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1 Introduction

Starting from the 1980s, the distribution of income has progressively become more

unequal and more concentrated. Economic research has established this fact for inter-

national samples with a focus on the rise of top incomes (Atkinson et al., 2011), but

also for the entire income distribution in specific countries, such as the United States

(Piketty et al., 2018).1 And yet, tax-transfer systems have not become more redistribu-

tive – on the contrary, in a number of countries they have actually become less so.

Egger et al. (2019) have recently shown that, since the mid-1990s, economic globaliza-

tion has resulted in a higher labor tax burden on the middle classes of OECD countries

and a reduced labor tax burden for the top one percent of earners.2 Detailed evidence

for the United States also suggests that changes in U.S. tax policy since the 1980s have

increased income inequality, raising the income share of the top 20% income earners

(Bargain et al., 2015).

From an optimal taxation perspective, the observation of greater inequality going

hand-in-hand with less redistribution through taxation poses a puzzle, and one that

is of major policy importance. Standard theories of optimal taxation would predict

an increase in tax progressivity in response to an increase in inequality (Saez, 2001;

Slemrod and Bakija, 2001). Therefore, the combination of higher levels of inequality

with less progressive income taxes can only be explained if the higher inequality is

accompanied by an increased elasticity of the tax base. Accordingly, one prominent

argument in the literature is that the tax base has become more elastic at the upper

end of the income distribution because high income earners have become more inter-

jurisdictionally mobile (e.g. Lehmann et al., 2014).

The international mobility of individuals remains limited in most OECD countries,

however, and this includes individuals at the top of the income distribution. One rea-

son for this limited mobility is the fact that many high-earning occupations involve

1Detailed international evidence on the development of various measures of income inequality are

collected by the OECD (http://www.oecd.org/social/income-distribution-database.htm) and in the

World Wealth and Income Database (Facundo et al., 2017).
2According to Egger et al., (2019), this reverses the pattern from the 1980s and early 1990s, when

globalization has led to an increased progressivity of the income tax. Similar results have been found

by Immervoll and Richardson (2011) in a comprehensive study of redistribution policy among OECD

countries that considers both tax and benefit systems.
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jurisdiction-specific investments (e.g., the provision of legal services).3 At the same

time international trade shocks, such as the ‘China shock’, have proven to have a

powerful impact on the distribution of employment and income, contributing to the

polarization of wage returns (Autor et al., 2013; 2015).

In this paper we therefore advance an alternative, and complementary, explanation

for the simultaneous observation of increased income inequality and less progressive

income taxation. Our argument is based on the internationalization of product mar-

kets, as opposed to labor markets, which increases competition and raises the output

risks of firms and their workers (Rodrik, 1998; Autor et al., 2017). We study how this

shock impacts on incentive-compatible contracts created by the private sector in re-

sponse to informational frictions, and how this in turn affects optimal tax policy. We

show that higher output risk induced by globalization makes incentive contracts more

responsive to redistributive taxation, and will lead optimizing governments to reduce

the income tax rate, and hence the (indirect) progressivity of the tax, for a wide range

of redistributive objectives.

Incentive contracts play an important role in all OECD countries, particularly at

the top of the income distribution. In the UK, for example, annual bonus payments ac-

counted for 6.2% of total annual pay for the whole economy in 2017, and 24.2% in the

financial and insurance industry. From 2000-2017 bonus income (Office for National

Statistics, 2017), with rising bankers’ bonuses accounting for two-thirds of the increase

in the share of the top 1% in the period 1999-2011 (Bell and Van Reenen, 2014). Focus-

ing on a panel of more than 3,000 US employees during the period 1976-1998, Lemieux

et al. (2009) find that almost 40% of workers received some form of performance pay.4

The prevalence of incentive contracts also means that the distribution of income is, at

least in part, shaped by the stochastic structure of such contracts rather than by just

3Battisti et al. (2018, Table 1) collect immigration shares for 20 developed countries and find an aver-

age immigration share in the labor force of 17%, with wide variations across countries. The composition

of the immigrant workforce also differs substantially between countries, with the share of low-skilled

immigrants in the total immigrant population being above 80% in Germany, Italy and Austria, but only

slightly above 50% in Ireland, Denmark, or Australia (Table C.1).
4A more general overview of incentive pay contracts is given in Bryson et al. (2012). They show

(Figures 1 and 2) that the share of private sector employees with an incentive pay contract has risen

substantially over time in most OECD countries, and is highest in the Scandinavian countries (around

30% in 2005) and in the U.S. (over 40%).
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ability differentials.5 There is also evidence that the increased competition in product

markets that follows from international market integration is associated with steeper

pay incentives (Guadalupe and Cuñat, 2009).

In this paper, we describe a model of second-best contracting where incomplete

insurance is required to elicit effort in the presence of moral hazard. Risk-averse work-

ers with heterogeneous abilities choose between an incentive contract and a less effi-

cient fixed-wage contract that does not induce effort. In equilibrium, higher produc-

tivity workers select into performance-based contracts, whereas less productive work-

ers choose fixed-wage contracts. Economic globalization is associated with higher-

powered incentives within incentive contracts, which influences the sorting of pro-

ductivity types between fixed-wage and incentive contracts. The dimension of global-

ization we focus on in our analysis is product market integration, characterizing the

latter as an increase in the spread in the market returns to effort (potentially also ac-

companied by a positive productivity shift).6

We then turn to examining how globalization affects the choice of an optimal

indirectly-progressive income tax rate. Our main finding is that economic globaliza-

tion, while leading to a higher inequality of ex-post, pre-tax wage incomes, will reduce

the optimal rate of redistributive income tax. Under a uniform distribution of abil-

ity types, this result holds irrespective of whether governments pursue a Rawlsian or

a utilitarian objective. The fundamental reason for this result is that the increase in

the spread of market returns that follows from globalization makes contract selection

choices more responsive to tax increases, an effect that dominates any effect that the

higher risk faced by individuals might entail for the value of redistribution.

The model thus predicts that, if economic globalization is the driving force behind

the changes we observe, we can expect higher inequality to be associated with lower

redistribution. But there is no causal relationship linking the two; they are simply con-

current outcomes that stem from a common underlying cause.

Our study is related to several strands of literature. In a national context, our anal-

5Abraham et al. (2017) find that incentive contracts to overcome moral hazard contribute about 10%

of the observed US wage inequality.
6See Rodrik (1998) for an early and influential analysis that characterizes economic globalization as

increasing the volatility of incomes. Our approach is also consistent with recent findings of increased

concentration in product markets, which are dominated by internationally operating ‘superstar firms’

(Autor et al., 2017).
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ysis is related to the large literature on the optimal progressivity of income taxes (see

Diamond and Saez, 2011, for an overview) and on redistributive income taxation in

the presence of risky wage earnings (see Boadway and Sato, 2015, for a recent syn-

thesis). This literature, however, typically does not account for the role of incentive

contracts in the determination of individual pay, and how these contracts respond to

taxes. If earnings volatility is incorporated at all in these models, it is assumed to be

exogenous. The same applies to the dynamic optimal taxation literature that links the

optimal taxation of wage incomes to the taxation of capital (e.g. Golosov and Tsyvin-

ski, 2007; Abraham et al. 2016).7 In contrast, the literature on incentive contracts in

labor markets has stressed the contribution of performance-based pay to rising wage

inequality (Lemieux et al., 2009; Abraham et al., 2017). Our paper connects these two

literatures.

The effects of economic globalization on optimal income taxation have so far been

studied mainly for environments where high-income earners are internationally mo-

bile (Simula and Trannoy, 2010; Bierbrauer et al., 2013; Lehmann et al., 2014; Tóbias,

2016).8 These models generally find that economic integration leads to a ‘race to the

bottom’ with respect to redistributive income taxes, where the level of taxation that

remains feasible with mobile high-income earners depends on the shape of mobil-

ity costs for high income earners. Here we focus instead on the global competition

in product markets and its effects on performance-based contracts as an alternative

channel through which economic globalization influences tax policy choices.

The analysis proceeds as follows. Section 2 sets up our model of incentive-

compatible contracting and studies the sorting of heterogeneous worker types into

performance-based versus fixed-wage contracts. Section 3 analyzes how the equilib-

rium structure of contracts is affected by higher taxes and by a changes in the variance

of output realizations. Section 4 turns to redistributive taxation and analyzes the ef-

fects of market integration on the optimal redistributive tax rate. Section 5 concludes.

7There are, however, some formal analogies between our results and those of Abraham et al. (2016),

who show in a different context that optimal labor income taxes become less progressive when the

ability to tax savings is limited.
8Empirical contributions to this literature include Kleven et al. (2014), who estimate the migration

elasticity of foreigners from a Danish preferential foreigner tax scheme for top income earners. and

Agrawal and Foremny (2019), who study the relocation of high-income households in response to tax

changes in Spain.
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2 Performance-based contracts

2.1 Preferences, technologies, and incentive-compatible contracts

We consider an economy populated by a unit mass of individuals who are ex-ante

identical (at time τ = 0) and are risk averse, with von Neumann-Morgenstern utility,

u(x), from consumption, x, satisfying u′(x) > 0 and u′′(x) < 0. For tractability, the rest

of our analysis will focus on the logarithmic case u(x) = ln x, which exhibits falling

absolute risk aversion and constant relative risk aversion.

At time τ = 1 each individual is assigned a productivity type, α, drawn from a

continuous distribution with positive support [0, α] and cumulative density function

F(α). As the number of individuals is large, F(α) also coincides with the c.d.f. of the

ex-post distribution of productivity types in the population. Without loss of generality,

we assume α = 1.

Production takes place through risky projects that are run by risk-neutral firms op-

erating under conditions of perfect competition. Each project involves a single individ-

ual, hired by a firm as a worker. A project that employs an individual of productivity

type α yields output

α

π
, π ∈ (0, 1) , (1)

if successful and yields zero output if unsuccessful (irrespective of the individual’s

productivity type). The probability, γ(e), of the project being successful depends on

the individual’s chosen level of effort, e ∈ {0, 1}, as follows:

γ(e) = e π + (1− e) ηπ , (2)

with η ∈ (0, 1). Hence, the probability of success is π with positive effort but it is

only ηπ < π if no effort is exerted. From (1), the expected output from a worker of

productivity type α (gross of effort costs) is then

γ(e)
α

π
= e α + (1− e) ηα ; (3)

i.e. it is equal to the individual productivity type, α, if the individual exerts positive

effort, but is reduced to ηα < α if the individual exerts no effort.

Effort is costly: the individual incurs a private utility cost ce, c > 0, irrespective

of her productivity type. For the remainder of our discussion, we shall assume that, if
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the individual could secure an income equal to her expected output in all states, then

exerting positive effort would be always preferred to exerting no effort. This implies

ln α− c > ln ηα, which in turn requires

c < − ln η ≡ c . (4)

A worker’s productivity type is publicly observable, and so is output. Effort, how-

ever, is not observable (or, if it is observable, it is not verifiable), which implies that

wage payments cannot be directly conditioned on effort. Contracting between firms

and workers thus runs against a fundamental moral hazard problem, which can only

be (partially) addressed by an incentive-compatible contract that induces workers to

exert effort by conditioning the wage payment on output. This implies a performance-

based contract prescribing two different gross-of-tax wage levels: a higher wage, wH,

paid if the project is successful, and a lower wage, wL, if the project is unsuccessful.

The lower wage level can be thought of as a base wage, with the higher wage level

adding a bonus, wH − wL, to the base wage contingent on success.

Income is taxed at rate t, and revenues from the tax are distributed equally amongst

the population in lump-sum fashion, i.e. through a uniform transfer that individuals

take as exogenous. As the population has unit mass, the uniform transfer equals total

tax revenue, g. This is an indirectly progressive, linear income tax scheme that collects

comparatively more tax revenues from higher earners while redistributing all pro-

ceeds on an equal per-capita basis. It is also an anonymous scheme, in the sense that

the tax an individual pays and the transfer she receives are not conditioned on her

type (whether or not that can be observed by the tax planner) but only depends on her

income.

Given this tax/transfer scheme, if an individual receives a gross wage income

equal to w, her net-of-tax wage income is wN = (1 − t)w and her total disposable

income is (1− t)w + g, which must equal consumption, x. A worker’s expected util-

ity from such a contract, if she chooses to exert positive effort, is thus

π ln
(
(1− t)wH + g

)
+ (1− π) ln

(
(1− t)wL + g

)
− c ≡ EUE. (5a)

If zero effort is chosen, expected utility from the incentive contract is instead9

ηπ ln
(
(1− t)wH + g

)
+ (1− ηπ) ln

(
(1− t)wL + g

)
≡ EUN. (5b)

9Note that workers’ utility in this no-effort incentive contract will generally differ from utility in the

(no-effort) fixed wage contract, as given in (11) below.
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In order to induce positive effort from workers, performance-based contracts must

satisfy the incentive-compatibility constraint EUE ≥ EUN. Competitive firms will

choose the contract that involves the lowest expected wage cost to them and still in-

duces workers to exert effort. Hence, EUE = EUN must hold in a competitive equilib-

rium. Equating expected utilities in (5a) and (5b) gives

(1− t)wH + g
(1− t)wL + g

= e
c

π (1−η) ≡ Γ > 1 . (6)

Condition (6) determines the equilibrium spread between the high wage, wH, and the

low wage, wL, that just induces effort. The expected level of worker remuneration

is then pinned down by the free entry and exit of risk-neutral firms under perfect

competition, which implies that expected profits for a firm offering a performance-

based contract to a worker of productivity type α (who will exert positive effort in

equilibrium) must be zero:

α−
(
π wH + (1− π)wL

)
≡ EΠE = 0 . (7)

The zero-profit condition (7) and the incentive-compatibility constraint (6) jointly de-

termine the equilibrium levels of gross-of-tax wages in each of the two states, as func-

tions of the productivity type, α, and of the tax/transfer scheme, (t, g):

wL =
α− π (Γ− 1) g/(1− t)

1 + π (Γ− 1)
, (8a)

wH =
αΓ + (1− π) (Γ− 1) g/(1− t)

1 + π (Γ− 1)
, (8b)

where Γ has been introduced in (6). From (8a) and (8b) we see that both state-

contingent wage levels are rising in the worker’s productivity level, α.

By (7), in a performance-based contract each worker must receive her full produc-

tivity, α, as her expected gross wage. However, in order to induce effort, this needs to

be delivered in the form of a lottery that leaves the worker exposed to income risk:

since Γ > 1, the high wage, wH, is always above the expected productivity, α, of a

worker who exerts effort, whereas the low wage, wL, is below the worker’s expected

productivity. Given that workers are risk-averse and firms are risk-neutral (and there-

fore capable, in principle, to insure workers at no cost), such an outcome is inefficient.

Firms can, alternatively, offer workers fixed-wage contracts that fully insure the

worker, paying the same wage level, wF, in all contingencies, whether or not the
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project is successful. But then the firm must fully anticipate that, absent any incen-

tive for workers to exert positive effort, workers of any productivity type will choose

to exert zero effort. From (3), expected output will thus only be ηα. Under conditions

of perfect competition, expected firm profits under this contract must also be zero:

ηα− wF ≡ EΠF = 0 , (9)

which implies a fixed pre-tax wage rate

wF = ηα . (10)

Expected utility for a worker of type α in a fixed-wage contract will thus equal

ln
(
(1− t) ηα + g

)
≡ EUF. (11)

By (4), exerting positive effort is productively efficient. So, a fixed-wage contract re-

moves the welfare cost associated with income risk but replaces it with a welfare cost

that comes from inefficient production choices.

2.2 Contract choice and the distribution of income

A performance-based contract will only be selected if it yields a higher expected utility

than a fixed-wage contract does, i.e. if EUE > EUF. Since EUE must equal EUN in

equilibrium, we can directly compare EUN to EUF.

Replacing the expression for wL from (8a) into (5b), using (11), and differentiating

EUN − EUF with respect to α, we obtain

∂(EUN − EUF)

∂α
=

(1− t)(1− η) g(
(1− t) α + g

)(
(1− t) ηα + g

) > 0 . (12)

Therefore, if EUN ≥ EUF for a productivity type α′, this must also be true for produc-

tivity types α ≥ α′; and if EUN < EUF for a productivity type α′′, this must also be

true for productivity types α < α′′. Equating EUN with EUF, and solving for α, we

obtain

α =
g

(1− t)K
≡ α̂ , K ≡ −

η
(
1 + π (Γ− 1)

)
− Γηπ

1 + π (Γ− 1) − Γηπ , (13)

where K is positive for η < 1 and c sufficiently low.10 Because of (12), the critical

value α̂ partitions the range of productivity types into two intervals: all workers with

10See the proof of Proposition 1.
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a productivity level α < α̂ will choose the fixed-wage contract and exert zero effort,

and workers with a productivity level α ≥ α̂ will choose a performance-based contract

and exert positive effort.

A relevant constraint for performance-based contracts is that the low wage, wL,

cannot become negative. Lemma 1 shows that this constraint is always met in our

model:

Lemma 1. For all productivity types, α > α̂, that select into performance-based contracts,

the low wage level, wL, will be strictly positive.

PROOF: See Appendix B.1.

We summarize the properties of the equilibrium contract structure in the following

result:

Proposition 1. For any given combination of tax and transfer, and for effort cost, c, lying

below a positive threshold c̃ < c, there exists a productivity level, α̂ ∈ (0, 1) such that:

- individuals with productivity types α ≥ α̂ will select into performance-based contracts

with state-contingent wage levels, wH and wL, as given in (8a)-(8b), and will exert

positive effort;

- individuals of productivity types α < α̂ will receive a fixed wage wF = ηα and will exert

no effort.

PROOF: See Appendix B.2.

Our result that performance-based contracts are concentrated among high-ability

individuals is aligned with the empirical evidence. Lemieux et al. (2009, Table 1), for

example, document for a sample of 3,050 U.S. employees that hourly earnings were

30% higher in performance-pay jobs, as compared to non-performance-pay jobs. Simi-

larly, Bryson et al. (2012, Tables 4 and 5) find a statistically significant positive relation-

ship between high education and the incidence of performance pay in a broad sample

of developed countries.

Realized ex-post, pre-tax wages will then be as follows: for each productivity type

α < α̂, all individuals of that type will receive a wage wF, whereas for each produc-

tivity type α ≥ α̂, a fraction π of individuals of that type will receive a wage wH

and a fraction 1− π of individuals of that type will receive a wage wL. Let w−1
F (w),
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w−1
L (w) and w−1

H (w) denote the inverse mappings from wage realizations to produc-

tivity types, α, corresponding respectively to (10), (8a) and (8b):

w−1
F (w) = w/η ; (14)

w−1
L (w) = w + π (Γ− 1)

(
w + g/(1− t)

)
; (15)

w−1
H (w) =

w−1
L (w)− (Γ− 1) g/(1− t)

Γ
. (16)

The distribution of realized, pre-tax wage income in the economy will thus arise as a

mixture of three component distributions:

(i) a distribution with c.d.f. F
(
w−1

F (w)
)
/F(α̂) over the support [0, α̂/η] and mixture

weight F(α̂);

(ii) a distribution with c.d.f. F
(
w−1

L (w)
)
/
(
1− F(α̂)

)
over the support (wL(α̂), wL(1)]

and mixture weight (1− π)
(
1− F(α̂)

)
.

(iii) a distribution with c.d.f. F
(
w−1

H (w)
)
/
(
1 − F(α̂)

)
over the support

(wH(α̂), wH(1)] and mixture weight π
(
1− F(α̂)

)
.

Figures 1 and 2 provide an illustration. Figure 1 gives the wage realizations by pro-

ductivity type. For the given parameters, the critical value, α̂, is approximately 0.32.

Individuals just below this type receive a fixed wage of about 0.25, whereas individ-

uals marginally above α̂ receive a high wage of 0.6 with probability 0.4, and a low

wage of 0.12 with probability 0.6. Figure 2 plots the distribution of pre-tax wages for

the same example. Note that the distribution of productivity types is assumed to be

uniform, but the resulting distribution of pre-tax wages is not, with a large mass of

low earners at the bottom of the distribution and a fat tail of high earners.

3 Taxation, market integration, and the equilibrium

structure of contracts

We next examine how changes in the economic environment that are exogenous to

agents’ decisions, namely a change in the tax/redistribution scheme and a change in

output volatility caused by market integration, are reflected in the equilibrium struc-

ture of contracts and the distribution of pre-tax wages. In the next section we will build

on these results to examine how the choice of an optimal redistributive tax is affected

by an increase in output risk.
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Figure 1: Wage realizations by productivity type
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Figure 2: Distribution of pre-tax wages
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Figure 3: Contract responses to tax changes

3.1 Taxation and contract choice

With K > 0, it is straightforward to establish that

∂α̂

∂t
=

g
(1− t)2K

=
α̂

(1− t)
> 0,

∂α̂

∂g
=

1
(1− t)K

=
α̂

g
> 0. (17)

An increase in the tax, t, for g > 0, raises the critical productivity level α̂ below which

workers select low-output, fixed-wage contracts. An increase in the transfer, g, also

raises α̂.

The transfer, g, and the tax rate, t, are linked through the government budget con-

straint:

g = t Q, Q = η
∫ α̂(t,g)

0
α dF(α) +

∫ 1

α̂(t,g)
α dF(α), (18)

where we have written α̂(t, g) to highlight the dependence of α̂ on t and g. The tax base,

Q, consists of the expected output of all workers, which are employed either under a

fixed-wage contract without effort (the first term in Q), or under a performance-based

contract with effort (the second term).

From (17), α̂ is increasing in both t and g and the analysis of a change in t must

incorporate the induced change in the transfer g. It can never be optimal, however, to
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select a tax rate at a level such that the total derivative of g with respect to t, dg/dt

is negative. Then, in the relevant range of rationalizable tax rate choices, t and g must

be positively related. Therefore, an increase in the tax will unambiguously raise α̂, i.e.

dα̂/dt > 0, and thus lower the total income tax base in (18). This is summarized in:

Proposition 2. Consider two tax levels t′ and t′′ > t′, with α̂′′ ∈ (0, 1) denoting a produc-

tivity type that is indifferent between the two form of contracts under t = t′′. Then the range

of productivity types that select into performance based contracts is narrower under t′′ than

under t′, and the tax base is also smaller.

Figure 3 incorporates the same parameterization as in Figures 1 and 2, but with a

higher tax rate, t = 0.65, up from t = 0.5.11 There are now more productivity types

selecting into fixed-wage contracts (about 57% of them, up from 32%), resulting in a

reduction in the tax base (by an amount f (α) (1− η) α for each productivity type that

switches from one contract form to the other). Those productivity types that do select

into performance-based contracts now face a larger variation in pre-tax income. This

is because contracts respond to offset the tax change by increasing the pre-tax wage

differential, wH − wL, in order to still induce effort under the higher tax rate.

3.2 Output volatility, contracts, and the distribution of income

Consider next the effects of an increase in the spread of output realizations. In our

formalization, output in the favourable state for a project employing an individual of

productivity α and exerting positive effort is α/π whereas output in the unfavourable

state is zero. A decrease in the parameter π thus amounts to a mean-preserving spread

in the returns to effort, which leaves expected output unchanged at α while raising

output risk.

Such a change can be interpreted as being associated with economic globalization.

Appendix A presents a fully specified model that rationalizes this interpretation. In

short, if ex-ante identical firms compete in any given market and face idiosyncratic

cost shocks, there will be realizations in which the most productive firm will be able to

capture the entire market, while other firms are left with a zero market share. Market

11Note that in both cases, the maximum average tax rate is much lower, peaking at about 34% for

α = 1 with t = 0.5 and at about 46% for α = 1 with t = 0.65.
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integration, gives each firm access to a larger combined market with more competitors.

This increases the amount of revenues a firm can obtain if it manages to capture the

larger market, but it makes such an event comparatively less likely because of the

larger number of competitors. The question we want to address then is how greater

product market integration, which we model here simply as a decrease in π, affects

the equilibrium choice of contracts.

From (13), the critical value α̂ is decreasing in K, which in turn can be shown to

be increasing in π (see (B.1) in the appendix). Intuitively, a lower success probability

π raises the risk involved in a performance-based contract, making this contract less

attractive to risk-averse workers, in comparison to a fixed-wage contract. From (8b),

we can also see that the high wage level, wH, in a performance-based contract is rising

when π falls. It immediately follows from this that a decrease in π must unambigu-

ously increase the fraction of total income that accrues to a subset of high earners in

favorable realizations. We summarize in:

Proposition 3. For a given t, consider a reduction in the success probability of all projects

from π′ to π′′ < π′, with α̂′′ ∈ (0, 1) denoting a productivity type that is indifferent between

the two forms of contracts under π = π′′. Then:

i. the range of productivity types that select into performance based contracts is narrower

under π′′ than under π′, and the tax base is also smaller;

ii. the fraction of pre-tax income accruing to income recipients above a certain percentile

threshold, p′′, in the distribution of ex-post, pre-tax income is greater under π′′ than

under π′.

PROOF: See Appendix B.3

In qualitative terms, the effect of a mean-preserving spread in the returns to effort

associated with greater product market integration (a fall in π), will be analogous to

that of an increase in t: it will reduce the range of productivity types that select into

incentive contracts and raise the dispersion of pre-tax wages within incentive con-

tracts. This model implication is consistent with the empirical evidence that economic

globalization increases wage inequality.12

12See Dreher and Gaston (2008) for empirical evidence that a broad-based measure of globalization
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Figure 4 incorporates the same parameterization as in Figures 1 and 2, but with

a lower probability of success, π = 0.3, down from π = 0.4. The critical productiv-

ity level below which individuals select into a fixed-wage contract has risen to about

0.49. Figure 5 shows how the distribution of pre-tax wages has become more concen-

trated. For π = 0.3, bonus recipients are those above the 85th percentile of the income

distribution (α̂ ≈ 0.49 ⇒ π (1− F(α̂)) ≈ 0.15). The fraction of total pre-tax income

accruing to them is approximately 46%. The corresponding figure for earners above

the 85th percentile of the distribution when π = 0.4 is lower, at approximately 36%.

Approximate values of the Gini coefficient for π = 0.4 and π = 0.3 are respectively

0.39 and 0.45.

In our discussion, we have characterized the effect of economic globalization in

product markets as consisting of an increase in the variance of outcomes for individ-

ual projects. However, the same conclusions continue to apply if, additionally, global-

ization also results in an increase in productivity.13

To see this, take the distribution of productivity types in our model, which has a

support [0, 1], to represent the ‘baseline’ distribution. Now suppose that globalization

results in an economy-wide, type-neutral productivity shift that increases the produc-

tivity of each worker by a factor λ > 1. Further, let the cutoff productivity of the indi-

vidual that is indifferent between contract types before globalization (scenario 0), for a

tax rate t0 and tax revenue g0, be α̂0. After globalization, the productivity of this same

type is λα̂0. If this individual is also the cut-off productivity type following globaliza-

tion (scenario 1), so that α̂1 = λα̂0, then the model remains structurally unchanged.

For an unchanged tax rate, t1 = t0, total tax revenues will then equal g1 = λg0 (as the

income of all workers is multiplied by λ, irrespective of contract type); and from (13)

we see that the condition α̂1 = λα̂0 = λg0/((1− t)K) will indeed be met if the tax

rate remains the same.14 We argue below that there is indeed no reason for the tax

increases industrial wage inequality. Bergh and Nilsson (2010) confirm this result for a broad panel

of countries. Dorn et al. (2018) have recently reexamined the link between globalization and income

inequality for 140 countries over the period 1970-2014. They find a robust positive relationship between

globalization and wage inequality for most countries, including China and Eastern Europe, though the

effect is not significant for the most advanced economies.
13The model we present in Appendix A, which provides microfoundations for our interpretation of

higher output risk as being equivalent to product market integration, does predict a positive produc-

tivity shift.
14Intuitively, with logarithmic utility the trade-off between the fixed wage contract and the incentive
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rate to change in scenario 1. It follows that our problem is fully invariant to uniform

changes in the productivity of all types. Hence, all the results derived in our analysis

continue to hold if, in addition to increasing the volatility of output for each worker,

the globalization of product markets also leads to productivity gains.

4 Optimal redistributive taxation and economic global-

ization

We now turn to our main question – how the choice of redistributive taxes is affected

by an increase in output risk brought about by market integration.

Since agents are risk-averse in our model and firms are risk-neutral, optimal con-

tracts under full information (i.e. with effort being observable) would be directly con-

ditioned on effort and would fully eliminate income risk for workers. Under asymmet-

ric information, performance-based contracts that impose risks on risk-averse agents

arise endogenously, by deliberate design, as a second-best market remedy. As a result,

the linear income tax cannot play any role in mitigating this risk. However, by redis-

tributing income between different productivity types, linear income taxes can still

insure individuals against their individual productivity draw.15

A linear income tax will be able to reduce the variation in post-tax outcomes that

comes from exogenous ‘luck’ in relation to agents’ productivity draws, as in Varian

(1980).16 Income based taxation, however, restricts redistribution to be conditioned

contract remains unaffected when incomes under both contract types increase proportionally and effort

costs in the incentive contract stay nominally unchanged.
15The optimal income tax literature often distinguishes between an insurance role of the income tax,

which reduces the variance of exogenous earnings risk for a given productivity type, and a redistributive

role, which reduces the after-tax variation in the incomes of different productivity types (see e.g. Boad-

way and Sato, 2015). Still, as stressed for example by Sinn (1995), the redistributive role of the income

tax can alternatively be seen as providing social insurance against a variation in lifetime incomes that

is unpredictable ex-ante. We follow this line of argument and interpret the redistributive role of the

income tax equivalently as an insurance against individual productivity draws.
16Based on the assumption of exogenous income variation, Hoynes and Luttmer (2011) empirically

estimate the insurance value of state tax-and-transfer programmes in the United States. They find that

this insurance value rises with income, counteracting the redistributive effect of tax-and-transfer pro-

grammes.
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on income realizations rather than on productivity types, and the ranking of realized

earnings does not fully reflect the ranking of productivity types. By redistributing

from ex-post high earners to ex-post low earners the indirectly progressive income

tax achieves redistribution “on average” from high-productivity to low-productivity

types, thus providing ex-ante insurance against adverse productivity draws. But it

does so at the cost of interfering with contract design: a linear income tax that reduces

the after-tax wage gap in the two states of the world will require a correspondingly

higher before-tax wage differential for the contract to remain incentive-compatible.

This, in turn, will put a break on redistribution.17

A change in output risk caused by economic globalization will affect the extent

to which contract choices respond to taxes and will thus be reflected in the level of

redistributive taxation that is optimally selected by the tax planner.

4.1 Revenue maximization

A natural starting point for studying how changes in the economic environment trans-

late into changes in tax policy choices is the case where a government aims at maximiz-

ing tax revenues. Revenue maximization is consistent with the government pursuing

redistribution under a Rawlsian social welfare function objective where only the util-

ity level of the least well-off type enters as an argument. In an economy where the

lowest productivity type receives no wage income under either contract (α = 0), this

is the same as maximizing tax revenues and hence the per-capita transfer that can be

redistributed to all individuals, including the least well-off.18

From (18), the first-order condition for a revenue-maximizing tax rate, t∗, is

dg
dt∗

= Q + t∗
dQ
dt∗

= 0, (19)

17Our following analysis is restricted to interior optima for the linear income tax rate. This requires

that workers’ productivity discount in a fixed wage contract is sufficiently large (i.e., η is sufficiently

below unity) to prevent a confiscatory tax rate t∗ = 1 in the government’s optimum.
18From an ex-ante perspective, the tax planner’s objective in this case does not coincide with the ex-

ante expected utility of an individual as implied by an expectation over u(xαs)− eαc (with s ∈ {0, 1}
denoting the output state), as it would do under a utilitarian objective. Rather, it corresponds to a case

where individuals exhibit ex-ante infinite risk aversion, represented by the ex-ante expected utility

minα,s
{

u(xαs)− eαc
}

.
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where

dQ
dt

= −(1− η) f (α̂) α̂
dα̂

dt
;

dα̂

dt
=

∂α̂

∂t
+

∂α̂

∂g
dg
dt

> 0 , (20)

where the expression for ∂α̂/∂t > 0 is given in (17), and dg/dt in (20) is zero in the

optimum by the envelope theorem.

In order to examine how market integration, modelled as an exogenous reduction

in π, affects the optimal tax rate t∗, it is sufficient to focus on expression K in (13) –

since π enters (19) and (20) only through K. From (B.1) in the appendix, K is positively

related to π. Relying on the implicit function theorem and assuming the second-order

condition for an optimum to hold,19 we get, at t = t∗:

dt
dK

=
d2g/(dt dK)

d2g/dt2
⇒ sign

(
dt
dK

)
= sign

(
d2g

dt dK

)
.

Differentiating (19) with respect to K yields:

d2g
dt dK

= Φ
(

f (α̂) +
t

1− t

(
∂ f (α̂)

∂α
α̂ + 2 f (α̂)

))
, (21)

where Φ ≡ (1− η) α̂ g/ (K ((1− t)K + t (1− η) f (α̂) α̂)) > 0. The expression on the

right-hand side of (21) is positive if the sum of terms in parentheses is positive, i.e. if

∂ f (α̂)
∂α

α̂

f (α̂)
≡ ξ f ,α ≥ −

1 + t
t

. (22)

A sufficient condition for this to be satisfied for all values of t ∈ (0, 1) is ξ f ,α > −2. If

this condition is met, then a reduction in π will lower the equilibrium tax rate t∗. This

will be the case when f (α) is either non-decreasing, or only moderately decreasing in

the productivity type α. Condition (22) will always be fulfilled, for example, under a

uniform distribution of productivity types, where f ′(α̂) = 0.20

19The second-order condition is met if revenue is concave in t, i.e. if 2 dQ/dt + t d2Q/dt2 < 0; or

−t(d2Q/dt2)/(dQ/dt) < 2. Using the fact that dg/dt = 0 at an optimum, this can be shown to require

ξ f ,α < 1 + 2/t. This condition is always met by a distribution of ability types such that f ′(α) ≤ 0

(sufficiency).
20Condition (22) refers to the distribution of productivity types and does not imply a condition on

the distribution of realized wages. The latter results in our setting from a mixture of distributions of

type-specific distributions of wage realizations. In a generalized version of our model where the type-

specific distributions of wage realizations are continuous (e.g. Pareto), the shape and tail behaviour of

the overall distribution of realized wages (e.g. a Pareto tail) would thus be inherited from the shape of

the type-specific distributions, not from the shape of the distribution of productivity types.
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A mean-preserving output spread thus causes the efficiency costs of taxation to

rise, as incentive contracts respond more sensitive to taxation. Intuitively, a fall in π

increases income volatility in a performance-based contract and increases the cutoff

productivity level, α̂, above which workers select into this contract. At the higher level

of α̂, the level of the tax base is reduced and the remaining tax base responds more

strongly to taxation. Both of these effects imply that the elasticity ε = (t/Q)(dQ/dt)

with which the tax base responds to a change in the tax rate tends to increase in ab-

solute value. This increase in the elasticity of the tax base is similar to models where

the high-income workers are internationally mobile (Lehmann et al., 2014). The mech-

anism, however, is entirely different – there is no inter-jurisdictional factor mobility in

our model.

Under revenue maximization, the optimal tax rate will therefore fall unless, at the

higher level of α̂, there are substantially fewer workers whose contract choice is dis-

torted by the tax. Since the government is only concerned with the ex-post welfare of

the poorest individual, any changes in the insurance role that the indirectly progres-

sive income tax takes in our model, are not relevant under this objective function.

We summarize our results in this section in the following proposition:

Proposition 4. A mean-preserving spread in output realizations (a fall in π) reduces the

revenue-maximizing tax rate: (i) if the distribution of productivity types is uniform; (ii) for

any distribution of types that fulfills condition (22).

PROOF: See Appendix B.4.

Note that if we associate globalization with a positive productivity shift, as dis-

cussed at the end of Section 3, such a productivity shift has no effect on the optimal

tax under a revenue-maximizing objective: in (19), both Q and dQ/dt∗ are multiplied

by the the productivity factor λ in this case, leaving the optimal tax rate unchanged.

We also emphasize that the uniform distribution of types singled out in Proposi-

tion 4 does not imply a uniform distribution of incomes. Rather, it generates a right tail

as only some of the highest-productivity workers will be successful, and these receive

high bonus payments in equilibrium. Moreover, this right tail becomes fatter as market

integration increases, as fewer high-productivity workers will achieve comparatively

greater success.
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4.2 Utilitarian objective

A utilitarian social welfare function can be written as

W =
∫ α̂

0
EUF(α)dF(α) +

∫ 1

α̂
EUE(α)dF(α) . (23)

The first term on the right-hand side sums over the expected utilities of workers with

a fixed wage contract, whereas the second term represents workers with an incentive

contract. This is a non-trivial change from the Rawlsian case (revenue maximization),

because now all individuals, with different types of contracts, enter the government’s

objective.

Since EUE(α̂) = EUF(α̂) (by the definition of α̂), the first-order condition for a

welfare-maximizing tax rate can be written as

dW
dt

=
∫ α̂

0

dEUF(α)

dt
dF(α) +

∫ 1

α̂

dEUE(α)

dt
dF(α) = 0 . (24)

Expanding the terms, dEUZ(α)/dt, Z ∈ {E, F}, we can express them as (see Appendix

B.5)

dEU(α)

dt
=

dg/dt− b(α) α

g + (1− t) b(α) α
, (25)

with b(α) = η for α < α̂ and b(α) = 1 for α ≥ α̂. Just by inspecting (25) and (24), we can

conclude that, since b(α) > 0 for all α, we must have dg/dt > 0 at an optimum. Thus,

under a utilitarian objective the optimal tax falls short of the level that maximizes tax

revenues.21 As noted earlier, a welfare-maximizing tax could never exceed the level at

which revenues are maximized, and will only reach that level when the redistribution

motive is at its strongest – under a Rawlsian objective.

To understand how a mean-preserving spread in output realizations (a reduction

in π) is reflected in the optimal choice of tax, note first that all effects only flow through

the induced increase in the cutoff productivity α̂. In the absence of a change in α̂, there

would be no change in dg/dt (nor in g), nor would there be any change in the b(α)

terms that enter expression (25).22

21The Rawlsian case corresponds to b(α) = 1 for α = 0 and b(α) = 0 for all α > 0; (24) then becomes

(dg/dt)/g = 0.
22If there is also a productivity shift, all terms dEU(α)/dt in (25) remain unchanged, as both the

numerator and the denominator on the right-hand side are multiplied by the factor λ. Therefore, the

optimal tax rate implied by the first-order condition (24) must again remain unchanged.
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We can intuitively discuss how a reduction in π affects each of the terms in (25)

and hence the optimality condition for the tax rate chosen by a utilitarian planner.

The first effect, how a reduction in π affects dg/dt, is the same that we characterized

for the revenue-maximizing case in (21). A fall in π makes the tax base respond more

elastically to a tax increase, thus lowering dg/dt.

The new element under a utilitarian objective comes from a redistributive effect

that is incorporated in the weights b(α) in the second term. Note first that the smaller

is b(α) the closer is (25) to (dg/dt)/g, the expression that is driven to zero under

a Rawlsian objective. Note further that the switch in contract form at α̂ generates a

discontinuity in the weights b(α) in (24), which, at α̂, rise from η to 1. An increase in

α̂ then mechanically makes (24) closer to the optimality condition under a Rawlsian

objective, i.e. it strengthens the weight of the redistributive motive in the choice of t.

The intuition behind this redistributive effect of the tax is that there is a ‘leisure’

component of welfare, having a consumption value equal to (1− η) α and producing

a utility differential equal to the effort cost c, that at the discontinuity point goes from

being untaxed (below α̂) to being taxed (above α̂). Since higher-income individuals

bear a comparatively greater tax burden, this adds to the redistributive effectiveness

of the tax for a given α̂. If then α̂ rises following a decrease in π, the redistributive ef-

fectiveness of the tax further improves, with comparatively lower productivity types

previously above the threshold now moving below the threshold and benefiting com-

paratively more from a higher tax. Other things bein equal, this makes a higher tax

more attractive to a utilitarian planner.23

Thus, a mean-preserving spread in output realizations makes the tax base more

tax-elastic but increases the redistributive value of the tax. Still, it is not difficult to

identify scenarios where the first effect remains the dominating effect and so a de-

crease in π unambiguously lowers t∗. This is true, for example, if the distribution of

productivity types is uniform. For F(α) = α, expression (18) simplifies to

g = t Q =
t
2
(
1− (1− η) α̂2) , (26)

23Note also the difference to a standard optimal tax problem with endogenous labor supply and no

incentive contracts. In such a setting the income tax causes the tax base to shrink comparatively more for

high ability types than for low ability types, which both generates distortions in labor supply decisions

and makes the tax less effective as a redistributive device. In our setting, in contrast, the tax causes the

tax base to shrink for low ability types, but not for high ability types, thus making the tax more effective

as a redistributive device.
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and the response of the tax base Q with respect to the tax rate t becomes

dQ
dt

= −(1− η) α̂
dα̂

dt
. (27)

In Appendix B.5, we derive the first-order condition for the optimal tax rate:

dW
dt

=
Θ
η

(1− t)K2

µ
(
(1− t)K + µ

) − 1 = 0, µ ≡
√
(1− t)2 K2 + (1− η)t2, (28)

where

Θ ≡ η ln
g + (1− t)

g + (1− t) α̂
+ ln

g + (1− t) ηα̂

g
> 0. (29)

Since α̂ ∈ (0, 1) the fractions for which the logarithms are taken in (29) are both greater

than unity. We can then proceed in the same way as in the previous section: assuming

that the second-order condition for an optimum are satisfied and relying on the posi-

tive relationship between K and π in (B.1), the effect of a change in π on the optimal

tax rate has the same sign as d2W/(dt dK).

Appendix B.6 derives the term d2W/(dt dK) in (B.17), clearly distinguishing the

higher efficiency costs and the higher redistributive value of the tax. The appendix

then proceeds to prove that the first effect always dominates the second. This is sum-

marized in:

Proposition 5. Under a utilitarian objective, and for a uniform distribution of productiv-

ity types, a mean-preserving spread in output realizations (a fall in π) reduces the welfare-

maximizing tax rate.

PROOF: See Appendix B.6

Proposition 5 corresponds to the result described by Proposition 4 for the Rawl-

sian case. With a uniform distribution of productivity types, our model therefore un-

ambiguously predicts a negative effect of market integration (characterized here as a

mean-preserving spread in output realizations) on the optimal redistributive income

tax rate. Once more, it is worth stressing that a uniform distribution of productivity

types does not produce a uniform distribution of income realizations.

5 Globalization, inequality and redistribution

The predictions we have derived in the previous sections have direct implications for

the relationship between changes in tax policy choices and changes in the distribution
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of income, when this relationship is mediated through a change in π. In Section 3,

we have shown that economic globalization, characterized as a decrease in π, raises

wage inequality and the concentration of earnings at the top of the income distribution

(Proposition 3). And our results in Section 4 state that this can be accompanied by a

fall in the optimal rate of redistributive taxation (Propositions 4 and 5).

Figure 6 continues the example that we have described in the previous sections,

using the same parameterization but now making the level of taxation equal to its op-

timum under a utilitarian objective. This optimum rate is approximately 58% under

the baseline value of π of 0.4. If π is reduced to 0.3, the optimal tax rate falls to ap-

proximately 51%. The combination of the exogenous change in π and the endogenous

response in the choice of tax is associated with a reduction in the proportion of individ-

uals in performance-based contracts and an increase in the concentration of after-tax

earnings (Figure 7) in the upper tail of the distribution of earnings realizations. The

Gini coefficient for after-tax income is 0.19 in the baseline scenario (π = 0.4, t = 58%),

rising to 0.21 for π = 0.3 if t remains at 58%, and rising further to 0.24 if t adjusts to the

optimal rate of 51%. Pre-tax earnings also become more concentrated – approximate

values of the pre-tax income Gini coefficient for π = 0.4 and π = 0.3 are respectively

0.42 and 0.45.

Thus, if we were to compare the above two scenarios, and for each we only ob-

served the level of taxation and the distribution of earnings, but not the different val-

ues of π, we might be tempted to conclude that the higher inequality we observe in the

second scenario, in terms of both pre-tax and after-tax earnings, follows from an inde-

pendent change in tax policy (arising, for example, from a change in the government’s

distributional objective). Instead, the decrease in taxation and the increase in earnings

inequality in this example both are consequences of structural changes associated with

economic globalization.

6 Conclusion

Economic globalization makes factors of production and the goods that are produced

with them more inter-jurisdictionally mobile. In this paper we have focused on the

latter aspect of globalization, i.e. market integration. Increased competition in broader

product markets translates into an increase in the spread of returns for individual

projects. This both produces an increase in earnings inequality and raises the efficiency
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cost of redistributive taxation and lead to lower optimal levels of taxation.

The link operates through performance-based contracts, which have played an in-

creasingly important role in developed economies in recent decades, in particular for

high-income earners. Higher idiosyncratic income risk arising from globalized prod-

uct markets raises the risk that performance-based contracts must impose on high

productivity workers in order to overcome the moral hazard problem. This higher

volatility of individual earnings makes incentive contracts both less attractive and also

more sensitive to the disincentive effects caused by an indirectly progressive income

tax, raising the cost of redistribution by comparison to its effectiveness.

This prediction aligns with the recent empirical evidence presented in Egger et al.

(2019), who show that globalization has reduced the progressiveness of income taxes

in the OECD countries since the mid-1990s. So far, the main explanation offered in

the literature for the causal link between globalization and a reduced progressivity of

the income tax system has been the increasing international mobility of top income

earners (Simula and Trannoy, 2010; Bierbrauer et. al., 2013; Lehmann et al., 2014). Our

contribution to this debate is in showing that the same pattern can also result from the

increased competition in product markets that accompanies economic globalization,

even when factors of production are not inter-jurisdictionally mobile.
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Guadalupe, M., and Cuñat, V. (2009). Globalization and the provision of incentives inside the
firm: The Effect of foreign competition. Journal of Labor Economics 27, 179-212.

Hoynes, H., Luttmer, E. (2011). The insurance value of state tax-and-transfer programmes.
Journal of Public Economics 95, 1466-1484.

Immervoll, H., Richardson, L. (2011). Redistribution policy and inequality reduction in OECD
countries. OECD Social, Employment and Migration Working Paper No. 122. Paris.

27



Kleven, H., Landais, C., Saez, E., Schultz, E. (2014). Migration and wage effects of taxing top
earners. Evidence from the foreigners’ tax scheme in Denmark. Quarterly Journal of Eco-
nomics 129, 333-378.

Lehmann, E., Simula, L., Trannoy, A. (2014). Tax me if you can! Optimal non-linear income tax
between competing governments. Quarterly Journal of Economics 129, 1995-2030.

Lemieux, T., MacLeod, W.B., Parent, D. (2009). Performance pay and wage inequality. The Quar-
terly Journal of Economics 124, 1-49.

Office for National Statistics (2017). Average weekly earnings, bonus payments in Great Britain:
2017.

Piketty, T., Saez, E., Zucman, G. (2018). Distributional national accounts: Methods and esti-
mates for the United States. Quarterly Journal of Economics 133, 553-609.

Rodrik, D. (1998). Why do more open economies have bigger governments? Journal of Political
Economy 106, 997-1032.

Saez, E. (2001). Using elasticities to derive optimal income tax rates. Review of Economic Stud-
ies 68, 205-229.

Simula, L., Trannoy, A. (2010). Optimal income tax under the threat of migration by top-income
earners. Journal of Public Economics 94, 163-173.

Sinn, H.W. (1995). A theory of the welfare state. Scandinavian Journal of Economics 97, 495-526.

Slemrod, J., Bakija, J. (2001). Growing inequality and decreased tax progressivity. In: K.A. Has-
sett and R.G. Hubbard (eds.), Inequality and Tax Policy, Chapter 6, 192-226. American
Enterprise Institute, Washington, D.C..
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Appendix

A Market integration and revenue volatility

In this appendix, we describe a model of product market integration whose predictions can be

mapped to the predictions of the model we use to derive results in the main text.

There are N symmetric economies. In each of these economies, agents are endowed with

a given amount of a non-produced good that can be either consumed or used as an input

into the production of consumption goods. There is a continuum of consumption good types,

i ∈ [0, 1] ≡ I, that can (potentially) be produced in each economy. In each economy, there is a

unit mass of identical consumers with preferences

u
(
y, x
)
= y +

∫ 1

0
min

{
x(i), x(i)

}
di,

where y is consumption of the endowment good and x(i) is consumption of product i. Con-

sumers view products of the same type, i, that are produced in different economies as being

homogeneous in consumption. Without loss of generality, we assume that products are or-

dered so that i′′ > i′ ⇒ x(i′′) > x(i′). We also assume that x(i) is a continuous function of i.
Given these preferences, a consumer is willing to buy up to x(i) units of product i at any price

p(i) ≤ 1.

In each economy, and for each product i, there is a finite number, M ≥ 2, of work-

ers/managers of type i that can be employed to oversee the production of good i. Each worker-

/manager of type i is hired by a single firm – and so, for each good i, there are at most M firms

(potentially) producing product i in each economy. There are otherwise no barriers to entry.

A worker of type i can be either employed to produce good i or, alternatively, employed to

produce one unit of the endowment good. Doing the latter always requires positive effort on

the part of the worker. Each worker/manager is also a consumer. With a unit mass of work-

ers/consumers in the economy, this implies that the mass of product types equals 1/M.

Each of the firms that has hired a worker of type i – i.e. each firm that operates in sec-
tor i – can produce any quantity of product i using the endowment good as an input at a

constant marginal input cost equal to 1/φ, where φ is a firm-specific productivity draw. The

probability of a firm experiencing a certain productivity draw depends on whether or not the

worker/manager the firm has hired chooses to exert positive effort – at a positive cost to the

worker/manager. If the manager exerts positive effort, the draw is φ > 1 with probability γ

and φ ∈ [1, φ) otherwise. If the worker/manager exerts no effort, the draw is φ with certainty.

Once productivity draws are realized, firms compete with each other in prices in all consumer

markets to which they have access.

Consider next an autarkic economy. With M firms in sector i, and assuming that each

worker/manager in each firm has exerted positive effort, with probability

M γ
(
1− γ

)M−1 ≡ M π,
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a single firm will experience a draw φ and all other firms will experience a productivity draw

φ. In this case, the firm that has experienced the favourable draw will be able, by pricing just

marginally below p = 1/φ, to keep other firms from producing, thus securing profits equal to(
1/φ− 1/φ

)
x(i) = µ x(i) ≡ R(i).

In all other realizations, there will either be at least two firms experiencing φ, or all firms will

experience φ; in all these cases, price competition will drive prices down to a point where

p(i) = 1/φ. The market will then be shared by more than one firm and all firms, whether they

are active or inactive, will experience zero profits. Thus, under autarky, any given firm in sector

i experiences a profit R(i) with probability π and a profit equal to zero with probability 1− π.

Expected interim profits with effort for any firm operating in sector i are therefore πR(i) =

γ(1− γ)Mµ x(i) ≡ α(i).
We assume x(i) > 1/(π µ), ∀i. This implies α(i) > 1, ∀i; i.e. the expected return of a worker

of type i in the production of good i is greater than the alternative of employing the worker

to produce one unit of the endowment good. Only interim profits, R(i), are verifiable, not the

productivity draw; and so payments to worker/managers can only be conditioned on R(i):
the worker/manager’s pay is wL(i) when the firm experiences a zero interim profit realization

and wH(i) when it experiences a positive interim profit realization. The compensation level

wH(i) is formally structured as follows: wH(i) = wL(i) + σ(i)R(i); i.e. wH(i) equals the base

pay, wL(i), plus a bonus component consisting of a share, σ(i), of the interim profits, R(i).
Structuring pay in this way ensures that the interim incentives of the managers when making

pricing decisions (once the effort choice has been made) are aligned with those of the firm.

The ex-ante expected profits of the firm, under positive effort, will then equal E[Π(i)] =
π
(

R(i) − wH(i)
)
−
(
1 − π

)
wL(i). Absent barriers to entry, these will have to be zero in

equilibrium. The equilibrium contract for each worker type will therefore be a contract(
wL(i), wH(i) = wL(i) + σ(i)R(i)

)
that satisfies the incentive compatibility constraint with

equality (as we detail discuss in the main text) and results in zero ex-ante expected profits for

the firm.

Now suppose that the N economies become integrated. In this case, we have

π(N) = γ
(
1− γ

)NM−1, R(i, N) = N µ x(i),

with dπ(N)/dN < 0 and dR(i, N)/dN > 0. Being the only firm in sector i to experience φ

is now less likely; but if that happens, the firm that experiences φ earns positive profits in

each of the N consumer markets.24 Expected interim profits, gross of the expected payments

24This is similar to the mechanism at work in trade models where Ricardian comparative advantage
results from idiosyncratic technology shocks, as in Eaton and Kortum (2002). When trade opens up, the
country with the lowest production cost for any given product variety will secure the demand from all
countries for that variety – a ‘winner-takes-all’ effect.
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to worker/managers, equal

π(N) R(i, N) = γ
(
1− γ

)NM−1N µ x(i).

These are not invariant to a change in N, i.e. an increase in N combines a mean-preserving

spread with a positive expected productivity shift that affects all productivity types uniformly.

As discussed in Section 3, however, such a uniform productivity shift is of no consequence for

our results.

B Derivations of expressions and proofs of results

B.1 Proof of Lemma 1

From (8a), the productivity level below which wL ≤ 0 in a performance-based contract is given

by π (Γ − 1) g/(1 − t) ≡ α0. The expected payoff to an individual in a performance-based

contract must equal EUN in equilibrium; this is the level of expected utility associated with

receiving wH with probability ηπ and wL with probability 1− ηπ, i.e. a lottery with expected

value

ηπ wH + (1− ηπ)wL =
α[1 + ηπ(Γ− 1)]− πg(Γ− 1)(1− η)/(1− t)

1 + π(Γ− 1)
≡ EWN .

The productivity level for which EWN = EWF = ηα is (Γ − 1) g/(1 − t) ≡ α̃ > α0. By

risk aversion, an individual will always prefer a certain prospect to an uncertain one of equal

expected value; and so, for α = α̃, it must be the case that EUF > EUN . By (12), this implies

α̃ < α̂ and α0 < α̂ (since α0 < α̃). Thus, productivity types that select into performance-based

contracts will receive a positive wage even when unsuccessful. Since wF > 0 and wH > wL,

wages will be positive for all productivity types in all realizations, implying that a limited

liability constraint w ≥ 0, if present, can never be binding. �

B.2 Proof of Proposition 1

If η → 1, then there can be no positive solution α̂ < 1: the insurance motive dominates,

and the fixed-wage contract becomes be preferred to the performance-based contract by all

productivity types. For η < 1, the expression K is negative for c approaching c and approaches

infinity for c approaching zero; and so there can always find a threshold, c̃ < c, such that for

c < c̃ the condition K > g/(1− t) is met and therefore α̂ ∈ (0, α).

The rest of the results follow from (12). �
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B.3 Proof of Proposition 3

Differentiating the expression for K in (13) with respect to π and letting Ψ ≡ −(1 −
η) Γ(ηπ−1)/

(
1 + π(Γ− 1)− Γηπ

)2
< 0, we obtain

dK
dπ

= Ψ
(

Γ
(

1− c
(1− η)π

)
− 1
)
> 0 , (B.1)

where the sign follows from (6) and from the expression in parentheses being negative.

The expression for α̂ is g/
(
(1− t)K

)
, which is decreasing in K and increasing in g. In turn,

for a given t, g is decreasing in α̂. Consider then an increase in K accompanied by a reduction in

α̂. If the increase in g caused by the fall in α̂ were large enough to offset the negative effect on α̂

of a higher K, then α̂ would rise, and so g would have to fall rather than rise: a contradiction. So,

for a given t, α̂ must be decreasing in K (and thus in π), as stated in part (i) of the proposition.

For part (ii), wH is unambiguously decreasing in π from (8b). For given t, and with α̂ rising

from (13) and (B.1), a counteracting effect comes from the simultaneous reduction in the tax

base, and hence in g. This effect, however, can never dominate the direct effect of a change in

π. If it did, then it would not only lower wH, but also raise wL from (8a). This would align the

pre-tax wage levels for an unchanged expected wage, and would thus make the performance-

based contract unambiguously more attractive, relative to the fixed-wage contract. But then α̂

would need to fall, a contradiction to part (i) proven above. �

B.4 Proof of Proposition 4

Differentiating (19) with respect to K gives

∂2g
∂t ∂K

=
dQ
dK

+ t
d2Q

dt dK
; (B.2)

where

t
d2Q

dt dK
= −t (1− η)

(
d f (α̂)

dα
α̂

dα̂

dt
dα̂

dK
+ f (α̂)

dα̂

dt
dα̂

dK
+ f (α̂) α̂

d2α̂

dt dK

)
. (B.3)

From the definitions of α̂ and Q in (13) and (18), we get the following derivatives

dα̂

dt
=

∂α̂

∂t
=

g
(1− t)2K

=
α̂

1− t
, (B.4)

dQ
dK

= −(1− η) f (α̂) α̂
dα̂

dK
. (B.5)

From (13) and (B.5), and letting Z ≡
(
(1− t)K + t (1− η) f (α̂) α̂

)
K:

dα̂

dK
= − g

(1− t)K2 +
t

(1− t)K
dQ
dK

= − g
Z

, (B.6)

d2α̂

dt dK
=

dα̂

dK
1

1− t
= − g

(1− t) Z
. (B.7)
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Substituting (B.4)–(B.7) into (B.3) gives

t
d2Q

dt dK
=

t (1− η) α̂ g
(1− t) Z

(
d f (α̂)

dα
α̂ + 2 f (α̂)

)
. (B.8)

Using (B.6) to rewrite dQ/dK and substituting this along with (B.8) into (B.2) yields (21) in the

main text. �

B.5 Derivation of (25) and (28)

From the utilitarian welfare function (23), the first-order condition for a welfare-maximizing t
is

dW
dt

=
∫ α̂

α

dEUF(α)

dt
dα +

∫ α

α̂

dEUE(α)

dt
dα−

(
EUE(α̂)− EUF(α̂)

) dα̂

dt
= 0 . (B.9)

The last term on the LHS of (B.9) is zero because EUE(α̂) = EUF(α̂) by the definition of α̂.

Expanding the remaining terms dEUZ(α)/dt, Z ∈ {E, F}, we get

dEUZ(α)

dt
=

∂EUZ(α)

∂g
dg
dt

+
∂EUZ(α)

∂t
, Z ∈ {E, F} ; (B.10)

where

∂EUE(α)

∂g
=

1
g + (1− t) α

> 0 ;
∂EUF(α)

∂g
=

1
g + (1− t) η α

> 0 ; (B.11)

∂EUE(α)

∂t
=

−α

g + (1− t) α
< 0 ;

∂EUF(α)

∂t
=

−η α

g + (1− t) η α
< 0 . (B.12)

The terms in (B.12) are summarized in (25) in the main text. Since ∂EUZ(α)/∂g is positive and

∂EUZ(α)/∂t is negative, we must have dg/dt > 0 at an optimum. Using (B.11)-(B.12) gives

dW
dt

=
Θ
η

(
g

(1− t)
+

dg
dt

)
− 1 = 0 , (B.13)

where Θ is given in (29) in the main text. Finally, it is possible to obtain a closed-form solution

for g. Solving the balanced-budget condition (26) in conjunction with the expression for α̂

in (13) gives

g =
t (1− t)K

(1− t)K + µ
, µ ≡

√
(1− t)2K2 + (1− η) t2 > 0 . (B.14)

Using (B.14) to compute the terms in the squared bracket in (B.13) gives (28) in the main text.

�

B.6 Proof of Proposition 5

Differentiating the first-order condition (28) with respect to K gives, in a first step

d2W
dt dK

=
(1− t)K(

(1− t)K + µ
)

µ2

(
A

Θ
η
+

B
(K + µ)(K + 1)

)
, (B.15)
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where

A ≡ (1− t)K + 2µ

µ

(
µ− (1− t)K

)
> 0 ,

B ≡ K (K + 1)
(
(1− t)2K + µ

)
− µ (K + µ)

(
K + (K + 1)/(K + η)

)
.

Using the first-order condition (28) to eliminate Θ/η gives, after some manipulations,

d2W
dt dK

=
(1− t)K(

(1− t)K + µ
)
µ2

((
(1− t)K + 2µ

) (
µ2 − (1− t)2K2)

(1− t)K2

+
Kµ + (1− t)2(K + 1)K2 − µ2K

(K + µ)(K + 1)
− µ

K + µ

)
. (B.16)

Using µ2 − (1− t)2K2 = t2(1− η), this can be further simplified to yield

d2W
dt dK

=
(1− t) (1− η)K(
(1− t)K + µ

)
µ

(
t2
(

1
(K + µ)K

+
2

(1− t)K2

)
− 1

(K + 1) (K + η)

)
. (B.17)

The first term in the large brackets of (B.17) is positive; this term gives the higher efficiency

costs of taxation. The second term in (B.17) is negative; this term describes the increased redis-

tributive motive of the tax.

We need to show that (B.17) is positive for all levels of K and t. Ignoring the first positive

term in parentheses, a sufficient condition for this to be true is that

2t2(K + 1)(K + η)− (1− t)K2

(1− t)K2(K + 1)(K + η)
> 0 ⇒ (2t2 + t− 1)K2 + 2t2(K+ η + η K) ≡ E(K) > 0 , (B.18)

for all levels of K. We first evaluate E(K) in (B.18) for K → 0. This gives E(K)|K→0 = 2t2η > 0,

since t approaches zero less quickly than K does. This follows from the fact that α̂ in (13) must

approach a maximum when K → 0 and hence effort costs c are at a maximum:

∂K
∂c

= Ψ π
(
(1− η) + (Γ− 1)(1− ηπ)

)
< 0 , (B.19)

where Ψ has been defined in the Proof of Proposition 2.

Next, we evaluate E(K) for K → ∞. In this case α̂ → 0 from (13) and the tax becomes a

non-distortive instrument. Hence t→ 1, which implies E(K)|K→∞ > 0 from (B.18).

It remains to be shown that E(K) > 0 also for all intermediate values of K. To show this,

we differentiate E(K) in (B.18) with respect to K, giving

dE
dK

= 2(2t2 + t− 1)K + 2t2(1 + η) +
(
4t(K + η + η K + K2) + K2) dt

dK
. (B.20)

We first show that dE/dK is positive for both K → 0 and K → ∞. Evaluating (B.20) at K →
0 leaves the second and third terms. These must both be positive, since E(K)|K→0 > 0 is a

sufficient condition for (dt/dK)|K→0 > 0. Evaluating (B.20) at K → ∞, the first term must be

positive, as t→ 1 from the argument above. Moreover, the third term in (B.20) is positive given

that E|K→∞ > 0 is a sufficient condition for (dt/dK)|K→∞ > 0. It follows that E(K) < 0 can
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Figure A.1: Graph of E(K)
6

-

K

E(K)

K1 K2

only occur for some intermediate range of K when the graph of E(K) has two local extrema, as

shown in Figure 8.

We proceed by contradiction and assume that this is indeed the case. Then the E(K) curve

must cross the K = 0 axis twice, at levels K1 and K2. We rewrite E(K) in (B.18) as

E(K) = K
(
(2t2 + t− 1)K + 2t2(1 + η) +

2t2η

K

)
. (B.21)

Assume that (B.21) is zero at K = K1, implying that the sum of terms in the large parentheses is

zero. Moreover, by assumption, E(K) must be negative between K1 and K2. Hence t|K2
must be

smaller than t|K1
.25 But then a comparison of the three terms in the large parentheses of (B.21)

shows that these are all smaller at K2 than at K1. The first term must be negative if E(K1) = 0

is to hold, and it is smaller (i.e., more negative) at K2, since K2 > K1 and t|K2
< t|K1

. Moreover,

under these conditions the positive second and third terms are both unambiguously smaller

at K2 then they are at K1. Hence when E(K1) = 0, there cannot be a value K2 > K1 for which

E(K2) = 0 holds. But then the graph of E(K) cannot be as depicted in Figure 8. By contradic-

tion, this implies that E(K) > 0 must hold for any level of K. Since E(K) > 0 is sufficient for

dt/dK > 0, this proves the result. �

25To be precise, E(K) < 0 is only a necessary, but not a sufficient, condition for t to fall between K1

and K2. But if t does not fall between K1 and K2, then it cannot fall for any level of K, because E(K) > 0
holds for K < K1 and for K > K2. The result would then follow immediately.
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