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Abstract

In this senior thesis, I study how the presence of migration affects the optimal tax-
ation and educational investment policies of competing governments seeking to maxi-
mize tax revenue. I develop a model that captures both intensive-margin labor supply
decisions and extensive-margin migration decisions. Using this framework, I derive
elasticity-based formulas for optimal tax rates and public education investment, with
and without migration. I show that migration lowers optimal tax rates and distorts
education spending policy in the baseline model, particularly in low-productivity re-
gions. I then extend the model to include features such as intergenerational concerns
and remittances, where the presence of remittances offers a counterexample in which
migration can actually increase the optimal tax and education spending. I prove that
the model exhibits spatial sorting and regional inequality, which motivates a role for
distortionary central government intervention. I calibrate the model to U.S. Census
data and evaluate the main results numerically. Finally, I conclude and suggest future

directions of research.
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1 An Introductory Narrative

This senior thesis is set in the world of optimal taxation theory, but regardless of prior
familiarity, the reader is invited to join the discussion through the following story example.

Consider a world with only one centralized state; call this state X. The government of
X certainly has its work cut out for it as the modern state government oversees far more
than just passing legislation. Depending on its specific welfare intentions, this government
may also assume the responsibility of paving the roads, providing for services, establishing
administrative offices, and funding redistributive programs for its citizens. There are many
responsibilities for the government of X to take on and finance.

Assume that X cannot go into debt forever and must somehow pay off its large budget.
Short of just printing new money whenever a new expense appears, the government of X’s
other option is to raise revenue via taxes on its citizens. The more revenue X raises, the
more that the government can choose to do with this money (perhaps in the form of greater
redistribution, perhaps in terms of greater benefits the members of the government can take
home).

Suppose then that the government of X wants to maximize the tax revenue that it raises.
Should it set taxes to 100 percent? Doing so would mean that the residents of X have no
reason to work at all. The residents dislike working, but choose to work only because they
believe they’ll be able to take their earnings home and spend it on the items they enjoy. If
the government of X were to confiscate all their earnings, they’d be better off just staying
home and not making any money.

There is then some sort of upper limit to the taxes that X can set. How else can they raise
revenue? If taxes are the slice of the pie the government of X can take, the next option is to
make the pie bigger. The government of X can choose to spend some of its tax revenue that
it collects and invest it into making its citizens more productive through a public education

system. There is a cost to funding the education system but — assuming that education



increases citizens’ earning potential — the government can make back that money and more
by the increased tax revenue that results from these earning gains.

All is well in the world of X. The government’s economists have figured out just the right
amount of tax to set and just the right amount of education funding to provide in order to
maximize their revenue. Then one day, it is revealed that X is not alone at all.

It turns out that next door is the state of Y. By sheer coincidence, it turns out that the
state of Y is nearly identical in every way. The people speak the same language, have the
same customs, and even have the same type of government which raises taxes and provides
for education. The only difference is that the state of Y has a much more temperate climate,
unlike X which suffers from horribly cold winters. The citizens of Y seem to enjoy the
weather and the farms there are able to produce food all year long.

Given that there are no immigration controls yet, the wealthiest individuals in X an-
nounce that they are selling their homes and moving to Y immediately to take advantage of
the better weather and new farming opportunities. These wealthiest individuals had formed
a substantial portion of the tax base for the government of X, worrying the government
advisers.

Meanwhile, the government of Y is thrilled about this unexpected arrival of new sources
of tax revenue. They announce that they will be slightly lowering their tax rates in order to
attract more individuals from X.

The economists advising the state of X are understandably unhappy with this state of
affairs. They realize that the wealthier individuals were the ones who found it easiest to
leave when there was a more lucrative opportunity elsewhere in Y. A substantial part of
the return on investment X had expected from their public education scheme in the form
of tax revenue had now relocated to Y. In its new budget, the government of X announces
that it will be cutting the budget, reducing both investments into public education and tax
rates. Privately, some of the advisers float the idea of taxing citizens who leave the country

or building a wall to keep their citizens from leaving.



Although a simple and somewhat silly example, the story of X and Y illustrates how
migration may lead governments to adjust their taxation and human capital policies. They
can no longer set these policies in a vacuum, but instead must be aware of the threat of

migration. This intuition is formalized in the baseline model of the paper.

2 Empirical Motivation

In recent years, place-based policies have re-emerged as a central part of the policy discussion.
Austin, Glaeser and Summers| (2018) emphasizes the need for such policies to address regional
inequality. The paper justifies place-based interventions by highlighting three key factors:
agglomeration economies, spatial equity, and the greater marginal returns from targeting
social distress in high-distress areas, with particular emphasis on the latter two.

However, redistribution on the basis of spatial equity raises several critical questions.
Are places inherently unequal — and if so, why? Can local development policies effectively
address these inequalities without central government intervention? How does this approach
differ from redistributing resources to low-income individuals regardless of location? If such
differences exist, why do they matter?

Analyzing migration data may provide valuable insights into these questions. In 2022,
U.S. Census Bureau| (20224d) released data on county-to-county migration flows from 2016 to
2020. Aggregating these flows to the state level offers a preliminary framework for examining
regional disparities.

presents the top 10 states by net domestic in-migration during this period. At
first, this ranking appears to correlate with population size: Texas and Florida, the second
and third most populous states, rank highest in net in-migration. Both also rank among the
top states in total in-migration and outmigration flows.

However, population size alone does not fully explain the observed trends. California,

the most populous state, ranks 50th in net in-migration. On the other hand, Idaho, with



Net In-Migration Rank State of Origin
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Florida
Texas

North Carolina

Arizona

South Carolina

Georgia
Tennessee

Washington

Oregon
Idaho

Table 1: Top 10 States by Net Domestic In-Migration (2016-2020)

Source: [U.S. Census Bureau| (2022d)

a relatively small population, appears in the top 10. These examples suggest that factors

beyond population size, such as economic conditions and policy differences, may influence

migration patterns.

Additional datasets provide a useful complement to this analysis: state-level tax burden

data from Tax Foundation| (2022)), per capita income data from Bureau of Economic Analysis

(2016)), and per pupil education spending data from|U.S. Census Bureau (20226). By ranking

states across these measures and using Spearman’s rank correlation Coefﬁcientﬂ to examine

the relationships between rankings, the correlation matrix in is derived.

Net In-Migration Per Capita Income Tax Education Spending
Net In-Migration 1.000 -0.465 -0.457 -0.583
Per Capita Income -0.465 1.000 0.421 0.770
Tax -0.457 0.421 1.000 0.497
Education Spending -0.583 0.770 0.497 1.000

Table 2: Spearman Correlation Matrix

Source: [Tax Foundation| (2022), Bureau of Economic Analysis| (2016, and [U.S. Census Bureau| (2022d))

The matrix highlights potential interactions between state-level tax policies, education

spending, and migration patterns. For wealthier states, higher tax burdens may be mitigated

ISpearman’s rank correlation coefficient is the Pearson correlation between the ranks of different variables,
which is useful when variables have different scales and one is more concerned with the ordinal, rather than

cardinal, relationships.
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by greater revenue generation, which can fund public education and potentially drive income
growth. However, higher costs of living associated with elevated taxes may contribute to
outmigration, benefiting lower-tax states.

The findings suggest an inequity that is fundamentally spatial in nature. On one hand,
states like Texas and Florida, which benefit from substantial net in-migration, can lever-
age low taxes and intrinsic amenities to attract new residents. On the other hand, states
like California and Illinois, which spend heavily on education, can afford to set higher tax
rates due to their revenue-generation ability and their larger population, even if that means
significant outmigration.

However, smaller, lower-income states face a policy tradeoff: raising taxes to fund educa-
tion may encourage outmigration, while keeping taxes low and reducing education funding
could hinder income growth. Furthermore, even with increased education spending, there is
no guarantee that residents will remain after completing their education, creating challenges
for development in these states.

Migration decisions can also be analyzed on an international scale. A 2020 survey of
Indian-Americans conducted by Carnegie Endowment for International Peace (2020) asked
respondents to identify their state or territory of origin in India. summarizes the
results.

What do the top-ranking states in have in common? These states generally have
higher populations, based on projections from [Ministry of Health and Family Welfare, Gov-
ernment of Indial (2021)), but population size alone does not provide a complete explanation.
For instance, Uttar Pradesh, which accounts for about 17% of India’s population, represents
only 4% of the respondents’ places of origin. Similarly, Bihar, home to around 9% of In-
dia’s population, is identified as the origin by just 1.2% of respondents. In contrast, Delhi
accounts for about 1.5% of India’s population, yet it is the origin for 9% of respondents.

A more predictive factor appears to be the number of nonzero tax filers in each state.

Despite India’s population of over 1.4 billion, only around 74 million individuals filed income
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taxes in the 2022-23 fiscal year, and of these, just 22 million owed a nonzero amount.

Survey Rank Indian State or Territory of Origin Population Rank Nonzero Tax Filer Rank

1 Gujarat 8 5
2 Maharashtra 3 1
3 Andhra Pradesh 10 11
4 Tamil Nadu 7 3
4 Delhi 19 6
6 Punjab 16 13
7 Kerala 14 10
8 Karnataka 9 4
9 Telangana 13 9
9 West Bengal 4 7
9 Uttar Pradesh 1 2

Table 3: Top 10 Indian States or Territories of Origin for Indian-Americans with Population and Tax Filer
Ranks

Source: |Carnegie Endowment for International Peace (2020), [Ministry of Health and Family Welfare,
Government of India (2021)), and Ministry of Finance Department of Revenue, Government of India; (2023)

The distribution of nonzero tax filers does not align perfectly with population ranks,
indicating disparities in wealth and economic activity across Indian states. For example,
Bihar, the second most populous state, ranks 15th in nonzero tax filers and does not appear
among the top states of origin. Meanwhile, Delhi, despite its smaller population, ranks 6th
in nonzero tax filers and is overrepresented among Indian-American respondents.

This pattern suggests that Indian immigrants to the United States are more likely to
come from states with a higher concentration of wealth and economic activity, as indicated
by nonzero tax filer rankings.

The geographic and economic imbalances reflected in these migration patterns have
broader implications. States like Tamil Nadu and Maharashtra, which have high concen-
trations of wealth, may experience a “brain drain” as their wealthier residents emigrate.
The broader tax base may be sufficient to insulate these states, but less affluent states at-
tempting to develop their economies may worry about the risk of outmigration if residents
feel there are better opportunities in other Indian states or abroad.

According to |U.S. Census Bureau (2023)), there are approximately 2.9 million Americans

who were born in India. The median family income for these Indian immigrants is $187,643,
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while the median family income in the United States is $96,401. Similarly, only 3.3% of
families with Indian-born immigrants are under the poverty line; the corresponding figure
for the United States as a whole is 8.8%. A staggering 80.7% have a bachelor’s degree or
higher; that number for the United States as a whole is 36.2%.

These patterns suggest that the immigrants moving from India to the United States were
from high earning states with high earnings potential, representing a loss of potential revenue
for their home states.

Both of these case studies motivate the need for a model that incorporates individual
migration decisions to study how the prospect of migration influences government policy and
leads to regional policy differences. In this senior thesis, I develop such a model. In[Section 3|
I discuss related literature on the topics of taxation, migration, and productivity. In
[, T derive a baseline model for the optimal taxation and public education investment both in
the presence and in the absence of migration. In [Section 5 I provide theoretical extensions
to my baseline model. In [Section 6 I consider implications of my model in the context of a
welfarist central government. In [Section 7] I outline the calibration of my model to regional
data in the United States. In [Section § I numerically evaluate the model in the context of

the calibration. Finally, in [Section 9] I conclude and suggest future areas of exploration.

3 Related Literature

This senior thesis contributes to multiple strands of research in optimal taxation and spatial
€Cconomics.

The most closely related area in the literature concerns taxation and migration. In
Lehmann, Simula and Trannoy| (2014)), the authors derive optimal nonlinear income taxation
in a setting where two governments play a Nash game over tax revenue, providing optimal
formulas in the form of elasticities. I adopt a similar framework but extend it by explicitly

modeling migration elasticities and allowing governments to use public education as a distinct
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policy tool. In addition, I explore the implications for regional policy.

Akcigit, Baslandze and Stantcheval (2016) and Kleven, Landais and Saez| (2013) empir-
ically study the effects of taxation on migration decisions using specific case studies, with
Kleven et al. (2020) summarizing empirical evidence and policy findings on taxation and
migration. My thesis complements this work by offering a theoretical framework.

My thesis also contributes to the literature on taxation and productivity improvements.
Stantcheval (2017)) presents a model in which individuals, whose types evolve over time, decide
how much to invest in their own human capital, which leads to optimal taxation and subsidy
policies for the government over the course of the individual’s life cycle. Similar papers in-
clude |Akcigit, Hanley and Stantcheval (2022)), which looks at firm investment in research and
development, and Bovenberg and Jacobs| (2005)), which considers optimal education subsidies
and taxation policies in a static model. My thesis also considers the interlinked problems of
taxation and productivity growth. However, my model is static with fixed types. Moreover,
rather than subsidizing individual productivity investments, the government chooses a level
of educational investment that is constant among all its citizens. Education is therefore
treated as a government policy tool rather than an individual choice. I also incorporate
migration into the model, which in turn shapes the government’s tax and education policy
choices, whereas the tradeoff in [Stantcheva) (2017) is intertemporal in nature.

This thesis uses an elasticity-based approach to derive optimal taxes, a technique used in
Saez (2001)) and subsequent papers in the optimal taxation literature, such as Piketty, Saez
and Stantcheva) (2014). These elasticities, derived from individual optimality conditions,
provide a tractable way to represent optimal taxation and educational investment in terms
of income and migration elasticities.

This thesis relates to the literature on migration decisions and location choice as explored
in \Desmet, Nagy and Rossi-Hansberg| (2018)), Bryan and Morten! (2019), and Lagakos, Mo-
barak and Waugh| (2023). As in the migration literature, my thesis models individuals who

make discrete location choices on the extensive margin, noting that differences in produc-
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tivity or amenities affect individual utility. The decision-making process is then integrated
into the government’s optimal policy problem.

Finally, this thesis joins the existing literature on regional inequality and place-based
economics, as in |[Austin, Glaeser and Summers| (2018), |[Kline and Moretti (2014), |[Neumark
and Simpson, (2015), Fajgelbaum and Gaubert (2020), and |Gaubert et al.| (2024]). Among
these, my thesis aligns most closely with |Gaubert et al.| (2024), which studies optimal place-
based redistribution through the lens of optimal taxation. However, I address not only the
question of optimal central government intervention, but also how differences in regional
productivity and amenities give rise to variation in regional tax and educational investment

policies. This, in turn, provides motivation for central government intervention.

4 Baseline Model

4.1 Setup

In this section, I develop a baseline model and derive formulas for optimal taxation and
public education investment, both in the presence and absence of migration. To simplify the
initial analysis, I assume that there are only two locations: location 1 and location 2. This
framework can be generalized to incorporate multiple locations, as in [Section 5

Each location ¢ initially contains NN; individuals, whose types 6 are drawn from a type
distribution f;(¢). This distribution may differ between locations and is defined as having a
weakly positive support, meaning that 6 is never negative. The type 6 represents inherent
abilities or skills that contribute to an individual’s productivity, independent of any public
education investment by the government or location characteristics. Individual productivity,
denoted as w, depends both on the individual’s type 6 and the level of government education

spending in their location of origin, 7;. I represent individual productivity as w(Q,%)EI

2T sometimes use the shorthand of calling it the wage function or consisting of values in the wage space,
although the marginal product of labor is not w, but A;w in this model.
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throughout this thesis. w(6,~;) is assumed to be a weakly positive concave function that
increases in its arguments, so that higher educational investments or higher types imply
higher individual productivity.

In addition to an individual’s productivity, each location 7 has a fixed exogenous location
productivity factor A;, which uniformly influences the productivity of all individuals working
in location 1.

Individuals derive utility from their level of consumption and the amenities they enjoy
in their chosen location. For the baseline model, I follow the approach of Lehmann, Simula
and Trannoy| (2014)), where I consider individuals making decisions both on the intensive and
extensive margin. When considering individuals who may migrate, their location of origin
will be denoted by ¢ and their destination by j.

Due to the numerous variables used throughout the thesis, I provide a summary of the

main variables in [Appendix [A.1]

4.2 Individual Problem: Intensive Margin

On the intensive margin, individuals living and working in location j decide how much they
want to work. Their decision depends on their individual-level productivity, the location-level
productivity, and the tax rate.

I assume a quasilinear utility function, which is linear in consumption ¢ but includes
disutility from labor, v(l), where v({) is increasing and convex in units of labor. The choice
of quasilinear utility ensures that utility is measured in units of consumption. I make the
assumption that labor is never negative.

The individual’s problem on the intensive margin is to choose the amount of consumption
c and labor [ that maximizes their utility conditional on having already made their migration

decision:

;(0) = ¢ — v(l). (4.1)

16



Recall that the productivity of an individual of type 6 from location ¢ working in location
J is given by A;w(f,~;). Under the assumption that all income is consumed (i.e., there is
no saving), the individual’s problem of deciding how much to consume and how much to
work is equivalent to choosing their income, y, which implies that consumption is (1 — 7;)y.

Finally, by rewriting [ as #, the optimization problem can then be expressed as
J

0,vi)

max (1= 7;)y — v (m) . (4.2)

The first-order condition for this optimization problem is

ke Ajw(la%)vl (Ajw?&%)) ' 43)

This condition intuitively suggests that individuals work up to the point where the
marginal benefit of their earnings, (1 — 7;)A,;w(#,v;), equals the marginal cost of labor,
which is determined by the disutility of work. In this thesis, I will frequently refer to 1 — 75,
the proportion of the income kept after tax, as the retention rate.

The convexity of v(l) and the choice of a quasilinear utility form yield the following

property:

Proposition 4.1. A higher optimized post-tax income implies a higher amount of optimal

labor supplied regardless of type, origin state, or destination state.

The proposition is proven in [Appendix |B.1.1}

The first-order optimality condition is sufficient to determine all intensive margin deci-
sions by individuals. For example, it can be used to derive two key elasticities: the elasticity
of earnings with respect to the retention rate and the elasticity of earnings with respect to
education investment.

The elasticity of earnings with respect to the retention rate is given by

17



A6, %)Y (W) (4.4)

ol Yy
Yig? (Ajwwm)>

The elasticity €,,, 1, captures how sensitive earnings are to changes in the retention

Eyijl—7;

rate. Higher retention rates encourage individuals to work more by reducing the marginal
cost of labor disutility. The choice of a quasilinear utility form eliminates income effects
from raising taxes. In other words, a higher tax will distort individual’s decisions only
through the substitution effect by reducing how much labor effort they exert; it will not
entice them to work more in order to make up for the loss of earnings and maintain their
level of consumption.

If the disutility of labor follows an isoelastic functional form

l1+€
u(l) = ?+§ (4.5)

for some constants k; and £ both greater than zero, then the elasticity of earnings with

respect to the retention rate is constant at all points for all types, namely

1

Eyijl—1; = g (46)

The elasticity of earnings with respect to educational investment is given by

o —Y .
€ _ A]U (Ajw(eﬁi)) i + Vi aw(ea 72) (4 7)
YigYi — 9 ) a ) : :
Yigv" <_A]-wz(10,%)> w0, %) A

By matching this expression with the elasticity of earnings with respect to the retention

rate, the following decomposition is obtained:

v w0, )
Cyizom = (1+ €y¢j,1—7j> w,y) O (4.8)
N’ ) Vi i
Elasticity of earnings ~\~

w.r.t. retention rate Elasticity of productivity
w.r.t. education investment

18



Thus, increased investment in public education raises individual productivity, w(8,;),
which in turn affects labor supply decisions. The degree to which individuals’ earnings are
affected by this increase in education is governed by the elasticity of their labor disutility
function.

If individual productivity follows a Cobb-Douglas functional form with constant returns

to scale
w(®,7;) = 6 ~° (4.9)
for some parameter > 0, and the disutility of labor is isoelastic, then the elasticity of

earnings with respect to education investment simplifies to

1%5(1 —a). (4.10)

Syij"Yi =

Remark 4.2. Given an isoelastic labor disutility function, the earnings function y;;(#) can

be explicitly written as

1—Tj

s(6) = ( )é (Agu(6,7)) % (411)

Ri

If w(#, ;) follows a Cobb-Douglas form, then earnings take the form:

1+€
€

ws(6) = (= ”’)é (A1)

Ki

A quick derivation of this result is included in [Appendix |C.1.1]

With this functional form, if either # = 0 or 7; = 0, then earnings must also be zero.

4.3 Individual Problem: Extensive Margin

In addition to choosing how much to work on the intensive margin, individuals also make

choices on the extensive margin about which location to work in. For this aspect of the
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model, I assume that individuals care only about their own utilities and not those of future
generations; this assumption is relaxed in [Section 5|

Assume that the migration cost of moving between locations i and j is denoted by m;,
with m;; = 0 if ¢« = j. This migration cost need not be symmetric. Additionally, let each
location 7 provide amenities valued equally by all individuals living in location ¢, denoted
as a;, where the amenity values are exogenous. Further, individuals have heterogeneous,
location-specific preferences for location i, represented by «;, which follows a mean-zero
Gumbel distribution with scaling parameter s > 1E|

The total cost of moving from ¢ to j is then given by

Cij = mij + a; — CL]‘ + a; — O./j. (412)

The full utility of an individual of type 8, born in location 7, and living in location j

(including both their consumption utility and location-specific utility) is

Yi;(0)
() = (1= 7)ys (0) — v [ =22 et 41
u;;(0) f 7)Y (0) — v (Ajw(ea%))/—i_;iht fmgl‘i‘(jg (4.13)
~~ lly rom location

Consumption utility

Thus, the extensive margin decision for individuals is to choose the location that provides
the highest utility.

To formalize this decision, define A;;(6) as the difference in utilities for an individual
born in location ¢ and of type § when moving to location j versus staying in location i.
Ignoring the Gumbel heterogeneous preferences, this difference is expressed as

A;(0) = (1—15)y;(0) —v (%) +a; —m;; — [(1 —7)yi(0) —v (%) +ai]

(4.14)

3The use of Gumbel-distributed additive noise not only captures heterogeneous preferences but also
ensures that migration probabilities are continuous and differentiable.
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Let P(J=j|1I=1, 9)E| represent the probability of migrating to location j, conditional
on being born in location ¢ and having type 6. This probability is given by

(4.15)
= P(Aw<9) + o — oy > 0) = P(Oéz —a; < A”<9))

Since «; and o are independent, zero-mean Gumbel variables with scale parameter s,
their difference follows a logistic distribution with scale parameter s. The table in
shows the migration probabilities between locations for each type 0[]

Based on these migration probabilities, the following proposition is derived:

Proposition 4.3. As 7; decreases, P(J = i) increases. As ~y; increases, P(J =i | [ = i)

may increase, decrease, or remain unchanged.

The proof of this proposition is provided in [Appendix [B.1.2]

This result highlights a key issue for local governments. Reducing taxes may increase
the probability of attracting migrants but can also reduce government revenue. Meanwhile,
increasing education spending could enhance the productivity of the local workforce and gen-
erate higher tax revenue. However, there is a risk that the more productive individuals will
migrate elsewhere for better opportunities. If higher consumption is achievable in another
location, investments in education may inadvertently lead to greater outmigration.

As with the income elasticities in the intensive margin, there are migration elasticities

that can also be quantified for the extensive margin decisions. The table in [Appendix |A.3]

lists all migration elasticities with respect to 7 and ~.
Finally, summarizes the intensive and extensive margin decisions for all individ-

uals in the model.

4In this thesis, I sometimes alternatively represent this as P;;(8) for concision.
5The migration probabilities follow a logistic form, which is the two-dimensional case of the general
softmax function.
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Born in Location 1 Born in Location 2
L . u(@) = (1 —7)yin —v (m) +a w(f) = (L= 71)ya1 — (%) +ar —my
Live in Location 1 Y = v’*l(/hw(@, ) (1 — Tl))fhw(@, ") Yo1 = v”l(Alw( ,y2) (1 — Tl))Alw(H,'yQ)
Proportion: fi(O)NiP(J=1|1=1,6) Proportion: fo(0)NoP(J =1]1=2,0)
=0 () remme | u(O)= (- v ()
Live in Location 2 Y12 = Ulfl(AQW(e 1) (1 - 72))A2w(¢9, ") Yoo = V' (AQW( Y2) (1 — Tz))l“ﬂ’(&’h)
Proportion: fi()NiP(J =2|1=1,0) Proportion: fo(0)NoP(J =21 =2,0)

Table 4: Individual Decisions

4.4 Government Problem without Migration

With the decision-making of individuals modeled, I now turn to considering how governments
set policy. As a useful baseline, I first consider the optimal policies in a setting where
migration is not possible. In this case, governments deciding how much to tax and invest in
public education only need to account for individuals’ intensive margin decisions.

For this baseline scenario, assume that the government’s objective is to maximize its own
tax revenue. Without migration, the solution aligns with that of a redistributive government
following a Rawlsian max-min objective, which seeks to maximize per-individual tax revenue.
However, this analysis does not specify any redistributive mechanism or welfarist motive’}

The government of location ¢ chooses a tax-rate of 7; and per-individual educational
investment of ~;.

The government’s optimization problem then becomes

Tiy Vi

where the appropriate functional forms for v(l) and w(f, ) are assumed such that

—= <0. (4.17)

Proposition 4.4. The solution to the government’s problem in the absence of migration is

5T more formally introduce the Rawlsian max-min objective when I discuss the perspective of a welfarist

central government in [Section 6
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given by
. 1

"o ldeyn (4.18)
Vi =17E[yi(0)ey0)) -

The proof is provided in [Appendix [B.2.1]

As with standard results in optimal taxation theory, the revenue-maximizing tax rate is
determined by elasticities: in this case, the elasticity of labor income with respect to the
retention rate (the fraction of income not taxed) and the elasticity of income with respect
to educational investments.

These expressions are implicit solution forms, in that ¢,, ;_,, and €,,4) ,, represent income-
weighted population aggregate quantities. Further, the y;(6) term inside the expectation is
itself a function of v, and so solving for explicit quantities would require finding the fixed
point that solves these questions.

However, as noted earlier, under an isoelastic utility form for the disutility of labor, the
labor elasticity (and therefore the optimal tax rate) is independent not only of 8, but also
of y (and therefore independent of '7)[| This implies that in the no-migration case, with
an appropriate choice of functional form, the problems of setting tax rates and choosing
education spending can be treated as separable: the government can first determine the
optimal tax rate and then choose the corresponding ~ such that revenue is maximized.

However, this separability no longer holds when migration is introduced.

"A similar argument can’t be made for ;. Even with a Cobb-Douglas function for individual productivity,
which ensures that €, is independent of 8, y, and 7, v still depends on the tax rate both directly and through
the expectation of y(6) term.
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4.5 Government Problem with Migration

4.5.1 Setup

Now, assume individuals can migrate in a world with two states. As in the no-migration
case, each government aims to maximize tax revenue.ﬁ

The problem for Government 1 is

max/ [Ty ()N P(1 | 1,0) f1(6) + T1ya1(0) N2 P(1 | 2,0) f2(6)] d — Ny (4.19)

T1,71

Symmetrically, Government 2 faces the problem

max [ [rym@NaP(2 | 2.0)00) + @) NP2 LOAG)] b~ Neve. (420)

72,72

Each government can choose its own tax and educational spending policy, but their
decision will also ultimately depend on what the other government chooses (since that will
affect the incomes of immigrants and also affects the probability of migration for both natives

and immigrants).

4.5.2 Moving to Wage Space

An issue that emerges is the presence of two different type distributions inside the integral.
Instead of directly integrating over the type space with distinct y;;(f) and y;;(#) terms, it
is helpful for illustration to move to the wage spaceﬂ. Note that y;;(w) = y;(w) for the
same w, but y;;(#) and y;;(0) may differ for the same 6 if 4; # ;. Then, since governments
are interested in maximizing the tax revenue of the citizens who ultimately migrate to their

location, they are more interested in the individual productivity of those citizens, rather

8This objective differs from per-capita tax revenue maximization in the no-migration case, as the post-
migration population size is now endogenous.

9This is mathematically equivalent to solving the optimization problem over the sum of both integrals,
but for neatness of the optimal formulas I use this formulation here.
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than their type.

Define © as the type space. For a fixed v;, define the mapping W),, : © — R, which given
v; maps a particular value of 6 to its associated w value by the function w(#, ;). One would
like this to be a bijection, so that knowing w conditional on v; uniquely recovers . However,
one could imagine that for a multiplicative individual productivity functional form (such
as the Cobb-Douglas function earlier discussed), this could lead to issues as when ~; = 0,
w(#, ;) = 0 for all values of 6.

I make the following assumption.

Assumption 4.5. If w(f,v;) = 0 for an individual, then the individual will not work and

will have no income.

Denote Ker(W),,) as the set of 6 such that for a given ~;, if 6* € Ker(W},,), then
It is clear then that if y(6%) = 0, that

/@ Ty(0)£(0) do = / Ty(0) £(0) db. (4.21)

@\Ker(Wm)

With this, I impose a choice of functional form such that the mapping
Wiy, : © \ Ker(Wy,) = w(8,7:) \ {0} (4.22)

is bijective, meaning w uniquely identifies # and vice versa conditional on ~; if w(6,~;) # 0.
Since it is bijective, it is also invertible. What this means is that, disregarding all individ-
uals who don’t earn any income, knowing the education received by an individual and their
individual productivity is sufficient knowledge to determine their type. Denote the inverse
mapping as 6,,(w). The function 6,,(w) is defined for w > 0, and conditional on 7; returns
the unique type 0 such that w(6,v;) = w.
Then mathematically,

w(l,v;) =w <= 0., (w)=0. (4.23)



Using this, I redefine the population distribution in wage space, @;(w), which replaces

the type-space distribution f;(6).

pr(w) = 65, (w) fr(0y, (w)) N1 P (0, (w)) + 0, (w) f2(65, (w) ) Na Pon (67, (w)). (4.24)

Here, ¢;(w) represents the expected number of individuals in location i with productivity
w, given investments v; and 7,. Thus, with this transformation, I express the sum of two
integrals as just integrating over the wage space entirely. Note that this ¢;(w) expression will
be dependent on the current values of v; and 7;. This reflects that as governments change their
fiscal policies, they are changing the distribution of incomes both directly on the intensive
margin by affecting educational levels and tax rates and indirectly by influencing migration

decisions on the extensive margin.

4.5.3 Solution

Using these expressions, the government’s problem becomes

max/ny(w)gpi(w) dw — Nyy;. (4.25)

Tiy Vi

Proposition 4.6. Under migration, the optimal policies are:

1

*
T

S 1t eyn T i (4.26)

*

Vi = Tz’*E [yii<w) (8yii(w)»%’ + nP(i\va)a%)} :

Here, € represents income elasticities, and 7 represents migration elasticities. These elas-

ticities are weighted by the income and ¢ distribution, and represent aggregate elasticities.

The proof is provided in Appendix

Importantly, the presence of migration introduces interdependencies between tax rates
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and education spending, breaking the separability observed in the no-migration case. The
optimal tax rate now depends on ~; through the migration elasticity term (even if there is
an isoelastic disutility of labor which makes the income elasticity independent of «y). Addi-
tionally, because ¢;(w) depends on 7; and +;, the derived formulas represent best responses
rather than closed-form solutions. An equilibrium arises as a fixed point when both locations

1 and j are both playing best responses to each other.

Remark 4.7. When examining the best-response solution forms, they seemingly lead to a

troubling guaranteed equilibrium.

Claim 4.8. Gwen an isoelastic disutility of labor, a multiplicative individual productivity
function, and the derived best-response formulas, then (1) = #, 7 =0),(r = #, Yo =

0) is always a consistent equilibrium regardless of the exogenous parameters of the model.

Proof. With a multiplicative individual productivity function, 7; = 0 implies that y;(0) = 0
for all individuals born in location 7. Then for any choice of 7 or the exogenous parameters,
v; = 0 is always consistent with the best-response form, since that trivially satisfies the fixed
point equation 0 = v; = E[y;;(0)(e, + n,)] = 0.

Then y11(0) = 112(0) = y21(0) = y22(0) = 0, 80 N1_r, = M1_r, = 0. Therefore, 71 = 75 =

D S
I+t T 14+E° =

Beyond guaranteeing multiplicity of equilibria, if the claim were to hold true, this particu-
lar equilibrium is always implied regardless of the model parameters, suggesting a sink-state.

However, this trivial equilibrium can be eliminated by making the following observations.

Observations 4.9.

1. In the wage-space formulation of the problem, I removed any types whose implied
individual productivity conditional on the values for 71,7, were equal to zero. Then,

if 73 = 72 = 0, this would be equivalent to integrating over the empty set.
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2. 7; = 0 violates the first order optimality condition when solving the optimization
problem (rearranging the first order condition to yield the best response form seen

above would imply dividing by zero if v; = 0).

3. In practice when computing the solution numerically using the best-response form, one
can simply provide a very small number as the lower-bound ~,,;, that « is allowed to
take. This eliminates the trivial root from being selected, and instead finds a non-zero

equilibrium.

I discuss more on providing a rough positive lower bound on 7 given the particular

functional form choices in [Appendix |[C.1.2] Based on the above, the “bad” equilibrium can

be eliminated from being selected by the best-response solution if the starting guess is not
initialized there. However, does the best-response solution form mean that an equilibrium

necessarily exists?

Proposition 4.10. Assume a bounded type distribution or finite population. Then if the
government’s optimization problem defines a valid best response solution, there exists a Nash

equilibrium for the (7;,7;) policies chosen by each government.

The proof is provided in [Appendix [B.3.1}

Even though only the best response formulation of the solution is provided rather than
a closed-form solution for the optimal tax and education, some of the results can still be

characterized.

Proposition 4.11. Assume an isoelastic form for the disutility of labor. Then:

1. The optimal tax rate with migration, 7™, is less than or equal to the optimal tax rate

without migration, 7.

2. As migration costs approach infinity, 7" — 7" and y™ — ™.

The proof is given in [Appendix |B.3.2
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Remark 4.12. Although it would be expected that the optimal educational investment
under migration, ¥™ is less than or equal to the optimal educational investment without

migration, ¥, it is possible to construct cases where this isn’t true.

That being said, there are conditions regarding the behavior of the probability function

which allow for this bounding. In particular,

Proposition 4.13. The following are sufficient conditions for 7/ < ~/:

1.
/ 0F(0) £i(0)do <0 for all v, (4.27)
i
or
2.
0 /(1 — Pu(0)) ya(0) £,(0)d0 >0 for all 4, (4.28)
a,yz 1 y’L’L 1 - 77,' .

The proof for this is provided in [Appendix [B.3.3]

Corollary 4.14. At least one state will have weakly lower education under migration than

in the no-migration baseline.

To understand intuitively situations these conditions don’t cover, consider an edge case
where for small enough v the expected revenue grows quicker with respect to v than the
entire potential revenue because of how rapidly the probability of migration changes as a
result of 4. Then, even though overall revenue might be lower, a higher value of v leads to
the maximum in the migration versus the no-migration case.

Together, these results highlight how migration pressures constrain governments’ abili-
ties to unilaterally implement fiscal policies. Under the threat of migration, governments
will deviate from the no-migration optimal policies with migration elasticities governing the
extent of this deviation. Even with the same underlying fundamentals (the initial types of

the residents, the productivity of the state, the amenities provided by the state), just the
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presence of the option to migrate forces governments to modify their revenue-maximizing
policies.
For the remainder of the thesis, I consider further extensions and implications of these

results, and then conduct numerical exercises.

5 Model Extensions

The baseline model provides insight into how the presence of migration can alter the policy
choices of a tax revenue-maximizing local government. In this section, I present extensions
of the model to accommodate a broader range of applications, which could motivate future

work.

5.1 N States

In the baseline model, there are only two states. However, the model is flexible enough that
it can be adapted to allow for multiple states.

Introducing more than two states does not affect the intensive margin decisions within
each state. Moreover, on the extensive margin, it does not change the calculations of A;;(9)
for each 1,7 pair, but it does alter how migration probabilities are computed, due to the
increased number of origin-destination pairs.

Whereas in the two-state case for distinct ¢ and j, it was stated that

exp(222)
PJ=j|1=1,0)= . (5.1)
1+ exp(—A’;(e))
this becomes generalized to
Ay(0)
PO = 1=i0) - P (5.2)

S exp(2E)’

where A;(0) = 0 as always and N is the total number of locations. Then when N = 2,
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this results in the same form as before[lY]

The optimal tax and educational investment formulas as expressed in elasticities are
unchanged; the only thing that changes is the form of the migration elasticities themselves.
In particular, the migration elasticities in state ¢’s optimization problem are now a weighted
sum of the migration elasticities between ¢ and every other state k.

With this, the approach of solving for an optimal tax and educational investment is now
generalized for more than 2 states. However, the best response iteration may be computa-

tionally costly, even for 2 states, and so this greater flexibility comes with tradeoffs[]

5.2 Parents with Intergenerational Concerns

One might want to relax the condition that individuals don’t care about future generations.
To model the extent to which individuals care about the next generation’s outcomes, assume
that individuals include a discount factor of 5 € (0,1) which places some weight on their

child’s anticipated future utility. I make the following assumptions:

Assumption 5.1. Types are not evolving, and so the next generation has the same type 6

as their parents.
Assumption 5.2. Government policies are static and known across time periods.

Assumption 5.3. Individuals are boundedly rational and do not take into account that the

next generation may make their own migration decision and choose to move elsewhere.

Then

uij(0) = (1 — 75)yi;(6) — v (A]%j(—(;)%)) + a; — my;

+4 {(1 —73)y;5(0) — v (&ZZZ}](—(;?)%Q +aj] .

10 Ag previously noted, this follows from the softmax function being a multivariable generalization of the
logistic function.
HFor this reason, I limit myself to N = 4 for the numerical simulation section.

(5.3)
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The intensive margin decisions are left unchanged, but what changes is the extensive

margin, namely in the construction of the A;;(#) term.

245(6) = (1= 5us(6) = o 207 ) + (14 By — g

#]0=mu) - o 72200
[ =m0 - o (G20 1+

#80=mate) o 7275 |

This in turn changes the elasticities for migration. The key difference here is that changing

(5.4)

~; will now also affect the probabilities of migration for people from location j, as that may
influence their decision to move to location i if they think the better education investment
will lead to better outcomes for their child.

The optimal taxation expression in terms of elasticities is unchanged. The expression for

the optimal education investment is modified as follows

fﬁ = Tz’*E [yii(w) (gyz'i(w)m' + n@i(w)mﬂ : (55)

as y; now affects the migration elasticities both for people from location ¢ and from loca-
tion j. However, it continues to only affect the earnings elasticity for people from location ¢
who stay in location . Intuitively, capturing intergenerational concerns in the utility function
captures the behavior of parents choosing to migrate to locations with better educational
facilities for their children, even if they don’t directly benefit from that education funding.

Intergenerational concerns could provide a better framework for thinking about within-
state moves. For many in-state movers, it is less likely that there is a dramatic difference in
the tax rate or productivity, but rather that, all else equal, the quality of education is higher
in one area than another. Then individuals who include the utility of future generations in

their utility functions may be driven to move to areas with higher education spending.
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5.2.1 Allowing for Sophisticated Parents

One might additionally want to relax|[Assumption|5.3|that individuals are boundedly rational

and instead assume sophisticated parents who understand that their children may choose
to re-optimize, while maintaining the assumption of static types and policies. Under this
framework, the utility of parents incorporates an expected future utility term where children
have the choice to migrate from location j to location k.

The utility for parents can be expressed as:

i (0) = (1= 7;)y;(0) — v (%) +a; — my;

(5.6)
ysk(0)
E. [ (1 - ; —v | —— — mjk| -
This expected utility term can be decomposed as:
Y5 (0)
Ex [(1— k0 —v | ———"— —mjp| =
=) -0 (220 v PU=s1=i0r 6D
Ajw(ea ’Yj)
y;i(0) . .
|:(1 — Tz)y],z(g) — v <m) + a; — mjﬂ} P(J =1 | I = ],0)
As before, define A; ;(0) as:
AM(G) = ’LLZ‘J‘ (Q) - ui,i(é’), (58)
disregarding the heterogeneous Gumbel preferences.
The migration probability P(J =k | I = j,0) is then given by:
: exp(A;(0))
P(J=k|I=j0)= ’ . (5.9)
2 o exp(A;(0))

Note that A appears explicitly in the probability terms, making A part of the expected
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discounted utility term. This dependency complicates solving for A, as it involves a recursive

structure.

Proposition 5.4. Under the intergenerational migration model with perfectly rational par-

ents, a unique fixed point of the migration probabilities system exists.

The proof is in |[Appendix [B.3.4}

This proposition provides a way to numerically solve for migration probabilities, albeit

without the same algebraic expression as beford™]

5.3 Remittances

Thus far, outmigration has been presented as an unambiguous negative for governments
since individuals leaving their state means a loss of tax revenue. This was presented as a
mechanism that reduces educational investments and tax rates in response to migration.
However, could there be cases where outmigration is indeed encouraged?

Consider again the case of a government for location 1 trying to solve for optimal policies

under the pressure of outmigration to location 2, under the following additional assumptions.

Assumption 5.5. Migration from location 1 does not make a significant impact on the

population (and thus the policies) of location 2.
Assumption 5.6. There is not a significant population flow from location 2 to location 1.

This captures situations where migration costs are high between two locations, but there
is also a significant productivity /amenity differential such that one location faces outmigra-
tion pressures while the other does not.

The final assumption is that of remittances.

Assumption 5.7. Even after migrating, former residents of location 1 will send a fixed

exogenous proportion x of their income back to location 1.

120f course, given the fact that this requires running fixed point iteration for each type just to determine
the migration probabilities (which itself will change in response to change in policies when solving for optimal
policies) this is likely not useful in practice due to the computational cost.
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In this way, remittances (or the flow of money from former citizens) effectively function
as a retained tax.
The objective of state 2 is unaffected by migration pressures as the assumptions note.

However, the objective of state 1 becomes

max / Nor P(1| 1, 0)yu (0) £1(6) dO

o (5.10)
+ [ NiaP(2 | 1.6)01a(6)£1(6) 48 ~ N
Proposition 5.8. Under remittances, the optimal tax takes the form of
* _ E[py11(0)]
T, = (5.11)
(1 + &)E[py11(0)] + Elnp,1—r, py11(0)] — 2E[np1—7, py12(0)]

while the optimal investment takes the form of

/Yik = TTE[(npﬁl + €y11(9),71)y11(0)p] + x]E[(n(l—p,’Yl + 5y21(0),"/1)y21(0)(1 - p)] (512)
where

p=P(1|1,0) (5.13)

The derivation is provided in [Appendix [B.2.3|

At first glance, this formula may appear difficult to interpret. However, what is useful
is to compare the values to those obtained in the no-migration case. What becomes clear is
that the presence of remittances now changes the range of policies that a government might
consider.

Take 7 for example. When E[n,1_-py11(0)] = zE[n,1-r,py12(0)], this yields the same
tax rate as in the no-migration case. For large values of = and large values of 315(#) compared
to y11(6) (as in the case where location 2 has a much higher productivity), this in fact yields

a higher implied optimal tax rate than without migration. Similarly, for large values of x
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and large values of y;2(0) compared to y;;(6), this also implies a higher value for v; than
without migration.

Intuitively, if a government knows that they will retain a substantial amount of earnings
even after their citizens migrate, and that the citizens have higher earnings potential abroad,
they may be incentivized to pursue higher taxes and educational investments.

Presenting a model with remittances suggests a new way to interpret migration on the
international level as potentially welfare-increasing. If governments are able to rely on the
continued financial support of their former citizens, this allows them to invest more in those

who remain, potentially counteracting “brain drain” effects.

6 Central Government Intervention

6.1 Motivation

Recall [Proposition [4.11] which established that, under the threat of migration, localities

are incentivized to lower their tax rates and change their educational spending, although
if migration costs approach near-infinite levels, they are able to approach the no-migration
baseline levels.

This might explain situations where a locality worrying about an exodus of its popu-
lation would want to make it more difficult for its residents to leave in order to reach its
no-migration optimum. This can occur, for instance, by increasing migration costs (for ex-
ample, administrative costs such as state-specific licensing requirements) or improving local
amenities such that residents wouldn’t want to leave. They may also begin to lower taxes

and reduce educational spending. This may prompt central government intervention.
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6.2 Welfare Analysis and Motivation

Suppose that each state government is setting policies to maximize its own revenue. When
should a centralized government intervene? One might want to specify a welfarist objective
function used by the national government to determine its optimal policy.

A utilitarian social welfare function chooses the simple criterion of maximizing the sum
of all utilities. A Rawlsian social welfare function aims to maximize the lowest utility in the
population. Other objectives, for example that of a libertarian government, can be captured
in other social welfare functions, as described in Saez and Stantcheval (2016)). In general, a
social welfare function places some weight on the utility of each individual in the economy,
and seeks to maximize the resulting aggregate utility.

Before specifying a social welfare function for the central government, it is important
to clarify how this interacts with the revenue raised by state governments. Otherwise, one
might imagine a federal government mandating arbitrarily high values of ~, which would

increase earnings for all individuals, but would place state governments into debt.

Assumption 6.1. Assume that all revenue raised by state governments is returned pro rata

to citizens who were born in that state.

The specification that the revenue is returned to the citizens who were born in the state
rather than those who ultimately live in the state ensures that the returning of revenue does
not distort extensive margin decisions. If individuals were to also consider the difference in
returned revenue when deciding which state to migrate to, that would affect their migration
decisions, which in turn would affect the optimal policies and the revenue raised. By ensuring
that citizens retain their pro rata share of their home state’s revenue regardless of where they
migrate, this leaves A;;(f) unchanged compared to the case where none of the revenue was
returned, simplifying the analysis in the section.

Beyond being a simplifying technical assumption, this might represent greater state in-

vestment into amenities which residents are more likely to benefit from when they are younger
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(perhaps public parks or libraries). Alternatively, this could also represent some preference
on the part of the state government towards their native residents.
In this section, I will explore various policy tools a welfarist central government might

pursue. I impose the following additional assumption to simplify this analysis.

Assumption 6.2. The larger central government oversees a closed system where there is

no immigration from or outmigration to outside the nation.

This allows the national government to only worry about migration between states and

not how its policies will lead to migration from or to other nations.

6.3 Policy Tools for Welfare Function Over Types

Suppose the central government oversees a nation divided into two states, State 1 and State
2. Assume the central government is a welfarist government which places value on individual
utility as a function of their type. The social welfare function that the national government
chooses to maximize is given by:
2 2
W=3" R+ N, /{G(e) >l =) ual)
k=1 1

. ( Y (0)
Ay w(0, )

(6.1)
) +a - mkl]P(J —l|I= k,@)}fk(e)de

where Ry reflects the revenue that state k raises returned pro rata to those born in
location k and G(0) represents the welfare weight of an individual of type 0. For a Rawlsian
government, G(6) = 1 only for the lowest type and zero otherwise. Suppose that types
are lower bounded by 6 = 0, belonging to individuals who do not work and cannot collect
income. Then the Rawlsian government attempts to maximize the minimum total revenue
collected in each of the states. For a utilitarian government, all types are weighted equally,

and so the utilitarian government simply attempts to maximize the sum of utilities.
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6.3.1 Nationwide Tax and Educational Spending with No Internal Migration

In order to introduce the problem of the central government and the role of the welfare
functions in a way that is familiar to the approach that has been followed so far, I first
introduce a stylized version of the problem.

Suppose that individual states are not allowed to set their own tax or education spending.
Instead, the central government sets one baseline tax rate and level of education spending,
performs all the financing of education, collects all the revenue, and rebates this revenue
equally, pro rata, to all citizens. Moreover, assume that individuals cannot move between
states. This is similar to the no-migration baseline optimum that was previously solved for,
except that there is heterogeneity in productivity across locations.

What are the resulting optimal policies for the central government? In this case, it is
actually very simple and builds on the work that was already established in the baseline
model.

Let R; be the revenue raised by the central government.

The problem of a utilitarian government is

£u(6) db.

2
maXRZ-+ZNk/

Y
k=1

(=) u0) o 725 ) + )

, (6.2)
st.Ri=)» Ny / Tyr(0) fu(0) dO — (N, + Ny)y.

With no internal migration, the welfare-maximizing utilitarian tax rate and educational

investment satisfy

" =0
(6.3)
7" = Ey(0)ew,(0)]
where €, ,(6) = %ﬁﬁ)m represents the elasticity of the wage function with respect

to educational investment.
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This result might seem odd at first. Why would the optimal tax the government sets
be zero? Wouldn’t that mean zero tax revenue? How would they then fund the non-zero
amount of educational spending they carry out?

The idea here is that individuals are already choosing income conditional on the tax rate,
and so any increase in revenue from a higher tax is directly cancelled out by a corresponding
decrease in the individual’s utility. The sole effect of a higher tax rate is to reduce individual
earnings via their labor response, which pushes the optimal tax to zero.

This result comes both due to a quasilinear utility functional form and a utilitarian
welfare function. Since for quasilinear utility all types have the same marginal utility of
consumption, the higher types contribute much more to the overall sum of utilities. Then
the optimal transfer involves a negative transfer from every individual to finance the high
level of education spending and a zero tax rate. This effectively leads to the lower types
having negative utility and subsidizing the higher incomes of the higher types.

On the other hand, a Rawlsian government chooses to maximize the utility of the low-
est type. Given the assumption that the lowest type has no income, and assuming the
government doesn’t affect the value of location amenities, this is the same as maximizing
revenue.

The problem of the Rawlsian government is then

max R; +min{a;,as}
Y

9 (6.4)
st Ri= 3N [ rul0)l6) o - (Ni+ o)y

The optimal tax and educational investment in this case has already been solved for,

namely:

R _ 1
L+ eyir (6.5)

7R = 1E[y(0)ey ]

T
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Thus, a difference in redistributive incentives leads to varying policies, even when subject
to the same constraints. With this intuition developed, I deal with a Rawlsian objective for

the remainder of the section.

6.3.2 Rawlsian Nationwide Tax and Educational Spending with Internal Mi-

gration

Now, I continue with the same setup as before, except I allow for individual migration
between states in response to policies. Each state still has the same tax rate and education
spending, the difference between states only reflects differences in amenities and productivity.

The Rawlsian government now solves the following problem:

2
max Ri+ Y (e —ma)P(J=1]1=1i0=0)
=1

, ) (6.6)
st. R = ZNk/ [Zwkl(e)Pu =1|I=Fk0)|dd— (N, + Ny)y.

Define y, as the income of those who move to state 2, y; as the income of those who
move to state 1, E[y| as the aggregate expected income for the entire economy, and p,, as
the probability of migrating to a location different from where a person is born.

Then the spatial productivity dispersion is given by

E(y2 = y1)°pm(1 = pm)]

b= SEly

(6.7)

which represents the presence of productivity gaps weighted by migration probability
sensitivities.
With these definitions, the optimal formulas for a Rawlsian central government taking

into account internal migration are given by
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R o 1
]- + 5y71—7' + D (68)

At = TE[ey 4y + (1 — 7)E[y|E[ey . D]

T

Suppose that the two locations are alike in productivity. Then (y; — y2)? = 0 since taxes
and educational investment are the same, so D = 0. Similarly, when migration costs are so
high that the probability of migration goes to 0, D = 0. In this case, the optimal formulas
exactly match those of a Rawlsian central government without internal migration.

The intuition here is that when there is some productivity dispersion, the central govern-
ment is willing to lower taxes and raise educational investment slightly due to the revenue
gains from individuals moving to a higher productivity area and accumulating more in tax-

able income.

6.4 Spatial Inequality and Place-Based Intervention

6.4.1 Rawlsian Non-Distortionary Lump-Sum Transfers

Now rather than consider the central government choosing the policies for each state, suppose
that as before individuals are allowed to freely make decisions and states are allowed to freely
set their tax rates and educational spending to maximize their revenue. Can the central
government improve welfare without directly setting taxes or educational investment?

To begin with, I consider a central government policy which transfers rebated revenue as
a lump-sum transfer based on individuals’ place of birth. This is non-distortionary, as it does
not affect intensive or extensive margin decisions, and thus does not change the optimization
problem of the state governments.

Let R; represent the revenue of state 1 and Ry represent the revenue of state 2. The

optimization problem of the central government is
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max W

W, T, 1>
2
R +1T .
StWST—FZ;(CL]—TTLU)P(J:]u:Le: )
i (6.9)
Ry + T .
WsT+;(aj—m2j)pu:j|1:2,e: )
T1+T2:O

Since this is a non-distortionary transfer, the central government can take R, Ry, and

migration probabilities as given. This then becomes a simple linear program to solve where

NNy [Ry & _
! Ny + Ny <N2 - j=1 (aj mz]) (J ]| ! )
2
Ry : (6.10)
— S ey —m)P(J =4I =1,6=0
Nl — (aJ ml]) ( j‘ ) ))
T, = -1

The central government here does not play an active role in the policies that are set
by state governments or the decisions made by individuals. Instead, it simply looks at the
utilities of the lowest types in each of the states and figures out a lump sum pro rata transfer
such that those utilities are equalized. This is reflected in the direction of the transfers,
where if the lowest type born in location 1 has higher utility than the lowest type born in
location 2, there will be a transfer from location 1 to location 2.

If this were the best a Rawlsian central government could achieve, this would suggest
that the issue with the competitive equilibrium reached by the states is not an issue of
efficiency but an issue of endowments. Could the central government do even better with a

distortionary policy however?
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6.4.2 Location Effects, Spatial Sorting, and Spatial Inequity

In the optimal taxation literature, a well-known result from Atkinson and Stiglitz| (1976)
provides conditions under which consumption taxes do not provide any gains for a welfarist
government rather than simply taxing income, as consumption provides no signal of indi-
vidual ability. Saez (2002) however shows that this result is broken and that consumption
taxation can be desirable when consumption of a good is positively correlated with income.
Building on these results, in a framework similar to the model I use here, |Gaubert et al.
(2024)) argues that when people’s migration choices correlate with their abilities, there are
welfare improvements from taxing people’s choice of location they live in, with location
choice acting as a parallel to a consumption good. With this motivation, I now show that

the same logic holds in my model.

Definition 6.3. Say that there is positive spatial sorting in favor of location 1 if

Corr(9, P(J =11 =1,0)) >0 and Corr(d, P(J = 1| =2,0)) >0 (6.11)
for all 6 > 0

Definition 6.4. If there is positive spatial sorting in favor of location 1, then location 1

regionally dominates location 2.

These definitions establish spatial sorting as occurring when individual ability is corre-
lated with location of choice, the conditions that are needed to break the Atkinson-Stiglitz

condition. Before I show spatial sorting occurs in this model, I first show a related result.

Proposition 6.5. Given appropriate restrictions on the functional forms, the following

regional income inequality results emerge.

1. Suppose v(l) is of a functional form such that

(1) > o' (D)v"(1) (6.12)
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. Then

(1= 75)wi5(0) — (1 = 73)yi(0) (6.13)

never switches sign over all § > 0.

(1= 75)y;5(0) — (1 — 75)y35(0) (6.14)
never switches sign over all 6 > 0.

3. Suppose that v'(l) is invertible and that w(#,~;) given ~; is invertible.

Then if

(1= 7)yi5(0) > (1 = 73)ys(0) (6.15)

for some 6

(1—75)y;;(0) > (1 —1,)y;:(0), for all 6. (6.16)

[

The proof is given in [Appendix [B.3.5]

The proposition establishes regional retained income inequality in the model. If any type
has higher post-tax income in one location versus another, this must hold true for all types
with nonzero income. Similarly, underinvestment in public education investment by one
state means that their native of a given type will have lower post-tax income than the native
of the other state conditional on working in the same state.

Having established these facts about regional income inequality in the model, the follow-

ing proposition follows.

13The technical restriction rules out sudden changes in the third derivative and is a sufficient, rather than
necessary, condition for the first statement. For the previously discussed isoelastic disutility functions of the
form v(l) = m%, this condition is automatically satisfied by positive £. It is not needed for the second
part of the statement. For the third part of the statement, note that v’ is strictly increasing since v is a
convex function and [ is never negative. Further, the invertibility of w given ~; had already been assumed

for the wage space formulation of the revenue maximization problem earlier.
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Proposition 6.6. The baseline migration model exhibits spatial sorting.

The proof is given in [Appendix |B.3.6]

Based on the above analysis, this suggests there is indeed a redistributive motive for the
central government to pursue distortionary policies on the basis of individuals’ migration
choices. Individuals’ choices of which locations to migrate to is correlated with their ability,
and so there is a welfare gain of implementing optimal policy on the basis of location.

To illustrate how simply redistributing to maximize the consumption utility of the lowest
type is not the same as maximizing the lowest consumption utility, consider the intuition of

the following extreme example.

Ezxample 1. Suppose 8 = 0 and that the individual of type 0 lives in state 1. Then they have
no earnings and their utility is solely on the basis of the redistributed revenue in addition to
their location utility. Let the second smallest type be € close to 0, belonging to an individual
in state 2. Let A; >> As.

Then individuals from location 2 of a high enough type such that

(1 = 7)y21(0) + a1 + oq > (1 — 72)y20(0) + miz + as + oz (6.17)

will migrate to location 1.

Location 1 will thus regionally dominate location 2, attracting higher types to move there.
Then, with small enough migration costs, the revenue that the individual of type 0 receives
rebated pro rata may easily outweigh the combined income of the individual of type € in
state 2 along with the rebated revenue raised by state 2. Thus, even without considering
the location-specific components of their utility, the individual of the lowest type may have

a higher consumption utility than the individual with the lowest utility.
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6.4.3 Rawlsian Optimum with Distortionary Lump-Sum Transfer

I now consider again a simple lump-sum transfer, but this time in the context of the cen-
tral government transferring based on the location individuals work in. This is a result of
individual choice, and therefore distorts individual extensive margin decisions, which then
affects the revenue-maximizing policies each local government chooses.

The central government’s optimization problem now becomes

max W
Wy, T

2
Ry T .
1W< — E 4+ =L JP(J =4I =1,0 =
S — N1+j1(aJ+Dj ml]) ( .]| ) )

(6.18)
D, = Nl/P(,]: 11 =1,0)/,(6) db +N2/P(J: 1 =2,0)f,(6) do
DQ:NI/P(J:QH: 1,6)£1(0) df +N2/P(J:2|I:2,9)f2(9) d

T1+T2:0.

Based on how this enters an individual’s utility functions, it is as if the government is
transferring revenue to increase or decrease the amenity value for each location, thereby
affecting the desirability of migrating to each location.

Note however that since the probability of migration is now endogenous, so too are
the optimal tax and educational investment policies for each state government, and so the
central government cannot simply take revenues, post-migration populations, or probabilities
as given. Instead, the central government must optimize over the optimality conditions for
individuals and state governments in order to find the transfer that maximizes the welfare

function. Instead of providing an analytic solution for this case, I show a numerical example

in Section 8
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Note that even though this policy is distortionary, it does not eliminate spatial sorting.
The transfers may reduce the probability of migrating to the regionally dominant area, but
still do not remove the fact that the probability of migrating there increases with type.
In order to break spatial sorting, the central government would have to provide transfers
conditional on both type and migration choice (for example, offering certain higher types
incentives to move to the regionally dominated state).

Yet it isn’t clear whether eliminating spatial sorting is necessarily ideal. After all, if
more productive citizens move to the area with higher regional productivity, this may lead
to more potential revenue that the central government can redistribute to the other region[”]
The range and types of specific place-targeted redistribution efforts the central government
should pursue under the presence of spatial sorting and regional inequality warrants further

study in its own right.

7 Calibration to US Data

7.1 Data Sources

The calibration relies on a dataset from the IPUMS USA project by |Ruggles et al.| (2024]).
The data includes microdata from 2021 of individuals, their age, current state of residence,
birth state, and total taxable income. Aggregate state and local tax burdens in 2021 were
taken from [Tax Foundation| (2022), which provides the approximate average linear tax rate
in each state. Per-pupil annual education spending by state from the 1995-1996 school year

to the 2005-2006 school year was taken from |[National Center for Education Statistics (2007).
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Function Description Functional Form Parameters

11+€

v(l) Disutility of labor KiTre ki, €
w(f, i) Individual productivity gy Q
A, 5(8)
exp(——)

P;;(0) Probability of migration between ¢ and j s

>, exp(2E@)

Table 5: Functional Forms

7.2 Functional Forms and Parameters

Following Stantcheva (2017)), I assume that the disutility of labor has an isoelastic form.
Stantcheval (2017) calibrates the equivalent of the individual productivity function to have

a constant elasticity of substitution (CES) functional form, where

w(f, ) = (87 + 41 7) . (7.1)

In this equation, p represents the elasticity of substitution between type and educational
investment. For p > 1, where type and educational investment are complementary, this

implies that

d (ow(@,v)y) O

In the model, this would imply that higher types have a higher income elasticity to
educational investments. For a fixed mean income elasticity, this represents a higher optimal
investment by the government as compared to constant income elasticities, while the opposite
would hold true for p < 1.

In particular, for positive p, since both income and the income elasticity are monotonically

increasing in #, this implies that

14This parallels the discussion of the potential benefits of outmigration in the remittances extension of the
model. If individuals have higher earning ability elsewhere, then the issue for a government might not be
this outmigration, but instead how to retain their revenue.

49



Parameter Description Value Source

« Contribution of type to individual productivity 0.878  Internally calibrated
£ Inverse elasticity of labor supply 3 Chetty| (2012)
Ki Scaling constant of labor disutility 1 Chetty| (2012)
S Scale of heterogeneous location preference 1437 Internally calibrated

Table 6: Summary of Calibrated Parameters

Cov(e,(6),y(6)) > 0 = +* = Ele, ()y(8)] > Elz, (6)]E[y(6)]. (7.3)

[

For ease of calibration, I instead estimate the individual productivity function to be
Cobb-Douglas. This can be thought of as a CES function with an elasticity of substitution
of 1. Thus, all types have the same income elasticity to educational investment.

Rather than calibrate x; and £ internally, I turned to the literature to externally calibrate
the parameters. x; and £ govern the Frisch elasticity, which represents how responsive labor
supply is to changes in the earnings. The Frisch elasticity for an isoelastic disutility form
is given as €' (which in the case of quasilinear utility is also the same as the elasticity of
labor income to taxation). (Chetty| (2012)) notes that evidence from the micro-data suggests
a Frisch elasticity of approximately .33, suggesting that £ = 3 is an appropriate parameter

for the calibration. Since it is merely a scaling constant, I set x; = 1.

7.3 Calibrating the Type Distribution

7.3.1 Data Restrictions and Assumptions:

The dataset was restricted to only include individuals born between 1986 and 1996, and
residents of the 50 United States. This restriction, of individuals in the 25-35 age range, was

chosen for two reasons:

Moving from the sign of the derivative to the inequality is a specific instance of the more general
correlation inequality, which is also proven in for the proof of [Proposition[6.6| in [Appendix[B.3.6|
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1. The age range is late enough that the individuals would plausibly be in their early

careers yet early enough without needing to account for seniority effects on incomes.

2. The age range is early enough such that any migration is more likely to relate to the
individual’s own outcomes (rather than having to take into account moving for one’s

children).

For ease of estimation, the following simplifying assumptions were made to better map the

data onto the model.

Assumption 7.1. The birthplace state of an individual represents their location ¢ which is
representative of the public education they received growing up. The 2021 residence state
of an individual represents their location j which is representative of the location they chose

to work in.

Assumption 7.2. The level of per student education funding in the birthplace state of an
individual in the school year beginning 9 years after they were born is representative of the

funding of the education they received.

These assumptions of course ignore the possibility of individuals moving within their
youth, attending private schools, or the fact that schools within the same state might have
differing per-student funding levels. However, without more granular data, the assumptions
were necessary for the calibration procedure.

A shortcoming of the dataset is that it was collected in 2021, when the ongoing COVID
pandemic may have had a downward impact on individual taxable incomes. This may lead
to an underestimation of the effect of education spending on income, which in turn would
lead to the model placing more weight on the unobserved type in determining income. This
would then be reflected by a lower optimal educational spending implied by the calibration,

all else equal.
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7.3.2 Estimating Equations:

Given the functional forms and calibration of &, x;, this yields the following model-implied
equation for the income of an individual born in location ¢ working in location j of type 6

that

1 o 1—art
Yij (0) = (1 —7;)3(A;0%,7%)5. (7.4)
Taxable incomes less than or equal to 1 were set equal to 1. This was done in order to:
1. Ensure no zero or negative values, so that the expression can be logged

2. Ensure a large mass of implied “low-type” individuals is not ignored by the estimation

procedure

Using the model-implied equation and the transformation of the data, this allows the

equation to be log-linearized, so that

1 4 4 4(1 —
log y;;(8) = < log(1 —7;) + s log A; + —aloge + (1-a)

3 3 3 ——5 log ;. (7.5)

This is then equivalent to running an ordinary least-squares regression where

log y;;(8) = B1logy; + Balsiate=; + €ij(0). (7.6)

By setting g, = @

, this allows for o to be identified. By setting [ = %log(l —
;) + glog A;, this allows the unobserved location-fixed productivity A; to be obtained for
each location. displays the calibration-implied state-level productivities. Finally, by

setting the observation-level residual equal to %‘3‘ log #, an empirical distribution of unobserved

type is obtained.

4(1—a)

Note that 2% < 0 implies ==

572 < 1, or a > 0.25. The calibrated value for «, which

was obtained (approximately 0.878) lies within this range, although this estimate is likely

upwards biased by COVID’s effects on taxable incomes.
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Figure 1: Implied State-Level Productivities

7.4 Regional Aggregation

Using state-level data in order to calibrate the type distributions and parameters, for the
next step of the calibration I aggregated the data to the Census region-level (where states
are grouped to be into either the Northeast, Midwest, South, or West). This was to ensure
for the numerical simulations, rather than having to solve for all 50-states simultaneously
each iteration, the far less computationally expensive approach of only solving for aggregate
levels in each of the four regions was pursued instead.

Regional productivities and type distributions were aggregated from the state-level to

the regional level. The aggregation for productivity by region is included in [Figure [2]

7.5 Calibrating the Migration Parameters

Having identified all the income parameters and the empirical type distribution from each
region, the next step is to identify the migration parameters a;,m;; for every combination
of regions ¢ and j where a; represents the region-specific amenities for location ¢ and m;

represents the migration costs of moving from 7 to j.
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Denote Cj; = a; — a; + m;; so that

Ay;(0) = Ay;(0) - El/

Type-specific utility differences  Migration costs

(7.7)

From the income calibration, A;;(f) was identified for any value of § and an empirical

distribution of # was obtained. An empirical migration probabilities transition matrix 7" was

constructed from the IPUMS data where entry 7;; represents the proportion of individuals

in the dataset born in region i who lived in region j in 2021. displays the empirical

transition matrix, as well as the one obtained after the calibration.

(a) Calibration-Implied

Midwest Northeast South West

Midwest 0.79 0.02 0.11  0.08
Northeast 0.04 0.77 0.14 0.04
South 0.06 0.03 0.88 0.03
West, 0.05 0.06 0.09 0.80
(b) Empirical

Midwest Northeast South West
Midwest 0.79 0.02 0.12 0.07
Northeast 0.03 0.75 0.16  0.06
South 0.04 0.03 0.87 0.06
West, 0.05 0.02 0.11 0.83

Table 7: Comparison of Calibration-Implied and Empirical Transition Probabilities
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To solve for the migration parameters, a two-step calibration procedure was followed:

1. Solve row-wise for C;; to satisfy the nonlinear system of equations to match

A;;(0) —Cii
1 exp(—L—=) exp(—<
NZ 2 Zk<)e> . S_C). =i (7.8)
1T Y opexp(TE) exp(—7E)

For this step, the educational investment for each individual observation was left un-
changed, but to compare tax rates and productivity between regions, the regional

aggregates rather than the actual state-level values were used.

Given four regions, the fact that C; = 0, and that knowing three probabilities on a
row effectively determines the last, for a fixed s, this represents a nonlinear system of
equations with 9 equations and 9 unknowns. Since an exact solution is not expected in
practice, the value of s was varied to find the C' that minimized the Frobenius norm of
the difference between the empirical transition matrix and the model-implied transition

matrix.

The optimization was carried out using a standard Python SciPy solver. A value of s

was obtained of approximately 1437 E

2. Once each Cj; is obtained, run a regression to identify the amenities vector a with m;;

acting as the residual.

For this step, note that in practice there can be infinite solutions for the vector a and
choice of residual. For example, an amenities vector of all zeros and setting m;; = Cj;

would be a valid solution.

In order to run this step, suppose that there are M states (in this case 4 regions).

Define C' as the M? x 1 flattened column vector corresponding to C;;. Define W as

16For a higher value of s, individuals become more indifferent about switching locations as the effective
difference between locations reduces. For lower values of s, small differences between locations are amplified
more. From a computation view, for particularly low values of s, this would lead to overflow errors from
exponentiating large numbers.

%)



8

a M x M? matrix representing the coefficients on each amenity for the calculation of
each cost. For example, for some (7, j) pair, C;; = a; — a; +m;;. Then the M =i+ jth
entry of ¢ corresponds to Cj;, so the M * ¢ + jth entry of W would have a 1 in its ith
column, a —1 in its jth column, and zeros everywhere else (note that if i = j, it would

just be a row of all zeros).

Now set up the matrix equation

&=Wa. (7.9)

This is an overdetermined system of equations and an exact solution is not expected
in practice E Then to define a solution, assume that the amenities vector is given
by the pseudo-inverse solution to this system of equations. This is not based on any
inherent aspect of the model; rather, it is merely a simplifying assumption to determine

a unique solution.

Then the vector of amenities can be identified as

ST
I
S

gl

(7.10)

where W1 represents the Moore-Penrose pseudo-inverse @ of W. The remainder of the

cost is then associated with the pair-specific m;; migration cost.

The resulting calibrated amenities and migration costs are displayed in [Table[§|

Numerical Results

Based on this calibration, I numerically evaluate the model of income and migration.

I7If there were an exact solution, this would also imply for the model that there are no other migration

costs.

18A generalization of the least-squares solution/inverse which aims to provide a minimal norm solution
which minimizes the norm of the residual.
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Region = Amenity Value Midwest Northeast South West

Midwest -254.51 Midwest 0 5104 3012 3659

Northeast 145.98 Northeast 4614 0 3108 4440

South -335.71 South 3349 3990 0 5469

West 444.24 West 3812 3068 6687 0
(a) Aggregate Regional Amenities (b) Pair-Specific Regional Migration Costs

Table 8: Calibrated Amenities and Migration Costs Across Regions

8.1 Optimal Regional Policies

First, in the context of the four-region calibration, I solve numerically for the optimal tax
and educational investment for each of the regions. displays the optimal tax and

educational investment for each region, both with and without migration.

Aggregate Approx. of Actual Tax Optimal Tax w/o Migration Optimal Tax w/ Migration

Tax
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Figure 3: Optimal Tax and Educational Spending With and Without Migration

Rather than interpret the values of the numerical solutions literally, it is more useful to
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consider the comparisons across the different cases and between the regions.

The optimal tax without migration is the same for each region as it is simply based on
the Frisch elasticity, yielding an implied optimal revenue-maximizing tax rate of 75%, which
is clearly higher than the actual taxes states set. When incorporating migration elasticities
and solving for the optimal tax rate under migration, this lowered the model-implied optimal
tax rates much closer to what the aggregate tax rates are in reality, much like
predicts.

Given the Northeast’s higher productivity compared to the other regions in the calibra-
tion, this implies regional dominance as individuals of the same type are able to have higher
earnings in the Northeast compared to any of the other regions. Consequently, the Northeast
seems to have a higher optimal tax rate than the Midwest or West.

However, the highest implied optimal tax rate under migration was not the Northeast,
but the South, which had the lowest model-implied productivity among any of the regions.
This reflects the model’s implication that if a state has much lower productivity than its
regional rivals, this in general reduces the probability people migrate there, and so the
migration elasticity moves closer to zero, in turn moving the optimal rate closer to that of
the revenue-maximizing rate in the no-migration case.

Regarding educational spending, even the no-migration implied optimum of each of the
states was much less than the aggregate approximation of actual education spending. This
can be explained by several factors. Reasons already discussed in the calibration included
the effect of the COVID-19 pandemic and the choice of a Cobb-Douglas form for the in-
dividual productivity function. Other reasons for the discrepancy could include the fact
that I considered a utility function for individuals which ignored intergenerational concerns,
assumed states were simply maximizing over revenue (rather than having their own social
welfare functions to maximize over), and political economy considerations (for example, even
if a state were to deem that cutting education spending to a quarter of the current spending

was optimal, this would likely not be politically feasible).
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The Northeast, which was the region with the highest implied productivity, appears as
the region with the greatest aggregate education spending in reality, the region with the
highest optimal education spending without migration, and the region with the highest
optimal education spending under migration. The Midwest, the region with the second
highest implied productivity, was second for all three scenarios as well.

Yet even the Northeast with its higher productivity than the other regions was not im-
mune to migration concerns as its optimal education spending was cut to a quarter of its
no-migration optimum. The South and West, as the regions with the lowest productivity,
were the most affected by migration even though the West was the region with the high-
est amenities. The presence of migration was enough to widen regional inequality due to

productivity differences.

8.2 Comparative Statics

Next, to better understand the role of amenities and productivities, I initialized two “states”
based on the following attributes (with the type distribution following that of the one ob-

tained for the Northeast).

Parameter Value
A=A, 400
a, = as 150
M1 = Moy 30000

When initialized at these values, the optimal tax under migration is .0819 for each, while
the optimal educational investment under migration is 827.35 per person for each.

Since the two states are initially identical (with some symmetric fixed migration cost
separating them), I hold one state fixed and vary the attributes for the other. The compar-
ative statics with respect to productivity are in while the comparative statics with
respect to amenities are in

Considering productivity first, similar to how the South had a higher optimal tax under

migration than the other regions, there seem to be situations where when State 1’s produc-
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Figure 4: Comparative Statics of Optimal Tax and Educational Investment with Respect to Productivity
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Figure 5: Comparative Statics of Optimal Tax and Educational Investment with Respect to Amenities

tivity decreases from 300 to 200, its optimal tax rate actually increases. This reflects how
with a sufficiently large productivity gap, the probability of individuals from the other state
migrating is low enough that the migration elasticity begins to decrease, raising the optimal
tax rate. The lowest optimal taxes occur when a state has a productivity that is just lower
than the other’s, as that is when it is the most important for a state to lower its tax to
attract marginal movers.

Regarding educational investment, there is the expected trend where as productivity
increases, so does educational investment. Notably, when State 1 has a productivity of 600

and State 2 has a productivity of 400, this leads to a lower optimal educational investment
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for State 1 than the optimal educational investment for State 2 when its productivity is
400 and State 1’s is 200. This is likely due to the migration elasticity’s effect being more
pronounced at a higher productivity.

When observing the comparative statics with respect to amenities, the general trend
appears to be that the state which has the higher amenities is able to have both a higher
tax rate and higher educational investment. However, even though the higher-amenity state
had higher optimal values for the two quantities, it isn’t necessarily true from the plots
that as State 1’s amenities increased, State 2’s optimal tax and educational investment
monotonically decreased. This likely reflects the nonlinear nature of the migration elasticities
which affects the sensitivities of the optimal formulas as the amenities between states become
closer to each other in value.

To ensure that this behavior was not solely due to varying amenities over a small interval,

[Figure |9 in [Appendix [A.4] varies the amenities over a larger interval. There, as in here, it

continues to be true that whichever state has the higher amenities ends up with a higher
optimal tax or educational investment, but that the behavior changes when the difference is
small versus when it is large.

Further, the optimal policies seem to be less sensitive to differences in amenities than
differences in productivity, likely due to how the two affect optimal policies differently. Pro-
ductivity enters the migration elasticities as a multiplicative factor (since it serves to scale up
income differences between locations). Meanwhile, amenities enters the migration elasticities
as an additive factor. When there is a change in productivity, this also affects the earnings
of individuals who end up migrating to a given region, while amenities do not affect the

earnings of individuals; they simply affect how individuals prefer one location over another.

8.3 Welfare Comparisons

Finally, I numerically implement the calculations for social welfare under optimal central

government policies. The specific setting assumes a closed economy composed of individuals
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born in the Northeast and South[™]

I tested six different scenarios:

1. The optimum reached when there is no migration and states set their own policies.

2. The optimum reached when there is migration and states set their own policies.

3. The optimum reached when there is no internal migration and the central government

sets uniform policies.

4. The optimum reached when there is internal migration and the central government

sets uniform policies.

5. The optimum reached when there is migration, states set their own policies, and the

central government imposes a non-distortionary lump-sum transfer.

6. The optimum reached when there is migration, states set their own policies, and the

central government imposes a distortionary lump-sum transfer.

For each of these scenarios, I report the tax rate and educational investment in each state

along with the Rawlsian welfare. The results are in and visualized in [Figure[6

Scenario 75! T Y Y2 W

No-Migration State Optimum 0.750 0.750 4462.03 2755.26 1363.74
Migration State Optimum 0.313 0.121 2100.86 338.61 -1416.63
Central Optimum (No Internal Migration) 0.750 0.750 3678.33 3678.33 15541.71
Central Optimum (Internal Migration) 0.619 0.619 4302.35 4302.35 19157.51
Non-Distortionary Transfer 0.313 0.121 2100.86 338.61  7384.82
Distortionary Transfer 0.322 0.616 294.83 4637.34 7516.69

Table 9: Optimal Policy and Rawlsian Welfare Across Scenarios

For each of these six scenarios, since the South is regionally dominated by the Northeast,

the Rawlsian welfare criterion effectively corresponds to evaluating the utility of a 6 = 0

individual born in the South.

19This is done without re-calibrating the amenities or migration costs, and so the optimal policies will

differ from those in [Subsection 8.1
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Optimal Tax by Scenario and Region
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Figure 6: Visualization of Optimal Policy and Welfare Across Scenarios
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Without central government intervention and when states are responsible for implement-
ing their own policies and raising their own revenue, the overall welfare is rather low. More-
over, under migration, there is an implied negative welfare due to the negatively-valued
amenities in the South and the massive reduction in revenue. Although the South still raises
positive revenue under migrationm, this is outweighed by the negative amenities in the South
and enough probability that the zero types in the South would choose to undergo the high
migration costs and move to the Northeast due to the amenity differentialE-]

Meanwhile, when the central government is able to set uniform policies for both regions,
there are immense welfare gains. In particular, the highest welfare is achieved when allowing
for internal migration to allow for higher types to move to the higher productivity region,
but then redistributing revenue on a nationwide basis. This leads to higher education in
the South compared to the no-migration state optimum (although lower education in the
Northeast). When allowing for internal migration, the optimal tax rates are slightly lower
than the no-migration revenue maximizing rate, due to the spatial productivity dispersion
as a slightly lower tax rate makes it so that more higher types are incentivized to migrate to
the Northeast.

When the central government takes states’ actions as given, this limits the amount of
redistribution they are able to carry out. Nevertheless, a non-distortionary transfer is welfare-
improving over the case with no central government intervention. A distortionary transfer
provides a slight improvement over the non-distortionary transfer as well, suggesting central
government intervention can be welfare-increasing. In the non-distortionary case, the welfare-
maximizing transfer involves taking $15,545.23 in rebated revenue per person from those
born in the Northeast and providing $8, 801.44 extra per person to those born in the South. In
the distortionary case, the welfare-maximizing transfer involves taking $37,835.45 in rebated

revenue per person from those who live in the Northeast, and providing $2,479.76 per person

20Tf not, this would suggest the South could improve its revenue simply by spending close to zero on
education.

21This may be motivation for future analysis to adjust the s parameter for location heterogeneity based
on type to make lower types more sensitive to the same gap.
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to those who live in the South.

When implementing the distortionary lump-sum transfer, even as this increases welfare,
this actually widens the degree to which spatial sorting occurs. [Figure[7]displays the expected
distribution of log income and ability of individuals who end up working in the Northeast
and South without central government intervention, while shows the distributions
after the distortionary transfer.

No Intervention: Log Income and Ability Distributions
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Figure 7: Log-Income and Type Distributions Without Intervention by Region

As can be seen, the transfer makes it so that the sorting is more extreme, as lower
types are more inclined to migrate than before to move to the South to take advantage of
the transfer, while those who end up migrating to the Northeast benefit enough from the
productivity differential that they are not deterred by the lump-sum transfer they have to
pay for migrating.

This may explain why the Northeast is somehow able to maintain a higher tax rate after
the distortionary transfer than before. The only marginal movers are those of high enough

ability that they benefit enough from the productivity gains that the Northeast can afford
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Distortionary Transfer: Log Income and Ability Distributions
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Figure 8: Log-Income and Type Distributions With Distortionary Transfer by Region

to impose higher taxes on them.

Therefore, even as sorting provided a motivation for central government intervention,
this does not necessarily mean it is optimal for the central government to break the sorting.
Instead, it provides another mechanism through which the government can redistribute and

achieve welfare gains.

9 Conclusion

In this senior thesis, I explored a model of competing governments that, in the presence of
migration pressures, are incentivized to adjust their optimal tax and educational investment
policies. The model implies a role for central government intervention and place-based
policies. Finally, I numerically evaluated my model in the context of calibration to US data.
This analysis opens several avenues for further theoretical and empirical exploration.

One theoretical avenue would be to nest this model within the framework of social net-

works. Rather than assume that productivity is a fixed, exogenous aspect of a region, the
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productivity could be microfounded as emerging from the result of the individuals who live
in a region and the networks they form. This would likely provide even more incentive for
governments to want to attract higher types in the hopes of raising aggregate productivity.
Similarly, migration costs could be understood as involving a social network cost if social
network enters their utility.

Just as migration costs could be endogenized, so too could amenities. One could imagine
states, as part of their game to maximize tax revenue, also choosing to invest in amenities to
attract residents. Some of these investments (for example, a state investing in luxury resorts)
may also appeal more to higher types, breaking Atkinson-Stiglitz, and introducing another
source of spatial sorting. Additionally, the ideas of cost of living or housing costs were not
addressed in the amenities or migration costs, but as more people move to a location, it
becomes more expensive to live there. A more developed spatial equilibrium model could
incorporate some of these effects.

Another theoretical avenue would be to better understand the dynamic nature of the
problem. This model was simplified to ignore the mechanics of a government spending on
education in one period and receiving revenue in the next. By considering an overlapping
generations model with intergenerational concerns and types that evolve, this could provide
a more nuanced analysis of how best response dynamics of competing governments evolve.

In this thesis, I only discussed a very simple idea of what optimal place-based policy could
look like in the context of lump-sum transfers. However, more formal consideration could
be placed on the different instruments available to central governments and how they may
want to combine them. For example, should a central government subsidize the migration
costs of lower types to higher productivity areas? Invest in amenities that predominantly
appeal to higher types in lower productivity areas?

The role of the central government in the context of fiscal federalism also warrants further
study. In the United States, the federal government does not directly spend money on

education; that power is reserved to the states, although the federal government is able to
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exercise some control through the Department of Education and certain federal programs
such as Common Core. Similarly, while there is a federal income tax, and states may have
their own tax, the federal government cannot choose differential tax rates for each state.
Even the lump-sum transfer from my model, should it be implemented by the United States
government, would be unconstitutional as a direct tax is only allowed if the per capita rate
is the same across all states by Article 1, Section 9 of the U.S. Constitution| (1788). Further
exploration at the intersection of fiscal federalism, constitutional law, and optimal taxation
theory could provide new insights into practical policy solutions.

Another simplifying assumption of this model worth reconsidering in the context of opti-
mal central government policy analysis is the interlinkages between states. Currently, states
compete against each other for tax revenue, which contributed to migration being welfare-
reducing. However, one might consider linkages between states (for example in the form
of trade or commuting), where a productivity increase in one does not necessarily imply
lower tax revenue for the other. Then the problem of designing optimal place-based policy
considers where an intervention would have the greatest beneficial propagation, rather than
simply considering which areas are regional domination.

In current events, the most obvious example of large-scale place-based policy comes in the
Biden administration’s multitrillion dollar investments in programs such as the Inflationary
Reduction Act, Bipartisan Infrastructure Law, and the CHIPS Act. In the context of this
model, this would serve as sudden shocks to productivity in one region (representing the
building of a massive plant), which would serve to reduce some of the regional inequality if
placed in a regionally dominated area. This provides a framework for measuring the welfare
effects of productivity investments in a region with clear empirical motivation.

This thesis largely sets aside the international dimension introduced in my empirical
motivation where countries might worry about the effects of “brain drain,” although I did
discuss a remittances variant of the model in The dataset in|Jasso et al.| (2005), as

analyzed in papers like Hendricks and Schoellman| (2018)), includes the wages of immigrants
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before and after coming to the United States. This could then provide a measure to examine
productivity differences at an international level. The Migration Policy Institute provides
a variety of datasets, for example, detailed remittance inflow-outflows between countries in
Migration Policy Institute| (2022), which, combined with the data from |Jasso et al.| (2005]),
provides an empirical foundation to evaluate the welfare effects of international “brain drain”
within the context of a model similar to the one outlined in Section 5l

These and other extensions offer promising directions for future research on regional

inequality and the design of optimal policy.
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Appendix

A Supplemental Tables and Figures

A.1 Table of Variables and Functions

Variable/Function Description

i,7 Location indices

0 Individual type

fi(0) Distribution of types born in location 4

A; Productivity of location ¢

a; Amenities in location 7

mij Migration cost of moving from location i to location j

Cij Total cost of moving from location i to location j

i Per capita educational investment of location ¢

T Linear income tax in location

N; Number of people in location 4

w(B,7;) Individual productivity of an individual of type 6 born in location ¢
vi;(0) Income of an individual of type 6 born in location ¢ and living in location j
u(l) Disutility of labor effort

Eyz Income elasticity of earnings with respect to variable x

A;;(0) The expected difference in utility from moving to location j from location ¢ for an individual of type
s Gumbel shape parameter for heterogeneous location preference

NP Migration elasticity of migration probability P with respect to variability x
oi(w) Expected number of individuals working in location i with type w

«a Cobb-Douglas parameter for contribution of type towards individual productivity
13 Inverse elasticity of labor disutility for an isoelastic disutility of labor

Table 10: Table of Main Variables and Functions in the Thesis

A.2 Table of Migration Probabilities

To Location 1 To Location 2

From Location 1

From Location 2

. exp <A1§<e>>
1+ exp <—A1z(9) 1+ exp (—Alz(9)>
exp <A2§(0)> .

1+ exp (—A2;(9)> 1+ exp (—A2;(9)>

Table 11: Migration Probabilities
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A.3 Table of Migration Elasticities

Term Expression
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Table 12: Elasticities of Migration Probabilities with Respect to Tax and Education Parameters

A.4 Amenities Comparative Statics

Optimal Tau vs. State 1 Amenities

Optimal Gamma vs. State 1 Amenities
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Figure 9: Comparative Statics with Respect to Amenities Over Larger Interval
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B Proofs of Propositions

B.1 Proofs of Individual Optimization Results

B.1.1 Proof of Proposition 4.1

Proof. Note from the individual’s optimizing first-order condition, the optimal labor supplied

matches the condition

(1= 1) Aw(0,7:) = v'(I")
where [* is the optimized choice of labor supply. Now write
Yij (0) = Ajw(6,3)I".

Then

(1= 7)ys;(0) = o' (I").

Thus, we can write the optimized post-tax income Y is a function of [* given by

Y(I*) = "' ().

Taking the derivative with respect to [ on both sides yields:

Y/(l*) _ Ul([*) + l*?}//(l*>.

From the convexity of v and non-negativity of [, this is strictly positive. Therefore,
optimized post-tax income is monotonically increasing in optimal labor and hence a higher

optimized post-tax income implies a higher optimal labor supply. ]
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B.1.2 Proof of Proposition [4.3

Proof. Holding all else constant, as 7; decreases, (meaning (1—7;) increases), Aj;(#) increases,
while A;;(0) decreases, with A;(0) = A;;(0) = 0. Then P(J =i | [ =14,0) and P(J =1 |
I = j,0) both increase for all §, so P(J = i) increases.
On the other hand, as +; increases, Aj;(6) and Aj;(#) remain unchanged.
Then
9A;(0)

o~ =T (0) = (1= myO)] s =

The sign of this derivative can be positive, negative, or zero and depends on the difference
in consumption an individual of type # who received education of v; can have in locations ¢

and j. Then P(J = j | I =1i,0) may increase, decrease, or remain unchanged. O

B.2 Proofs of Optimal Tax Formulas

B.2.1 Proof of Proposition 4.4

Proof. Taking the first-order condition with respect to 7;, we have that

0 dy:(0)
— | N (0)F: — | N7 4 = 0.
or = [ M@ £60) do — [ N2 56y ap =0
By noting that ¢, 1_,, = 6?3% 1;”, we have that

1-m /yi(e)g%l—nfi(@) de.

Then

1

T =
1+ Cyi1—m;

where €,, 1., represents the income weighted population aggregate.
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Now taking the first-order condition with respect to 7;, we have that

0 0y (0)
— [ N, - _ N, =0.
> / T o, f:(0) db ;=0

By noting that ¢, ,, = gz? 22, we solve that

Vi = TiE[yi<9)€yi(9)v’Yi]'

or alternatively that ; is the solution to

0y (0) 1

E .
[ 0 Ti

B.2.2 Proof of Proposition [4.6

Proof. Taking the derivative with respect to 7; yields the first-order condition:

8(1 - /y(w)%‘(w)dw+/Ti%§))g&i(w)dw+/Tiy(w)a%iglf)dw _o

Using elasticities to characterize the optimal tax, we have that

1 1
Ti g =
1+ E[gyi(w),l_’ri + 77<,0i(w),1—7'i] L+eyi-n + M-

Holding 7; fixed and solving for +;, we have

max/ny(w)go(w)dw — Niv;.

Vi

Taking the derivative with respect to ~; yields the first-order condition:

0 _ [ 9dyw) oOpw)
o —/’/’l o o(w)dw + Ty (w) dw— N; =
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Again, using elasticities, we have:

Vi = TE[Yi (W) (Eysi(w)m T NPGlw))]

where we use the fact that changing ~; will only affect the incomes and migration decisions

of individuals originally born in location 4, by construction of the model O

B.2.3 Proof of Proposition [5.8

oP(2]1,0) __ _ OP(1]1,0)
or1 - or1 ’

Proof. Taking the first-order condition with respect to 71, noting that

yields that

T
1—

/(1 1 T oe- 1i777p,177)p?/11(9)f1(9) de + /95 Tnp71,fpy21(9)f1(9) df =0

p=P(1]1,0)

Solving this equation for 7 yields that

o E[pyn(Q)]
b (1 + 9)Epyin(9)] + Elnpa—r py11(0)] — 2E[np1—r py12(6)]

Meanwhile, the first-order condition with respect to ~; yields that

[ 2S00 o+ [rpa 102 p) ao

v [P o0y o+ [epiz) 1022 D0y ao =1

Then introducing elasticities, this factors to
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[ O + 2 i 6P 1.0)13(6) do-
J 01101 + s} P L (6)£1(6) B =1

When rearranging, this gives

Y1 = TTE[Mpa6)m T+ E€hn0)4:) Y11 (0)P(1 | 1,0)] +2E[(0p2)1,6),7 + Eyor(9)4:) Y21 (0) P(2 | 1,0)].

B.3 General Proofs

B.3.1 Proof of Proposition [4.10

Proof. This proof will invoke Kakutani’s fixed-point theorem to establish the existence of a
Nash equilibrium. Note that throughout the proof, we assume that the appropriate functional
forms are chosen such that the government’s revenue function is differentiable and concave in
T,7; the same assumptions were left unstated, but required in order to solve for the optimal

policies to begin with.

1. The strategy for each state is to choose a value of 7 and a value of 7. First, we establish

that the strategy space for each state is a non-empty, compact, convex subset of R2.

Suppose that there is a bounded type distribution or finite samples from a discrete
population rather than a continuum. Then there exists some 6,,,, among the observed
(or theoretical) types. Then the revenue collected by the government is bounded below
by

max 7;y; (Qmax) — Y%-
TiyYi

Taking the first-order condition with respect to ~; yields that
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Then, noting that 7, and 7; both appear in the expression for y;, given particular
functional forms, this can be solved to find the maximum value of 4 such that this

equation holds.

Call the solution Jyay. Define 4y, to be a very small number that is close to zero (in

the numerical implementation this is set to be le — 8).

Then the strategy space for each state is given by 7 X v € [0,1] X [Yimin, Ymax] C R?,
where as the Cartesian product of two continuous closed intervals, it is a non-empty,

compact, convex subset of R2.

2. Next, we show that the best response correspondence (which determines each state’s
optimal 7;,; holding fixed the other state’s actions) is non-empty, convex-valued, and

upper hemi-continuity.

As the solution to the optimization problem in terms of each state’s actions, the best
response correspondence is non-empty. Convex-valuedness follows from the concavity
of the tax revenue function in terms of 7, v, used to determine the first-order conditions

that make up the best response correspondence.

To prove upper hemi-continuity, we first note that the revenue function is differentiable
in its arguments and therefore continuous. The compactness of the strategy space
follows from it being the Cartesian product of two closed intervals as previously noted.

Then from Berge’s maximum theorem, the correspondence is upper hemi-continuous.

Therefore, the conditions are satisfied and from Kakutani’s fixed point theorem, there
must be a fixed point where state i plays (7;,7;) and state j plays (7;,7;) in equilibrium.

O
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B.3.2 Proof of Proposition |4.11

Proof.
1. Note that
0 1
N 1 + 5y71—7'
and
1

Ty = )
1+ Eyl—1 + ngo(w),l—r

Since we assume isoelasticity, the € term is the same in both expressions. Then all we
have to do is show that 7,),1-~ > 0 so that the denominator of 7 is weakly larger

and thus 7 > ™.

Noi(w),1-1; = E[@é(w)ﬁP(ﬂi,w),kn + SO‘Z(W)UP(ju,w),lfn]-

From the table in [Appendix [A.3] we know that npjiw),1—r, and 1np(jjiw)1-- are always

weakly positive for all w since probabilities, the retention rate, and income are non-

negative.

Then 7yw),1—r > 0, and therefore we have proven that 7™ < 7.

2. As migration costs approach infinity, we have:

This implies:
exp(A”(Q)) — O,
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and consequently:

P(J=i|I=1i6)— 1.

Thus, the migration effects become negligible, leading to:

nP(i|i,w);yi _) 0 a‘nd 77%-,1—71- _> 0

As a result:

=7 and 7" ="

(2 K3

This concludes the proof.

B.3.3 Proof of Proposition [5.3

Proof. Before beginning the proof, I will introduce some notation.
First, define revenues collected from state ¢ by residents born in state ¢ in the no-migration

and migration cases:

vre) = [u)f0) db. Yra) = [y @)Ra6)) do

Ri(v)=Y"(v) -7 R =Y"0() -7

Let 7)* and 7/ denote the values that maximize Y;"() and Y;™ (), respectively.

Note that 7" < 7*, where 7" is chosen to maximize

/ () £,(0) db.

Then since P;;(0) < 1, it follows that for any fixed 7:
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/ yii (0)Pii(0) fi(0) db < / yr(0) £:(0) do.

Hence, the maximum value of Y;™ () is weakly less than that of Y;"(y), implying:

R"(v) < RY(7).

Finally, assume that Y;"(y) is increasing and strictly concave in ~:

D*Y(7)

5 <O

1. Now, suppose

oP;(0)
/ 210y ds < 0.

The value for y" satisfies the first-order condition:

OR}(y)  0Y(v) "
oy oy ‘= oy

The value for y™ satisfies the first-order condition

PO [ (2 p0)+ 0”2 2) iy -1~ 0

Let

Then the FOC becomes

" / ayg”y(e) P (0)f:(0) db + 7"C' —1=0.
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Rewriting:

m [(OUi(0) 5 o o
7 5 Pui(0)£,(0) do =1 — 7"C.

Since C' < 0, the right-hand side is strictly greater than 1. Therefore,

o [ 250 b6y p6) ab > 1 =

oY (v")
(3 8,}/ °

vy

However, since y;;(6,7) is concave in 7, we have that

m [ OYE0.) 5 o

is decreasing in 7, so the inequality above implies that:

<A

. Now, assume that

OP;(0)
/ 5 £(6) do > 0

which means that

oY (7) S0

We additionally impose that

0
i

/(1 — Pi(0))y:(0) f:(0) db > 0 Y,
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which implies increasing differences, or that for v* < v,

YY) =Y () > Y () = Y ().

)

Let ™ be the maximizer for R* and 7" be the maximizer for R}'. Assume for the sake

of contradiction that 4™ > ™.

Then from increasing differences

Y (") =Y (") 2 V(") - V() =

1

(™) =Y 2 V0" =Y =

(2

Ri(Y") = Ri(Y") 9" =™ 2 B (7") = R"(Y") + 9" = 7™

From optimality, we know that R}(y™) > R (y™) and R}*(y™) > R (7).

Then

0> R'(y™) — R{(v") > R"("™) — R"("") > 0,

which is a contradiction.

Hence, v™ <A™,

B.3.4 Proof of Proposition [5.4

Proof. 1 prove the proposition for the two-state case, denoted as states 1 and 2. Define the

vector of utility differences as:
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Each term, such as A 2, can be recursively defined using:

A1) = (1= m)y12(0) — v (%) +as — mys

Direct utility from moving from 1 to 2

J/

~
Expected future utility in state 2

_ {(1 —7)y11(0) —v (%) i al],

N

NV
Direct utility from staying in state 1

ﬁ;; {(1 — 7)1 k(0) — v (%) toa— mLk} exp(A1x(0))

Ayw(6,m 2521 eXP(Al,é(e)) '

Expected futur;;tility in state 1
We now define the mapping f (5) as computing the implied Ay, and Ay, based on the
current A and the associated probabilities.
To prove that f (&) is a contraction mapping, we invoke Blackwell’s contraction mapping

theorem. First, we show monotonicity:

where Py, (Z;) is the softmax probability. Since the softmax function is monotonic, if 7 is
entry-wise greater than 77, then f(Z)— f(4) > 0 where the inequality holds entry-wise. Thus,
monotonicity is satisfied.

Next, we show discounting. Let 1 be a vector whose entries are ones. Then,

f(@+al) — BZ( (T 4+ al) — Py (2 )><Ba1

since probabilities sum to 1 where 5 < 1 by definition. Therefore, discounting is satisfied.
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By Blackwell’s contraction mapping theorem, f (&) is a contraction, ensuring a unique
fixed point A*. Given the fixed point &*, this recovers the migration probabilities. This

completes the proof. O

B.3.5 Proof of Proposition 6.5

Proof. We will prove the statements separately,

1. Write

D(0) = (1 = 75)y;5(0) — (1 = 73)s(0)-

We will prove that D’(6) maintains the same sign as D(f) for all 6.

oD(0) dyi;(0) dyii(0)
g0~ 0T =g —(L-m) =5~

First note from the individual optimization FOC, we have that

Yir(0)

(1 —73) Asw(8, i) = U/(m .

Differentiating on both sides with respect to 6, we have that

ow(®, %) _ V' Gln) opa) v O (GG dw(6,)

A=) A5 = Few(0, ) 00 Agw(0, %) 09

Then

00 vy wln) ) 08

%M®:<G—WM@WWO+9M@>3M&W_

Plugging in the individual optimization FOC, this becomes
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/ ik (0)

dyix(0) (Ak“ (Zowon) N Y (0) > ow(, ;)
o 1" ik (0 . )
ol v (—A:J((G,)w)) w(0, ;) 00

Then for the sake of clarity rewriting the disutility of labor in terms of labor choice,

this means that

N A (1500)) iy (6)
Do) | ”(vﬂmm *maw)

A’ (15(0)) i (0) ow(6, ;)
‘“‘m<v%mm)+w@%0] W

Plugging in the individual optimization FOC once more, this becomes

b ' (15(0)) (1 —75)y;(0)
D”*‘Lﬂmmw@%> w(6,7)
_ U,(l;‘ki(e)) _ (1- Ti)yii(e)] dw (0, v:)
v (15(0))w(8, ) w(f, ) 00

This then becomes

v'(13(0)) v’(l;‘i(Q))} ow(,v) 1
v"(1500))  v"(15(0)) 90 w(l,7)

Suppose D(0) is positive such that (1—7;)y;;(6) > (1—7;)y:;(¢). Then from
4.1}, this implies that [3;(6) > [};(¢). From the functional form condition, this in turn
implies that :j,/,—((ll)) is increasing in /.

Therefore D'(6) which is then the product of positive terms, and is therefore positive.
If instead D(#) is negative, the bracketed term would be negative and as the product

of positive and negative terms, D’(f) would be negative.

Now all that is left is to establish that if sign(D(6)) = sign(D’(9)) for all 6, then D(0)

never flips sign.
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Suppose for the sake of contradiction, there exists some x,y with y > x > 0 such that
D(x) > 0, but D(y) < 0. Then by the intermediate value theorem, there exists some ¢
such that z < ¢ < y and D(c) = 0. Let ¢q be the first value in this interval such that
D(cg) = 0 Now, since D(co) < D(z), by the mean value theorem there exists some a
such that z < a < ¢y and D'(a) < 0. However, this is a contradiction as this would
mean that D(a) < 0 and we established that ¢y was the first value in the interval [z, y]

such that D crosses signs.

Therefore, we have proven that D(f) never switches signs for all § > 0.

. For the second part of the proof, redefine

D(0) = (1= 73)y;5(0) — (1 = 75)i;(0) = (1 = 75)(35(6) — v:5(0))-

Then from the individual’s first-order condition, note that

Y5 (0) 1 _ yi; (0) 1

U/(Ajw(G,fyj) Ajw(l, ;) U,(Ajw(H,%))Ajw(H,%)'

Without loss of generality, suppose y;;(6) > v;;(6). Then

yi(0) 1 _ yi5(0) L yi;(0) 1

V.2 w7~ Tl wly) Ew, ) w7

Hence since v’ is increasing in [ and w is monotonically increasing in +y, then it must
be that 7; > ;. Then since w increases in both 6 and v, if w(6, ;) > w(6,~;) for some

6, this must hold for all 6.
Therefore, we have that y,;(6) > y;;(9) for all 6.

Note the same logic holds when assuming y,;(0) < v;;(0) except with the inequalities

flipped. Thus
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(1= 75)y;;(0) — (1 = 75)y3;(0)
never flips signs.

. From of the proof, we know that to prove this inequality it is sufficient to show

that there exists some 6 such that

(1= 77)y;5(0) > (1 — 7:)y;:(0)

From the individual first-order condition, we know that

(1 — 1) Apw(0, 7;) = q/(#(;)%) .

Then

(1 — Tk)Akw(a%’)).

Now, let there be some #; > 0 such that

(1= 75)wij(01) > (1 — 73)yui (1)

Let wy; = w(#,~;). From the invertibility of the w function given 7, we know then there

exists some @y such that 6, = 6, (w1). Then w(fs, ;) = wi.

We can then write that
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o' (1 = 75) Ajw(a, ;)
Ajw(0s, ;)
= (1 —75)yi5(61) >

Ajw<9177i)
N (= ) Aw(6y, 7))
(1 —7)yu(bh) = Ayw(61,7;) -

(1 —75)y;;(62) =

_VTH( = 1) Ajw (6, i)

Thus since we have shown that this inequality exists for some 6, it must hold for all #

and the statement is proven.

B.3.6 Proof of Proposition [6.6

Proof. We will begin by proving the following lemma based on the correlation inequality as

stated in Blitzstein and Morris| (n.d.)).

Lemma B.1.

sign(2P = ggl =09y _ en(Cov(6, P(J =i | I = i,0))

Proof. Suppose that P;(#) is increasing in 6 ~ f;(0). Let 0,6 s fi(0).

E[(6—0")(P;(0)— P;(0))] >0 (by monotonicity of P;(6) in 6).

Expanding the product:
B[0P (0) — 0'Pa(68) — OPa(0") + 0/ Pa(0")] > 0.
Now, using linearity of expectation and the assumption that 6 and ¢ are i.i.d.:

E[0P;i(0)] + E[0' Fii(0')] — E[PIE[F:i(0')] — E[0']E[P;i(0)] = 0.
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Since 0 "% 0', we have:
2E[0P;(0)] — 2E[0|E[P;;(6)] > 0.
Dividing both sides by 2, we obtain:
E[6P;:(0)] — E[0E[P:(6)] > 0,

which is equivalent to:

Cov(6, Py(6)) > 0.
]

Then, using the lemma, it is sufficient to show that sign(Z 89(9)) = sign( 8%—19(9)), where if

the sign is positive, there is positive spatial sorting in favor of location 1 and if it is negative,

there is positive spatial sorting in favor of location 2.

Note that
1
-F)ii 0 )
(6) 1+ exp( (9))
SO
oP;(6) 10A(0)
89 - Pu(e)P’Lj (0)5 88 )
where
0A;(0) o Yi;(0) )
60 - ae |:(]' Tj)yw (9) (Ajw(e,%) + a’] mw

(= mme) o (agty) )]

From the envelope theorem, we do not have to take the derivative with respect to y, as

y is chosen to maximize utility. Then the derivative of the differences in utilities is given by
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yi; (0) v’( Yi;(0) )aw(977i)_ Yii(0) v’( Yii(0) >8w(9,%)
Aw(0,v)? \Aw(d, ) o0 Aw(0,7)2 \ Aw(0,v;) 06

From the individual’s first-order condition, we know that

B 1 o vi(0)
C=m) = )" (Ajww,%-)) |

Then

04y(0) _ (1 —75)yi;(60) — (1 — 73)yia(0) Ow (6, 7).

00 w(f, ;) 00

Notice that the sign of this is exclusively determined by the sign of ((1 —7;)y;;(6) — (1 —

7;)y:i(0)), which is constant for all 6 as proven in [Proposition [6.5

By symmetry, 2860 — ((=ma)upi(®) (A =m)u;3(0) 9w035) -~ By Iproposition 6.5 this has the

00 w(B,v5) 00
opposite sign as %g(g).
Then
P (0 Po (0 Py (6 Py (6
sign(8 519( )) = —sign(a 520( )) = —sign(8 ;29( )) = sign(8 ;10< ))
Therefore, the model exhibits spatial sorting. O

C Miscellaneous

C.1 Miscellaneous Derivations and Proof Sketches

C.1.1 Derivation of Remark 4.2 Given Functional Forms

Derivation. Suppose we are given that
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and

w(B, ;) = 0%y

)

Then
V(1) = mlS.
From the first-order condition, we know that

1
(1—1 Yij

Then

i (6) = (u) (46917)

Rl

]) - Ajgapylfa Kl(Ajeoz,-ylfa

).

£+1
5 .

]

As a note, I set xk; = 1 for this thesis, and so this expression will generally appear without

K| present.

C.1.2 Proof Sketch and Discussion of Observations

4.9

In this section, I provide a sketch, rather than a formal proof, towards one way to reason

about a positive lower bound on ~; > 0.

Proof Sketch. Note that with the given functional forms, we have that

1+¢

Yig (0) = (1= 75) € (A;0%97%) <.
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Based on our assumption of y having a negative second derivative with respect to v, the

parameters are restricted such that (1 — a)% <1

Further, assume there is a bounded highest type 8 < 0o and bounded lowest type § > 0.
Without loss of generality, we will solve for the v, set by State 1, although this analysis can
be repeated for State 2. For notation, write P;(8) = P(J =4 |1 =1,0).

Writing out State 1’s optimization problem with respect to v, we have

@m/n@ﬂ@ﬂﬂ@ﬁ@ﬂw—%

The FOC from their revenue optimization problem with respect to v, yields that:

i / (ay“(g) Pri(8) + y11(9)a};;59))f1(9) 9 = 1.

Rewriting this in terms of our functional forms, we have

71
where
1 e (1 — 1+
16) = (1= (gt B0 )
yg?@)
1 e (1 — 1— P1(0))P1(0
1,0) = (1= i (Aryp ) T LZ L= OO )
yii(9) ) ory; (6)
971
and

1 Loy 1 o 1—an 1
C(0) = (1 — )7 (A7) € — (1 — 7)) ¢ (A,10°91) € |

y12(6) y11(0)

Introducing new variables to clean notation, write



and

D1 = Cg — Cl.
Then, we have
a(1+8) 1 —a 2e0+9 1
[ Cnt™E p0) - CE 0 D1 - Pa0)Pa(6)£16) d =
N ~~ AN 1
Tl(g) T;(’H)

This expression immediately rules out that v = 0 is a plausible solution. Note that
for this expression to be concave in v (and so for the first-order condition to indeed be a
maximum), we require that p < 1 and for p < 1, when v = 0, 47~ is not defined.

Next, I provide a rough sketch of why this implies a positive lower bound for at least

some -y; given that p < 1

Write
a(1+§)
A= / (Cipb™ S P (0)£(0) b
0

and

1—a 20040

B:/C’l 20 D1~ PA(0)Pu(0)£(0) b
%

Then
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1
APl — By = —
71

Assume that 7, > 0/

We will deal separately with the cases when D; < 0,D; =0,D; >0
1. D1 >0
Suppose Dy > 0, so that B > 0. Then note that since 0 < p < 1, we have that
lim AyP~! — By* = cc.
y—0t

On the other hand,

lim AyP~t — B~*P = 0.

y—+00

Then by the continuity of the integral in its arguments, and the intermediate value

1
1"

theorem, there must be some 7, € (0, 00) such that AyP~" — By =

One can also note using a dominant balance approach that for small v, the first term

dominates, which implies

1
-1
AV~ —

or that

" R (Aﬁ)ﬁ > 0.

Further, even if the implied v; value is very small, one can note that if D; > 0, this

implies that for the corresponding problem in state 2 that their equivalent expression to

22For 1, = 0, it would need to be that the migration elasticity with respect to taxes is infinite, however
since we have a bounded highest type, this is ruled out.
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Dy is less than zero. As I show later, in this case 75 has a defined positive lower bound,
which rules out an equilibrium where both states set zero or near-zero educational

spending.

. D1:0

Suppose Dy = 0, 50 B =0. Then Ay?™' =L so v = (An 5 > 0.
1 -

. Dy <0

Suppose Dy < 0, so B < 0. Then

1 _ 1 _
A'yf_l—vip:— = A} oo — 147'1<711 P,
71 1

Then there is a lower bound where

v > (/17'1)ﬁ > 0.

Thus, even though the fixed point form for the best-response solution complicates the

argument, we can still present a heuristic proof that v; > 0.
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