

data aggregates all contracts and income which would not separately identify the source

of income. The use of IRS data would require obtaining all W-2/1099 forms for each

contract to determine the employment location to be able to assign income to specific

states. Finally, many European countries, which release a random sample of individual

earnings at the contractual level, operate residential-based income tax systems which

would be uninformative for the United States. In addition, these administrative datasets

do not contain the full menu of choices that the high-income individual chooses from; in

other words, the researcher does not necessarily know the states from which employment

contracts were offered and declined.

Just as Kleven et al. (2013) inspired a literature on international residential mo-

bility using the example of football players, we make progress on studying the effect of

taxes on the location of employment by focusing on the specific labor market for pro-

fessional golfers. First, extensive data on golfers is publicly available, including: their

residential decision, their “ability” levels, the prizes they win, and most critically, the

decision of which states they do/don’t play. Critical to our analysis, we know the full

slate of options facing professional golfers: we see both the tournaments that they play

in and we know the tournaments that they decline. Using publicly available sources, we

scrape data on the careers of all professional golfers from 1970 to the present. We then

exploit state-level tax rate changes as quasi-experimental variation to identify the effect

of taxes on employment location decisions.

Athletes are an important source of state tax revenue. As golfers are self-employed,

the rules applying to them are consistent with most occupations:7 prize earnings are taxed

in the state where the tournament is located and additional taxes on these earnings are

6Although a literature focuses on the effect of taxes on the extensive margin responses of labor supply
to taxes, this literature focuses on the decision of working or not. We focus on the locational extensive
margin for individuals that are already working: the choice of whether or not to work in a state.

7Many states and localities have passed “jock taxes” that aggressively enforce tax rules on team sport
athletes that play, but do not live, in the state. Under this system, an athlete needs to apportion income
to every state that they play or train in based on the number of “duty days” spent there.
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only due to the residential state if it is higher-tax. Indeed, most golfers live in zero-tax or

low-tax states so that the only tax rate relevant for their weekly labor supply, is the tax

rate in the state of employment.8 We exploit this unique institutional feature to identify

the effect of taxes on employment location decisions and the resulting high-frequency

labor supply of athletes. The decision where to work each week is the player’s choice and

data on the weekly employment decisions is readily available. Top golfers also face state

top marginal tax rates that may vary across tournaments from anywhere between zero

and over thirteen percentage points.

The fact that golfers make labor supply decisions on a weekly basis also provides a

unique opportunity to contribute to the labor supply literature (Blundell and MaCurdy,

1999; Keane, 2011). Taxes provide an exogenous source of variation that allow us to

estimate the high-frequency labor supply elasticity – the decision to work or not on a

weekly basis.9 Such an elasticity may be different than standard labor supply estimates

due to frictions from labor supply contracts and by workers having more flexibility to

adjust on both the extensive and intensive margin, but is increasingly relevant in the gig

economy, where platforms (Uber, Instacart) allow workers10 to make daily decisions on

when and how much to work. The lack of empirical evidence on high-frequency labor

supply, especially for high income earners, represents an important gap in the literature

given recent technologies that give workers more flexibility on when/where to work and as

freelance consulting and other services have become increasingly available to professional

classes.

For each golfer, we obtain the tournaments played/declined in each week, their

residence, the location of the tournaments, the outcomes of the tournament, and win-

nings from the tournament. Given the set of tournaments is fixed, we know the full set

of work alternatives facing each golfer. However, golfers do not earn salary income, but

rather earn prize money contingent on their weekly performance. Given golfers decide

to participate based on their expected earnings, we combine this comprehensive data on

weekly labor supply, with various measures of expected earnings for participants and

nonparticipants based on quality indexes. We then use a grouping estimator to cir-

cumvent endogeneity concerns around individual estimates of earnings and we simulate

participation tax rates for each tournament. The model is identified by year over year

changes within golfer and within tournament. We flexibly control for age to account for

8Although most golfers reside in low-tax states, some golfers (e.g., Phil Mickelson) reside in high tax
states. For golfers residing in low-tax states, the employment decisions will be made based on the tax
rate in the employment state. For golfers residing in high-tax states, taxes in the state of employment
will not matter, and these golfers will make their decisions based on the residence rate.

9Similar to Oettinger (1999), Farber (2005), Thakral and Tô (2020) and Chen et al. (2019), except
with higher income earners.

10Uber drivers supply elasticities are very elastic, with a median elasticity of 1.92 (Chen et al., 2019).
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participation preferences of young versus old golfers. Any threat to identification arises

from contemporaneous unobservable changes that are correlated with state tax rates and

the participation decisions of golfers within an age cohort. Moreover, given we will find

the most dramatic changes at the top of the income distribution, changes in moving

costs and of the composition of other golfers in the tournament are unlikely to affect the

participation decisions of top-golfers.

A one percent increase in the net-of-participation tax rate (Laroque, 2005) raises

the baseline participation rate in a tournament by 0.135 percentage points. The average

net-of-participation tax rate is approximately 62%, so a one percent change is a 0.62 per-

centage point change. Given the average participation rate is around 43%, this implies an

extensive margin elasticity of approximately 0.32.11 However, our results show substantial

heterogeneity by income, with those at higher levels of earnings having elasticities closer

to unity. This elasticity differs from standard extensive and intensive labor supply elas-

ticities because it is affected by spatial variation and differs from residential migration

elasticities because the decision to change employment states can be made at a high-

frequency. Nonetheless, this elasticity is smaller than the residential response of football

players in Kleven et al. (2013) and many other tax-induced migration studies, perhaps

due to the fact that the residential response is an all-or-nothing decision or because many

golfers need to enter into certain tournaments in order to retain their eligibility, qualify

for elite tournaments, and to meet the demands of sponsors. But, it is larger than the

standard intensive margin labor supply response of Moffitt and Wilhelm (2000). While

many things matter, at the margin, taxes appear to be an important factor.

Returning to the policy debate, high-income earners in employment-based tax fed-

erations have potentially two margins of response: the conventional relocation of residence

and employment responses that shift jobs to low-tax states or jurisdictions. Although

often assumed to be the same, many high-income professionals make separate decisions

on each of these margins. Thus, studies that find no migration responses when look-

ing at residential locations may miss important mobility changes in employment. For

the optimal taxation of top earners, the revenue maximizing top marginal tax rate will

then depend on the residential response and the employment response (in addition to

any taxable income responses). High responses on both margins may limit the ability of

states to engage in progressive redistribution or provide the optimal provision of public

goods. Finally, the relative elasticity of employment and residence determine whether it

is preferable to tax income under the residential principle or the source principle.

11These elasticities represent real responses and are not likely to be affected by tax evasion. Prizes
are public knowledge and given the aggressive enforcement of jock taxes and their self employed status,
they are almost likely to be audited.

4



1 Institutional Details

1.1 The PGA Tour

The Professional Golf Association (PGA) runs U.S.-based golf tournaments. It is best

known for the PGA Tour, which is the large, U.S.-based, golf tournament attracting

most top golfers in the world. As currently constructed, the PGA Tour season runs

from October through August of the following year with a break from the week before

Thanksgiving to the weekend after New Year’s Day; in 2020 (pre COVID-19) there were

49 PGA tour affiliated events.

The PGA Tour consists of two different tournament eligibility rules: most events

are “open” tournaments that all PGA Tour members are eligible to participate in and a

handful of “invitationals” that can limit participation. The PGA Tour is run concurrently

with a lower-level tournaments for golfers that have not qualified for the PGA Tour

traditionally called the development tour but is now referred to as the Korn Ferry Tour.

In order to consistently participate in the PGA Tour, one has to earn a PGA Tour card.

Since 2013, these cards are automatically awarded to the top 125 points finishers from

the previous year and any tournament winners. Non-card holders must participate in

the Korn Ferry Tour and either win three events or place in the top 75 and play the

golfers ranked 126-200 in the PGA Tour at the Korn Ferry Tour Championship. The

top 50 finishers in the Korn Ferry Championship tournament receive PGA cards for the

following season. Additionally in tournaments marked as open, people can participate

in Monday sessions to qualify for the larger event later in the week. If they consistently

qualify and perform well enough to be in the top 125 of points, they would receive a

tour card.Previously this was based upon earnings alone, where as points are now a

function of placements and tournaments.12 There are also special rules for winners of the

majors;13 those that win any of the major events receive a five year automatic tour card

renewal. The PGA Tour tournaments generally have two different tournament eligibility

rules: most events are “open” tournaments that all PGA Tour members are eligible to

participate in and a handful of “invitationals” that can limit participation to only certain

golfers.14

In our sample, the average number of PGA Tour golf tournaments per year is 34

with the average golfer participating in roughly 40 percent of tournaments. Golfers may

choose not to participate in a tournament for a variety of reasons, including rest, overlap

with a prominent European tour event, injury, personal course preferences, purse sizes,

12This is not a common method to earn a tour card, with Jordan Speith being a notable exception.
13The Masters Tournament, PGA Championship, U.S. Open, and the Open Championship are the

four most selective tournaments.
14For concerns about identification, these eligibility rules are generally time invariant.
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or state taxes. While there are reason to not participate in a tournament, there are also

ample reasons why one may choose to participate when they would otherwise prefer not

to, such as sponsorship requirements, Ryder Cup points, and being on the margin for

earning a tour card.

1.2 Tax Setting

Golfers are considered self-employed individuals1516 and have always been liable for the

paying taxes on prizes to the state of employment and, if applicable, to their state of

residence. Unlike prize income that has a clear location of employment, depending on

the nature of the contract, endorsement income is apportioned by either the fraction of

working days in a state, by the fraction of labor income earned in that state, or where the

endorsement activity takes place (Donley, 1997). Endorsement income is not unobserved,

but golfers will sign endorsement contracts to apportion as much as possible to their state

of residence, which is usually low-tax, in order to minimize tax burdens. Our empirical

model assumes that all endorsement income is apportioned to the state of residence.

Given a golfers’ prize income is taxed in the state of employment, each golfer must file an

income tax in every state they participate in, whether or not they have positive earnings.

In order to avoid double-taxation, taxes paid in nonresident states are generally

credited on resident state tax returns.17Additional taxes on earnings are only due to the

resident state if it levies a higher tax rate. Thus, the maximum tax rate between the

employment and resident states determines the effective tax rate faced by the athlete.

Most golfers, with the notable exception of Phil Mickelson, live in zero-tax or low-tax

states (Driessen and Sheffrin, 2017). Because golfers participate in multiple tournaments,

this means golfers will need to file non-resident tax returns in many states.

Golfers are allowed to deduct expenses, which are unobservable, from their tax

returns. Generally, expenses such as air travel or payments to caddies, are allocated

to the tournament state as they are directly related to the “cost of business” in the

state. This also means that golfers must file taxes in the state of every tournament

they participate in regardless of tournament earnings and must keep a detailed list of

expenses. Some states have reciprocity agreements (Agrawal and Hoyt, 2018; Rork and

Wagner, 2012) in which the state of employment agrees to not claim the income of workers

from their resident state. However, reciprocity agreements only apply to income earned

15Golfers could also incorporate themselves and hire themselves as an employee, but this is not
common.

16For details on the taxation of team sports, see Appendix A.1.
17One notable exception is Illinois, which has special rules for athletes, that prohibit golfers from

receiving a credit against non-resident income taxes.Some states also choose to tax telecommuters who
are choosing to not work in the state for personal reasons. These income taxes are not deductible on
state tax returns.

6



from an employer, not self employed income, and therefore are of little concern in this

context.18

States also differ in how they apportion nonresident income, with two specific

methods of calculating income tax liability. The first method works as expected, where

nonresidents are taxed based upon income earned in the state. For example, if an individ-

ual living in Florida earns $100,000 in Alabama, his income tax liability would be based

upon the $100,000 dollars earned in Alabama. In this case, earnings in other states are

irrelevant, besides the taxes due to their state of residence. The second method is based

upon the fraction of income earned in the state relative to total federal income. In this

case, if an individual lives in Florida and earns $300,000 in Florida and $100,000 in New

Jersey, his total tax liability in New Jersey would be 25 percent of the taxes that would

be owed if all $400,000 were taxed in New Jersey. In the presence of progressive taxation,

the tax liability is higher in the latter apportionment method. To see this, let the tax

schedule in state s be given by Ts(ys). Then, taxes due to Alabama are TA(100, 000) and

taxes due to New Jersey are 0.25TN(400, 000). If the tax schedules in Alabama and New

Jersey are progressive and identical, then TA(100, 000) < 0.25TN(400, 000).

While it is important to discuss details specifically relating to the tax situation of

golfers to understand the tax landscape they face, the policy relevance is with non-athletes

who are able to choose where to work. With minor exceptions, the rules discussed above

(sourcing of income to the employment state, credits, expense deductions, and apportion-

ment) apply to self-employed individuals with income from multiple states, cross-border

commuters, individuals with rental income in multiple states, and even professors with

consulting income from multiple states. Individuals affected by these rules also include

other higher income populations such as entertainers, artists, and consultants, but also

lower to middle income occupations in multistate MSAs (Chicago, New York City etc.)

who may face similar high frequency decisions on where to work and what contracts

to accept. Therefore, for most individuals, the tax rules are in line with golfers, which

strengthens our decision to focus on golfers, where the full menu of employment choices

is known to us.

2 Data

We scrape data on the universe of U.S.-based PGA Tour sponsored golf tournaments

between 1970-2018 from online sources, mainly golfstats.com. Tournament-specific data

includes information about golfer participation, tournament prizes, placements, round-

18Only 0.6% of golfers live in a state with a reciprocity agreement with a state that has a PGA tour
event.
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by-round scoring, and golfer nationality. The tournament information also contains the

location and day of the final round along with information regarding the specific course the

tournament is played at. While this provides a detailed snapshot of an individual golfer’s

performance in a given tournament, in order to properly calculate the participation tax

rates, additional golfer information is needed on residence. Fortunately, golfstats.com also

contains biographical information that includes golfer residence, birthday, birthplace, and

a career biography.19 The data then allows us to observe golfers across time, including

both the state of residence and the state where income is earned, giving us the necessary

information to determine taxes.20

In order to properly asses the tax burden, the sample is restricted to U.S. nationals.

This is done to limit issues with complex international tax treaties and participation with

European tours. Golfers also must participate in at least one tournament in a given year

to be counted in the panel for that year, so if a golfer is injured or does not play in 2005

but participates in some tournaments in 2004 and 2006, they are unobserved for 2005

and observed for 2004 and 2006. Thus our unit of observation is golfer×tournament×year

when the golfer participates in any tournament for that year.

If golfers disproportionately live in high-tax states, the employment-state tax rate

would never matter. Some individual sports have large agglomeration effects on resi-

dence (Driessen and Sheffrin, 2017) which could limit spatial variation in taxes. The

distribution of the location of golfers/tournaments is provided in Figure A.1. Overall,

the concentration of golfer residence is in warm, sunny, and low-tax places such as Florida,

Tennessee, and Texas, which implies the employment tax rate will be especially salient

for golfers. There are still a few higher tax states (California, Arizona, North Carolina)

that have some golfer populations, likely due an abundance of golf courses and preferen-

tial climates, but on average, golfers in these states and other higher tax states are lower

quality golfers. Furthermore, PGA Tour tournaments are spread across 29 states during

the sample period, giving substantial variation in the tax rates in the employment states.

In order to highlight the variation that golfers face and their decisions, a figure

of tournament location and participation of Tiger Woods in 2009: which is his best

year in terms of tournament earnings is presented in figure 2. This figure serves two

purposes, the first shows the location of golf tournaments in a given year, while the

second is the flexibility golfers have to choose which tournaments they participate in.

While Tiger Woods is not the typical golfer, he is the golfer that policy makers would be

most interested in because of the large amount of tax revenue he would pay to the state

19Residence is observed only once at the time of scraping. Thus, we assume the golfer lives in the
same state throughout his professional career. Given most golfers live in low-tax states, this is not a
major concern. The results are robust to using current residence, or at the opposite extreme, birthplace.

20An overview of the data available is in Figure 1.

8



where a tournament is held. Unsurprisingly the high tax states of California, Hawaii, and

New York are all avoided by Tiger Woods. But it is also clear that taxes are not the only

margin that matters, as several zero tax states are also skipped and he also participates

in some tournaments in states with relatively high taxes. This would suggest there are

other frictions or incentives that prevent golfers from perfectly responding to taxes.

To justify the focus on golfers and not relocation of tournaments, note that tour-

naments rarely change locations. In our sample of thousands of tournament-year obser-

vations, tournaments change locations roughly 25 times (excluding the one tournament

that moves each year). Moreover, due to rigid pressures from tournament venues, these

changes are uncorrelated with taxes: the average tax difference between new and old

state is –0.00008 percentage points. All results are robust to dropping these tournaments

and any tournaments that disappear and their replacements.

3 Methodology

A structural extensive margin specification following Saez (2002) would be:21

Piy = β ln [Iiy(1− ATRiy)] +Xiyα + εiy (1)

where Piy is an indicator variable for workforce participation, Iiy is the wage bill, and

1−ATRiy is the net-of-average tax rate, which can be observed or estimated. Under the

assumption of zero income effects, the β parameter can be interpreted as structural and

the structural labor force participation elasticity can be constructed. However, this paper

does not look at a classical extensive margin response regarding the decision to work or

not. Instead, a golfer’s decision is whether to participate in one additional tournament

each week. Thus, the overall average tax rate will mismeasure the additional taxes paid

from participation because golfers only care about the average tax rate on the additional

income earned from participation.

A unique difference from other occupations is that golfers make decisions on the

basis of their expected income rather than observed wages. Thus the true expected

earnings is unobserved for both participants and nonparticipants. Following Kleven et al.

(2013), we construct expected income for each tournament using a quality index and then

applying a grouping estimator (Blundell et al., 1998), which is a cell average of earnings

in a group of tournament×year×quality. We follow the data driven process of Lubotsky

and Wittenberg (2006) which creates a single observable index from any number of proxy

variables.22 The quality index is constructed for each year using golfer age, the previous

21For a more thorough overview, see Keane (2011).
22A more detailed explanation of the Lubotsky and Wittenberg (2006) index is in Appendix A.2.
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year’s placements and earnings, and the prior year’s number of tournaments. Although

using exogenous and lagged characteristics, as shown in Figure 3, the index is strongly

correlated with current-year income, suggesting that the index does an excellent job of

golfer quality and earnings potential. Then for each year, we group golfers by deciles

of quality and assign the mean value of earnings in a tournament for the golfers in that

decile who participate. This directly leads to a grouping estimator of event earnings and

taxes which should abstract away from concerns regarding individual-specific estimates

of earnings and tax rates. Additionally, the appendix provides estimation using a similar

grouping method but instead of the index, using predicted values of earnings based on

similar characteristics. The results are broadly similar between the two different measures

of earnings.

In order to better model the tax decision to participate at a high-frequency, we

adapt the participation tax rate (PTR) used in Immervoll et al. (2007) and Laroque

(2005). The PTR is traditionally a measure of the average tax rate from both taxes and

transfers faced by each member of a household resulting from participating in the labor

market, holding all other income in the household constant. In our situation, the PTR

corresponds to a golfer choosing to participate or not in a particular tournament. To do

this, we construct total expected income Iity for individual i in tournament t in year y,

conditional on participating (Pity = 1) or not (Pity = 0) in a particular tournament. The

latter of these incomes is the sum of tournament-specific expected earnings from all other

tournaments the golfer participates in excluding tournament t; while the former is the

sum of all expected earnings including tournament t. Then, the PTR is:

P̂TRisty =
Tsy[E(Iity|Pity = 1)]− Tsy[E(Iity|Pity = 0)]

E(Iity|Pity = 1)− E(Iity|Pity = 0)
(2)

where Tsy represents the tax function of state s. The relevant tax function is either the

state of residence or the state of employment, whichever rate is higher. Unlike other

high-income earners that know their income from participating, golfers have uncertainty

over their earnings from participating. Then, E(Iity|Pity = 1) represents expected total

income from individual i participating in tournament t. We assume golfers decide the

set of tournaments they will participate in at the start of the year. This expectation is

constructed based upon their expected earnings from all the tournaments the golfer has

decides to participate in, allowing participation in only the tournament t to vary. Then,

E(Iity|Pity = 0) represents expected income if the golfer i chooses not to participate

in tournament t, but holds all other tournament participation fixed. This makes the

denominator the expected winnings from the tournament. In this way, the participation

tax rate corresponds to the difference in taxes from participating versus not participating,

10



relative to the expected increase in income from participating in a given tournament. This

implicitly means that all other decisions in regards to tournament participation are held

constant, including both past and future tournaments in a given year. Appendix A.3

provides specific examples of how the PTR is constructed.

Taxes are estimated using NBER TAXSIM (Feenberg and Coutts, 1993) for the

home state and the state that the tournament is held, accounting for state differences in

the apportionment of nonresident income. Given that TAXSIM does not currently provide

a way estimate taxes for nonresident income, we construct the appropriate apportionment

and effective tax rates manually. This requires us to account for the taxes owed on

earnings in the resident state from a given tournament, the earnings in the state of the

tournament, and the specific apportionment structure of the state explained previously.

In addition to estimating taxes conditional on participation and nonparticipation for the

resident state, tournament state, and for the apportionment structures. A more thorough

explanation of the work required is in Appendix A.3.

Given that our data is an individual-tournament-year panel, we could estimate:

Pisty = β0 ln(1− P̂TRisty) + β1 lnwE
dty + µi + δty + σa + uisty (3)

where Pisty is an indicator variable for participation for golfer i, under state tax system

s, in tournament t of year y, (1 − P̂TRisty) is the net-of-PTR rate, wE
dty represents the

expected earnings in decile d, and µi, δty, and σa are golfer, tournament by year (e.g.,

week), and age fixed effects to control for any common career dynamics, respectively.

Because expected earnings are based upon a grouping estimator, they can reasonably

viewed as an exogenous measure of expected earnings. However, this specification is

problematic due to the correlation between participation in past and future tournaments

and the PTR. Given the PTR is constructed using participation across the entire year,

it would violate the strict exogeneity assumption (i.e., E(uisty|PTRis1y, ...PTRisTy = 0))

of the within fixed effects demeaned estimator. In order to overcome this, while also

making the identifying variation as clear as possible, we use year-over-year differences

within a tournament where the identifying variation comes from year differences in the

same tournament (eg., Safeway 2018 - Safeway 2017). If tournament quality is generally

constant over time, the primary source of identification would come from changes in the

tax rate and variation in golfer quality. Thus, we estimate the following model:

∆Pisty = β0∆ ln(1− P̂TRisty) + β1∆ lnwE
dty + δty + σa + ∆uisty (4)

where the ∆ operator represents the tournament-year difference. Unlike the literature

on tax-induce migration, to identify the pure tax elasticity, we don’t need to control for
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endogenous public services given non-residents consume minimal public services.

While this is a clear improvement over the fixed effects specification, some con-

cerns could remain. Because the panel spans the entire career earnings of golfers, one

may worry about differences in growth of participation as golfers are heterogeneous in

career trajectories due to unobserved differences in skill over time. This could lead to

nonstationarity in differences (Lillard and Weiss, 1979) as well as the nonlinear growth in

golfer earnings due to the increasing popularity and marketability of the sport. In order

to robustly control for heterogeneous growth rates, we estimate (4) with a linear trend in

differences, a quadratic trend, and most flexibly a double-differenced version (Kniesner

and Ziliak, 2015):

∆2Pisty = β0∆
2 ln(1− P̂TRisty) + β1∆

2 lnwE
dty + δty + σa + ∆2uisty (5)

where ∆2 = ∆t −∆t−1, the difference-in-difference operator.

4 Event Studies

As initial evidence, we present event studies for the two largest tax changes in our sample.

In most traditional event studies, it makes sense to stack multiple events into one figure.

However in the context of state tax changes this isn’t necessarily the case, as tax changes

affect different income groups, often feature multiple tax changes in close succession, and

affect the participation tax rates of golfer’s differently depending on whether the em-

ployment state tax rate is lower/higher than the residence tax rate. In the context of

this study, we look at the two largest tax reforms in our sample period. First, we study

Connecticut’s adoption of a (4.5% flat) income tax. Second, we study passage of Propo-

sition 30 in California, which substantially raised marginal tax rates on income above

$250,000 starting in 2012. Also notable, California features multiple tournaments, while

Connecticut only hosts one. Because these tax reforms affect two different populations,

we estimate the following model separately for each state

Pisty = β1 ln(wE
ity) + σa + δi +

−2∑
e=−5

θe× 1(y− y∗ = e) +
3∑
e=0

πe× 1(y− y∗ = e) + εisty, (6)

Where for California y∗ = 2012 and for Connecticut y∗ = 1992 and the omitted year

is the year prior to the event.23 Then, the θe’s represent the evolution of golfer partic-

23While for California, the tax was passed after all tournaments had already happened in that state,
it was known well in advance that multiple tax increases for high income earners were on the ballot. It is
likely that golfers and their accountatnts were well aware of the potential tax changes before they were
passed.
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ipation before the tax reform relative to the omitted period and the πe’s represent the

post tax reform evolution of golfer participation. For Connecticut, because this was the

introduction of a flat tax, this event study is estimated on all golfers with positive real-

ized earnings while for California because it is solely for high income earners, we restrict

the sample to those in the top 25th percentile in previous year earnings. The results of

this equation for both states are presented in Figures 4a and 4b. Both figures show no

discernible pre-trends Then, in the year following the reform, participation in the state’s

tournaments decline substantially. The event studies thus provide compelling visual evi-

dence of how tax increases at the state level discourage participation in the tournaments

in the state. Although visually appealing, as discussed in the previous section, the event

studies do not easily facilitate estimation of an extensive margin elasticity with respect

to the participation tax rate.

5 Results

5.1 Baseline Results

The results estimating (4) are presented in Table 1. Overall, a one percent increase in the

net-PTR increases the participation of golfers by 0.135 percentage points.24 We convert

each coefficient to an elasticity by using the average participation rate for the estimating

sample. Given, on average, 42 percent of golfers participate in a tournament, the implied

participation elasticity is 0.32. Such an elasticity is larger than standard intensive margin

elasticities for high income earners in labor economics (Moffitt and Wilhelm, 2000), but

smaller than many residential mobility elasticities (Kleven et al., 2020).25 These results

do not adjust for any capitalization effects on prize amounts outside of our measure for

expected earnings. Assuming that any tournament level capitalization would largely be

targeted at attracting the very top earners, elasticties for the full population would not be

substantially effected. More generally, any capitalization effect would dampen the impact

of taxes on participation as the PGA Tour would effectively be paying the tax increases

for the golfers. As we still see fairly strong results, this implies that any capitalization

does not fully compensate golfers for participating in high tax states.

The remainder of the table explores heterogeneity by golfer characteristics. Col-

umn (2) drops golfers who do not have any earnings in a year, which are on average,

lower-quality golfers. The participation elasticity is essentially unchanged by removing

24Given the mean net-of-tax rate, a one percent increase implies a 0.62 percentage point change.
25It could also be useful to compare these elasticities to other extensive margin elasticities. Unfor-

tunately, most elasticities look at the extensive margin for single mothers. Those estimates seem to be
around 0.8 (Meyer and Rosenbaum, 2001).
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these low quality golfers. Because golfers who do not make a cut may have a different in-

centives for playing golf, these golfers are excluded from the sample in column (3). Overall

the results are fairly consistent, although dropping low-performing golfers who miss the

cut yields higher elasticities. This provides suggestive evidence that top golfers drive the

effects.26 Because current earnings may be endogenous to the decision to participate; as

a solution we use one year lagged earnings for this heterogeneity exercise. In addition,

current year earnings may be a poor approximation for what a golfer would expect to

earn due to hot hand effects (Livingston, 2012) – a stochastic shock in performance that

lies outside of career norms or expectations– or golfers inability to forecast future per-

formance. Columns (4) and (5) focus on high-income or superstar golfers. These golfers

presumably have the most flexibility at changing tournaments and, due to progressive

taxes, are likely to realize the largest tax differentials across states. Indeed, those golfers

in the top 25% of the earnings distribution (median earnings $1.07 million in 2018) have

elasticities, 0.81, that are more than twice as large. Visualizations of these regressions

that show the relationship is not driven by outliers are shown in Figure A.2.

To examine heterogeneity by income more flexibly, we estimate (4) by fully inter-

acting the model with decile indicators of earnings or quality from our index. The first

set of decile indicators are constructed using the actual earnings in y − 1. The latter set

uses our quality index to construct indicators of ability. Like the ability index, golfers

are grouped into deciles for each year for earnings. The results of these estimates are

presented in Figure 5. First, taxes have a very small, if any, effect on participation at

the lower end of the income distribution. This result is consistent with these golfers

needing to play in tournaments to retain their PGA Tour cards and these golfers having

less salient tax differentials across states. Both figures show a clear, positive relationship

between earnings and taxes after the sixth decile and increases substantially for those in

the 10th decile. The median income in the 10th decile is $850,000 which is well in the top

1 percent of all income earners in the United States in 2018.27 At the 10th decile, the im-

plied elasticity is roughly 2.54, suggesting a strong response to taxes at superstar income

levels. Identifying effects only at the upper part of the income distribution, consistent

with theory, strengthens the case for identification.

In Table 1, the effect of expected earnings is smaller than the effect of taxes. First,

major tax reforms, such as California’s millionaire tax, may be very salient to superstars

that regularly seek the advice of tax accountants. Moreover, prizes may grow slowly over

time relative to discrete tax changes. Second, expected prizes may be highly uncertain

26Tables A.2 show that the relationship still holds cutting on longer lagged or contemporaneous
earnings, although with smaller elasticities the more current are earnings.

27These bins are constructed by year, so the 10th decile in 1980 has a median income of $340,000
while 10th decile in 2018 has a median income of $1,400,000.
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to the golfer, and although this makes taxes uncertain, the tax function Tsy is known.

Then, if there is measurement error in expected earnings (Keane, 2011), the magnitude

of the attenuation bias will depend on the signal-to-noise ratio. Signal-to-noise is likely

smaller for wE
ity than for 1− P̂TRisty. Intuitively, any measurement error in the tax term

is mitigated by the division in (2). To see this, note that if tax systems are flat, then

1− P̂TRisty contains no measurement error as the division perfectly cancels income from

the expression and simply returns the flat tax rate. In the case of progressive taxes, such

perfect cancellation will not eliminate measurement error, but the division will mitigate

any noise in the participation tax rate. For this reason, we expect the attenuation bias

on taxes to be minimal compared to the earnings term.

To shed additional light on the differences of the coefficients, we remove individual

fixed effects from the data when constructing the group (decile) means. Separately for

each decile and year, we regress realized earnings on individual fixed effects and tourna-

ment fixed effects. Then, rather than use realized earnings to construct our expectation,

we use the coefficient on the tournament fixed effects as an estimate of earnings in the

tournament for each decile. The results, presented in Table A.3 show similar results, how-

ever, doing this allows us to interpret the wage term as the expected value of earnings in

that decile. Then, the divergence between the expected wage and tax coefficients can be

due to two factors. First, people are not good at forming expectations over earnings (i.e.,

player expectations are only loosely correlated with the accurate expectation we have

created). Such errors in the golfers expectations could be a result of the player being

overly optimistic/pessimistic. Second, golfers may not have enough information to form

these expectations well when they make their decision to participate. In other words,

quality and ranking only loosely allow the golfer to form an expectation of earnings. Un-

der such a view, the wage information is not very salient and so golfers do not pay as

much attention to earnings as they do to taxes.

5.2 Robustness

As discussed previously, this panel spans the entire career of many golfers, which raises

concerns about differences in growth paths as golfers are heterogeneous in career trajec-

tories due to unobserved skill differences over time. The results of (5) are presented in

Table 2. Controlling for heterogeneity in the growth term leaves the coefficient estimates

and elasticity results generally unchanged. This suggests that the results are not being

driven by golfer-specific differences in earnings profiles or participation nor by growth

in prizes over time. These results are also robust for high income golfers as well, whose

career trends may be the most likely to follow a nonlinear fashion and these estimates

can be seen in table A.4.
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While it seems evident that golfers respond to taxes, it is important to distinguish

what part of the PTR is driving golfer behavior, as it is constructed using both state and

federal rates. If the results are primarily driven by state taxes, this would suggest that

the golfers are spatially reallocating their labor to low tax areas and not adjusting the

total number of tournaments played. If federal taxes are playing a role, that would be

suggestive that golfers are reducing their labor supply in response to higher tax rates. To

verify we are identifying a spatial reallocation and not an adjustment in the number of

total tournaments played, we estimate the model with only state taxes and then compare

it to a specification with only federal taxes. able 3 presents both the results using state

taxes and federal taxes. The first section of Table 3 examines the effects of state taxes

alone. Overall, there is strong evidence that golfers are adjusting their participation

decision in response to changes in state tax rates. To obtain the elasticities, we scale

the coefficients such that the elasticities comparable to the mean tax change in the prior

tables. The elasticities are generally similar to those found in 1. We compare this to

the second section that estimates (4) using federal tax changes only. To do this, we use

golfers residing in zero-tax states and apportion all their income to the state of residence.

We use these golfers to eliminate any effects of deductibility of state taxes on federal tax

returns. This specification does not have any spatial variation and utilizes only temporal

variation in the federal tax code. These results seem to suggest a near zero adjustment

to golfer labor supply in response to federal tax changes. Combining our strong state

tax results in the previous segment; Table 3 suggests that state taxes spatially distort

employment rather than reduce the number of tournaments played.

We can also exploit a unique feature of U.S. tax law. When individuals live in

a high-tax state, additional taxes will be due to the state of residence, implying that

employment states with lower tax rates are irrelevant. Theoretically, golfers living in

high-tax states should not have incentives to spatially distort their contracts. Table 4

examines the effects of state taxes when individuals live in high tax states. As expected,

golfers who live in high tax states are generally unresponsive to changes in the tax code,

because they have little spatial variation in tax rates from the location of tournaments.

There could also be concerns that the composition of the location of tournaments is

systematically changing over time by having tournaments relocate to low tax states. To

verify the results are robust to removing the few tournaments that change locations and

any entering or exiting tournaments, when utilizing only tournaments that stay in the

same state and exist for our entire sample, we obtain elasticity estimates of 0.236 for the

baseline specification and 0.521 for high income earners. Next, in order to ensure that

the index construction measure isn’t systematically driving the results we construct an

alternative measure of predicted earnings that does not rely on the creation of a quality
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index. As as discussed in Appendix A.2, all the results are robust to this alternative

grouping estimator. These can be seen in Tables A.5 and A.6 along with Figure A.3.

Finally, we examine if golfers respond differently to tournaments that are of higher

quality. Although we have eliminated Major Championships from the analysis, the re-

maining tournaments may be of heterogeneous quality and allow golfers to quickly move

up the rankings or have a greater ability to attract endorsement income or media atten-

tion. Using the total purse for each tournament as a proxy for quality, we partition the

approximately 35 tournaments each year into quartiles. Table 5 shows that golfers are

much less responsive to taxes at the highest quality tournaments for specifications and

income levels. Across all specifications, the elasticity generally falls off monotonically on

the basis of tournament quality, and as expected, top golfers are not tax-responsive to

the best tournaments while responding more strongly to those that are lower quality.

5.3 Interpretation

It is often assumed that governments would maximize revenue from nonresident top-

earners as they provide a way to engage in tax exporting to these nonresident taxpayers.

Our setting provides a clear example: given athletes are non-residents, it is highly credible

that the goal of taxes on out-of-state workers is to maximize revenue. Unlike many

countries, state governments do not levy preferential rates on nonresidents. This implies

that the revenue maximizing tax rate must balance the revenue raised from non-residents

and the welfare of in-state residents. Ignoring the in-state component, Assuming our

estimates are applicable outside of the golf setting (so that the total number of working

players each week is not fixed), our estimates shed light on whether state tax increases

raise revenue from nonresidents if states could and choose to levy differentiated tax rates.

Following Agrawal et al. (2020), the change in tax revenue for a change in the tax

rate on nonresidents is positive if the net-of-tax rate is greater than the elasticity times

the tax rate. Using the elasticity of the top decile of players and the highest average tax

rate (12.2%), this yields 0.878 > 0.122× 2.54. The implication is clear: states are to the

left of the peak of the Laffer curve. Obviously, this is a partial equilibrium analysis, but

it sheds light on the optimal tax policy if states choose to tax residents and nonresidents

differently.

6 Conclusion

High income earners are responsive to income taxation via taxable income (Saez et al.

2012) and residential location responses (Kleven et al. 2020). We document a novel be-
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havioral response for top earners: adjustments of the location of employment contracts,

independent of residential relocation. We estimate a high-frequency labor participation

response for superstars that is increasingly relevant in the digital economy as people are

more able to choose where and when to work. Using the variation in the location of profes-

sional athlete events and changes in state tax systems over time, we show that high-income

superstars are more more likely to play in states with lower state tax rates. The place of

employment is responsive to taxes because the U.S. tax system, like other decentralized

federations, sources earnings (strictly) to the place of employment if the home-state tax

rate is lower than the tax rate in the state of work. The location of employment is likely

to be tax-sensitive for many other high-income occupations: management consultants,

rental property owners, pass-through businesses, artists, and self-employed individuals

that travel frequently.

More generally, because most states tax income where it is earned rather than

where the individual resides, lower-income households may select work locations on the

basis of state taxes due to the presence of interstate commuting (Agrawal and Hoyt,

2018). Consider an individual living in Pennsylvania, but commuting to New York. This

worker pays taxes on income earned to the state of New York. Given New York’s tax

rate is higher, she could reduce her taxes by switching to a job in Pennsylvania. This

makes the response of employment relevant for fiscal systems, especially in states with

large share of their employment near state borders.28

Golfers are likely to be a particularly responsive component of the labor market:

they do not need to play every week, they have ample choice in the states they may

play, and they are likely to have professional tax accountants advising them. Golfers

are also extremely likely to live in low-tax states, which implies that the effective tax

rate for participation will often be the rate in the employment state. If so, our esti-

mates represent an upper bound on the participation elasticity, implying a lower bound

on top marginal tax rates for nonresidents. At the same time, the rigid structure of

PGA Tour qualifications, the desire to qualify for elite tournaments, and sponsors po-

tentially requiring participation in particular events may make professional golfers less

responsive than other segments of the population so the results could be more applicable

to the average nonresident filer. We hope our paper will spark an empirical literature

on the tax-induced location of employment for high-income earners, much like Kleven

et al. (2013)’s study of football players triggered a literature on the effect of taxes on

international residential mobility. Researchers could study the work location decisions

of consultants, pass-through entities, rental property owners and low-income workers in

multi-state MSAs. Follow-up studies using administrative data could be possible, if re-

28In the United States, almost 1/3 of employment are in metropolitan areas that cross-state borders.
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searchers are able to obtain job-specific W-2 and 1099 forms. Unlike this study, follow-up

studies will grapple with the lack of information on declined offers.

In the presence of decentralized taxation, governments must choose where to tax

income. The U.S. applies both the source and residence principle, which effectively sources

earnings (strictly) to the place of employment if the home-state tax rate is lower than

the tax rate in the state of work. Intuitively, governments seek to allocate taxing rights

on the basis of the more inelastic factor. Our results, taken in conjunction with prior

mobility studies, imply that for high-income earners, both the elasticity of the location

of employment and residence are tax-responsive. As these extensive margin elasticities

are not structural parameters, whether it is optimal to tax at source or residence, may

depend on various characteristics such income levels, occupations, and industries, as well

as the size of the sub-national government.
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Figure 1: Snapshot of Data Sources Scraped

(a) Tournament Results

This figure is an snapshot of the data scraped for each tournament. We scraped each row and used all
columns in the rows plus the information yellow final round bar from the top for tournament location.
DraftKings Salary and Fedex(Rank) are only available in the most recent years

(b) Player Information

This figure is an snapshot of the data scraped for each player. We scraped the white box on the
left third of the page. Unfortunately the turned pro year and joined PGA Tour year boxes have
incomplete coverage, so using that data would lose a substantial number of golfers.

3cm
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Figure 2: Tiger Woods Tournament Decisions in 2009

This figure represents the tournaments available and tournaments participated in for Tiger
Woods in 2009. Red represents the home state, green represents states where tournaments
were held but Tiger Woods chose not to participate in, and yellow represents states where
tournaments were held and Tiger Woods chose to participate in, which is also where taxes are
owed.

Figure 3: Correlation of Quality Index with Observed Performance

This figure is a visualization of the relationship between yearly income and our Lubotsky and
Wittenberg (2006) data drive index. To construct this figure, we create standardized version
of yearly income and the index. We then obtain grouped bins for yearly income and the index
and plot a line of best-fit through the data. The slope of this line is the regression coefficient
between yearly earnings and the index.
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Figure 4: Event Studies Using Major Tax Reforms

(a) Connecticut

(b) California

These figures represent event studies of the two largest tax reforms in our sample. We omit the year
prior to each reform. The largest tax increase is in Panel (a), where Connecticut adopted its income tax
for the first time in August of 1991. The income tax was adopted at a 4.5 percent rate starting in 1992.
Although a reduced rate of 1.5 percent was applied retroactively to 1991 income, passage of the tax was
after the golf tournament in the state. Moreover, passage of the income tax was unexpected until three
Senators to switched sides days before passage, justifying 1992 as the first year after the reform. Due
to its comprehensive (flat) nature, the sample for the event study is all golfers with positive earnings.
In Panel (b) we show the event study for the tax increases enacted by the passage of Proposition 30 in
California, which raised the income tax rate from 10.3 to 13.3 percent for millionaires. Due to the tax
only being implemented on high income earners, this sample is restricted to those who are in the top
25th percentile in previous year earnings. Although passed in 2012 and applied to 2012 income, as early
as the end of 2011, the tax was expected to pass. CT contains only one tournament, while CA contains
multiple. Standard errors are clustered at the golfer level and we present 95% confidence bands.
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Figure 5: Heterogeneity of the Effect of Taxes by Income and Quality Deciles

(a) Lagged Income Decile

(b) Quality Decile

Figure 6: This figure estimates a specification similar to Column 1 from Table 1 where the PTR,
expected earnings, and all fixed effects are interacted with the one year lag of yearly income
for (a) and for (b) the variables are interacted with the Lubotsky and Wittenberg (2006) index
deciles . We plot the marginal effect of an increase in the net-of-PTR for each decile. The
grey dashed line represents the coefficient estimate from Table 1 column 1. Standard errors are
clustered at the golfer and state of tournament level and bars indicate 95% confidence intervals.
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Table 1: The Effect of Taxes on the Location of Employment: Baseline Results

(1) (2) (3) (4) (5)
Baseline Earnings > 0 Excludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

∆ ln(wE
dty) 0.009∗∗∗ 0.011∗∗∗ 0.013∗∗∗ 0.017∗∗∗ 0.019∗∗∗

(0.003) (0.004) (0.003) (0.003) (0.006)

∆ ln(1− P̂TRisty) 0.135∗∗ 0.163∗∗ 0.180∗∗∗ 0.125∗ 0.479∗∗

(0.054) (0.067) (0.051) (0.071) (0.202)

ε1−PTR 0.319 0.316 0.589 0.235 0.812

Observations 285,110 233,913 232,798 131,211 70,762

This table shows the results estimating equation (4). Column 1 places no additional restrictions on the sample. Column 2
excludes those golfers with zero earnings in the current period. Column 3 excludes those golfers who fail to make the cut.
Column 4 uses only golfers in the 25th-75th percentiles of earnings in the previous period, and column 5 uses only golfers in
the 75th-100th percentiles of earnings in the previous period. Standard errors are clustered at the golfer and the state of the
tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01

Table 2: Robustness to Individual Growth Heterogeneity

(1) (2) (3) (4)
No Trend Linear Trend Quadratic Trend Double Difference

∆ ln(wE
dty) 0.011∗∗∗ 0.012∗∗∗ 0.012∗∗∗ 0.008∗

(0.004) (0.004) (0.004) (0.004)

∆ ln(1− P̂TRisty) 0.163∗∗ 0.156∗∗ 0.160∗∗ 0.149∗

(0.067) (0.070) (0.072) (0.080)

ε1−PTR 0.316 0.303 0.311 0.284

Observations 233,913 233,913 233,913 198,037

This table shows the robustness of the results when estimating equation (5). Column 1 presents the re-
sults from column 2 of Table 1. Column 2 includes a golfer specific linear time trend. Column 3 includes
a golfer specific quadratic trend. Column 4 represents a “difference-in-differences” estimate for individual
heterogeneity (Kniesner and Ziliak, 2015). Results using only top golfers are similarly robust. Standard
errors are clustered at the golfer and the state of the tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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Table 3: Verifying Spatial Distortions: The Effect of Only State Taxes vs Only Federal Taxes

(1) (2) (3) (4) (5)
Baseline Earnings > 0 Exludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

State Taxes

∆ ln(1− P̂TRisty) 2.505∗∗∗ 3.273∗∗∗ 2.480∗∗∗ 3.129∗∗∗ 5.872∗∗∗

(0.552) (0.742) (0.523) (0.852) (1.107)

ε1−PTR 0.265 0.183 0.284 0.410 3.093

Federal Taxes

∆ ln(1− P̂TRity) -0.011 -0.024 0.051 -0.075 -0.172
(0.047) (0.062) (0.045) (0.073) (0.105)

ε1−PTR -0.025 0.098 0.161 -0.141 -0.293

In the top panel, we construct the PTR using only state taxes for all golfers. For the second panel, we use golfers residing
in zero-tax states and apportion all income to the state of residence. We use these golfers to eliminate any effects of de-
ductibility of state taxes. The state tax elasticity ε1−PTR for the first panel is constructed by scaling elasticity estimates by

dln(1−P̂TR(state)isty)/dln(1−(P̂TR(state+federal)isty). Column 1 places no additional restrictions on the sample. Column
2 excludes golfers with zero earnings in the current period. Column 3 excludes golfers who fail to make the cut. Column 4
uses golfers in the 25th-75th percentile of earnings in the previous period, and column 5 uses golfers in the 75th-100th per-
centile of earnings in the previous period. Standard errors are clustered at the golfer and the state of the tournament level.
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01

Table 4: The Effect of Employment-Taxes in Paces Where They Should Not Matter: Golfers Residing in High Tax
States

(1) (2) (3) (4) (5)
Baseline Earnings > 0 Excludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

∆ ln(wE
dty) -0.002 -0.002 0.003 0.002 0.005

(0.004) (0.005) (0.003) (0.006) (0.007)

∆ ln(1− P̂TRisty) -0.061 -0.088 0.001 -0.183∗ -0.058
(0.063) (0.083) (0.054) (0.104) (0.158)

Observations 52,790 40,471 43,598 22,860 11,306

This table estimates equation (4) using only golfers residing in high-tax states. To do this, we limit the sample to golfers
who live in states with top marginal tax rates above 7.75 percent, which is the 75th percentile for state top marginal tax
rates. Column 1 places no additional restrictions on the sample. Column 2 excludes golfers with zero earnings in the current
period. Column 3 excludes golfers who fail to make the cut. Column 4 uses golfers in the 25th-75th percentile of earnings
in the previous period, and column 5 uses golfers in the 75th-100th percentile of earnings in the previous period. Standard
errors are clustered at the golfer and the state of the tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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Table 5: The Heterogeneous Effect of Taxes by Tournament Quality

(1) (2) (3) (4) (5)
Baseline t Earnings > 0 Excludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

∆ ln(1− P̂TRisty) ∗Q1 0.185∗∗∗ 0.220∗∗∗ 0.228∗∗∗ 0.158 0.654∗∗

(0.071) (0.0829) (0.097) (0.104) (0.239)

∆ ln(1− P̂TRisty) ∗Q2 0.167∗∗ 0.219∗∗ 0.215∗∗∗ 0.232∗∗ 0.718∗∗

(0.071) (0.088) (0.068) (0.094) (0.276)

∆ ln(1− P̂TRisty) ∗Q3 0.112∗ 0.140∗ 0.159∗∗ 0.077 0.466∗∗

(0.059) (0.072) (0.057) (0.082) (0.212)

∆ ln(1− P̂TRisty) ∗Q4 0.062 0.074 0.107∗ 0.050 0.0579
(0.056) (0.066) (0.060) (0.088) (0.151)

εQ1
0.442 0.443 0.782 0.287 1.423

εQ2
0.390 0.417 0.708 0.422 1.200

εQ3
0.257 0.268 0.519 0.144 0.758

εQ4
0.141 0.143 0.338 0.104 0.084

Observations 285,110 233,913 232,798 131,211 70,762

This table shows estimates of tournament quality quartiles fully interacted with equation (4). The quality quartiles are constructed
using the percentiles of the purse for each tournament each year. The best tournaments are in the fourth quartile. Column 1 places
no additional restrictions on the sample. Column 2 excludes golfers with zero earnings in the current period. Column 3 excludes
golfers who fail to make the cut. Column 4 uses golfers in the 25th-75th percentile of earnings in the previous period, and column 5
uses golfers in the 75th-100th percentile of earnings in the previous period. Standard errors are clustered at the golfer and the state
of the tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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A Appendix (Online Only)

A.1 Taxation of Team Sports

The taxation of professional athletes is complex. The taxation of team sports is different

from golfers. Golfers, unlike team athletes, are taxed in a similar manner to high-income

non-athletes. Nonetheless, we summarize some of the differences with team sports here.

Historically, team-based professional athletes paid taxes based upon the headquarters of

the team and their residence. This implied that the players for the Los Angeles Lakers

would pay taxes to the state of California and their state of residence (if different),

with credits for taxes paid to California. Notably, this changed when the Chicago Bulls

defeated the Los Angeles Lakers in the 1991 NBA finals. California lawmakers imposed

an income tax on the visiting Chicago Bulls. In retaliation, Illinois passed legislation

(“Michael Jordan’s Revenge”) to tax the earnings of the visiting Lakers. Currently, all

states with income taxes and some municipalities, apply the source principle (income is

taxed where it is earned) to the earnings of visiting team-based professional athletes.

However, these rules apply to team sports while golf is clearly an individual sport.

A.2 Quality Index Construction

We use Lubotsky and Wittenberg (2006) to construct a data-driven measure of player

quality. We use N proxy variables of player quality, denoting the nth proxy variable as

Zn
i,y. The N proxy variables include age, lagged values of earnings, their top placement,

their average placement, the number of tournaments entered, and both the share and

count of top 5, top 10, and top 25 placements. Critical to identification is that these

proxies are exogenous to the participation decision. We then regress our dependent

variable on the set of exogenous proxy variables, obtaining a coefficient βn on each proxy

variable. This regression with multiple proxies can then be used to construct an index

Zρ
i,y:

Zρ
i,y =

1

βρ

N∑
n=1

βnZn
i,y, (A.1)

where βρ =
∑N

n=1 β
n cov(wi,y , Z

n
i,y)

cov(wi,y , Z1
i,y)
. We select the normalization, cov(wi,y, Z

1
i ), such that

the quality results are normalized to the number of tournaments participated in in the

previous year, however, this normalization is irrelevant in our setting. The use of this

index creation procedure dominates any ad hoc index creation methods and is the ap-

proach that minimizes measurement error concerns. Using the index values, we create

year specific deciles of quality such that a given player (eg. Tiger Woods) in a given year

(2005) is assigned to a specific decile in that year (Tiger Woods in 2005 is in the 10th
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decile). Using these deciles, earnings are constructed in the following manner:

wE
dty =

1

Nd

Nd∑
id=1

widy (A.2)

Which is simply the cell average of earnings in a tournament by quality decile × year

which gives an estimate of earnings that is uncorrelated with any golfer specific residual

drives of participation with a given tournament.This does include those who participate

and do not make the cut, so zeroes can appear in some instances for lower quality golfers.

As discussed above, when constructing the index, we use exogenous golfer charac-

teristics and lagged measures of performance. Figure 3 verifies that our index is strongly

correlated with contemporaneous performance.

Given the earnings are constructed using decile × year × tournament cell averages

of earnings for participants, the expected earnings are not representative of the sample of

participants and nonparticipants. Furthermore, one could imagine that because we use

lagged quality measures, an over or under performer could cause unwanted variation in

the expected earnings. In order to adjust the decline means, we predict earnings of each

tournament by estimating, separately for each decile and year,

wit = β0 + δi + δt + εit. (A.3)

In this specification,e δit represents an individual fixed effect and δt represents a tour-

nament specific fixed effect. After obtaining predicted vales ŵit, we then subtract the

individual specific fixed effect δi from the predicted value which produces means that

are adjusted for individual performance differentials within a decile. The results of this

exercise are presented in Appendix Table A.3.

In addition, we construct an alternative measure of earnings that is more straight-

forward that leads to broadly similar results. This is done by using a fractional probit to

predict quality. The fractional probit model allows us to scale tournament earnings to be

between zero and one, where zero corresponds to missing the cut and one corresponds to

the top prize of of the tournament. Using only tournament participants, we regress the

scaled earnings on the same variables used in the Lubotsky and Wittenberg (2006) index.

We then construct fitted values for both participants and nonparticipants. In a similar

fashion, we divide the predicted values into year specific deciles and assign earnings using

the decile × year cell averages for all golfers. All the results are robust to this alternative

grouping estimator. These can be seen in Tables A.5 along with Figure A.3.
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A.3 Constructing the PTR using TAXSIM

Because of the decentralized nature of sourced based taxation in the United States, creat-

ing an accurate measure of tax liability is especially daunting. While TAXSIM (Feenberg

and Coutts, 1993) does help greatly in this regard, in it’s current form does not adjust

for income earned in different states. As a result, this requires a careful and extensive

use of TAXSIM. Recalling the formula for the participation tax rate:

P̂TRisty =
Tsy(E(Iity|Pity = 1))− Tsy(E(Iity|Pity = 0))

E(Iity|Pity = 1)− E(Iity|Pity = 0)
(A.4)

It is necessary to estimate taxes for when the golfer participates in a tournament

and when they choose to forgo the tournament, while holding all other participation,

and expected income, in tournaments constant in a given year. Expected income is con-

structed by taking the sum of expected earnings (see equation A.2) for all tournaments

that the golfer participates in. E(Iity|Pity = 1) is then constructed by adding the ex-

pected earnings from a tournament if Pity = 0 and requires no modification if Pity = 1.

E(Iity|Pity = 1) is constructed in a similar fashion except for subtracting expected earn-

ings from the tournament if Pity = 1. Thus for each golfer × tournament × year, we have

to estimate their expected PTR from their expected income.

An example would be a golfer in 2010 who resides in Florida and potentially

competes in 3 tournaments, one in Arizona, and two in Georgia where he expects to earn

100,000 in each tournament he participates in. Given Florida has no income tax, we can

focus on the employment states. Then for his tournament in Arizona, his PTR would be:

P̂TR =
[TFED(300, 000) + TAZ(100, 000) + TGA(200, 000)]− [TFED(200, 000) + TGA(200, 000)]

300, 000− 200, 000
, (A.5)

Where TFED is the federal taxes due and TST. are the taxes in a given state. The above

expression ultimately simplifies to the additional taxes owed federally and the taxes on

the 100,000 owed to Arizona divided by the 100,000 dollars he expects to earn:

P̂TR =
TFED(300, 000) + TAZ(100, 000)− TFED(200, 000)

100, 000
. (A.6)

His PTR is 35.4, ATR is 27.3, and an MTR of 41.2. While for each of his tournaments

in Georgia, the participation tax rate would be:

P̂TR =
[TFED(300, 000) + TGA(200, 000) + TAZ(100, 000)]− [TFED(200, 000) + TGA(100, 000) + TAZ(100, 000)]

300, 000− 200, 000
.

(A.7)

Then, for each tournament, they have the additional taxes on 100,000 dollars of income

owed to the federal plus the additional taxes on the 100,000 dollars owed to Georgia,
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where he already owes taxes, divided by the 100,000 dollars in income. This simplifies

to:

P̂TR =
[TFED(300, 000) + TGA(200, 000)]− [TFED(200, 000) + TGA(100, 000)]

300, 000− 200, 000
. (A.8)

The PTR is equivalent for both tournaments because expected earnings are the same

for both tournaments. If the expected earners were not the same because of differences

in the prizes, then the PTR would differ for both tournaments. If we put this example

through TAXSIM, we calculate a PTR of 39.0, an ATR of 28.1, and an MTR of 43.9.

Now, suppose that the golfer could also participate in a tournament in California,

where he also expects to earn 100,000 dollars. However, at the start of the year, he

chooses not to participate for undisclosed reasons and we observe his non-participation.

In this instance, each of the above PTRs remain unchanged because the PTR is based

on the taxes that the golfer decides to participate in at the beginning of the year (and

the tournament being considered for participation). However, immediately showing the

simplified expression, his PTR for the tournament in CA is:

P̂TR =
[TFED(400, 000) + TCA(100, 000)]− [TFED(300, 000)]

400, 000− 300, 000
, (A.9)

where the PTR is only based off of his federal taxes on the additional 100,000 dollars

he expects to earn and taxes on 100,000 dollars of income in California. Using TAXSIM,

we estimate a PTR of 40.2, an ATR of 31.1, and an MTR of 46.15.

We can then estimate the PTR for all golfers by following NBER TAXSIM (Feen-

berg and Coutts, 1993) guidance for calculating the maximum tax rate in a state29. If

taxes state taxes were simply based on residence, this would be all that would be necessary

to compute the relevant PTR.30

However due to source based taxation, more work is required as TAXSIM does not

currently account for state nonresident income taxation. For each golfer × tournament

× year observation, we need to estimate the relevant tax rate the golfers face, taking into

account that taxes are due to both the state of residence and the state where income

is sourced and the relevant apportionment rules. Mentioned in the tax setting section,

states have a few distinct ways of handling nonresident income taxes. For example, under

the apportionment of all income earned in a state, if an individual living in Florida earns

$100,000 in Alabama, his income tax liability would be based upon the $100,000 dollars

earned in Alabama. By contrast, if taxes are apportioned based on the fraction of income

in the state, if an individual lives in Florida and earns $300,000 in Florida and $100,000

29All taxpayers assumed to be married, long term capital gains of 0.66 percent of earnings, 10 percent
of income as mortgage interest/property tax/ other itemized deductions, and 2 percent of income as
charitable contributions

30Granted, this would be a rather trivial and uninteresting exercise given we would lose all interesting
variation in taxes due to tournament location and there would be no interstate shifting of earnings
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in New Jersey, his total tax liability in New Jersey would be 25 percent of the taxes that

would be owed if all $400,000 were taxed in New Jersey.

First, consider the scenario where states choose to allocate all income earned in

that state. This leads to a straightforward calculation in TAXSIM where instead of

by year, income is summed by state × year and is run through the nonresident state

tax system. The taxes are then compared to the taxes owed to the resident state from

earnings in the tournament state. If the resident taxes are greater, then the taxes are

unchanged and if the taxes owed to the state of employment are larger then the additional

nonresident state taxes are added to the residential taxes. The alternative apportionment

method apportions all income to the nonresident state and then taxes are apportioned

by the fraction of income earned in the nonresident state compared to Federal AGI. In

order to best simulate this apportionment, we run TAXSIM with all income sourced in

the nonresident state and multiply by the ratio between state specific nonresident income

and income from all sources. This amount is similarly compared to the taxes due to the

resident state and if the nonresident tax is larger, then it is added to the residential taxes

in a similar fashion to the previous apportionment method.
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A.4 Additional Figures

Figure A.1: The Location of Golfers and Tournaments

(a) Residence Location

(b) Tournament Location

Part (a) shows the residence of golfers as observed in the data. Part (b) represents the location
of tournaments across time.
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Figure A.2: The Effect of PTR on Participation

(a) Lubotsky and Wittenberg (2006) Index

(b) Probit Index

This figure is a visualization of Column (5) from Table 1 for panel (a) and Column (5) from
Table A.5 for panel (b). To construct this figure, we regress the year difference in participation
on the fixed effects and controls and obtain the residuals. We do the same for the log of the net
PTR. We then bin the residuals and plot a line of best-fit through the data. The slope of this
line is the coefficient from the long difference specification.
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Figure A.3: Heterogeneity of the Effect of Taxes by Income and Quality Deciles: Probit

(a) Lagged Income Decile: Probit

(b) Quality Decile: Probit

This figure estimates a specification similar to Column 1 from Table A.5 where the PTR, expected
earnings, and all fixed effects are interacted with the one year lag of yearly income deciles for (a) and for
(b) the variables are interacted with the probit index deciles . We plot the marginal effect of an increase
in the net-of-PTR for each decile. The grey dashed line represents the coefficient estimate from Table
1 column 1. Standard errors are clustered at the golfer and state of tournament level and bars indicate
95% confidence intervals.
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A.5 Additional Tables

Table A.1: State Nonresident Income Tax Collections

State Nonresident Income Tax Resident Income Tax Nonresident Income Tax Year
(in millions) (in millions) % of all Income Tax

AZ $233.2 $3,718.9 5.90% 2015
CA $3,713.0 $80,338.1 4.42% 2018
CT $858.3 $7,420.7 10.37% 2018
GA $387.4 $12,176.9 3.08% 2018
HI $158.3 $2,110.1 6.98% 2017
IL $1,418.4 $15,912.9 8.18% 2017
IA $199.5 $3,284.3 5.73% 2017
KS $317.6 $2,453.2 11.46% 2017
LA $272.8 $3,250.5 7.74% 2018
MD $430.7 $8,081.3 5.06% 2016
MI $195.2 $8,430.5 2.26% 2017
MN $638.9 $10,385.5 5.80% 2017
MS $140.8 $1,514.6 8.51% 2017
NJ $1,321.0 $10,989.1 10.73% 2016
NY $7,087.1 $41,536.9 14.58% 2017
OH $282.9 $8,120.9 3.37% 2018
OR $492.6 $8,298.5 5.60% 2018
PA $836.7 $11,313.4 6.89% 2017
RI $231.7 $1,254.0 15.60% 2018
SC $474.0 $3,814.4 11.05% 2018
VT $65.2 $747.0 8.03% 2018

Total $19,755.3 $245,151.7 7.46%

This table presents the amount of nonresident income tax revenue collected for all states that release public
statistics on nonresident income tax revenue. The data was collected from individual state department of tax-
ation websites.
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Table A.2: The Effect of Taxes on the Location of Employment: Using Quartiles from Period
y − 2 and y Earnings

(1) (2) (3) (4)
y − 2 Percentile y − 2 Percentile y Percentile y Percentile

25th-75th 75th-100th 25th-75th 75th-100th

∆ ln(wE
dty) 0.016∗∗∗ 0.023∗∗ 0.009∗∗∗ 0.017∗∗∗

(0.004) (0.009) (0.003) (0.005)

∆ ln(1− P̂TRisty) 0.179∗ 0.835∗∗ 0.136∗∗ 0.334∗∗

(0.088) (0.305) (0.062) (0.124)

ε1−PTR 0.328 1.45 0.300 0.541

Observations 108,417 56,799 140,510 92,073

This table shows results estimating equation (4) except with cuts based upon different periods of in-
come. Column 1 uses those golfers in the 25th-75th percentile of earnings two years ago, column 2 use
those golfers in the 75th-100th percentile of earnings two years ago, column 3 uses those golfers in the
25th-75th percentile of earnings in the current period, and column 4 uses those golfers in the 75th-100th
percentile of earnings in the current period. Standard errors are clustered at the golfer and the state of
the tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01

Table A.3: The Effect of Taxes on the Location of Employment: Removing Individual-specific Effects to Construct
Grouped Expected Income

(1) (2) (3) (4) (5)
Baseline Earnings > 0 Excludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

∆ ln(wE
dty) 0.009∗∗∗ 0.010∗∗∗ 0.011∗∗∗ 0.014∗∗∗ 0.002

(0.002) (0.002) (0.002) (0.003) (0.006)

∆ ln(1− P̂TRisty) 0.122∗∗∗ 0.145∗∗∗ 0.115∗∗∗ 0.121∗∗ 0.297∗∗

(0.040) (0.051) (0.038) (0.058) (0.202)

ε1−PTR 0.268 0.273 0.354 0.217 0.503

Observations 266,780 233,341 215,430 124,665 66,093

This table shows results estimating equation (4). Expected earnings are constructed by regressing realized earnings for par-
ticipants on individual and tournament fixed effects separately for each decile×year. We then subtract individual fixed effects
from the predicted values to obtain expected earnings. Column 1 places no additional restrictions on the sample. Column 2
excludes golfers with zero earnings in the current period. Column 3 excludes golfers who fail to make the cut. Column 4 uses
golfers in the 25th-75th percentile of earnings in the previous period, and column 5 uses golfers in the 75th-100th percentile of
earnings in the previous period. Standard errors are clustered at the golfer and the state of the tournament level. ∗p < 0.10,
∗∗p < 0.05, ∗∗∗p < 0.01
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Table A.4: Robustness to Individual Growth Heterogeneity: High Income Earners

(1) (2) (3) (4)
No Trend Linear Trend Quadratic Trend Double Difference

∆ ln(wE
dty) 0.019∗∗∗ 0.020∗∗∗ 0.023∗∗∗ 0.008∗

(0.006) (0.007) (0.007) (0.004)

∆ ln(1− P̂TRisty) 0.479∗∗ 0.598∗∗ 0.736∗∗∗ 0.149∗

(0.202) (0.230) (0.262) (0.080)

ε1−PTR 0.812 1.013 1.249 0.800

Observations 70,762 70,762 70,762 65,382

This table shows the robustness of the results when estimating equation (5) on golfers who are in the top
25% of previous year income. Column 1 presents the results from column 5 of Table 1. Column 2 in-
cludes a golfer specific linear time trend. Column 3 includes a golfer specific quadratic trend. Column 4
represents a “difference-in-differences” estimate for individual heterogeneity (Kniesner and Ziliak, 2015).
Results using only top golfers are similarly robust. Standard errors are clustered at the golfer and the
state of the tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01

Table A.5: The Effect of Taxes on the Location of Employment: Fractional Probit to Predict Earnings

(1) (2) (3) (4) (5)
Baseline Earnings > 0 Excludes Cut Lagged Percentile Lagged Percentile

25th-75th 75th-100th

∆ ln(wE
dty) 0.012∗∗∗ 0.014∗∗∗ 0.017∗∗∗ 0.017∗∗∗ 0.019∗∗∗

(0.003) (0.004) (0.003) (0.004) (0.006)

∆ ln(1− P̂TRisty) 0.166∗∗ 0.203∗∗ 0.223∗∗∗ 0.185∗ 0.670∗∗

(0.062) (0.083) (0.059) (0.090) (0.260)

ε1−PTR 0.377 0.394 0.715 0.345 1.138

Observations 280,825 234,224 228,492 130,181 69,504

This table shows results estimating equation (4), but using a measure of predicted earnings rather than quality to construct
golfer expectations. We use a fraction probit model to predict earnings based on lagged characteristics of the golfer and con-
struct a quality index as described in the appendix. Column 1 places no additional restrictions on the sample. Column 2
excludes golfers with zero earnings in the current period. Column 3 excludes golfers who fail to make the cut. Column 4 uses
golfers in the 25th-75th percentile of earnings in the previous period and column 5 uses golfers in the 75th-100th percentile of
earnings in the previous period. Standard errors are clustered at the golfer and the state of the tournament level. ∗p < 0.10,
∗∗p < 0.05, ∗∗∗p < 0.01
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Table A.6: Individual Growth Heterogeneity: Probit

(1) (2) (3) (4)
Baseline Linear Trend Quadratic Trend Double Difference

∆ ln(wE
dty) 0.014∗∗∗ 0.014∗∗∗ 0.015∗∗∗ 0.012∗∗∗

(0.004) (0.004) (0.004) (0.004)

∆ ln(1− P̂TRisty) 0.203∗∗ 0.207∗∗ 0.228∗∗ 0.254∗∗

(0.083) (0.088) (0.091) (0.102)

ε1−PTR 0.394 0.402 0.442 0.485

Observations 234,224 234,224 234,224 199,483

This table shows results estimating equation (4) and (5). Column 1 presents the baseline results of col-
umn 2 of table A.5. Column 2 includes a golfer specific linear time trend. Column 3 includes a golfer
specific quadratic trend. Column 4 represents a “difference-in-differences” estimate for individual het-
erogeneity (Kniesner and Ziliak, 2015). Standard errors are clustered at the golfer and the state of the
tournament level. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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