CENTER FOR
ECONOMIC

BEHAVIOR &
INEQUALITY

CEBI WORKING PAPER SERIES

Working Paper 19/26

HORIZONTAL INEQUALITY IN OPTIMAL
TAXATION: EVIDENCE FROM A DEVELOPMENT
CONTEXT

Magnus Eldrup

ISSN 2596-447X

CEBI

Department of Economics
University of Copenhagen
www.cebi.ku.dk




HORIZONTAL INEQUALITY IN OPTIMAL TAXATION:
EVIDENCE FROM A DEVELOPMENT CONTEXT"

Magnus Eldrupt

Abstract

Exemptions are a key feature of income tax systems in developing countries, yet
standard optimal tax models cannot explain them. By assuming full compliance,
these models ignore horizontal inequality between formal and informal workers,
understating the social cost of taxing the former. Extending the optimal tax
framework, I incorporate informality and horizontal inequality aversion. I conduct
a survey experiment in Kenya, finding that respondents place substantially higher
welfare weight on formal taxpayers than otherwise identical informal workers.
Combining these empirical preferences with administrative tax data yields
prescriptions of high exemption thresholds matching observed policy, a result
alternative explanations cannot rationalize.
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1 Introduction

Large exemptions are a central feature of income tax systems in developing countries. In Kenya,
for example, 80 percent of workers have earnings below the exemption threshold, a level
comparable to most developing countries. Such large thresholds have first-order implications for
tax revenues and account for much of the variation in tax-to-GDP ratios across the developing
world (Jensen, 2022). Yet standard optimal tax models prescribe no exemptions. This no-
exemption result relies on full compliance. If every worker pays their taxes, the government can
always do better by taxing a broad base than by leaving any portion of earnings untaxed (Mankiw

et al., 2009; Sadka, 1976; Seade, 1982).

In practice, tax compliance is far from universal in developing countries, where informal
employment is ubiquitous. Large shares of workers operate entirely outside the formal tax system
and pay no income taxes, even when earning above the exemption threshold (L.a Porta & Shleifer,
2014). Consequently, income taxes also imply redistribution from formal to informal workers. This
additional dimension of redistribution, absent from the standard model, creates horizontal
inequality, commonly defined as the unequal treatment of equals (Musgrave, 1990). In this setting,
horizontal inequality arises because workers with identical skill pay different amounts of tax
depending on whether they are in the formal or informal sector. Such disparities are large in

practice and a salient public concern across developing countries (Bachas et al., 2020).

The natural response to this evasion is, of course, to eliminate it altogether. Yet tax evasion has
persisted as long as taxation itself, despite decades of enforcement efforts and policy interventions.
Tax design in developing countries should therefore take evasion as a constraint, accounting for it

in policy design rather than assuming it can be immediately eliminated.

This paper investigates the design of optimal income taxation in this second-best world. I examine
how a planner should set taxes when evasion is pervasive. I extend the Mirrlees (1971) framework
by introducing informal (untaxed) workers and by incorporating a Paretian social welfare function
that separately accounts for vertical and horizontal inequality. I implement the framework for
Kenya, combining a survey experiment that empirically identifies marginal social welfare weights
with administrative data on the universe of taxpayers. The survey documents the prevalence of
strong horizontal inequality aversion in Kenya. Using the estimated weights, the model prescribes
optimal schedules with high exemption thresholds, deviating from the prescriptions of the

standard model but aligning more closely with observed Kenyan policy.



First, I show theoretically that the presence of informal workers breaks the classic Sadka—Seade
(1976; 1982) no-exemption result in a novel way'. Intuitively, when some workers are untaxed,
exemptions can emerge if formal workers carry higher average marginal social welfare weights than
informal workers. In that case, taxing low-income formal workers is welfare reducing as the welfare
costs exceed the revenue gains. Unable to set negative taxes, the optimal policy response is an
exemption. This protects formal workers from bearing a disproportionate tax burden relative to
their informal counterparts. Critically, the mechanism requires formal workers to have sufficiently

high welfare weights, which depends on the strength of horizontal inequality aversion.

Second, I test whether such horizontal inequality aversion is present in practice by fielding a survey
experiment in Kenya that directly elicits marginal social welfare weights. Respondents allocate
resources between hypothetical recipients who vary in income level or tax compliance. By making
redistribution costly, the approach identifies the relative welfare weights assigned by the
respondent (Capozza & Srinivasan, 2024). Aggregating responses yields fully non-parametric
income- and type-specific marginal social welfare weights. The results show moderately
progressive vertical preferences, in line with previous estimates, but very pronounced broad
horizontal inequality aversion. The median respondent assigns formal workers about four and a
half times the marginal welfare weight of informal workers with an even higher mean ratio of

seven. This preference is robust across respondent incomes and alternative framings.

Finally, I characterize optimal policy for Kenya. I derive sufficient statistic formulas in an extended
model allowing for evasion responses to taxation through endogenous sorting between sectors,
productivity and amenity costs of informality as well as costly tax administration. Combining the
estimated welfare weights with administrative tax records and household survey data, I identify
optimal tax schedules for Kenya. Even with no extensive margin and no administrative costs, the
inclusion of informal workers and horizontal inequality aversion endogenously generates a sizeable
optimal exemption. The prescribed threshold of 149,000 Ksh is below the observed Kenyan
threshold of 288,000 Ksh but very close to the previous 2020 threshold of 147,580 Ksh. This
alighment stands in sharp contrast to the standard Mirrleesian benchmark, which favors broad

bases and high taxes covering all workers, and it directly challenges the conventional policy view

that base broadening is always desirable (IMF, 2024; Tanzi & Zee, 2001; Zolt & Bird, 2005).

I use the extended model to examine other mechanisms that could drive the observed exemptions.

First, I investigate the impact of extensive margin effects, i.e., movements between the formal and

! Choné and Laroque (2010) also show that Sadka—Seade can fail under multidimensional heterogeneity. Section 1.1
situates my mechanism relative to theirs.



informal sectors in response to average tax rates. I find that in the absence of horizontal inequality
aversion, extensive margin effects depress optimal rates but cannot by themselves rationalize

sizeable exemptions even under implausibly large elasticities.

Second, I examine whether administrative capacity constraints can rationalize exemptions
(Bergeron et al., 2024; Besley, 2020; Jensen, 2022; Kleven et al., 2016). While capacity constraints
clearly shape what governments are able to enforce, it is not clear a priori whether they provide a
normative rationale for exemptions. To investigate, I include a marginal administrative cost of
taxation for all formal workers earning above the exemption. I find that large marginal
administrative costs cannot rationalize exemptions, even when collection costs apply to informal
workers too. This follows from the high implied cost of forgoing revenue from all inframarginal

workers above the threshold.

Finally, I consider the mechanical revenue argument, that high exemptions simply reflect low
earnings and widespread informality. The data does not support this explanation. In 2021, 1.3
million workers registered in the PAYE-system earned less than the exemption threshold and
applying the statutory schedule to the workers would mechanically increase annual PIT revenue
by around 13.5 percent. This shows that the exemption cannot be explained solely as a second-

order concern for constrained governments.

In summary, this paper attempts to jointly solve a theoretical and an empirical issue. Theoretically,
it is the first to propose a tractable way to incorporate the missing dimension of horizontal
inequality into optimal tax models. Empirically, it improves the relevance of Mirrleesian tax models
in a development context by providing a novel and empirically grounded route around the core
no-exemption result, reconciling our workhorse model with observed policy choices and

disciplining simple analyses calling for blind base broadening.
1.1 Literature Review

This paper contributes to the optimal income tax, social preferences, and development public
finance literatures. It studies horizontal inequality between observationally similar workers who
differ in their taxable status, elicits new survey evidence on how people trade off horizontal against
vertical equity, and brings these elicited welfare weights into the design of an optimal income tax

schedule in a developing-country context.

The paper contributes to the optimal tax literature by identifying sufficient statistic formulas for
taxation in the presence of informality and by showing the conditions under which the seminal

Sadka-Seade (1976; 1982) no-exemption result is broken. The closest precedent is Choné and
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Laroque (2010), who show that the Sadka-Seade result can fail under multidimensional
heterogeneity” of workers. In their framework, negative marginal rates at the bottom are optimal
when low-skill workers receive below-average social weights, a theoretical possibility for which
they concede there is no empirical guidance. I build on their approach by showing how limited
compliance allows the average social welfare weight of all taxpayers to exceed one even when social
weights are decreasing in income, in contrast to Choné and Laroque, whose result requires the
poorest workers to receive below-average weights. I further provide a direct empirical foundation

for this channel, eliciting the relevant welfare weights rather than assuming them.

A central contribution of this paper is showing how horizontal inequality can be flexibly
incorporated in the full optimal tax framework without violating the Pareto condition. The need
for such a measure has been widely discussed (Slemrod & Yitzhaki, 2002) but thus far without a
solution. In section 2.2, I show how the social welfare function proposed in this paper resolves
the issues facing other prominent approaches to this problem (Auerbach & Hassett, 2002; Kaplow,
2000; Saez & Stantcheva, 2010).

A small but growing literature brings horizontal-equity considerations into tax design in lower-
income countries (Bachas et al., 2024). Studying property taxation in Brazil, Best et al. (2025) show
that horizontal inequality reduces tax compliance. Meanwhile, the closest complement to this paper
is Bachas et al. (2026), who document large horizontal inequities within the personal income tax
system, between employees and the self-employed. The two papers take complementary
approaches: while Bachas et al. (2026) study how horizontal inequality affects the choice between
the VAT and the PIT, this paper takes the tax mix as given and studies how the structure of the

PIT changes with horizontal inequality.

Informality spans a spectrum, from a voluntary escape from taxation to an involuntary
consequence of low productivity, and in neither form is it @ priori costless (La Porta & Shleifer,
2014; Maloney, 2004; Meghir et al., 2015; Perry et al., 2007; Ulyssea, 2018, 2020). This distinction
matters for how a planner should treat workers it cannot tax. I build on this literature in two ways.
First, I develop a tractable framework in which taxable and untaxable workers of the same skill

enter the plannet's problem side by side, so that informality is neither ignored nor reduced to

2 While this paper incorporates multidimensional heterogeneity, its structure remains closer to foundational optimal
income tax papers (Mirtlees, 1971; Saez, 2001) than to papers attempting to solve the double-deviation problem
(Kleven et al.,, 2009; Rothschild & Scheuer, 2013). This is because, in this model, the planner observes worker sector
and knows that informal workers will remit less taxes, thus effectively creating a 'tagged' system (Aketlof, 1978; Cremer
et al,, 2010; Saez & Stantcheva, 2016; Weinzierl, 2012) rather than a multi-dimensional screening problem.



costless evasion. Second, I provide a mechanism for the empirical relationship between informality

and tax exemptions documented by Jensen (2022).

This paper intersects with the literature on tax evasion. Unlike Keen and Slemrod (2017), I do not
treat enforcement investment as a policy variable, studying optimal tax design conditional on
enforcement. Withholding and third-party reporting raise compliance on formal wages (Kleven et
al., 2011), so under Kenya's PAYE system the scope for intensive misreporting is narrower than
for self-employment income. Such misreporting is nonetheless possible (Feinmann et al., 2022),
but the paper's mechanism does not depend on ruling it out: horizontal inequality arises from
evasion on the extensive margin, between taxable and untaxable workers, not from marginal
concealment by formal workers. The paper thus offers a framework for incorporating horizontal

inequality into the welfare analysis of tax policy under evasion.

Finally, by empirically eliciting marginal social welfare weights, this paper contributes to the
growing literature on measurement of social preferences (Capozza & Srinivasan, 2024; Saez &
Stantcheva, 2016; Weinzierl, 2014) and to the small literature on measuring preferences on
horizontal inequality (Bachas et al., 2026; Dwenger et al., 2024; Hvidberg et al., 2023). I advance
these literatures in two ways. First, by eliciting redistribution tradeoffs through a connected
network of pairwise comparisons, I recover the full schedule of welfare weights non-parametrically
without normalizing to a single reference individual, thus avoiding the "common recipient"
problem (Capozza & Srinivasan, 2024). Second, I provide the first estimates of marginal social

welfare weights that separately identify aversion to vertical and horizontal inequality.
2 Generalized Optimal Tax Model

In this section, I first introduce a stylized model of optimal taxation under costless evasion. The
model is a simple extension of Mirtlees (1971) to a framework where one type of agent has access
to a costless evasion technology. 1 augment the conventional Mirrlees (1971) social welfare
function to capture horizontal inequality concerns and discuss central criticisms from the
horizontal inequality literature. I derive the optimal tax schedule and analyze limiting cases that
connect the model to stylized facts about exemption policy. I then generalize the stylized model
to account for endogenous extensive margin evasion, costs of informality, and administrative costs
associated with taxation. I present closed form sufficient statistics for the generalized model and

discuss implications for optimal policy.

2.1 Stylized Model Setup



Types and Utility. Consider an economy populated by two types of agents j € {1,2}. The types
differ only in a single respect, their tax evasion technology. Type j = 1 agents have no technology
for evasion. These agents are henceforth referred to as "taxable" workers. In the stylized model,
type j =2 agents have a costless evasion technology with no detection risk and are thus
"untaxable" workers. These types can be thought of as analogous to formal and informal workers,
as I will argue in section 3.2. In addition to their type, /, agents also possess a latent skill, #, which
determines their income earning potential. In the generalized model in section 2.6 I let types be
endogenous and allow for differential productivity across sectors for workers of identical skill. In
online appendix O1 I derive optimal taxes when untaxable workers instead only evade a share of

their income.

All agents have identical utility functions u(c, z;n). Here, ¢, denotes consumption and, z, gross

labor income. I define the indirect utility of an agent as v;(n) = max (u(z —T(2), 2 n)) Agents

get utility from consumption and disutility from exerting effort to earn income, z, such that the
ratio between income and skill determines the disutility of effort. I assume quasi-linear utility to
avoid income effects and simplify the analysis. Specifically, I adopt the Saez (2001) iso-elastic

normalization.

Skill Distributions. For both types of agents, the skill distribution covers n € [0; 00) where zeto
indicates no potential earnings under any effort. The PDF of skills is f; (n) for taxable agents and
fo(n) for untaxable agents. The share of taxable agents with a given skill-level is given by p(n),
and the average share of taxable agents with a skill above n is p*(n) such that the economy-wide

skill-distribution can be characterized as:

h(n) = pfi(n) + (1 —p)fy(n)
Whete p = p*(0). The corresponding CDF is H(n).

Tax Instruments. The economy is controlled by a benevolent social planner. The social planner
has full information on whether the agent is type 1 or 2°. The planner does not know the skill of
any individual and can only tax based on reported income. When setting taxes, the planner knows
the skill and type distributions as well as the utility function. The planner can set a fully non-linear
marginal tax schedule, 77 (z) and distribute a universal lumpsum —7°(0) which is lower than or

equal to its revenues. It is not possible for the government to target the lumpsum to a single type

3 This assumption is benign as any worker that files taxes is naturally type 1 and any agent that does not is type 2.



of worker and marginal taxes are bounded such that 77(z) € [0;1]*. The planner knows that only
taxable agents will remit taxes implying that T} (2) = T'(z) while T,(z) = T'(0) . The problem of
the social planner is thus very close to the basic optimal tax problem (Mirtlees, 1971; Saez, 2001)

and collapses to this when p = 1.

Social Welfare Function. The social planner attempts to maximize a social welfare function.

Consider the most general formulation of such a function:
SWF = / Q(vy(n),vy(n), p(n))h(n)dn (1)
0

Here, Q(+), is the social preference function. This is similar to the well-known preference function
from the optimal income tax literature (Diamond & Saez, 2011; Mirtlees, 1971; Saez, 2001) except
that the social preference function, Q(+), now discerns between the utility of taxable and untaxable

workers. In the next section, I discuss some of the central attributes we require from this function.
2.2 Measuring Horizontal Inequality

Horizontal inequality is commonly defined as “unequal treatment of equals”. In a Mirrleesian
setting, “equals” can naturally be defined as agents with the same skill level n, since skill represents
potential earnings and is invariant to tax policy. Consequently, assuming identical utility functions,
differences in ex-post utility across agents with the same skill provide a natural measure of

horizontal inequality.

This choice of equivalence class is of course itself a normative judgment. Any characteristic on
which the planner can condition tax liability, in this case formality but one could consider gender
and civil status in other settings, is liable to carry an intrinsic social preference over the category
alongside the pure equal-treatment concern. The elicitation of this paper in section 4 thus captures
a broader measure of horizontal inequality encompassing the full relative social preference across

a category the planner otherwise treats as equal rather than the pure Musgravian ideal.

Existing approaches to modelling horizontal inequality face well-known limitations. Many earlier
measures impose penalties for rank reversals or unequal treatment within income classes (Duclos
et al., 2003; King, 1983), but these introduce non-utility information and violate welfarism,
allowing negative marginal weights (Kaplow & Shavell, 2000). Auerbach and Hassett (2002)
proposed a nested vertical-horizontal aggregator, which resolved many of these issues, but because

it depends on pre-tax incomes, it fails the strong Pareto criterion. Additionally, it is not applicable

4'This restriction is discussed further in section 3.1.



when labor supply is endogenous. Saez and Stantcheva’s (2016) local approach avoids some of
these issues but their definition forces horizontal equality to be the overriding objective. Further,

their local approach does not guarantee a globally consistent welfare ranking (Sher, 2024).

The formulation used in this paper addresses these concerns. It retains the nested structure of
Auerbach and Hassett (2002) but is fully Paretian because it aggregates only utility-based
information. Defining horizontal equality with respect to the invariant skill parameter allows the
measure to operate within a Mirtleesian model with behavioral responses. Unlike the local
approach of Saez and Stantcheva (2016), the framework is globally defined and yields consistent
welfare comparisons for finite reforms. It nests the utilitarian benchmark when horizontal
inequality carries no weight and the Rawlsian limit when it becomes the overriding concern and
any flexible combination of vertical and horizontal preferences as requested by Stiglitz (1982). As
such, it provides the first fully welfarist and operational measure of horizontal-inequality aversion

applicable to optimal tax design.

A remaining practical concern is whether taxable workers can meaningfully be viewed as
horizontally disadvantaged’ relative to untaxable workers of the same skill, and why they do not
simply switch sectors to equalize utility. This concern matters because it is equivalent to asking
whether sectoral differences represent genuine horizontal inequality or endogenous choice. The
generalized model of Section 2.6 makes this precise by treating sectoral choice as endogenous.
Free movement only equalizes utility for the marginal worker at the cutoff; inframarginal formal
workers can remain strictly disadvantaged. The horizontal inequality the planner responds to is

therefore consistent with free switching.

A further consideration is the welfarist scope. Even with switching fully endogenous, a planner
may restrict attention to "socially relevant” utility components such as consumption, skill, and
effort, while treating utility from sectoral amenities as normatively irrelevant. Under such a

censored SWF, the utility associated with sectoral choice is disregarded.

Empirically, none of this hinges on a claim about whether formal or informal work is intrinsically
more desirable. The direct elicitation of marginal social welfare weights in Section 4 allows the
analysis to remain agnostic on that issue by capturing how respondents themselves value
redistribution across sectors. Kenyan respondents expressed a clear aversion to inequality arising

from differences in tax status. These responses reflect both perceived fairness across sectors,

5 The informal sector has historically been viewed as disadvantaged (Gollin, 2014; Harris & Todaro, 1970; Lewis,
1954), though recent evidence is mixed (Blattman & Dercon, 2018; Maloney, 2004).



perceived sectoral productivity differentials and any embedded (dis)amenity associated with

working in the taxable sector.

2.3 The Generalized Social Welfare Function

I disentangle vertical equality preferences, G(-), from horizontal equality preferences, H (-), using

a nested structure.
SWF = / “H (G(v4(n)),G(vy(n)); p(n) ) h(n)dn (2)

Here G(+) follows the optimal income tax literature, it is positive, it has a positive first derivative
and is weakly concave in utility. The horizontal preference function, H(-), navigates the vertically

transformed utilities, G(v), under horizontal inequality. I propose the functional form for H(-).

SWF:/OO (Z?_ G(Uj(n))(z)-pj(n))%h(n)dn (3)

Here H(-) is the generalized power mean formula. While this paper only discerns two types, the
formulation is easily adapted to any number of types. The parameter ¢ captures the degree of
horizontal inequality aversion. For ¢ = 1, this collapses to a weighted average of the utility of the
two types. As this implies a simple maximization of vertically transformed utility, I denote this
horizontal utilitarianism. For ¢ — —oo the outer function becomes a minimum function, assigning
the lowest utility to all workers of a given skill. I denote this horizontal Rawlsianism. As such, we can
reasonably impose bounds on this such that ¢ € (—oo; 1]. For a more flexible functional form, ¢

can also be endogenized to vary across skill.

Accommodating the criticisms of Stiglitz (1982), this SWF navigates the trade-off between
efficiency, vertical equality, and horizontal equality as follows. If G(-) is linear and ¢ = 1 then we
have a standard utilitarian planner. If G(-) is linear and ¢ — —oo then the planner places no value
on additional utility attained through tax evasion but remains strictly utilitarian across skills. For
G(v) = min(v) the planner is a typical Rawlsian and only assigns weight to the agent with the
lowest utility in the population. Note that the case with linear G and quasi-linear utility is

degenerate as it leaves the planner no vertical motive to redistribute, regardless of ¢.



Marginal Social Welfare Weights

We can derive the marginal social welfare weights (MSWW) using the general formulation of the
SWF, eq. (3). Let A > 0 be the marginal value of public funds, determined by the government

budget constraint.

4:(n) :ﬁﬂawav (v;(n)) g () (4)

where Hg;(-) = %’5;”2“’) is the sensitivity of the horizontal aggregator to a change in the

vertically transformed utility of type j. The MSWW corresponds to the per-capita money-metric

social value of one additional unit of consumption for an agent of type j and skill n:

The assumption of no income effects implies that A must adjust to ensure unit value of a uniform
transfer [[p(n)q;(n) + (1 — p(n))gy(n)]h(n)dn = 1. When using weights over income instead of
skill we use the notation §; " () = ¢ (n,(z)). Finally, it is useful to define average weights above a

given income as:

T awfidy
W& =*"F o (5)

2.4 Conditions for Tax Exemptions

Before turning to optimal rates, this section shows, intuitively, how the presence of untaxable
workers can break the Sadka-Seade (1976; 1982) result, by generating exemptions at the bottom
of the income distribution. Maintaining assumptions of (7) no income effects, () T’ (z) € [0,1], and

(227) undifferentiated lump-sum, we get the following proposition:

Proposition 1: If average MSWWs are higher for taxable than for
untaxable workers, g, (0) < ¢; (0), then the optimal schedule features an

exemption z > 0 for taxable workers.

The complete mechanism-design proof appears in A8. To build intuition, I derive the same result

intuitively using a local perturbation argument.

Perturbation argument:

The argument proceeds by asking whether it is welfare-improving to introduce a small positive

marginal tax at the bottom of the taxable income distribution. If the social value of consumption
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among taxable workers is sufficiently high, even an infinitesimal tax increase is welfare-reducing,

implying a zero marginal rate over a positive range.

Consider first the benchmark in which all agents are taxable, p = 1. Let z, denote the lowest
observed income and choose z; = %, + € with € > 0 small. Starting from 7" (2, ) = 0, consider an

infinitesimal increase d1”(z;) > 0 applied over a vanishing interval around z;.

The mechanical revenue raised from all agents earning above z; is:
dM = dT"(z,) - p- [1 - Fl(zl)]

The associated money-metric welfare effect of the mechanical effect is:

aW =~ [T @) () =~ 1) - dnt

21
With quasi-linear utility and 7" (z;) = 0, there is no behavioral effect of the perturbation, dB = 0.
A tax increase will be welfare improving if and only if dM + dW 4+ dB > 0 which yields:
—dW <dM = §f(z)<1

In the standard Mirtlees setting ¢} (z,) = 1 and, by monotonicity, ¢, (z) < 1 for all z > 2, so no
exemption arises’. Now introduce the untaxable workers. This only changes the normalization

condition of social welfare weights:
Py (z0) + (1= P)Gs (7)) =1

If untaxable workers receive lower weights, 43 (z,) < ¢} (z,), normalization implies g (z,) > 1. By
continuity, ¢} (z,) > 1 for sufficiently small € > 0, so raising marginal taxes on the lowest taxable
earners would reduce welfare. The planner therefore sets 77(2;) = 0 for a positive income range

[0, z], producing an exemption. This result holds even in the presence of consumption taxes’.

Intuitively, when some workers with low MSWWs cannot be taxed, the planner must assign greater
social value to consumption within the taxed population to satisfy the overall normalization. This

raises the average social value of consumption for taxable workers above unity, making any positive

¢ Choné & Laroque (2010) show that this conclusion can fail under multidimensional heterogeneity, when the lowest-
skill workers receive below-average social weights. They generate this through heterogeneity in the opportunity cost
of work. My mechanism instead preserves weights that are decreasing in income.

7 A uniform VAT is common to both types and hence horizontally neutral; under quasi-linearity it leaves the relative
welfare weights and the taxable-income disttibution unchanged. The exemption condition of Proposition 1, §;(0) >
1, is therefore unaffected. I confirm this empirically in online appendix O7

11



marginal tax on them welfare-reducing. The exemption thus functions as the feasible counterpart

to a negative transfer when 77 (z) < 0 is infeasible.
2.5 Optimal Marginal Tax Rates

I now characterize the optimal marginal tax rates implied by the plannet’s problem. Let ¢} (2)
denote the average MSWWs for taxable agents earning above z, and let ; (2) and e, (2) denote,
respectively, the local Pareto parameter and the elasticity of taxable income with respect to the net-

of-tax rate of the taxable workers.

Proposition 2: The unconstrained optimal marginal tax rate at income 2
satisfies

~ +
1—4q, " (2)

) = O @) o)

(6)

The proof for this proposition can be found in appendix A8. The expression closely mirrors the
standard sufficient-statistics solutions to the problem (Diamond & Saez, 2011; Kleven, 2021; Saez

& Stantcheva, 2016), but is defined solely over the taxable agents as reflected in G, oy and e;. °

The simplicity of this FOC might seem counter-intuitive given the inclusion of a second, untaxable
type of worker. Unpacking this we see that although the social welfare function aggregates utilities
across all workers, untaxable workers do not respond to changes in marginal tax rates and do not
generate fiscal externalities; hence they drop out of the planner’s problem. Their presence affects
optimal taxation only indirectly, by altering the marginal value of public funds. If the requirement
that untaxable workers remit 7o taxes is relaxed, the problem still has a closed-form solution and

proposition 1 still holds. I derive the formula for this case in online appendix O1.

As shown in proposition 1, the value of §, " (2) can exceed 1, even though preferences are Paretian,
leading to negative marginal taxes. Extending the solution to the more empirically relevant
constrained problem where marginal rates are non-negative simply clamps the schedule, producing
a flat segment at the bottom given as 7/ (z) = max|[0, 7" (z)]. In appendix A9 I derive this formula

by solving the constrained problem with a Kuhn—Tucker inequality condition.

8 For g, (2) < 1 we observe standard behavior and 7"(z) € [0,1]. For §, " (2) € (1;1+ a;(2) - €,(2)) it is optimal for
the government to set 7" (z) < 0, leading to tax exemptions in the constrained problem. For @, " (z) > 1+ a,(2) - ,(2)
the formula instead identifies the local minimum of the SWF. This case is of no empirical importance.
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Vertical Preferences and the Placement of the Exemption

Given the FOC in eq. (0), it is clear that since the exemption is defined by the crossing point
¢"(z) =1, the vertical preferences, governing the rate at which ¢*(z) declines, matter for the
placement of the exemption. Consider two edge-cases. Under Rawlsian preferences, ¢* () is zero
at all income levels above the lowest, leading to no exemption. Conversely, if §*(z) is constant and

larger than one, the optimal tax system exempts all workers’.

In other words, while the existence of an exemption depends critically on the degree of horizontal
inequality aversion, it is the interplay between horizontal and vertical preferences that determines

the exact placement of the exemption threshold.
2.6 Endogenous Sorting, Productivity and Administrative Costs

Until now the characterization has held sectoral status fixed to focus on the horizontal inequality
mechanism. However, three additional margins merit consideration. First, in reality, sectoral
affiliation is not fixed, and workers can switch to the informal sector when faced with higher tax
burdens. Second, there may be a latent productivity differential between the two sectors such that
an equally skilled worker putting in the same effort may earn a lower income in the informal sector.
Finally, tax collection is costly. As such, the marginal administrative cost of widening the tax base

may have an impact on optimal policy. To account for this I generalize the model as follows.

Workers are indexed by skill n and an idiosyncratic informal-sector opportunity . Formal
employment delivers indirect utility v, (n;7T) and informal employment v, (n, #), where informal
output carries a productivity wedge k(n) € [0,1] and a non-pecuniary Roy-style term ¢ (n,6). A
worker selects formal employment when v, (n;T") > vy(n, #). The administrative cost per formal
taxpayer above the exemption is 7, so the fiscal value of a worker who newly enters formality is
T(z) —~ above the threshold. In online appendix O2.7, I let informal workers incur an
administrative cost too. Let 7,(2) denote the semi-elasticity of the formal share with respect to

formal disposable income, expressed in earnings space, and define the Roy fiscal correction

e [ 1100) =1 () o)

° Note that we cannot generally say that flatter MSWWs lead to higher exemptions ex-post, as this depends on both
the renormalization of the weights and the exact shape of the MSWW schedule.
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This captures the fiscal effect of a tax change from inframarginal workers changing their sectoral
affiliation in response to changes in their average tax rate. Here T'(z) — 7 is the revenue loss net

of administrative costs.

Proposition 3: Under endogenous sorting and administrative costs, the
optimal unconstrained marginal tax rate at income z and the optimal
exemption z satisfy

1—q¢, " (2) =T"(z2)
10 ()T (ED) f () (2)
1hi(E) =TG- B0 -af (5) - T*(52)] (8)

T(2) (7)

Here, eq. (7) characterizes optimal rates, while eq. (8) pins down the optimal exemption conditional
on a continuous tax schedule. A sketch of this proof can be found in A10 while the full proof
using the Jacquet & Lehmann (2021) perturbation approach is in online appendix OZ2. Note that
this condition nests proposition 2 in that when 7, = 0 the two conditions coincide. The ex-post
optimal schedule is found as a fixed point in both the endogenous right-hand-side objects and the

exemption boundary z.

Naturally, the new Roy correction term ' (z; Z) in eq. (7) and the cost term v f, (Z) in eq. (8) now
allow for the possibility that exemptions can occur, even when ¢ < 1. In section 6, I investigate
this empirically and find that, without horizontal inequality aversion, the extended model does not

produce sizeable exemptions under plausible assumptions.

The general model also illustrates that the impact of any cross-sectoral productivity differential

only occurs indirectly through other observables.

Proposition 4: When preferences, formal incomes, and elasticities are
observed, any productivity differential between formal and informal work

has no direct impact on optimal tax rates.

Proof is in appendix O2.5. Intuitively, we see that productivity differentials affect taxes in two
main ways. Either through the relative welfare of workers across sectors, which is captured in ¢,
or through a fiscal impact from switchers. However, since informal workers pay no income taxes

regardless of their income, the productivity differential has no independent impact here.

3 Institutional Setting
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3.1 Setting: Personal Income Taxes in Low-Income Countries

Personal income tax systems in developing countries differ markedly from those in high-income
countries. Low-income countries collect a smaller share of revenue from personal income tax
(PIT) and rely more heavily on VAT and trade taxes (Besley & Persson, 2014). They also have very
narrow PIT bases owing to their large tax exemptions. Countries with GDP per capita between
1,600 and 3,000 USD, the relevant range for Kenya, have a median PIT exemption covering 91
pct. of workers (Jensen, 2022). Even the smallest exemption in this group still excludes 76 pct. of
workers. Against this backdrop, Kenya’s exemption, which covers 80 pct. of workers, is

comparatively modest'.

The desirability of narrow income tax bases in developing economies is contested. The prevailing
wisdom is that it is optimal to keep tax exemptions low and tax bases large (Fall, 2022; OECD,
2012). The standard intuition is that narrow tax bases place excessive revenue pressure on a limited
number of taxpayers thus reducing efficiency. This paper challenges that view by identifying a

plausible mechanism under which exemptions are welfare-improving,.

While it is theoretically feasible to extend the tax schedule below zero and provide negative income
taxes at the bottom of the distribution, such policies are almost never implemented in low-income
countries. This is because negative taxes require accurate income verification, strong administrative
capacity, and reliable payment systems, features that are typically weak or missing in these settings.
Negative taxes also create incentives for misreporting or income fabrication, making them more

vulnerable to fraud than a conventional positive tax system.
3.2 The Kenyan Tax System

The personal income tax system in Kenya derives almost all (98 pct.) of its tax revenues from
withholding taxes (PAYE) (Kanina et al., 2025). This validates the assumption that informal
(untaxable) workers effectively remit no personal income taxes. Tax revenues predominantly stem

from public employees (39 pct.) and employees of large private firms (35 pct.)'.

Although informal workers remit next to no personal income taxes, they may in principle be
subject to other income taxes. In practice, however, such taxes play a negligible role for income-
based redistribution. Kenya’s turnover tax (TOT), which targets small, unincorporated businesses,

has historically had extremely low take-up, with fewer than 10,000 active filers per year prior to

10°This group consists of Timor Leste, Cote d’Ivoire, Tanzania (Mainland), Burkina Faso, Uganda, Mali, Cameroon,
Bangladesh, Cambodia, and Kenya. The lowest exemption rate in this set is observed in Cote d’Ivoire.
1 These shares are averages from 2017-22 as reported in Kanina et al. (2025)
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2020 and contributing less than one percent of total tax revenue (Hoy et al., 2024). Even following
recent enforcement efforts, the number of TOT filers remains small relative to the size of the

informal workforce. I therefore abstract from simplified regimes in the simulations.

Informal workers also remit VAT on consumption. As such, the results in this paper characterize
residual PIT conditional on a common VAT rather than the consolidated wedge across all
instruments. Because effective VAT rates rise with income in these settings (Bachas, Gadenne, et
al., 2024), the VAT supplies its smallest wedge precisely at the bottom, where the exemption binds,
and so cannot by itself generate it. This focus on the income-tax schedule rather than the tax mix
is also where the public locates the horizontal-equity margin as shown in Bachas et al. (20206). 1

confirm in online appendix O7 that the optimal exemption is invariant to any VAT wedge.

In 2021, all Kenyan taxpayers wete entitled to a tax relief of 28,800 Ksh/year, a sizeable expansion
from the previous year. Given that the first bracket of the Kenyan tax system taxes the first 288,000
Ksh earned at a flat rate of 10%, this relief system is effectively equivalent to a zero-rated bracket
for earnings below 288,000 Ksh'. As such, the Kenyan system of 2021 is essentially a two-bracket
system with an exemption at 288,000 Ksh, earnings exceeding 288,000 Ksh taxed at 25 pct. and
earnings exceeding 388,000 Ksh taxed at 30 pct. In addition to PIT, Kenyan workers also pay
various social contributions to health and social insurance funds (PwC Kenya, 2025). For the
purposes of this paper, these contributions are not treated as taxes. I examine counterfactual tax

schedules for Kenya in 2021, the only year for which survey data are available.

In 2021, 55 pct. of PAYE-registered (formal) Kenyan workers earned taxable income above the
official exemption threshold (KRA, unpublished data, 2021). Meanwhile, in the informal sector 89
pct. of all workers earn below the exemption threshold (KNBS, 2021a). This implies that 9.4 pct.
of the current Kenyan labor force were evading on the extensive margin in 2021". Throughout, 1
classify workers as taxable if they had any PAYE-registered employment during the year. Some
workers therefore appear with low annual formal income, which could reflect either part-year

formal work or remuneration below the statutory minimum, a widespread practice in the region'.

4 Direct Elicitation of Marginal Social Welfare Weights

12As the relief is applied on a monthly level, it is technically possible to incur a positive tax liability without earning
above 288,000 Ksh/year. The data illustrates that this is only an issue for a small minority of taxpayers.

13 The calculation is as follows: 11 pct. informal workers with positive tax liability multiplied with 85.9 pct share of
informal workers in the total labor force.

4 Bhorat et al. (2017) find that only around 50 pct. of Kenyan wage workers comply with the minimum wage.
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Analysis of optimal income taxation necessarily rests on assumptions about social preferences, yet
such preferences are difficult to measure. In the optimal tax framework, social preferences enter
policy design through marginal social welfare weights (MSWWs), which summarize how society
values marginal transfers across individuals and therefore constitute a more tangible empirical
object”. Unfortunately, conventional survey measures of redistributive preferences do not feed
easily into optimal tax models because they lack a welfare-weight interpretation'’, and until recent
work by Dwenger et al. (2024), there has been little evidence on preferences regarding horizontal

inequality.

To address this gap, I directly elicit MSWWs via a controlled redistribution experiment capturing
preferences over both vertical and horizontal inequality'’. The approach builds on the pairwise
comparison method of Capozza and Srinivasan (2024), who show that repeated allocations of a
shrinking endowment can identify relative welfare weights and recover the full MSWW schedule
of the respondent. By eliciting social preferences directly, I obtain an empirical test of whether
horizontal inequality aversion is quantitatively strong enough to rationalize the large income tax

exemptions observed in developing countries.

4.1 Methodology

Experimental Task

I elicit marginal social welfare weights using a ‘leaky-bucket’ allocation task (Okun, 1975). Each
respondent divides a hypothetical Ksh 1,000 between two recipients, R1 and R2. In every choice
R2 has lower consumption than R1. Let ¢; and ¢, denote the post-allocation consumption levels
of R1 and R2, respectively. Allocating more to R2 reduces the total endowment, implying that

redistribution is costly.

Under standard envelope arguments, the slope of the frontier at the chosen allocation, i.e., the
units of consumption the respondent is willing to take from the R1 to give one more unit to R2,
reveals the ratio of marginal social welfare weights:

qu <Z2) _ acl

PR ©)

15 In this section I discuss the positive aspect of social preferences. There is of course no guarantee that the median
preferences in Kenya are normatively correct.

16 Survey measures of fairness typically report ordinal attitudes, not the cardinal weights needed in welfare functions
(Almas et al., 2020; Bellemare et al., 2008; Charness & Rabin, 2002).

17 The expetiment was pre-registered at AEA https://www.socialscienceregistry.org/trials /15719
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The task spans the full range of weakly redistributive preferences from no taste for redistribution

. . . .. dc .
where equal weight is assigned to both recipients, 8—63 = —1, to the strongest possible preference
where the participant only values the consumption of the disadvantaged recipient, g—z; = —oo. The

full choice-set is presented in online appendix O3. Allowing choices to vary on a fine discrete grid
enhances measurement precision and mitigates intransitivity issues noted in discrete designs

(Capozza & Srinivasan, 2024).

Survey Design

Each respondent completes three rounds of distribution tasks, and in each round, they make two
allocations. In the first allocation, they divide the leaky-bucket endowment between two tax-
compliant individuals whose incomes differ (z; > z,). Each income pair is drawn at random from
the empirical income distribution so that responses cover the full earnings spectrum. In the second
allocation of the same round, they choose between two recipients with identical incomes (z; = 25)
but different tax-compliance statuses. This structure ensures that we observe both vertical
inequality tradeoffs (across incomes) and horizontal inequality tradeoffs (across compliance) for

each respondent.

Because the horizontal comparisons are constructed using observed tax liabilities, they are
identified for income levels where tax liability is positive. Below the exemption, the task does not
generate variation in tax status. This motivates the structural SWF estimation, which allows
consistent evaluation of policy changes across the full distribution for counterfactual changes in
the exemption threshold. Anchoring the elicitation on observed liabilities is what allows the
structural SWF to be fitted to reproduce the weights implied by the current tax system, which in
turn permits consistent evaluation of counterfactual changes in the exemption threshold, with the

sub-threshold weights an output of the fitted SWF rather than an imposed extrapolation.

The horizontal comparison is constructed at equal gross income rather than equal skill, even
though the model defines horizontal inequality over skill. This is deliberate as the planner only
observes income and recovering skill requires an assumed elasticity of taxable income. Eliciting at
equal skill would make the elicitation conditional on a pre-specified ETI, whereas comparing at
equal income recovers the policy-relevant object directly. Under the Spence-Mirtlees condition the
income-skill mapping is invertible, so online appendix O6 plots the weights across skills and

confirms that the income-skill mapping does not meaningfully affect the ratio of the weights.

Framing considerations matter for redistributive preference elicitation. Prior work shows that

stated preferences for redistribution are sensitive to how choices are presented and what
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information is made salient (Alesina et al., 2018; Kuziemko et al., 2015). The benchmark design
here uses a “gain—gain” framing: respondents divide a shrinking Ksh 1,000 pot between two
recipients neither of whom has any prior claim to the pot. This avoids the endowment effects and

moral entitlement cues that arise when one recipient is framed as initially owning the resource.

To test whether results are sensitive to this framing, 20 percent of respondents are randomly
assigned to a “loss-gain” framing in which they may take up to Ksh 1,000 from the higher-income
recipient and transfer it to the lower-income recipient at a cost. This version more closely
resembles the structure of a tax but risks inducing reference-dependence and loss aversion
(Capozza & Srinivasan, 2024; Charité et al., 2022). The average allocation choices are nearly
identical across framings; differences in vertical and horizontal preferences are statistically

insignificant (p = 0.60 and p = 0.85, respectively) and economically insignificant as well."

A second framing concern is how the distinction between taxable and untaxable workers is
communicated. To avoid priming respondents with moral judgments about compliance, the survey
presents only two pieces of information about each recipient: their gross income and how much
they remit in income taxes. No explanations, labels, or narratives are provided. This "minimal"
framing captures how respondents weight individuals who differ only in compliance status,
without the survey imposing assumptions about legitimacy, evasion motives, or deservingness.
Consistent with Section 2.2, the elicited ratio should be read as the full relative social preference
across tax status rather than a pure Musgravian equal-treatment judgment, and it is precisely the

object that enters the marginal social welfare weights. The framing is presented in appendix O3.

Vertical preferences are determined by comparing "tax-compliant”" workers across the income
distribution. To avoid embedding horizontal preferences in these comparisons, both recipients in
the vertical arm are presented as "Pays his taxes," even where one worker is below the threshold,
and no tax amounts are stated. Stating that one worker remits more than another could invite
equal-sacrifice reasoning rather than the marginal welfare weights the model requires (Weinzierl,
2014). The contrast with the horizontal arm, where tax amounts are shown, is by design: the
vertical comparison varies income holding compliance fixed, while the horizontal comparison

varies compliance holding income fixed.

18 Point estimates are nearly identical: the mean pooled vertical MSWW ratio changes from 3.88 to 3.97 and the mean
horizontal ratio from 6.77 to 6.65. Economically, 3.88 means respondents were willing to take 3.88 Ksh from the
richer recipient to give 1 Ksh to the poorer; the alternative framing raises this by only 0.09 Ksh.
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All responses in this survey are unincentivized, meaning that the chosen allocation by the
respondents does not affect any real-world outcomes. Capozza and Srinivasan (2024) test for

whether including real monetary incentives has any effect on their estimates and find no effects.

Aggregating preferences across respondents requires difficult methodological choices. While
previous approaches (Capozza & Srinivasan, 2024) impose a parametric structure on social welfare
weights and recover a single progressivity parameter, this paper instead directly identifies non-
linear, income-specific MSWWs. The parametric approach requires the income of one recipient
(“common recipient”) to be held fixed across all questions, and Capozza and Srinivasan (2024)
show that the choice of this income mechanically shifts the estimated degree of progressivity,

creating an identification problem".

In this paper, no parametric restrictions are imposed to find MSWWs and no common recipient
is needed. For each pair of discrete incomes and types, the relative social welfare weight Z—l is
2

estimated as the median of respondents’ log-ratios, which is the consistent estimator of the true
population median MSWW under weak conditions on the comparison graph and co-monotonicity.
This consistency guarantee does not hold for the parametric estimator. The median is the natural
aggregation statistic as it corresponds to the preference a majority-rule planner would implement,
and because relative valuations are unbounded above. These pairwise medians are then combined
to recover the full set of estimated MSWWs, ¢, *(z), over the income-type grid, using the 'all-pair'
identification procedure described in Appendix A11, which uses all available pairwise comparisons
jointly rather than chaining ratios along a single path, so that no single comparison is

multiplicatively propagated across the grid.

The empirical MSWWs, Gj(z), are then used to fit the parameters of the Kenyan social welfare
function, ©, by matching the SWF-implied MSWWs to these estimated schedules via the loss
function defined in Appendix All. This delivers a structural SWF that reproduces current
preferences under the existing tax system while remaining fully endogenous to policy changes. The
structural fit implies that all workers below the threshold have identical MSWWs across sectors.
The counterfactual ratios are pinned down by the fit above the threshold and the CRRA functional
form. As a robustness check, in online appendix O8, I force horizontal inequality aversion to move

towards horizontal utilitarianism below the threshold and find no impact on optimal exemptions.

19 These papers employ a common ‘Common Recipient’ in their surveys meaning that each respondent across choices
only sees variation in the income of one of the agents in the redistribution problem. This allows them to back out a
complete ranking across these incomes. However, to aggregate these further to a social ranking OLS is used to
represent the preferences of each individual as a single parameter value. It is not clear that the use of OLS is
unproblematic as it implicitly assigns a specific cardinal interpretation to the MSWWs of an individual.
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Sampling:

Data was collected in June 2025 via in-person tablet interviews in 10 subcounties across Nairobi,
Kiambu, Machakos and Kajiado, covering 20 percent of the total population across urban, peri-
urban, and rural contexts. Subcounties were selected with probability proportional to population
size, and within each, a random start location was drawn. Enumerators followed a randomized
“walk” procedure visiting every second household along a spun-pin direction and interviewed one
eligible adult per household. They were trained to explain the efficiency—equity trade-off
underlying the task without influencing responses. As the survey was administered in person, task
comprehension was ensured through enumerator-led explanations. Additionally, all respondents

completed a comprehension module illustrating the trade-offs they would face in the survey.

The gross sample comprises 652 completed interviews. Weights combine subcounty design
weights with raking adjustments to match national age—gender—income margins. Pre- and post-

weight balance along with the full survey methodology is presented in online appendix O3.

Data Quality

Standard data quality checks were applied prior to analysis. Incomplete responses and observations
associated with enumerator non-compliance were excluded, and responses with implausibly short
completion times were dropped to ensure adequate engagement with the task. After these filters,
the cleaned sample consists of 530 respondents across both framings; the main analysis sample is

the 422 gain-gain respondents, consistent with the pre-registration.

To support comprehension and data quality, all monetary amounts were displayed both
numerically and using animated coin stacks that shrink and grow proportionally with allocation

choices. This reduces reliance on numeracy and facilitates engagement with the allocation task.
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Figure 1: Survey Decision Screens
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Note: Left panel depicts the decision screen for the vertical choice between two taxpayers. Right panel depicts the horizontal choice
between a formal and an informal worker.

To avoid biasing responses, each decision screen in the gain-gain framing has a random initial
allocation. I leverage this to test for anchor bias and find no correlation for horizontal choices
and a very slight positive cotrelation for vertical choices (R*=0.003). Consistent with this, only
6.5 pct. of respondents select the initial allocation, 1.9 percentage points above the random

benchmark, indicating limited anchoring,.

As a further quality check, I examine internal consistency across choices. 1 define a nested choice as
a pair of vertical allocation problems faced by the same respondent in which one income pair
strictly dominates another, in the sense that the high-income recipient has lower income and the
low-income recipient has higher income in one problem than in the other. Under standard
assumptions, the implied MSWW ratio in the nested problem must be weakly lower than in the
outer problem. Among the 512 nested choices observed, two-thirds of responses satisfy this
condition. When restricting attention to economically meaningful deviations, three-quarters of
responses are consistent. For comparison, in a related design, Capozza and Srinivasan (2024)
report inconsistency (non-monotonicity) in 75 pct. of responses, although the two measures are

not directly comparable.

Finally, I test whether vertical and horizontal inequality aversion change across rounds and cannot
reject the null of stable preferences (p = 0.82 and p = 0.77 respectively). I then pool the MSWW
ratios implied by all vertical and horizontal allocation choices respectively and compare their

averages. The null that preferences are identical across differences in income and differences in
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compliance 1S stron rejecte < 0. An onine a enaix resent the tu ata cleanin
pliance i oly rejected (p < 0.0001). In online appendix O3, 1 p he full data cleaning

and validation procedure.
Results

Aggregating survey responses yields schedules of welfare weight ratios which can be normalized
to marginal social welfare weights ¢, (2) and §,(2) for taxable and untaxable workers respectively.
I report histograms of pooled responses in O3. In subsequent policy simulations I account for
uncertainty via bootstrap resampling as outlined in A11. In line with the pre-registration, only the

422 respondents that received the gain-gain framing are used for the main analysis. Below I plot

the MSWWs relative to the worker earning just below the exemption to illustrate the relationship

between horizontal and vertical preferences.

Figure 2: Empirical Estimates of MSWW Ratios, Kenya 2025
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Note: Each series plots the ratio of marginal social welfare weights (MSWWs) relative to the worker just below the exemption
threshold. The dotted portion of the untaxable schedule below the threshold is an imputation, as tax status does not vary in the
elicitation task at those income levels. Shaded bands indicate 95% bootstrap confidence intervals from N=1000 draws. The dashed
horizontal line marks equal MSWW to the benchmark worker. The dashed vertical line indicates the observed exemption
threshold. As noted in the pre-registration, only workers who received the gain-gain framing are included in the analysis.
Source: Survey data, Kenya 2025 and author’s calculations.

Figure 2 shows that preferences across incomes are moderately progressive. A taxpayer earning
100,000 Ksh receives about 1.8 times the weight of someone earning 200,000 Ksh. Fitting the
Capozza & Srinivasan (2024) income elasticity measure of progressivity to the MSWW's of taxable

workers yields v = —0.54%. This is slightly less progressive, albeit close to, the progressivity
estimated for the US (v = —0.67).

20 'This comparison measure is computed by simple OLS: Ingj(z) = a+vinz
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In contrast to this, the results indicate a very strong aversion to horizontal inequality with the
weighted (representative) median ratio between social weights assigned to taxable and untaxable
workers of identical incomes of 4.4 above the threshold. This is lower than the unweighted median
of 6.6. This means that the median respondent would be indifferent between giving 1 Ksh to a
taxpayer or 4.4 Ksh to an informal worker of identical income. Following Section 2.2, this ratio
captures the full relative social preference across tax status and not a pure equal-treatment
judgment, reflecting any fairness, productivity, or amenity considerations respondents attached to
compliance. This is precisely the broad object the marginal social welfare weights require. I verify
that the result is not an artifact of the income—skill mapping: online appendix OG6 replicates the
plot across skill levels with almost identical results. In appendix O5, I recover MSWW's in levels

under different normalization assumptions.

To examine heterogeneity, I test whether preferences vary systematically with gender or income. I

fail to reject the null that preferences are identical in both dimensions.
5 Results

This section computes optimal nonlinear income tax schedules for Kenya.
5.1 Data and Distributions

A key advantage of the sufficient-statistics formulation of the optimal tax problem is that it can be

simulated using a small set of empirically observable objects. In the present setting, these are:

e the distribution of gross incomes for taxable workers, f,(z)
e the distribution of gross incomes for untaxable workers, f,(2)
e the share of taxable workers in the labor force, p

e the elasticity of taxable income, €, (2)

® the marginal social welfare weights on taxable workers, G, (2)

I construct the taxable-worker income distribution from administrative data provided by the
Kenya Revenue Authority. Specifically, I use a cross-checked dataset of matched employee—
employer returns (Kanina et al., 2025), which covers the universe of PAYE taxpayers in 2021. To
define gross taxable income, z, I use data on 'taxable income' defined as the sum of 'employment

income' and 'other income'. To match the household survey, I restrict to using data from 2021.

To identify the income distribution of untaxable workers I use the 2021 Kenya Continuous

Household Survey (KNBS, 2021a). This survey records both written contracts and PAYE status.
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Consistent with the institutional setting, I classify informal untaxable workers as individuals aged

18-65, salaried or self-employed, with gross monthly earnings above 1,500 Ksh who are not

subject to PAYE.

While the KCHS has almost complete coverage of salaried informal incomes, some self-employed
workers do not report earnings directly. To address this, I follow Kanina et al. (2025) and impute
gross income for workers with missing income using a consumption-based measure. This

imputation does not affect the distribution or the final results (c.f. appendix O4).

The administrative records identify the exact number of taxable workers in 2021, totaling 2,702,080
individual entries. To compute the share of taxable agents I combine this with the Kenyan National

Bureau of Statistics estimate of the total labor force in 2021 of 19,106,156 workers (KNBS, 2021b).

This implies that taxable agents comprise p = 14.1 pct. of the labor force.

To map observed earnings into the skill parameter (potential earnings), I employ the standard Saez
(2001) calibration method (see e.g., Jacquet et al., 2013; Lockwood, 2020). This requires an estimate
of the elasticity of taxable income. In a recent study, Kanina et al. (2025) exploit tax reforms from
2020-21 to estimate an ETI of e = 0.51 for private-sector workers with incomes in the range
375,000 — 975,000 Ksh (2022-prices). Including public-sector workers leads to a somewhat lower
elasticity of 0.36, potentially reflecting wage-setting constraints. I use the private-sector elasticity

of 0.51 as the baseline?'.

Inverting the earnings condition z = n(1 —7")¢, the implied skill parameter is given by n, =

(17;#))5 for taxable workers and n; = z; for untaxable workers where z; is observed earnings
i

and T”(z;) is the marginal tax rate™.

21 Under quasi-linearity and the non-negativity constraint, the exemption threshold solves for ¢} (z) = 1, so for given
weights and income distributions, ETT only affects rates above z, not the crossing point to first order.

22 Observations at the 288,000 Ksh kink, where T' is not single-valued, are assigned the left-limit (zero) matginal rate;
the recovered skill density is then smoothed (Figure 3), limiting local distortion
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Figure 3: Skill Distributions, Kenya 2021
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Note: Observed incomes are mapped into skill n using the Saez (2001) transformation with marginal tax rates 7(z). The log
x-axis highlights the lower tail. The vertical line marks the potential earnings equivalent to the 2021 exemption threshold (n =
288,000). The figure shows that informality dominates at low skill levels, while taxable workers become more prevalent only
above n ~ 540,000, with substantial overlap across the distribution. Distributions are smoothed with Epanechnikov kernels
(bandwidths 200,000 and 75,000).

Source: KCHS 2021, KRA, and own calculations

Figure 3 shows a clear shift between the two resulting skill distributions: untaxable workers are
concentrated at low skills, while taxable workers are concentrated at higher skill levels and only
become more prevalent above n ~ 540,000. At the same time, there is meaningful overlap in the
middle of the distribution, implying that workers with similar skills can fall on either side of the
tax boundary. As such, taxability (formality) is not exclusively a high-skill trait. This overlap is what

generates horizontal inequality in the current system.
5.2 Simulation Results: Optimal Taxes in Kenya

In this section, I present optimal tax simulations for Kenya accounting for the presence of
untaxable workers and horizontal inequality aversion. I maintain the assumptions of no extensive
margin responses and no administrative costs. I relax these in section 6. I compare prescriptions
for three cases: (z) a naive planner who incorrectly ignores the existence of informal workers (p =
1), (iz) a horizontally utilitarian planner who recognizes informality but assigns no intrinsic value to
horizontal equality (¢ = 1), and (7) a planner who correctly accounts for the informal sector and

incorporates the empirically estimated horizontal inequality aversion. All specifications use the

empirically estimated aversion to vertical inequality, , but only (7i) employs the empirical

~

horizontal inequality parameter, ¢.
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To compute the optimal tax schedules, I proceed in two steps. First, the empirical MSWWs
obtained in Section 4 are used to recover the structural parameters of the social welfare function,
©*, by matching the SWF-implied MSWWs to the estimated schedules (see Appendix A11). This

delivers a welfare function that reproduces the observed MSWWs under the current tax system.

Second, given these fitted parameters, I solve for the ex-post optimal nonlinear tax schedule.
Starting from the statutory 2021 schedule, I iteratively update the candidate tax function,
recompute the implied income distributions and MSWWs, and repeat until the schedule,
distributions, and weights jointly converge. The entire computation is repeated for each of the
1,000 bootstrap resamples of the MSWWs, generating pointwise confidence bands around the

optimal schedule.

Figure 4: Optimal Tax Schedules with Informality and Horizontal Inequality
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Note: All series plot ex-post optimal marginal tax rates using the empirically estimated vertical preference parameter 1/; "Naive Planner"
ignores informality and corresponds to the standard Mirrleesian benchmark. “Horizontal Utlitarian” incorporates informality but
imposes, ¢ = 1, implying no horizontal inequality aversion. 'Empirical Weights, Kenya' accounts for the presence of an informal sector
and for the observed aversion to horizontal inequality embodied in (5 Pointwise 95% confidence bands are based on 1000 bootstrap
resamplings of the survey-elicited MSWWs. All bootstrap series are lightly spline-smoothed over the ability distribution before
computing percentiles.

Figure 4 presents the resulting optimal tax prescriptions. Neither the naive nor the horizontally
utilitarian prescriptions feature an exemption. On the contrary, in both cases, optimal marginal tax
rates are high across the bottom of the distribution. Interestingly, moving from the naive to the
horizontal utilitarian case, marginal tax rates zncrease, reflecting the fact that formal workers in

Kenya earn substantially higher incomes than informal workers and therefore receive lower welfare
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weights in the absence of horizontal inequality aversion. Informality thus acts as a tag allowing the

planner to concentrate taxes on relatively richer, formal workers.

Incorporating horizontal inequality aversion through the full empirical MSWWs fundamentally
alters this prescription. These weights yield an optimal tax system with a sizable exemption
threshold of approximately 149,000 Ksh. While this lies below the statutory 2021 threshold of
288,000 Ksh, it is close to the 2020 threshold of 147,580 Ksh. Although these magnitudes should
be interpreted as suggestive rather than exact, the qualitative implication is clear: accounting for
horizontal inequality aversion implies that the presence of a sizeable exemption in Kenya is likely

welfare-zmproving.

The mechanism for this is straightforward. The empirical MSWWs imply that without an
exemption, average weights for taxable workers at the bottom would exceed one, ¢;(0) > 1,
indicating that the planner aims to distribute towards taxable workers rather than away from them.
A positive marginal tax on low-income formal workers would therefore be welfare-reducing.
Absent a non-negativity constraint, the planner would set negative marginal tax rates at the bottom
to equalize average welfare weights across taxable and untaxable workers”. However, the non-
negativity constraint forces the planner to implement a zero marginal rate over a range of incomes,
generating the exemption. Horizontal inequality aversion thus provides a sufficiently strong
incentive to equalize utility across formal and informal workers of the same skill, even at the cost

of foregone revenue.

Taken together, these results isolate horizontal inequality aversion as the decisive force behind the
exemption. Holding vertical preferences fixed and maintaining the non-negativity constraint,
neither the naive nor the horizontal utilitarian planner prescribes an exemption. Absent horizontal
inequality aversion, optimal marginal rates remain positive across the bottom regardless of vertical
inequality aversion. The exemption emerges only once empirically estimated horizontal inequality
aversion is accounted for. Horizontal inequality aversion thus breaks the standard Sadka—Seade
(1976; 1982) no-exemption result, and empirically relevant aversion is sufficient to rationalize

sizable exemptions in high-informality settings.
6 Optimal Taxes with Extensive Margin and Administrative Cost

The previous section illustrates that horizontal inequality aversion provides a coherent normative

explanation for the existence of sizable tax exemptions. However, two widely discussed alternative

23 To understand this, consider that when z—0 the behavioral cost of taxation embodied by ew also approaches zero.
Thus, it is optimal to adapt taxes at the bottom until the welfare weights are equalized.
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mechanisms also warrant examination. First, the fixed-type assumption may be too strong. If
higher taxes induce shifts to informality, extensive-margin responses could, in principle, justify an
exemption. Second, high marginal tax administration costs could motivate the imposition of an
exemption to maintain collection efficiency. I test the empirical relevance of these mechanisms

using the general optimal tax characterization from proposition 3.

Evidence on the extensive margin elasticity in developing contexts is very limited. One study by
McKay et al. (2024), looking at four East African countries, finds statistically insignificant
elasticities close to zero, while studies of middle-income countries find statistically significant but
modest elasticities (Haanwinckel & Soares, 2021; Ulyssea, 2020). Despite the near-zero East
African estimates, I adopt a conservatively large elasticity of 7, = 0.5 in the simulation, at the upper
end of the middle-income range. For further robustness I also plot an elasticity of 1. In online
appendix O9 I also consider a variable elasticity declining from 1 to 0.5 with the CDF of formal

workers.

Administrative costs could in principle justify excluding low-earning taxpayers from the tax base
(Moore, 2023). To provide a simple upper-bound estimate of the effect of administrative costs on
optimal taxation, I assume a constant marginal administrative cost of v = 5,000 Ksh (~ 38 USD)
per taxpayer per year. I argue that this is sufficiently large to be conservative seeing as Kenya
operates a digital Pay-As-You-Earn system that requires limited individualized processing. For
robustness, I also consider a scenario with v = 10,000 Ksh. Given that informal workers in Kenya
currently face essentially no enforcement, there is little reason to attribute enforcement costs to
them regardless of whether they fall within the tax base. Nonetheless, for robustness, I also
consider a global enforcement scenario in which an informal worker in the base incurs a cost of
vr = 1,500 Ksh, capturing the authority's fruitless cost of attempting to bring eligible informal

earners into the net. I report this in online appendix O9.

24 There is no data available to directly estimate the marginal cost of collection. We can, however compare this to
estimates of average costs of collection across all taxbases relative to total revenues which is 2.2% for Kenya (KRA,
2023) which is similar to estimates for Rwanda (Rwanda Revenue Authority, 2024). Because this average embeds fixed
system costs already sunk in the digital infrastructure, it overstates the true marginal cost of an additional taxpayer.
Even so, imposing this average cost as a constant marginal cost would imply an administrative cost of including one
additional worker earning the median income of a formal worker of ~ 1000 Ksh, far below the assumed level. This
of course does not account for compliance cost on the worker side. Assuming that filing taxes takes two hours and
using median hourly wage (~ 225 Ksh) as the outside option would increase the total marginal cost by ~ 450 K'sh still
far below the estimate.
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Figure 5: Optimal Taxation with Extensive Margin and Administrative Costs
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estimated vertical preference parameter 1[} “Horizontal Utilitarian” incorporates informality but imposes, ¢ = 1, implying no horizontal
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horizontal inequality embodied in ¢.

Figure 5 shows that under horizontal utilitarianism, only very small exemptions arise, even in the
presence of large administrative costs. The reason sizeable administrative costs cannot rationalize
an exemption is structural. With a continuous nonlinear schedule and no notch, excluding one
worker means removing the tax liability on the first unit of taxable income for every worker above
that threshold. This parallels Yitzhaki's (1979) commodity-tax result: under a uniform rate,
exempting one good distorts the relative prices of all others, so it is generally not optimal to do so
locally. The planner therefore cannot exempt a single type without disturbing the entire tax base,
and this holds even for very high marginal costs. The exemption in the main specification cannot

be rationalized by administrative costs or extensive-margin responses alone.
7 Conclusion

Developing economies set high tax exemption thresholds, frequently above the 80th income
percentile (Jensen, 2022), a practice that diverges sharply from the predictions of conventional
optimal tax models, which prescribe no exemptions at all (Diamond & Saez, 2011; Mankiw et al.,

2009). A common interpretation of this is that policymakers in developing countries simply
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implement suboptimal policies. This paper highlights a different explanation. Specifically, I posit
that the assumption of full compliance in the basic Mirrlees (1971) framework is particularly
problematic in developing economies with high informality rates. Beyond efficiency concerns,
taxing formal workers while leaving informal workers untaxed introduces significant horizontal

inequalities altering the equity—efficiency trade-off in ways that can rationalize sizable exemption

thresholds.

This paper extends the standard optimal tax model to a two-type framework allowing for the
presence of untaxable workers. In this environment, taxing formal workers while informal workers
remain outside the tax base generates horizontal inequalities that a horizontally averse planner may
seek to offset. I show that once these concerns are incorporated, sizable exemption thresholds are

optimal.

This paper does not argue that horizontal inequality is directly guiding policymakers in their
decisions, nor that horizontal inequality should be an overriding objective. Rather, it rebuts the
argument that tax exemptions are necessarily inefficient policy tools. By providing a coherent
normative structure that incorporates horizontal concerns, the approach allows us to more

accurately reflect the constraints and objectives inherent in high-informality economies.
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Appendix

8 Proof of Optimal Tax Rates with Untaxable Workers:

In this derivation, we analyze the optimal taxation problem in an economy with two types of
workers. The government aims to design an optimal tax system that maximizes social welfare while

considering the behavioral responses of workers and budget constraints.

Setting Up the Hamiltonian:

I start by formulating the Hamiltonian, H, for the government's optimization problem. The costate

variables 6; and 6, correspond to the IC constraints as in the standard formulation of the problem.

H = (Q(v, (), (). p(n))

Ap(m) (1 (n) = [v (m) + (1, ()

(1= p()) (- Ly() = [0 () + b1y () ()
o lmn)b’(ll(n))] e llz(n)bwn))]

—+
—+
n n

Notation follows section 2 and [; denotes labor supply.

First-Order Conditions:

We derive the FOCs by taking the derivatives of H with respect to the control and state variables.

L gty = 0:
)\[p(n) (n B b’(ll(n))>]h(n) +6,(n) (b (ly(n) + llTiN)b (ll(n))> -0 (A1)

o = 0:

oQ df(n) _

[ G (n)] )+ = (A2)

o = 0:

oQ dfy(n) _

[m _A(1— p(n))] R (A3)

Solving for Costate variables:

I integrate FOCs 2 and 3 in order to find the co-states 0, (n) and 6,(n). I employ the transversality

conditions:
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lim 6,(n) =0 and 6,(0)=0 for ke {1,2}

n—oo

Finding 6, (n) using (A2):

0, (n) = / h [ a?f?m) - )\p(m)] h(m)dm (Ad)

n

And symmetrically for 6,(n). We can add the costates and use that 6, (0) + 65(0) = 0:

8, (n) + O,(n) = /n h [ 81}??771) + az?m) - A] h(m)dm (A5)
A= /O h [80?6(’27”) 4 82?171)] h(m)dm (46)

Deriving the Optimal Tax Rate:

For type I workers the utility function is:

vy(n) = c(n) = b(ly(n)) (A7)
Subject to the budget constraint:

¢(n) = z(n) —T(z(n)) (A8)
Where z(n) = n - l;(n) is gross income and T'(z(n)) is the tax function.

Ovy(n)

We review the FOC for utility maximization ol () — 0 which yields the FOC

b (1 (n)) = (1=1"(2(n)) ) n (A9)

Elasticity of Taxable Income:

I define the elasticity of taxable income e:

B (1 — T’(z(n))) n
* = Ly (L) —

And rewrite:

Li(n)b” (L(n) _ 1—T"(2(n)) (A1)

Inserting (A9) into the FOC (A1) and using this definition gives
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AMp(n)nT’ (z(n))]h(n) = —6;(n) (1 — T’(z(n))) (1 + —) (A12)

Defining Social Marginal Welfare Weights:

The marginal SWW for type I workers can be defined as:

ROREAD
Ovi(n)  Oci(n
Which allows us to rewrite:
0
o = () A+ ) (414

Using equations (A4) and (A74)

“0y(n) = [ plmlL~ g, (m)] () (A15)
Using that f;(n)p = p(n)h(n) and that p™(n) = LOO p(m)h(m)dm

~0,(n) = 2" (0) [ 1 gy (m)], (m)dm (A16)

n

Insert into eq. (A72)

ot () it) = )| [ 1= sl fsmden| (1= 7)) (141) ()

Solving for Marginal Tax Rates:

Rewrite eq. (A77)

T'(2(n)) _ (1—F(n)1—qf(n) 1
1—T"(2(n)) B nf,(n) (1 * g) (A18)
foo q1(m) f1(m)dm

Where I use the definition: ¢ (n) == T ()

To express this over observable income, apply the standard Saez (2001) change of variables.
Under the Spence—Mirrlees condition the skill-income map n — z is invertible, and for a locally

linear schedule the virtual density satisfies

91(2)z(n)(1+e) =n- fi(n) (A19)
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Substituting (A19) into (A18), and using G1(z1(n)) = Fi(n) together with the local Pareto

parameter a4(z) = 291(2)

= 7= G,z Yields the optimal marginal tax:

T'(2(n)) _ (1-Gi(2)(1—q{()) <1+6)

- T’(z(n)) 91(2)z (1 +€) €
1 1
— Z) (1 =6+
ay(2) (e) ( g <Z>)
We can isolate to find the final formula:
- (2)

T (z)

R CETENE 20

9 Kuhn-Tucker Conditions for Non-negative Marginal Taxes

Imposing T7(z) > 0 on the derivation of Section 8 establishes Proposition 1. The steps ate

unchanged except for the added constraint. I outline the changes here.

Augment the Hamiltonian of Section 8 with a multiplier w(n) on the non-negativity constraint,
written [, > [;(n), since type-2 workers face a zero effective rate, it binds only under a negative

marginal rate:
i = H +w(n)(L(n) — 1, (n)
st. win) >0 and w(n)(lz(n)—1i(n)) =0

The multiplier enters only the [; first-order condition (A1), adding a term —w(n). Carrying it

through the same steps as (A1) to (A18) gives

rew) _(CRWO-GEE0D g
1—T"(z(n)) nf,(n) _%g)

When ¢ (n) <1 the constraint slacks (w = 0) and (A21) collapses to the unconstrained formula.
When ¢, (n) > 1 the unconstrained rate would be negative, so w(n) > 0 rises until I = l1(n). The

non-negativity constraint therefore acts as a simple clamp,
/ 4
T7(2) = max|0, T;(2)]

producing a zero-rate region as outlined in Proposition 1.
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10 Sketch: Proof of General Extensive Margin Model

Full derivation using the tax-perturbation method of Jacquet and Lehmann (2021) in online

Appendix O2. Below follows a brief sketch- The general model adds three objects to the baseline.

Roy sectoral choice. Formal earnings and the sector cutoff,

2, (n;T) = argllnax{z —T(2) —b(%)} (A22)

give the formal share p(n;T") = Fw‘n)(@(n;T) | n), with informal productivity wedge x(n) and

admin cost 7y per formal taxpayer above Z.

Responses. Intensive and extensive margins summarized by two sufficient statistics,

() = LR () and pp()/p(n) =T, (IRG) (A2

Optimality. A perturbation T, = T — xR with zero first-order welfare effect gives

T (2)

0= [{lf() — 1+ TEARE + s

é(z)zR’(z)} g(2)dz (A24)

Integrating by parts delivers the intetior rate (7), with Roy correction I'(z;2) = [T'(2) —
Y1,-5]7,(2) and optimizing over z delivers the boundary condition (8). Since  enters (7) only
through {«, &,q,, I''}, it has no direct effect on rates (Proposition 4). Imposing 7" > 0 clamps the

schedule to T, = max{0, T, }.
11 Aggregating Social Preferences

Consider a population where all voters have social preferences that can be characterized by a

schedule of MSWWs, ¢, (2, j). The median of MSWWs of the full population is defined as:
q*(z,j) = median(qi(z =2z,j= j))

When setting policy, a social planner wishes to respect median preferences and thus use ¢* as the

social objective. However, the planner cannot observe ¢* nor g;. Instead, the planner elicits ordinal

votes from a representative sample of voters.

11.1.1 Voting Framework

When eliciting votes, the planner is constrained by the following conditions:

e Finite Votes: As voting is costly, each voter i is endowed with k votes {7; 1,7; 55+, T 1.}
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e Ordinal Preferences: Voters can only express relative valuations, e.g., ¢;(2,,7,) = 8-
q;(%, Jp,) where ¢,(-) represents social weight.
— qi(za?ja>)‘

¢ Single-Valuation Votes: Each vote can only capture one comparison (e.g., 7, = PR

For tractability, the planner focuses on a finite set of incomes {2y, 29, ..., 2 }

11.1.2 Normalization and Identification

The weight function g; is inherently defined only up to a scaling constant, since all comparisons

are relative. Without loss of generality, we normalize the scale of ¢; by fixing a reference cell. We
set: ¢* (29, Jo) = 1.
All other values are identified relative to this cell.

11.1.3 Estimation Strategy:

All votes happen between two grid cells, e.g., a = (z,7,) and b = (z;, j,). There are N total cells.
Let ' C N X N be all the observed cell comparisons, i.e., (a — b) where a # b. We transform

votes, T into log-ratios to simplify analysis while keeping median targets well-behaved. Define

a—b>

L, ., = log(r,_;), this way products of ratios add ¢,_,, = ¢, .. + {,._,, this allows for the estimation

a—c
of one set of differences rather than chaining products, eliminating path dependence. As the log
function is strictly increasing, taking medians on this scale preserves order. If ballots follow r =
r*e with median(e) = 0, then median(log(r)) = log(r*) and the log-median is an unbiased target

for the population median on a multiplicative scale.

For each observed pair, we define the corresponding log-median ratio as: m, ,;, =

median{log(r, ,;)} = median{/, ,,} wherer,, ,, = —— = m,_,, = —m,_,,. We allow for the

Ti,a—b
inclusion of a weight, w,_,,;, to signify precision, inverse sampling probability of importance. We

attempt to estimate our log-transformed true median as vy, , = log(¢* (2, j,)) by solving:
U= argmin Z waﬁb[(fua o Ub) o maﬁb]z (A25>
v (a—b)el’

Where v,, = 0 fixes scale at a reference cell ng. Identification requires that the comparison graph

(N, I") is connected.

To recover MSWWs in levels rather than logs we simply transform §*(z,J,) = exp(7y,).
Estimating v simply requires solving for the set of ¢ that minimizes the loss function presented

above.
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Separability:

If preferences for horizontal and vertical equality ate separable such that we can write ¢*(z, j) =
¢ (2)q5(7) and if I' contains no cross-compatisons (i.e., where both z and j differ in a ballot), then
the problem simplifies. Use vertical ballots pooled across types to estimate g% (z) via a 1-D
weighted least squates on the income grid (anchor g7 (2, ) = 1). For horizontal ballots, pool across

incomes to estimate ¢(;j) analogously (anchor g7 (j, ) = 1). Combine as ¢*(z, j) = q%(2) ¢;(j)-

Fitting Social Welfare Function:

As subsequent simulations will need to use endogenous weights, we use the estimates of ¢*(zy, j;)

to parameterize the generalized social welfare function:

0o ) v ()1 2 én)
SWF = / (Zj_lpj(n) (%) ) h(n)dn (A26)

Where the horizontal inequality aversion is allowed to vary across the skill distribution according
to ¢(n) = ay + a; In(n) + a, In(n)?2. The parameter vector to estimate is © = {a, a1, g, 1}

Where ¢ < 1and v; > 0. As utility is quasi-linear the MSWW implied becomes:

- 10SWF(O©)
U(z0) =<5y (A27)
A 0t;(2(n))
Where A is given by the normalization condition. Before fitting, the elicited weights are rescaled

onto the same population-wide normalization as the structural weights. The parameter vector is

chosen to minimize the loss function:

1

Ly(z) = (¢ (2, 1) = ' (23,2)) = (4=, 1) — ‘7<Zi72))>29<2>1——0(5>

Ly(z) = (@ (2, 1) — 42, 1)) g(2)

L= [ Lpnlu()+ Ly2)ds
0

The resulting parameter vector, ©%, thus recreates the current MSWWs given the current

allocation but is determined endogenously and thus adapts to policy changes.

Bootstrapping:
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To identify confidence bounds on the MSWWs and, by extension, on the optimal tax prescriptions,
the paper employs a bootstrap that resamples the survey at the subcounty—participant level. Each

bootstrap draw proceeds in three steps.

First, subcounties are resampled with replacement, preserving the number of primary sampling

units.

Second, within each selected subcounty, participants are resampled with replacement. If a
participant appears k times in the draw, all of that participant’s observations enter with multiplicity

k. This produces a new resampled set of comparisons S that preserves the original A—B structure.

Third, for this new set of comparisons, weights are recomputed as
w? = basey, ;) -mult? - raking?

Here, basey, ;) is the design weight detived from subcounty population counts and sample sizes,

mult? reflects the participant’s resampling multiplicity, and raking? is the post-stratification
adjustment that forces the weighted distribution of income, gender, and age in the bootstrap
sample to match the population margins (Online Appendix O3.1.2). Because the composition of

each bootstrap sample differs, the raking step is rerun for every bootstrap draw.

The full MSWW estimation pipeline is then rerun using these weights, generating bootstrap

~ *

distributions for ¢, g,. These are then subsequently used to estimate parameter vectors, ©, , for

7

the social welfare functions. Finally, the full simulation procedure is run to the generate 1000

~ %
optimal tax prescriptions, T;(2|0, ). The bootstrapped tax schedules are aligned on a common
income support and used to construct pointwise 95% confidence bands for the optimal marginal

tax rate profile.
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Online Appendix

1 Optimal Tax Rates with Employed and Self-employed Workers

In this section I make a simple perturbation derivation of optimal taxes using a delineation between
"Employed" and "Self-employed" workers. I maintain the same notation where worker type

follows from the subscript such that z; and x, refer to employed and self-employed respectively.

Employees always pay their full tax liability, whilst the self-employed can costlessly evade a share

1 — o of their liability such that they only have to pay o7'(2). Their utility function is thus:
us(c,zyn) = z—o0T(z) —b(z,n)

A tax is locally optimal if for all values of z, a small change in marginal tax rates, d17(z) has no

effect on aggregate social welfare.

Mechanical effect of tax change:

dM =dT’(z) - [1 — H(2)]p*(2) + 0dT"(z) - [1 — H(2)](1 — p* (2))

dM = dT'(z)-[1— H(2)]- (p"(2) + o (1 — p*(2)))

Where H(z) is the CDF of earnings and p*(z) the share of workers above income level z who

are "Employed".
Notice, we can define 1 — x = <p+ (2) + 0(1 —p" (z))) as the net of the marginal evasion rate.
AM = dT'()-[1 = H()] - (1 =)
We can also simply decompose it into the effect from employees dM; and self-employed d M,
dM = dM, + dM,
Welfare effect of tax change depends simply on MSWW for each type:
AW = —(g} (=) - dM, + ¢ (2) - dDM)

The behavioral effect depends on the elasticities of each type, e;, the local density of workers, h(2),
and the share paid by self-employed, o. The elasticity of employed workers, e;, is both their
structural and reduced form elasticity while e, denotes the reduced-form elasticity of self-employed

reported income with respect to the statutory net-of-tax rate 1 — 7" (z). Because the self-employed
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bear only the effective rate 0" (z), this equals their structural elasticity (defined over their own net-

of-tax rate 1 — 07"(2)) times the pass-through o.

dB = — (dT’(z)h(z)p(z) . elzlf/—% + odT’ (2)h(2)(1 — p(z))ezzlf/—%>
4B = —(h(z)p(2)e, + oh(z) (1 = p())es) (dT"(2) - = f—%)

Set condition for local optimality and rewrite, dM + dW + dB = 0
(1= q (2))dM, + (1 = g3 (2))dM,

~ (h(EIpl)es + bl (1= ple))ey) (417() 2o g ) =0

(1— g (2))dM, + (1 — g (2))dM,
(h(z)p(2)e; + oh(2)(1—p(2))e,) - 2

(1-a () (D) + (1 —g(2)o(1—p*(2)) L—H(z)]  T'(2)
(p(z)e; +o(1—p(2))

T'(z)
1—-T"(z)

=dT’(z) -

€s) h(z)z 1—T'(2)
Which leads us to our general equation for optimal taxes

Tz (1-g(2)r* () + (1 g5 (2))o(1—p(2)
1—T7(2) (p()er + o(1— p(2))e3)()

Exemption result: by construction we know that:

(1=a (0)p+ (1 =43 (0)(1=p) =0

That is, giving one dollar to all agents has a mechanical gain of 1 and a welfare cost of 1. However,

note that as long as the self-employed do not comply fully with taxes, i.e. ¢ < 1, then we see that:
(1=t (0)5+ (1 - g5(0))o(1— ) #0
Correspondingly this implies the potential for exemptions, i.e.,
(1—q¢f (2)pt(2)+ (1 —q3(2))o(1—p"(2)) =0,  for2>0

As long as g (Z) is larger than one and o is less than one, it will be optimal to have some level of

exemption 2 > 0.

Sufficient statistic:
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We can finish rewriting the sufficient statistic formula by defining 1 — (Q(z) as the tax share
weighted net marginal social welfare weight (1 — qi’(z))pJ“(z) + (1 - qé’(z))a(l —pt(2)). We
can then define €(2) = (p(z)e; + 0(1 — ,0(2))62) simply as the reduced form ETI of all income
spanning both the employed and self-employed. We can then rewrite:

1-Q(2)

T =g +a @

2 Proof: General Extensive Margin Model

In this appendix I relax the following assumptions from the baseline model: (7) fixed sectoral
affiliation, (iz) identical productivity across formal and informal sectors, and (i) costless tax
administration. The proof uses the tax-perturbation method of Jacquet and Lehmann (2021). I
first prove the condition for the unconstrained problem, then impose a Kuhn-Tucker non-

negativity condition.
2.1 Setup with Roy-style Sectoral Choice

Workers differ in two dimensions indexed by (n,0) where n is skills and 6 is a continuously

distributed informal-sector opportunity. We let h(n) denote the density of skill and Fy,,(6|n) and

n

Jorn a0d 0.

F,9(n|0) the conditional distributions of ¢ and n respectively. The corresponding densities are

The indirect utility of formal employment is v, (n; 1) while the indirect utility of informal work,
vy(n, ), also depends on 6. Maintaining quasi-linearity we see that conditional on being formally

employed a worker chooses taxable earnings

z,(n;T) = argmax {z —T(z)—b <E) } (B1)

z n

The corresponding indirect utility is

0 T) = 2 () = T(zy) — b (1) (B2)

For an interior formal earnings choice,

| = T7(2,(n: T)) = %b’ (#) (B3)
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Informal employment is untaxed. To separate productivity from Roy utility heterogeneity,
let k(n) € [0;1] denote the informal productivity wedge and let ¢y(n,6) > 0 denote an

idiosyncratic informal opportunity term.

vy(n,0) = mlgx{/e(n)nﬁ —b(l) +¢(n,0)} >0 (B4)
The informal labor choice solves x(n)n = b’ (Z* (n)) and workers choose formal employment if
and only if
vy (n;T) = wy(n, 0) (B5)
Define the Roy cutoff, 6, by
vy(n, é(% T)) =v(n;T) (B6)

Workers are formal if § < 6(n; T). The formal share at skill n is therefore.

p(n;T) = Fig (0(n;T) [ n) (B7)
Let z denote the exemption threshold and let v > 0 be the administrative cost per selected formal

taxpayer above that threshold. The government budget constraint is

/P(W T)T (21 (n;T))h(n)dn — 7//?("; T)1(., (niryszyh(n)dn > R (B8)

Where R denotes the revenue requirement. The first term is tax revenue from formal workers.
The second term is the administrative cost of collecting from formal taxpayers above the
exemption threshold. At the end of this proof, I present the case where the cost accrues to all

workers in the taxbase.

2.2 Tax Perturbation

Let R(z) be a smooth reform direction and define a continuous tax function

T.(z)=T(z) —zR(z) (B9)

A positive R is a tax cut. In line with the assumption of undifferentiated lump-sums, we restrict to
perturbations with R(0) = 0. Define the changes in labor supply and formality given a

perturbation.

tln) =z, ) and  paln) = p(miT) (B10)

By the envelope theorem,
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v, r(n) = R(z(n)) (B11)
Differentiating the formal earnings FOC to perturbation intensity x at x = 0 gives

R’(zl (n)) — T”(zl(n))zR(n) = %b" (i?) zp(n) (B12)

Hence the first-order response of earnings to a small movement in the direction R is

zp(n) = Bz (n) (B13)
f % 17 (%1 <n>
T" (z,(n)) +ozb ( 7 )
Define the formal earnings elasticity by
1—T"(z) 1 Zl(”))]_l
=——|T" —b"” B14
elm) == T ) gt (P (B14)
Substituting this definition gives
e(n)z;(n) _,
zp(n) = MR (zl(n)) (B15)

S 1- T (2)

The perturbed Roy cutoff is the identity vy(n,6,(n)) = v, (n;T,). Differentiate both sides with
respect to x at z = 0. Since informal utility is tax-invariant, the left-hand side changes only through

the moving cutoff:

Vg 9(n,0,(n))0R(n) = vy g(n) (B16)

Using the envelope resultin (B11)

_ R(2(n))
Or(n) = Vg (n, Q(n))

With the additive representation in (B4) this simplifies §(n) =

(B17)

R(zlgn )
1/19 (nve(n».

Finally, differentiating
the perturbed formal share, p(n; T, ), gives

_ Jonl6(n) | )

pR(”) U2,9 <n79(n))

R(z(n)) (B18)

Define the semi-elasticity of the formal share with respect to formal disposable income as

1 fou(0(n) | n)
p(n;T) vy 4(n,0(n))

n,(n) = (B19)

Then the relative change in formality with respect to a given perturbation is
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— 5 = 1, (n) Rz, (n)) (B20)

2.3 Welfare Envelope

Let M be a differentiable transformation of individual utility capturing vertical equity preferences
and let 2 be a differentiable aggregator over the within-skill welfare index capturing horizontal

preferences. Define

0(n;T) oS
An;T) = / M (vy (n; T))f9|n(9|n)d9 + / M (vy(n, 9))f9‘n(9|n)d9 (B21)
—00 0(n;T)
Social welfare is
W(T) = /Q(A(n; T))h(n)dn (B22)
N

Let A > 0 denote the multiplier on the government budget constraint. The per-capita marginal

social welfare weight on a formal worker is as noted ¢; (n) =+ Q4 (A(-)) M’ (v,(-))

Differentiating (B22) with regards to the intensity of the perturbation we use that v,(n) =

Uy (n, 5(71)) at the cutoff such that the welfare effect simplifies to

ldW(Tx)
A dx

— [ ) @y R (a1 () () (B23)
N

=0
2.4 Sufficient Statistics

Assume n > zp(n;T') is differentiable and strictly monotone. Let n(z) denote its inverse. The
normalized formal earnings density is g(2) and the total formal share is p as defined in section 8.
Let ¢,(2), €(2), and 1,(2) denote ¢y, e, and 1, expressed in formal-income space. Define upper-

f:o s(z)g(z)dx

tail averages by s*(z) = =G0)

As in the Jacquet and Lehmann (2021) perturbation method, the planner considers arbitrary
smooth directions R and imposes the government budget constraint through a multiplier rather
than by requiring each direction to be mechanically budget neutral. Along the path T, =T — z R,

define the Lagrangian
L(z; R) = W(T,) + A\[N(z) — R]
Where N () is net government revenue along the perturbation and p, (n) = p(n; T,)
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N@)= [ p, T, (2 ,(0) hin)dn = [ p, (W)L}, onh(n)dn  (B24)
N N

At an interior optimum, every admissible perturbation must have zero first-order effect on the

Lagrangian:
dL(x;
0= @ R) (B25)
dr |,
Dividing by A,
1dW(T,) AN ()
O — z -~ 7 B26
Aodr |, * dr 1,_, (B26)

Here we use the result

dN ()
dx

— [T =91, og] + o) R(z) + T (s)zgldn (B2)

z=0

Here, for a given exemption threshold z , the interior perturbation R holds z fixed and induces no

crossing of the threshold, so the derivative of ~1 -1 contributes no interior term. The other
? {Zl 7z<n>>z}

effect, workers crossing z, is the separate exemption-boundary margin in (B35)—(B38), where it
enters as the administrative-cost term yg(z). We use the welfare derivative in (B23), the Roy

response (B20) and defining the Roy correction I'(z; 2) = [T'(2) — v1,,-2|7,(2) we see
p g y {z>z}1"p

0= /p(n) {[ea(n) =1+ T(z1(n); 2)]R(2(n)) + T"(21(n)) 25 (n) h(n)dn  (B28)

Substitute the intensive-margin response (B15) then changing variables from skill to formal

earnings,
0=7 [{i#0) -1+ T RE + T i deR () e (B29)
To solve this optimality condition, define
AG) = [0() 14 TG and B() = )20

Then (B29) is equivalent to
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Now apply integration by parts to the term involving R’(z). For any admissible perturbation in
this interior unconstrained problem, the transversality condition implies that the IC does not bind

at the endpoints. Thus
[B(2)R(2)]5° =0 (B30)

The integration-by-parts identity is LOO B(z) R (2)dz = [B(2)R(2)|y — LOO B’ (z)R(z)dz

The first-order condition becomes

0= /OO[/I(Z) — B'(2)] R(z)dz

If A(z) — B’(z) were positive on some small interval, one could choose a smooth positive
perturbation R supported on that interval to make the integral positive. If it were negative on some
small interval, one could choose the opposite bump. Hence the integral can be zero for all smooth

interior perturbations only if the bracketed term is zero pointwise on the interior:
B'(z) = A(z) = [01(2) =1+ T(z 2)|g(2) = —[1 = G, (2) = T'(2;2)]g(2) (B31)
This differential equation pins down B(z) by integrating down from B(z;) = 0 such that

~5(:) = | Tl = (o) — T 2) gla)da (B32)

z

Inserting the definition of B(z) into (B32)

T (z) .

T €(2)zg(z) = /00[1 — 4, (@) = T(z; 2)] g(x)da (B33)

z

The right-hand side of (B33) can be written in terms of upper-tail averages.

T
=7 (2) €(2)z9(2) = [1 = G(2)][1 = Gy (2) =T (, 2)]
T'(z) 1-G(2)1—q(2) —T"(z2)
1-T'(2)  =z9(2) €(z)
Using the local Pareto parameter 1;;52(; ) = a(lz>

() 1) -0
1—-T"(2) a(z)e(z)

Finally, rewrite to
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1§/ () ~T*(2)

T'(2) =1— 7 (2) =T+ (2 2) + a(2)é(z)

(B34)

This characterizes the optimal unconstrained marginal tax rate for a given z. Thus, Roy selection

changes the optimal marginal tax formula through the net fiscal value of additional formal workers

[(z2) = ﬁfzm [T(x) — 'yl{z(xb;}]ﬁp(w)g(a:)da:.

Exemption Boundary

The unconstrained first-order condition in (B34) takes the exemption boundary 2z as given.
However, because of the presence of administrative costs, the exemption boundary is a separate
margin. To characterize the ex-post choice of z, hold the marginal-rate schedule above the
boundary fixed and compare two effects: raising the boundary gives all taxpayers above z an
inframarginal tax cut, but it also saves administrative costs on the marginal group removed from

the administered tax base. Write the schedule as

z < z,

(0
T =9 [° (B35)
L/Z T (s)ds, z> z,

Raising the exemption boundary by dz gives current taxpayers above z an inframarginal tax cut.

This is equivalent to the reform direction

It also directly saves administrative costs ypg(z)dz. Consider then the optimal boundary using the

Lagrangian £(z; R) = W(T,) + A[N (z) — X]. Normalizing by Ap and find the optimum

== =193 =T = GE)1 —p(2) —T"(52)] =0 (B37)
A regular interior ex-post boundary satisfies

19(2) =T (2)[1 = G(Z)][1 = 4r(2) =T (5 2)] (B38)
This condition characterizes the ex-post exemption boundary for a given schedule above the

threshold.
2.5 Effects of Productivity Differentials

Conditional on the sufficient-statistics objects that appear in (B34), the value of x has no separate

direct effect on the optimal marginal tax formula.
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Proposition. Fix the formal earnings distribution ¢(z), the formal earnings response €, the formal-
share semi-elasticity 7 ,, the marginal social welfare weights ¢;, and the administrative cost 7. Then

changing the primitive productivity wedge x(n) leaves the optimal tax formula (B34) unchanged.

Proof. The interior formula depends on primitives only through

a(2),8(2), 4y (2), " (2 2)

The Roy correction is

I (2 2) / [T@) = 110107 (@) ) da

Thus, no remaining term in (B32) contains k. The intuition for this is that the effect the
productivity differential has on welfare already is captured by the MSWWs. Simultaneously, while
the differential does affect the counterfactual informal earnings of a marginal worker changing
sectors this does not change the fiscal cost of the change which remains 7'(z) whilst the welfare

cost of the worker in question will be 0 by definition of indifference.

Note that the same holds for the exemption boundary condition.
2.6 Non-negative Marginal Tax Rates

Denote the unconstrained optimal tax T, (z). If the planner also imposes a shape constraint such
as T’ (z) > 0, then the same perturbation logic gives a Kuhn-Tucker. Let t,(z) = T/(2) denote the

constrained optimum where all sufficient statistics in this section are evaluated at 7.
Define the constrained formal-plus-Roy social weight
0=q/(2)+T"(z2) (B39)

Let w(z) be the normalized Kuhn-Tucker multiplier on the constraint¢.(z) > 0. Since the
perturbation is T, =T, — xR, the induced perturbation of the marginal tax rate is ¢t (2) = t.(2) —

xR’ (z). The multiplier therefore enters the first variation through the R’(z) term. The constrained
analogue of (B29) is

0= ﬁ/ {[51(2) — 1+ Dz 2)]R(2) + < €(2)2R (2) — w(Z)R’(Z)} 9(z)dz (B40)

with

w(z) >0 and t.(z)>0 and w(z)t.(z) =0
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Integrating by parts as above gives

(B41)

Where the constraint is slack, w(z) = 0, and the interior formula (B32) applies at the constrained

optimum. Where the constraint binds, ¢,(z) = 0, and
Q(z;2) > 1 (B42)

Define the unconstrained right-hand side evaluated at the constrained allocation by t, .(2).

Equivalently, the nonnegative constrained marginal tax schedule is
t.(z) = max{0,t, .(2)} (B43)

This is the analogue of the clipping argument in appendix section A9, but it must be read as a

fixed-point condition evaluated at the constrained optimum.
2.7 Extension: Sector-Specific Administrative Costs

The main proof assumes that administrative costs are paid only for formal taxpayers above the
exemption. Suppose instead that the fiscal administrative cost can differ by sector. Let v be the

cost of a formal taxpayer and ~y; the cost of an informal worker. The admin cost term in the budget

constraint then becomes
/l{zl(n;T)>2} [vep(n; T) + 7, (1 — p(n; T))]h(n)dn (B44)
N

A marginal Roy switcher changes the cost from y; to Y. The interior Roy correction is therefore

T (2 2) = [T(2) = (vr = Y1) Loy |7, (2) (B45)
Thus formal-only costs are the special case 7; = 0, while an equal cost for everyone in the covered
range is the special case 7y = 7;. In addition to impacting optimal rates the administrative costs

also impacts the boundary condition controlling the placement of Z.

The direct cost saving from increasing the exemption by one unit is now (’pr(ﬁ(z); T)+

*yI(l — p(n(z); T))) h(n). Raising the exemption boundary removes all workers at the margin

from the administered range, not only formal workers. Relative to the formal-only case, the direct
administrative-cost saving must therefore be inflated by the average covered cost per formal

worker at the boundary:

54



1—p(T)

T T

The ex-post boundary condition therefore becomes

o(e) [retr S B = T - GEIL -G () - Tz (B16)

3 Survey Methodology

3.1.1 Sampling

The sampling frame consists of all subcounties within Nairobi, Kiambu, Machakos, and Kajiado
counties. Subcounties were selected with probability proportional to population size, using
population counts from the 2019 Kenya Population and Housing Census (KINBS, 2019). The
selected subcounties were (w. number of responses in parenthesis): Gatundu South (50), Kabete
(51), Kasarani (n/a)”, Kajiado (43), Kiambaa (51), Kikuyu (42), Mavoko (73), Mwala (46),
Roysambu (51), Ruaraka (69), and Starche (51).

Within each selected subcounty, random geographic coordinates were drawn using QGIS and
adjusted to the nearest identifiable settlement to ensure feasibility. All locations were reviewed by
the field supervisor prior to enumeration. When a location was deemed unsafe, coordinates were
either shifted to a nearby safe settlement within a one-kilometer radius or redrawn at random
following the same procedure. For safety reasons, fieldwork in Kasarani subcounty was

discontinued.

%5 Kasarani was originally drawn for the sample but due to violent unrest at the time of surveying it was dropped.

55



Figure O1: Sampling Framework

Note: Light pink denotes Nairobi, Kiambu, Machakos and Kajiado county. Dark pink denotes the sub-counties randomly selected.
Yellow dots are randomly selected starting points.

Upon arrival at the approved starting location, enumerators selected a random initial walking
direction using a spun-pin method. Enumerators followed this direction until reaching an
intersection, at which point a new direction was chosen using the same procedure. If a direction
was deemed unsafe, the pin was re-spun until a safe direction was identified. This protocol was

designed to preserve randomness while prioritizing enumerator safety.

Enumerators followed a skip-one sampling rule, interviewing every second establishment
encountered along their route. Sampling was conducted at the building level rather than the
household level, reflecting the prevalence of home-based economic activity and shared dwellings
in the study areas. This approach avoids requiring enumerators to classify establishments as

residential or commercial and reduces ambiguity in household selection.

Enumerators were assigned to subcounties with a target of approximately 50 completed interviews
per subcounty. However, enumerators completed full field days even if the target was reached
before the end of the day, resulting in modest variation in sample sizes across subcounties. This
variation is explicitly accounted for through the construction of base sampling weights, which

adjust for differential sampling intensity across locations.

While enumerators were instructed to record all refusals, refusal reporting was incomplete in
practice and is therefore not systematically observed across the full sample. Partial refusal data

collected by a subset of enumerators, together with direct field supervision by the author and the
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tield coordinator, indicate that refusal rates were moderate and did not threaten field completion
targets. There is no evidence that refusal was systematically concentrated in particular subcounties
or time periods. Remaining differences in contact and participation rates across locations are

addressed through the construction of base sampling weights.

3.1.2 Weights

Survey weights are constructed in two steps. First, I compute base weights to account for unequal
sampling intensity across subcounties. Second, I adjust these base weights using raking so that the

weighted sample aligns with external population benchmarks for key demographics.

Base weights correct for the fact that subcounties differ both in population size and in the number
of completed interviews. Respondents from subcounties with relatively few interviews per resident
receive higher weight, while respondents from more intensively sampled subcounties receive lower
weight. Operationally, the base weight assigned to a respondent in subcounty h is proportional to
the ratio of the subcounty population to the number of completed interviews in that subcounty.

Base weights are normalized to sum to one in the analysis sample.

Raking (iterative proportional fitting) then adjusts these base weights so that the weighted sample
matches national population shares along three dimensions: income, gender, and age. Income
margins are constructed using external data that combine formal- and informal-sector income
distributions to obtain population shares in three broad income groups. Gender and age margins
are taken from the 2019 Kenya Population and Housing Census, with age grouped into three
categories (18-24, 25-34, and 35+). The raking algorithm iteratively rescales the base weights until
the weighted marginal distributions of the sample match each of these population benchmarks

while preserving the relative differences implied by the base weights.
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Figure O2: Weights, Baseline Full Sample
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Note: Weights sum to one. Raked weights computed to match national shares of 'gender’, 'income group' and 'age group'.

After applying raking weights, the sample composition more closely resembles the national

composition.

Figure O3: Survey Means and National Averages in Kenya: Age, Gender & Income
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Unless otherwise stated, all weighted results in the paper use raked weights.

3.1.3 Implementation and Framing Assignment

The survey is built in oTree (Chen et al., 2016) which allows for interactive animations and graphics
to build understanding. For example, when changing allocations, respondents see the size of piles

of coins shrink building understanding even for respondents with limited numeracy.

When a new survey instance is initialized, the potential respondent is immediately assigned to either
the gain-gain (80 pct.) or the loss-gain (20 pct.) framing by random draw in the backend of the
software. This draw is not affected by respondent characteristics nor by any previous draws. The
framing assignment only becomes visible to the enumerator at the third screen, and it is as such

not possible for the enumerator to exert influence over the framing assignment.

Below I show that the sample was balanced across the two framings. For the final sample 20.4

percent received the "loss-gain" framing-
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Table O4: Balance Table: Framing Assignment

Variable Gain-Gain  Loss-Gain (%) Difference (pp) Std. Diff. p-value
%)
Female 43.6 38.9 -4.7 -0.1 0.375
Age 18--24 29.4 30.6 1.2 0.03 0.814
Age 25--34 34.1 26.9 -7.3 -0.16 0.137
Age 35+ 36.3 42.6 6.3 0.13 0.236
Income up to 5k 21.3 14.8 -6.5 -0.17 0.103
Income 5k--30k 46.4 41.7 -4.8 -0.1 0.373
Income above 30k 12.8 15.7 2.9 0.08 0.449
Income not reported 19.4 27.8 8.3 0.20 0.080

Note: All percentages are measured for the unweighted cleaned sample consisting of 530 observations. Of these responses, 422 had the "gain-
gain" framing and the remaining 108 had the "loss-gain" framing. Differences are evaluated using Welch two-sample £tests on indicator variables;
standardized differences are reported as a scale-free measure of covariate balance.

In the survey, income levels are randomly drawn from a pre-specified set covering approximately
the 4™ to the 99" percentile of the income distribution. For the vertical elicitation, one income is
first drawn at random from the full set of monthly incomes, excluding the two lowest values, and
assigned to the high-income recipient. A second income is then drawn for the low-income
recipient from the subset of incomes strictly below the high-income level, excluding both the high-
income value itself and the immediately adjacent lower income level. For monthly incomes above

the exemption income taxes are computed as average remittances at that income level.

In the subsequent horizontal elicitation, income assignment depends on the income drawn in the
vertical round. If the high-income draw exceeds the exemption threshold, that same income level
is assigned to both recipients. If it lies below the exemption, a new income is drawn from the

subset of incomes above the exemption and assigned to both recipients.
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Table O5: Income Sets, Monthly Ksh

Monthly Income Monthly Income Income Taxes
(Below Excempt) (Above Exempt)

1,650 25,000 750
3,350 29,150 1,500
5,000 33,350 2,500
6,650 37,500 4,000
8,350 41,650 5,000
10,000 45,850 6,500
11,650 50,000 7,500
13,350 54,150 8,500
15,000 58,350 9,000
16,650 62,500 11,000
18,350 66,650 11,500
20,000 83,350 17,500
21,650 125,000 28,500
23,350 208,350 52,000

Note: Monthly income below exempt indicates earnings below the 2021 exemption threshold. Monthly
income indicates earnings above threshold. Income taxes are average tax remittance for the specified
income level as observed in the KRA 2021 administrative tax data.

After being assigned to a framing the survey proceeds as follows:

1. Consent page
Background information

Comprehension module

> >N

Allocation task (repeats three times)
a. Vertical distribution task
b. Horizontal distribution task

5. Questions on opinions

For the allocation task the respondents face the following set of allocation options.



Table O6: Allocation Set

Budget Recipient A Recipient B MRS
1000 1000 0 1.0
995 950 45 1.1
990 925 65 1.2
970 855 115 1.4
943 785 158 1.6
918 720 198 1.6
891 0655 236 1.7
866 595 271 1.7
839 535 304 1.8
814 480 334 1.8
787 425 362 1.9
762 375 387 2.0
736 325 411 2.1
711 280 431 2.2
684 235 449 2.5
0658 195 463 2.7
631 155 476 3.2
605 120 485 3.5
577 85 492 5.2
551 55 496 8.1
525 27 498 11.8
500 0 500 13.5

Note: Amounts are experimental points. Recipient B equals Budget — Recipient A by construction.
“MRS” reports the target relative price (marginal rate of substitution) used to construct the allocation
menu; because payoffs are integer-valued, the implied discrete tradeoff between adjacent options may
differ slightly from the target MRS, particularly at low budgets.

3.1.4 Cleaning & Enumerator Quality

Enumerator compliance was evaluated using three criteria: (7) average time per response screen,
(i) variance in observed allocation choices, and () direct in-field observation by the author and
the field coordinator. Extremely low variance in responses was treated as a potential indicator of
enumerator interference or respondent disengagement. Enumerator performance was monitored

in real time throughout the field period.

Based on these criteria, two enumerators failed all three compliance benchmarks and were
dismissed from further data collection. All responses collected by these enumerators outside
periods of direct supervision were discarded. Responses collected under direct supervision were
retained. All remaining five enumerators met all compliance benchmarks and were retained in the

analysis sample.

These procedures resulted in the exclusion of 114 observations due to enumerator non-
compliance. After applying these exclusions, the cleaned dataset comprises 538 completed

interviews.
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To further ensure respondent engagement, an additional response-time filter was applied.
Observations with implausibly short completion times were excluded, yielding a final analysis

sample of 530 respondents.

All enumerators received a full day of training prior to fieldwork. The training focused on
understanding and explaining the trade-offs inherent in the survey. Enumerators were not
informed about the specific hypotheses being tested in the paper. In addition, each enumerator
was supervised in the field for at least half a day by both the author and the field coordinator as

part of ongoing quality assurance.

3.1.5 Pooled Responses:

Figure O7 presents histograms of pooled allocation choices. For vertical comparisons, there is
noticeable excess mass at index 11, corresponding to an equal split of the endowment. This pattern
is consistent with a fairness heuristic favoring equal division. To the extent that the analysis targets
marginal rates of substitution, such focal choices can blur interpretation. However, choosing an
equal split implies that this fairness ideal dominates both alternatives that increase total surplus
(lower indices) and those that further equalize outcomes at a higher efficiency cost (higher indices).
Absent this auxiliary preference for exact equality, the underlying marginal valuation can therefore
be reasonably inferred to lie close to this point. Consistent with this interpretation, median vertical
preferences are nearly unchanged under the alternative loss—gain framing, where focal equal-split

behavior is substantially reduced.
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Figure O7: Histograms of Redistribution Choices
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Note: The x-axis represents the index of the chosen allocation, where 0 is the least and 20 is the most redistributive. The corresponding
implied MRS ratios can be gleaned from Table O6. The histograms pool responses across all income comparisons.

3.1.6 Deviations from Pre-registration

e DPre-registration states that responses will be aggregated using a bottom-up estimation
procedure. During analysis, 1 discovered that the currently employed non-directional
aggregator strictly dominates the bottom-up by using all relevant information from the data
and imposing less structure. The two estimators yield nearly identical results, but the bottom-

up estimator has higher variance.
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e The pre-registration states that, as a secondary outcome, an analysis of the preferences only of
formal workers would be conducted. However, given issues of misreporting of sectoral
affiliation in the data, it is not meaningful to compute this measure.

e The intended gross sample for the survey was 900 respondents. However, due to political
unrest at the time of the survey, the enumeration period was shortened to ensure the safety of
the enumerators, leading to the final sample of 652 completed interviews.

e The pre-registration notes that in addition to weights for national representativity, weights
would also be computed for regional representativity. However, since these weights have no

use in subsequent analysis, they have not been computed.
4 Income Imputation

Figure O8: Synthetic and Observed Income Distribution
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Notes: Observed income refers to reported monthly earnings in the KCHS 2021 microdata. Synthetic income
replaces missing or implausibly small values (< KSh 1,500) using predicted earnings from a log-income
regression estimated separately for employees and the self-employed. The model uses consumption,
demographics, education, location, and household employment composition as predictors. A stochastic residual
draw is added to preserve the observed variance of earnings.

5 Ratios Normalized to MSWWs

Moving from observed ratios to Marginal Social Welfare Weights requires normalizing the weights
to one. Below I illustrate two such normalizations. The left-hand panel shows MSWWs for the
counter-factual of no exemption. Unlike the structural approach from the optimal tax simulations,
this illustrative plot merely extrapolates a fixed ratio between the taxable and untaxable workers

below the threshold. The right-hand panel uses the current threshold for normalizing.
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Figure O9: Empirical Estimates of Marginal Social Welfare Weights, Kenya 2025
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Note: Marginal social welfare weights (MSWWs) are shown under two normalization conventions. In the left panel, weights are
scaled so that the schedule integrates to unity under the counterfactual of no exemption threshold, i.e., if informal workers were
assigned the same relative weight as above the threshold. In the right panel, weights integrate to unity given the current exemption,
so the reference point is the observed tax schedule. Shaded bands indicate 95% bootstrap confidence intervals. The suffix "(fixed
ratio)" indicates that the MSWWs  are plotted as if z=n in order to be able to visually compare to the fixed ratio we see when
plotting across incomes, z. As noted in the pre-registration, only workers who received the gain-gain framing are included.
Source: Survey data, Kenya 2025 and author’s calculations.

The difference between the left and right panels illustrates the importance the placement of the
exemption threshold has on the MSWWs of taxpayers. The imputed ratio below the threshold is
only illustrative (the full structural fit is reported in A11) but shows how lowering the threshold

increases the number of disadvantaged taxpayers thus increasing the average MSWW of taxpayers.
6 Empirical Marginal Social Welfare Weights across Skills

For a cleaner comparison of horizontal inequality aversion, I plot the MSWWs from the survey

across skills, n, rather than incomes. Here the ratio is directly indicative of horizontal inequality.
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Figure O10: Survey Marginal Social Welfare Weights across Skills
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Note: Schedules are scaled according to counterfactual of no exemption. That is, if all informal workers are assigned one sixth of the
weight of formal workers, then MSWWs integrate to one. The suffix "(fixed ratio)" indicates that the MSWWs  are plotted as if z=n in
order to be able to visually compare to the fixed ratio we see when plotting across incomes, z.

Source: Survey data, Kenya 2025 and author’s calculations.

7 Sensitivity of Exemptions to VAT

For an effective common VAT wedge s and a residual PIT rate P'(z), the consolidated formal-
sector wedge is mp(2) = s+ (1 — s)P'(2). The residual PIT rate required to implement a target
wedge m}(2) is therefore

P (z) = max {O,%)S_S}

The non-negativity constraint matters as VAT can provide the full desired wedge at the bottom,
while horizontal-inequality considerations can still extend the residual PIT exemption. However,
in the simulations below I show that the VAT rate has no impact on the statutory exemption. The
experiment uses effective VAT wedges of 8% and 16%. The 8% case corresponds to 50% pass-

through of the statutory 16% rate.
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Figure O11: Sensitivity of Exemptions to VAT
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Robustness: Structural SWF Parameters

Figure O12: Horizontal Inequality Aversion Extrapolation
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Source: Simulation results based on data from KCHS and KRA.
Note: The left panel plots the horizontal preference parameter ¢(z) against gross income. ¢ is identified from elicited preferences
above the 288,000 Ksh bracket (dashed vertical line); below this threshold it is unobserved and the baseline extrapolates the estimated
quadratic form in log-income. The two robustness schedules set ¢ ;(2) = ©pqerine(2) + - @(2) - (1 = @pgerine(2)), Where f € {0.5,1} is
the fraction of the distance toward ¢ = 1 and a(z) = \/((logn —log n(z))/(logn — log n,,,;,)) is a square-root taper in log-income that
equals 1 at the bottom and 0 at the 288,000 Ksh boundary n. The right panel shows the corresponding ex-post optimal tax rates.
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Figure O13: Vertical Preferences and Optimal Taxes
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9 Additional Simulations



Figure O74: Optimal Taxation with Admin Costs and Extensive Margin
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Note: Schedules denoted "w. Extensive Margin" feature a participation elasticity of ﬁp = 0.5 while schedules with "Variable Extensive
Margin" have ﬁp = 1—0.5F;(2). Schedules with "Adm. Cost" and "Sector-Specific Admin Cost" have marginal inclusion costs of an
additional worker in the taxbase of v, = 5,000 Ksh and y; = 0 and v, = 5,000 Ksh and y; = 1,500 K'sh respectively. All series
plot ex-post optimal marginal tax rates using the empirically estimated vertical preference parameter 1[1 “Horizontal Utlitarian”
incorporates informality but imposes, ¢ = 1, implying no horizontal inequality aversion. 'Empirical Weights, Kenya' accounts for the

presence of an informal sector and for the observed aversion to horizontal inequality embodied in ¢.
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