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1. Introduction18

Universal Basic Income (UBI), which provides unconditional cash transfers to all individuals, has19

drawn significant attention amid rising inequality. In contrast, existing transfer programs aim to20

reduce inequality through targeted redistribution, with eligibility and benefit levels tied to income.21

Yet many eligible households do not participate, and such incomplete take-up has long been a22

feature of many transfer programs across countries (Ko and Moffitt, 2022). For instance, the Earned23

Income Tax Credit (EITC)—the largest in-work cash transfer—reaches only about 78% of eligible24

households, leaving roughly five million low-income families uncovered (Crandall-Hollick et al.,25

2021; Goldin et al., 2022). This suggests that targeted welfare programs may be less beneficial26

than often thought.127

A key question is whether UBI’s universal coverage can offset its well-known drawbacks, such28

as higher fiscal costs and potential disincentives to work. This paper addresses this question by29

combining empirical analysis of EITC take-up with a life-cycle model featuring an endogenous30

program participation margin. To my knowledge, this is the first paper that analyzes UBI reform31

within such a framework.32

The existing macroeconomic literature on this topic mostly abstracts from this margin, assum-33

ing that all eligible households receive benefits for sure. However, this full-participation setup can34

overstate the effectiveness of transfer programs by assuming they assist all people in need. More-35

over, it cannot capture the knock-on effects of changes in participation that arise from program36

reforms. Therefore, properly modeling the program participation margin is essential for analyzing37

policy reforms, as it governs how incomplete take-up shapes the effectiveness and distributional38

impact of transfer programs.39

Using data from Annual Social and Economic Supplements of the Current Population Survey40

(ASEC-CPS), I construct a sample of EITC-eligible households and obtain an average take-up41

rate that is close to the official estimate reported by the Internal Revenue Service. Moreover,42

I document that EITC participation is incomplete across the entire eligible earning distribution.43

1In the U.S., participation in other cash transfer programs is even lower. For example, it is only 23% for Temporary
Assistance for Needy Families (TANF) in the fiscal year 2017, according to the Center on Budget and Policy Priorities.
In addition, Marr et al. (2020) shows there were about 12 million individuals in the U.S. not receiving the fiscal stimulus
benefits during the pandemic.
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Even at the earning region that corresponds to the maximum benefit, the take-up rate remains44

below full participation.45

Participation pattern also varies with household characteristics. Families with higher expected46

benefits or higher education are more likely to claim. Conversely, households with higher wages47

or investment income are less likely to participate. These empirical findings are used to discipline48

the modeling of program participation friction in the quantitative analysis.49

The quantitative framework builds on a standard incomplete-market life-cycle heterogeneous-50

agent general equilibrium model with endogenous labor supply along both the intensive and ex-51

tensive margins. The novel features of the model include a rich means-tested working-age transfer52

program that mimics the EITC, and a participation decision among eligible households.53

The model is calibrated to the U.S. economy in the 2010s and replicates the observed EITC54

take-up patterns. The benchmark economy also generates realistic income, earnings, and wealth55

distributions, including the distribution of EITC eligibility, which is crucial for counterfactual anal-56

ysis. To understand the role of the program participation margin, I also calibrate a version of the57

model with full participation—consistent with the standard assumption in the literature—to the58

same set of economic moments. Overall, both setups perform well in terms of targeted and un-59

targeted moments, making them suitable laboratories for analyzing policy reforms and the role of60

program participation margin.61

I conduct counterfactual policy reforms that replace the benchmark EITC program with UBI,62

assuming UBI has complete participation. Two levels of UBI are considered. The first provides63

an annual after-tax transfer of $12,000—a generous level that has been widely discussed in the64

literature. In the second reform, the level of UBI is chosen to maximize steady-state welfare,65

yielding a more modest transfer of approximately $3,500 per year.66

Replacing the EITC with a generous UBI generates large distortionary effects. The sharp67

increase in taxes required to finance the transfer reduces aggregate efficiency, which outweighs the68

gains in redistribution and leads to welfare losses in both participation setups.69

In contrast, the modest UBI imposes much smaller fiscal pressure, allowing the program par-70

ticipation margin to play a central role. In the incomplete-participation (IP) economy, the reform71

extends coverage to households who were eligible for the EITC but did not claim it. These newly72

covered households benefit substantially from the unconditional transfer, while the overall fiscal73
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cost remains moderate. Consequently, welfare improves under IP. Under the full-participation (FP)74

setup, however, this additional redistributive channel is absent, as all eligible households already75

received EITC benefits in the benchmark, leading to a small welfare loss. When transitional dy-76

namics are considered, the gain under IP becomes even larger, driven by higher consumption and77

leisure along the transition. In contrast, under the FP setup, consumption initially falls below its78

new steady-state level, resulting in an overall welfare loss.79

Related literature.– This paper mainly contributes to the growing UBI literature.2 Hoynes and80

Rothstein (2019) provided a comprehensive descriptive analysis of UBI. In the empirical literature,81

Jones and Marinescu (2018) analyzed Alaska Permanent Fund (APF)3 and found no effect on em-82

ployment along extensive margin but an increase in part-time work (intensive margin). Pilkauskas83

et al. (2022) analyzed the short-term unconditional Child Tax Credit and found improvement in84

economic well-being but no effects on labor supply.85

There is a growing amount of work that quantitatively analyzes the effects of replacing existing86

schemes with UBI. These papers have different emphases from this paper, and none allows for87

endogenous program participation. Fabre et al. (2014) focus on comparing UBI and unemployment88

insurance. Conesa et al. (2023) and Ferriere et al. (2023) study the optimal financing scheme for89

the UBI, where the former focus on the consumption tax and the latter focus on the progressivity.90

Daruich and Fernández (2024) focus on the effect of UBI reform on human capital investment,91

and Santos and Rauh (2022) study how UBI reform affects the labor market using the search-92

matching framework. There are also many papers analyzing the macroeconomic effect of the UBI93

on aggregates and inequality (Lopez-Daneri (2016); Chang et al. (2021a); Jaimovich et al. (2022);94

Guner et al. (2023); Luduvice (2024)).95

Some of these studies (e.g., Conesa et al. (2023)), Luduvice (2024)) find UBI can improve wel-96

fare, mostly when UBI is financed by less distortionary fiscal tools like consumption taxes. Hence,97

part of the gains from UBI in these analyses reflect changes in the tax mix. In contrast, studies us-98

ing income-tax financing (e.g., Guner et al. (2023), Daruich and Fernández (2024)) typically find99

welfare loss of implementing UBI. In addition, Guner et al. (2023) also shows this pattern holds100

2This paper mainly focuses on U.S.-related literature. There are also many empirical papers that analyzed similar
programs in other countries: Hanna and Olken (2018); Banerjee et al. (2019); Boccanfuso et al. (2020)

3APF is financed through oil revenue, and the benefit is around $1,000 annually, which is far from the basic income
level to live on.
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even at the optimal UBI level. These findings are in line with my findings when assuming full101

participation in the benchmark. However, none of these papers considers the participation margin102

of the current programs, which this paper incorporates and highlights the difference it makes. In103

particular, the key welfare gains found in this paper arise from individuals who did not take EITC104

but are now covered by UBI, which is different from the mechanism in other papers.105

In addition to the UBI literature, this paper also contributes to the literature on EITC’s in-106

complete take-up. Most of the recent studies only focus on aggregate participation rates (Hoynes107

(2019); Crandall-Hollick et al. (2021); Chang et al. (2021b)). Two exceptions are Plueger (2009)108

and Jones (2013). They show participation rates by benefit region before and after the EITC re-109

form in 2009. My paper updates their estimates into the 2010s and analyzes participation-related110

economic factors. In addition, the participation cost constructed in the quantitative model repli-111

cates well both the observed EITC eligibility distribution and the empirical participation pattern,112

providing a more realistic modeling way for analyzing tax-and-transfer programs.113

The remainder of the paper is organized as follows: Section 2 contains an empirical analysis114

of EITC participation. Section 3 formulates the quantitative model, followed by calibration in115

section 4. In section 5, I assess the performance of the benchmark model by comparing untargeted116

moments and analyze counterfactual program reforms in section 6. Section 7 concludes.117

2. Empirical Analysis118

This section presents the empirical analysis of participation in the Earned Income Tax Credit, the119

main means-tested transfer program in the US. I first provide a brief background on the EITC,120

including its benefit design and application procedure. Then, I document the fact of incomplete121

participation of EITC and analyze the correlated economic factors, providing essential insights for122

subsequent program participation modeling.123

2.1. Earned Income Tax Credit (EITC)124

EITC is an annual refundable tax credit and is the largest non-medical/pension cash transfer pro-125

gram in the U.S.4 In addition to the sizable benefit, EITC also features i) a flexible benefit scheme126

4For 2018 (i.e., 2018 tax returns filed in 2019), 26.5 million taxpayers (17% of all taxpayers) received a total of
$64.9 billion from the EITC (Crandall-Hollick et al., 2021)
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containing both phase-in and phase-out design and ii) means-tested eligibility requirements similar127

to the other transfer programs.128

The eligibility requirements consist of both economic and demographic restrictions. In terms129

of the economic requirements, both investment income and earned income have to be less than130

some limits.5 The investment income limit is the same across demographic status, but the earned131

income limit depends on some demographic factors, such as the applicant’s age, marital status,132

and the number of eligible child(ren). Eligible individual or family then faces a trapezoid benefit133

scheme based on earned income (e.g., Figure 1): the benefit entitlement increases with the earned134

income in the phase-in region and is fixed at a maximum level in the flat region. As earned income135

keeps rising, the benefit decreases in the phase-out region.136

Figure 1: Stylized EITC Scheme

Note: Figure shows a stylized EITC schedule as a function of earnings (horizontal axis). Vertical axis B

denotes the entitled benefit. b̄ is the maximum benefit. E1 and E2 indicate the start and end of the flat benefit

region, respectively, and Ē is the earning eligibility cutoff. s1 and s2 are the phase-in and phase-out rates.

To receive the EITC benefit, the applicant needs to i) file the tax form 1040 and schedule EIC137

form using the information on the W-2 tax form, and ii) check the EITC claiming box in the form138

1040. Thus, the reason for not taking up the benefit can be either not filing tax forms or not139

claiming the benefit. As Goldin et al. (2022) pointed out, almost two-thirds of the eligible non-140

participants of EITC are non-filers.6 Overall, only 78% of the eligible take up the EITC benefit,141

and the remaining 22% eligible non-participants account for 5 million low-income people (Goldin142

5Investment income consists of Interest, dividends, rental income, and capital gain, while earned income consists
of wage/salary and self-employment income(business or farm).

6The literature suggests the main reason for not filing tax forms is due to filing cost instead of information friction
(Chetty and Saez (2013); Guyton et al. (2016); Linos et al. (2020). Goodman et al. (2022) estimates the average filing
cost is around 387$ for nonfilers without filing obligation and 1528$ for nonfilers with filing obligation. Given the
average EITC benefit is around 2,500$, the cost is significant.
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et al., 2022).143

2.2. Sample Description144

To investigate who the eligible participants are, and study the participation pattern, I used the 2013145

- 2016 Annual Social and Economic Supplements of Current Population Survey (ASEC-CPS). The146

dataset provides detailed information on demographics, income, EITC receipt status and benefits.147

To build the correct tax units, I first construct the sample at the family level by marital status,148

family relationship, and age. Economic variables (e.g., earnings) and program participation are149

then aggregated or calculated within the family.150

I apply the following sample selection criteria, which are standard in literature and customized151

to EITC’s universe: i) working-age (aged 25-64) families with or without children, and young152

(aged 20-24) families with children; ii) hourly wage rate is higher than half of the federal minimum153

wage (3.625$/hour); iii) work at least 260 hours annually. After the sample selection, I have a total154

of 36,329 eligible observations for the EITC program.155

The dataset provides the EITC benefits amount for participants only, but it lacks information156

on the potential eligibility for EITC among non-participants and the qualified EITC benefit level157

of the eligible non-participants, both of which are essential for the analysis. To fill this gap, I158

impute eligibility based on income and demographic characteristics. I then calculate the potential159

benefit of each eligible family, regardless of their recorded participation status, following closely160

the official guidelines.161

To examine the imputation’s quality, I check whether the imputed eligible group contains all162

participating families, whose EITC benefits are positive in the raw data. In terms of the imputed163

benefits (Bimp), I regress it on the counterpart from the raw data (Braw) among recorded partici-164

pants. The closer the estimated coefficient is to one, the better the imputation. The imputed eligible165

group indeed includes all recorded participants. Moreover, the correlation between Bimp and Braw
166

is close to one (1.005 with standard error of 0.001) with a high R2 of 0.95, confirming the validity167

of the imputed benefits.168

2.3. Incomplete Participation along Benefit Scheme169

Using the sample described above, I calculate the participation rates (PR) across the three regions170

of the EITC benefit scheme to assess the incompleteness of program participation. PRi, (i ∈171
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{Overall, Phase-in, Flat, Phase-out}) measures the share of eligible families that claim the credit172

at benefit region i, ranging from zero (no participation) to one (full participation). A lower PR173

indicates greater incompleteness of participation.174

Table 1: Participation Rates across Benefit Scheme

Benefit Region Overall Phase-in Flat Phase-out

PR 0.83 0.91 0.86 0.81

Notes: Table shows the participation rate (PR), share of eli-
gible families participating in EITC, by benefit region. “Over-
all” includes all eligible families, while “Phase-in,” “Flat,” and
“Phase-out” correspond to the respective segments of the EITC
schedule. Source: ASEC-CPS 2013-2016.

As seen in Table 1, the overall participation rate of EITC is 83%, suggesting that 83% of the175

eligible families in the survey claim their benefits. This estimate is close to the official rate of176

approximately 79.5%.7177

The last three columns of Table 1 present the participation rate by benefit regions. Program178

participation is incomplete across the entire scheme, as all PRi values are below one. In addition,179

the incompleteness of the participation exhibits an increasing trend as we move along the benefit180

scheme (phase-in →flat→phase-out). This trend can be partially attributed to a decreasing benefit181

in the phase-out region. However, the participation rate is still far from 1 in the flat region, where182

the benefit is maximized for a given demographic group. Therefore, benefit size alone cannot fully183

explain the incomplete participation.184

2.4. What Drives (Non)Participation?185

To better understand what factors correlate with the (non)participation, I estimate the following186

Probit model among eligible families:187

Pr(Pit = 1|rait, wit, eduit, Bit, Xit) = Φ(β1rait + β2wit ++β3eduit + β4Bit +X ′
itγ) (1)

7To further validate the empirical method, I apply the imputation and PR computation to the 2006 ASEC-CPS,
and get close results as Plueger (2009) and Jones (2013). The four PR levels (as in Table 1) in their papers are
{0.75(±2%),0.65(±3%), 0.8(±3%), 0.79(±2%)}, while my corresponding estimates are {0.74,0.59, 0.84, 0.8}.
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where the dependent variable Pit ∈ {0, 1} indicates whether the eligible family i in year t par-188

ticipate in EITC. Key regressors {ra, w, edu,B} refer to the investment income, wage rate, years189

of schooling, and potential benefit respectively. The control set (X) includes: i) benefit-related190

variables: marital status, the number of eligible children; ii) demographic variables: age, state of191

residence; and iii) economic variables: other transfer programs’ receipt status, other income.192

Table 2: Program Participation Pattern

Variable Average elasticity
Hourly Wage -0.076 -0.051 -0.058

(0.007) (0.008) (0.008)
Investment Income -0.003 -0.004 -0.005

(0.001) (0.001) (0.001)
Education 0.056 0.066 0.097

(0.016) (0.018) (0.018)
Benefit 0.036 0.08 0.072

(0.003) (0.005) (0.005)
Benefit-factor control N Y Y
Other controls N N Y
Obs 36,329 36,329 36,329
Pseudo R2 0.029 0.128 0.161

Note: Table shows the average elasticity of EITC partic-
ipation with respect to selected variables, estimated from
a Probit model. Robust standard errors in parentheses.
Source: ASEC-CPS 2013-2016.

Table 2 shows the estimated average elasticity of participation to variables of interest. Eligible193

families with higher investment income or hourly wage rates are less likely to participate. For194

example, if hourly wage increases by 1%, then the likelihood of participating in EITC decreases195

by around 0.06%. Such negative effects can be due to a higher opportunity cost for those wealthier196

or more productive people, given the potential hassle cost associated with the document preparation197

and application process. In contrast, the likelihood of participation is higher for families who are198

entitled to a higher benefit or are more educated. The former entails a benefit-seeking motive199

since a larger benefit compared to the hassle cost makes participation more attractive. The latter200

implies that the participation cost is lower for educated people as it is easier for them to handle the201

application process.202

In summary, the empirical analysis presents evidence of incomplete EITC participation by com-203
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puting the participation rate across the benefit scheme. In addition, Probit analysis suggests some204

economic factors that correlate with (non)participation, whose qualitative patterns are incorporated205

while constructing participation friction in the next model section.206

3. The Model207

To analyze the quantitative effect of replacing EITC with UBI and study the role of program par-208

ticipation margin, I build an incomplete market heterogenous-agent life-cycle dynamic general209

equilibrium model (Aiyagari (1994); İmrohoroglu et al. (1995)) with endogenous EITC participa-210

tion decision, and labor supply adjustment along both intensive and extensive margins.8 The model211

economy contains three agents: households, a representative firm, and a government.212

3.1. Household Problem213

The economy consists of a continuum of agents that are heterogeneous in age (j), wealth (a), skill214

(η), and productivity(ϵ). Agents are born with zero assets (aj=1 = 0) and a permanent skill level215

(η). The time endowment in each period is one, from which agents choose hours of work and216

leisure. Agents work until the mandatory retirement age Jr and live until age J .217

During working age (j = 1 . . . Jr − 1), agents face an uninsurable idiosyncratic labor produc-218

tivity shock every period, which follows a finite-state Markov-Chain Π(ϵ′|ϵ). With the realized219

productivity and other endowments, agents can have a pre-tax income as a sum of salary and in-220

vestment income (y = wηϵh̃ + ra), where w is the market wage rate per efficiency labor, and r221

is the market interest rate. h̃ denotes the hours of work, which is a kinked function of non-leisure222

hours (h) (Prescott et al. (2009); Chang et al. (2019) ):223

h̃ = max{0, h− ζ}, h ∈ [0, 1] (2)

where ζ denotes the time commuting cost. This kinked mapping gives rise to labor supply ad-224

justment along both intensive and extensive margins: larger ζ raises marginal cost and lowers the225

marginal benefit of working simultaneously, which undermines the value of working. Both labor226

8It is important to have a comprehensive endogenous labor supply for analyzing the reform as Kleven (2019) shows
EITC has significant effects on encouraging work, especially along the extensive margin. In contrast, one of the critical
concerns of UBI is lowering working incentives or labor force participation due to the income effect.
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income and investment income are subject to a progressive income tax, and I use the log-linear227

approximation for the post-tax disposable income yd (Heathcote et al., 2017).228

Another component of the disposable income is the non-taxable EITC benefit B(ra, wηϵh̃).229

Based on the income type and level, agents decide whether to participate (P ∈ {0, 1}) if eligible.230

Agents then allocate the disposable resources to consumption (c) and savings (a′).231

The program participation decision involves a trade-off between the utility gain from EITC232

benefit and the utility participation cost κ(η). I set the utility participation cost as a decreasing233

function of skill (η), which is disciplined by the positive effect of education on program participa-234

tion from the empirical analysis. The justification for this setting is that it is relatively easier for235

a more educated individual to file tax forms or learn the application process, which translates into236

lower participation friction.:237

κ(η) =
ν1

1 + exp(ν2η − ν3)
, κ′(η) < 0; νi > 0, i ∈ {1, 2, 3}. (3)

In addition, this utility-cost specification, combined with the well-defined value function, re-238

produces the key empirical correlations. Given a skill level, the participation cost is constant along239

other dimensions. On the one hand, by monotonicity, the value function rises with a higher EITC240

benefit, which makes participation more attractive.9 On the other hand, by the concavity of value241

function, the net participation benefit is decreasing along the wealth and productivity for a given242

benefit level, which in turn lowers the likelihood of participation for wealthy and more productive243

households.244

In summary, working-age households (j < Jr) value consumption, dislike working, and dis-245

count future utility using a discount factor β ∈ (0, 1). Taking the tax scheme, market prices (w, r),246

and the aggregate distribution (Γ) as given, agents maximize the expected discounted utility by247

choosing how much to consume(c), save(a′), non-leisure hours (h) and whether to participate in248

the transfer program (P). The formulation of the working-age households’ problem is as follows:249

9Although the participation cost κ depends only on the permanent income component, the potential benefit amount
still affects the participation decision through its impact on the value of take-up. This mechanism generates the positive
relationship between benefit generosity and participation observed in the data.
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V (j, a, ηi, ϵk) = max
c,a′,h,P

c1−σ

1− σ
− θ

h1+ψ

1 + ψ
− κ(ηi)P+ β

Nϵ∑
l=1

πklV (j + 1, a′, ηi, ϵl)

s.t. c+ a′ ≤ a+ yd(wηiϵkh̃+ ra) +B(ra, wηiϵkh̃)P;

h̃ = max{0, h− ζ}, h ∈ [0, 1] (4)

a′ ≥ 0; c ≥ 0; P ∈ {0, 1}

where πkl is the transition probability of productivity Pr(ϵ′ = ϵl|ϵ = ϵk) and yd(.) denotes dis-250

posable income. In addition, at the last working age (Jr − 1), the agent’s problem becomes a bit251

different since there is no uncertainty in productivity next period due to retirement. With the same252

constraint set, the Bellman equation becomes:253

V (j, a, ηi, ϵk) = max
c,a′,h,P

c1−σ

1− σ
− θ

h1+ψ

1 + ψ
− κ(ηi)P+ βV R(j + 1, a′, ηi, ϵk). (5)

After agents retire (j ≥ Jr), the taxable income consists of investment income and a fixed amount254

of pension payment (pen = pwηϵJr−1h̄). I assume pension payment depends on i) fixed replace-255

ment rate p, ii) labor efficiency level at one year before retirement (ηϵJr−1), and iii) average hours256

of work h̄. The transfer program is not available for retirees, which mimics the age limits of the257

EITC. Therefore, retirees decide on consumption and savings under a deterministic setting. The258

formulation of the retirees’ problem is:259

V R(j, a, ηi, ϵk) = max
c,a′

c1−σ

1− σ
+ βV R(j + 1, a′, ηi, ϵk) (6)

s.t. c+ a′ ≤ a+ yd(ra+ pwηiϵkh̄); c ≥ 0; a′ ≥ 0

At the last age (j = J), agents consume everything on hand and do not save(a′j=J = 0).260

3.2. Government261

The government levies a progressive income tax on households, and uses the tax revenue to pay262

i) autonomous expenditure, which is modeled as a fixed proportion of output (G = gY ); ii) EITC263

transfer payments for the working-age participants, and iii) pensions for all retirees. I employ the264

log-linear tax function (Benabou (2002);Heathcote et al. (2017)) to represent the U.S. progressive265
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tax system. Denote y, yd as the taxable income and disposable income respectively. Total tax266

revenue (T ) is:267

T (λ, τ) =

∫
s∈S

[
y(s)− yd(s)

]
dΓ(s) =

∫
s∈S

[
y(s)− λy(s)1−τ

]
dΓ(s) (7)

where y =

wηϵh̃+ ra if j ≤ Jr − 1

pwηϵJr−1h̄+ ra if j ≥ Jr

where (j, a, η, ϵ) = s ∈ S denotes a state bundle and Γ(s) is the distribution mass at state s. The268

parameter τ ∈ (0, 1] governs the progressivity of the tax system, and λ controls the average tax269

rate.270

The transfer program in the model mimics the average EITC benefit scheme closely in terms271

of means-tested requirements and benefit scheme. Similar to the EITC in the real world, the272

eligibility requirement consists of age, earning (Ē), and investment income limit (d̄). Thus, the273

eligibility region (E) becomes: E(s) = {s = (j, η, ϵ, a)|j < Jr; wηϵh̃ ≤ Ē; ra ≤ d̄}.274

Since I abstract from differences in marital status and the number of children, I use one trape-275

zoid scheme to represent the average EITC benefit, where the average is taken over the number of276

children and marital status. Figure 1 visualizes the benefit scheme as a trapezoid mapping of the277

earnings (e = wηϵh̃), and is modeled as:278

B(s) =



s1e e ∈ [0, E1), s ∈ E

b̄ = s1E1 e ∈ [E1, E2), s ∈ E

s2(Ē − e) e ∈ [E2, Ē], s ∈ E

0 s /∈ E

(8)

where s1, s2 > 0 corresponds to the phase-in and phase-out rate respectively. The earning thresh-279

olds E1 and E2 split benefit scheme into three regions: Benefit first increases with earning at rate280

s1 until E1, where phase-in region ends and the maximum benefit b̄ is achieved. Productive house-281

holds with earnings larger than E2 get lower benefit decaying with earnings at rate s2. Ineligible282

households (s /∈ E) entitled zero benefit.283
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Overall, government adjusts the tax parameter λ to balance the following budget:284

G+

∫
s∈S

1(j ≥ Jr)pen(s)︸ ︷︷ ︸
Pension

+1(j < Jr)B(s)P(s)︸ ︷︷ ︸
EITC

 dΓ(s) = T (λ, τ) (9)

3.3. Firm285

A representative firm produces a consumption good with Cobb-Douglas technology (F (K,L) =286

KαL1−α) in a competitive market, where α denotes capital elasticity. Taking the production factor287

prices (w, r) as given, the firm optimize upon the production inputs of efficient labor (L) and288

capital (K):289

max
K,L

F (K,L)− δK − rK − wL; where F (K,L) = KαL1−α (10)

The first order conditions of the firm are:290

FK(K,L) = α

(
K

L

)α−1

= r + δ; FL(K,L) = (1− α)

(
K

L

)α

= w. (11)

3.4. Stationary Equilibrium291

Denote s = (j, a, η, ϵ) ∈ S as a generic state bundle. The stationary equilibrium of the economy292

consists of value function {V (s), V R(s)}, consumption function c(s), saving function a′(s), labor293

supply h(s), EITC-participation decision P(s) (if under IP setup), wage rate w, an interest rate r,294

tax policy λ and a distribution of agents over state space Γ(s) such that:295

1. Given prices, value function and policy functions solve households’ problem.296

2. Given prices, the firm maximizes profit.297

3. Factor market clear: K =
∫
s
a(s)dΓ(s) L =

∫
s
ηϵh̃dΓj<Jr(s)298

4. Government budget is balanced (equation 9)299

5. Γ(s) is consistent with policy functions and stationary300

3.5. Measurements for Evaluating Reform301

Redistribution Effect. To quantify the extent to which a fiscal system reduces income inequality,302

I measure redistribution using both an overall index – Mean Log Deviation (MLD)– and comple-303

mentary percentile ratios. For each economy i ∈ 0, 1 (pre- and post-reform), the redistribution304
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effect (REi) is defined as the percentage change in MLD of income before and after taxes and305

transfers.10
306

To assess which parts of the distribution are mostly affected, I compare percentile ratios before307

and after the fiscal policy. Changes in the p50/p10 ratio capture redistribution at the lower end,308

while changes in the p90/p50 ratio capture redistribution at the upper end. A negative value indi-309

cates that fiscal policy narrows the corresponding income gap.310

311

Steady-state Welfare (Wss). The evaluation of policy reform uses the consumption equivalent312

variation (CEV), defined as the percentage change in consumption in the initial economy that313

makes agents indifferent between the benchmark and post-reform economy.11 Following Bakış314

et al. (2015) and Conesa et al. (2009), I calculate CEV along consumption, labor, and participation315

cost (if IP setup) for each state s ∈ S. The steady-state welfare change, Wss, is computed as316

the weighted average of CEV based on the post-reform distribution, and is useful for analyzing317

heterogeneity in welfare changes and the role of program participation margin.318

Wss =

∫
s∈S

(
CEV c(s) + CEV h(s) + CEV κ(s)

)
dΓss(s) (12)

Transitional dynamic welfare (W td). Following Kindermann and Krueger (2022), I incorporate319

the transitional dynamics into the aggregate welfare as:320

W td =

∫
CEV1(sj>1)dΓ0(sj>1)︸ ︷︷ ︸

old generation

+γj=1

∞∑
t=1

(
1

1 + r0

)t−1

CEVt(sj=1) (13)

where CEVt(s) refers to the consumption equivalence variation at state s in period t. The first term321

of equation (13) corresponds to the average welfare of households born before the reform (hereafter322

referred to as the old generation), computed using the stationary distribution (Γ0) from the initial323

steady state. The second term captures the discounted welfare of future generations, where the324

discount rate is set to the initial steady-state interest rate and γj=1 denotes the share of newborns in325

10Because a lower MLD reflects less inequality, a more negative value of REi corresponds to a stronger redistribu-
tive effect of the fiscal system.

11Full derivations of CEV are provided in Appendix A
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each period. This measure complements steady-state welfare by accounting for adjustment along326

the transition, highlighting how participation margins influence current and future households.327

4. Calibration328

The model is calibrated to the U.S. economy in the 2010s. To assess the role of program partic-329

ipation, I formulate another version of the model without participation friction that generates full330

EITC participation. Calibrating both versions to the same moments ensures that they start from an331

identical benchmark, making their responses to the UBI reform directly comparable.332

4.1. Demographics and Preferences.333

The model period is one year. Agents born at age 21, retire at age 65 and live until age 90.334

The preference parameter set includes a discount factor (β), inverse of elasticity of intertemporal335

substitution (σ), the inverse Frisch elasticity of labor supply (ψ), the disutility of work (θ), time336

commuting cost (ζ) and three utility program participation cost (ν1,2,3).337

I set the σ equal to 1.5, which is a standard level in the literature (De Nardi and Yang, 2016).338

The curvature parameter of labor utility ψ is set to 1.2, which implies a Frisch elasticity of 0.83339

(Blundell et al., 2016). After anchoring the utility curvature, I then calibrate participation friction340

parameters (νis) to match the participation rates computed in the empirical analysis (Table 1). The341

remaining preference parameters (θ, ζ, β) are jointly calibrated to match average hours of work,342

labor force participation, and the annual risk-free interest rate, respectively (See Table 3).343

4.2. Productivity Process.344

I assume that the total labor efficiency (ω) consists of both permanent (η) and temporary (ϵ)345

elements. The temporary component follows a first-order autoregressive process with persistence346

parameter ρ and a white noise shock ξ, follows a standard normal distribution with the standard347

deviation of σξ.348

lnω = ln η + ln ϵ; where ln ϵ ∼ AR(1, ρ, σξ) (14)

I use the panel data on the hourly wage from the 2011-2019 Panel Study of Income Dynamics349

(PSID) to estimate the productivity parameters. I estimate the following regression to decompose350

the permanent and stochastic components:351
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lnwit = γt + f(3, eduit) + ϵit

where γt denotes the year fixed effect and fit = f(3, eduit) is the cubic polynomial of the years of352

schooling for individual i at time t. The predicted f̂it captures the permanent component of labor353

efficiency (ln η), and I use its quartile levels as the grid for permanent skill in the model.354

Residual ϵit represents the stochastic component of labor efficiency. Following the minimum355

distance method in Kim (2022), the estimated persistence and the variance are 0.93 and 0.08, re-356

spectively. I then employed the Tauchen algorithm to discretize the stochastic productivity space357

and get the transition matrix Π(ϵ′|ϵ). I follow Kaymak and Poschke (2016) and augment the or-358

dinary productivity state with a super-earner state ϵ̄12 with entry and exit probabilities of λin and359

λout, respectively.The three parameters are calibrated to match wealth Gini, 90-95% income share360

and wealth share.361

4.3. Production, Tax, Transfer.362

According to the National Income and Product Account (NIPA), I set the capital income share363

(α) to 0.35, and calibrate the deprecation rate (δ) to match the capital-output ratio around 3.364

The pension replacement rate (p) is set to 0.4. The government expenditure ratio (g) is cali-365

brated to match the income-weighted average tax rate of 0.34 as in Heathcote et al. (2017). The tax366

progressivity is estimated based on the following regression using PSID data from 2000 to 2015:367

ln yd = α̂ + 0.863 ln y +X ′β̂; R2 = 0.9

where X includes time and state dummies. Disposable (yd) is constructed by adding transfer368

benefit and deducting tax obligation, both of which are simulated from TAXSIM, from the gross369

income (y). In particular, the EITC benefit is excluded when constructing disposable income370

to avoid double-counting the progressivity introduced by EITC in the quantitative model. The371

implied value of τ is 0.137 (s.d. 0.0023). The eligibility thresholds are calibrated to the average372

EITC benefit scheme plotted in Appendix B, where I explain the details on EITC calibration.373

Table 3 summarizes the endogenously calibrated parameter values for two versions of the374

12I assume that these people are not captured in the PSID.
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Table 3: Endogenous Calibrated Parameters

Parameter Description Value(IP) Value(FP) Targeted moment Data IP FP
β discount rate 0.9502 0.9507 r∗ 4% 4.01% 4.02%
θ labor disutility 8.25 7.85 Average Hours 0.33 0.33 0.33
ζ time commuting cost 0.315 0.326 Employment Rate 0.8 0.82 0.82
g G / Y 0.1 0.095 Average Tax Rate 0.34 0.32 0.32
δ depreciation 0.076 0.076 Capital-output ratio 3 3.01 3
ϵ̄ super-earner state 56 56 wealth Gini 0.8 0.79 0.79
λin entry rate to ϵ̄ 0.001 0.001 90-95% wealth share 0.12 0.13 0.13
πϵ̄,ϵ̄ stay rate at ϵ̄ 0.924 0.924 90-95% income share 0.11 0.1 0.1

ν1, ν2, ν3 participation cost 0.985,7.25,3.15 - PR{in,flat,all} {0.91,0.86,0.81} {0.93,0.83,0.78} -

Note: Table shows calibrated parameter values and corresponding targeted moments for the incomplete (IP)
and full participation (FP) setups. Column ’Value’ lists the calibrated parameter values, while the columns to
the right of ’Targeted moment’ compare the model-generated moments with the empirical targets from the
data and literature.

model, which differ in the participation setup of the EITC. The difference between the two sets375

of calibrated parameters is relatively small. In addition, the models match well the same set of the376

moments under both incomplete (IP) and full participation(FP) setups, as shown in the last three377

columns of Table 3. Therefore, both setups have similar starting points of the benchmark economy378

so that the reforms’ effects are comparable.379

5. Benchmark Economy380

In this section, I check the model’s performance by comparing some model-generated moments to381

their empirical counterparts. The comparison mainly focuses on distributional measures and labor382

supply behavior. Ensuring consistency between the benchmark model economy and the data is383

essential for the credibility of the counterfactual analysis.384

5.1. Distributions385

The benchmark transfer program (EITC) features complex means-tested schemes to screen386

eligible households and redistribute resources toward people in need. Thus, the untargeted earnings387

and wealth distributions are important as they capture the mass of people in need and likely to be388

eligible for the EITC. In addition, as we balance the fiscal budget with progressive income tax, a389

realistic income distribution is necessary to ensure the redistribution and tax burden are valid.390

Panel A of Table 4 compares the quintiles and Gini coefficient of income, earnings, and wealth391

distributions in the model with their empirical counterparts from Kuhn and Ríos-Rull (2016).392
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While the 90–95% wealth and income share are targeted in the calibration, the remaining quin-393

tile shares also closely align with the data.394

Table 4: Distributions

Panel A. Distribution
0-20 20-40 40-60 60-80 80-100 Gini

wealth
model(IP) 0.00 0.01 0.05 0.13 0.82 0.79
model(FP) 0.00 0.01 0.04 0.13 0.82 0.79
data -0.01 0.01 0.03 0.10 0.87 0.85
income
model(IP) 0.03 0.06 0.09 0.16 0.58 0.59
model(FP) 0.03 0.06 0.09 0.16 0.58 0.59
data 0.03 0.07 0.11 0.18 0.61 0.58
earnings
model(IP) 0.01 0.05 0.09 0.17 0.68 0.67
model(FP) 0.01 0.05 0.08 0.17 0.69 0.67
data 0.00 0.03 0.10 0.20 0.67 0.67

Panel B. Eligibility distribution

E < Ē, ra < d̄ E > Ē, ra < d̄ E < Ē, ra > d̄ E > Ē, ra > d̄
model(IP) 0.49 0.27 0.03 0.21
model(FP) 0.51 0.265 0.02 0.205

data 0.53 0.34 0.03 0.1

Note: Panel A shows the quintiles and Gini coefficient of wealth, income, and earnings distribution. The
data counterparts are from Kuhn and Ríos-Rull (2016). Panel B shows the (in)eligibility distribution of
EITC based on labor earnings (E) and capital income (ra); Ē and d̄ correspond to the means-tested
eligibility limit of earnings and investment income, respectively. Source: ASEC-CPS 2013-2016.

Another important moment to examine is the distribution of eligibility for benchmark EITC.395

The overall participation rate among the eligible population is targeted in the calibration stage;396

however, this alone may be insufficient for the counterfactual analysis. In particular, the share of397

ineligible individuals also matters, as it can influence the reform’s effect through general equilib-398

rium (e.g., the extent of tax increase).399

By the nature of EITC, which provides benefits to working-age individuals with positive salary,400

I construct four mutually exclusive (in)eligible regions based on the investment income (ra) and401

positive earnings (E > 0). Panel B of Table 4 shows the distribution across these four groups. The402

first column corresponds to the eligible share, which consists of households that pass the means test403

in terms of both earnings and investment income. This share is very close to its data counterpart in404

both participation setups. This is essential to ensure that the model provides a realistic assessment405
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of the tax burden generated by a UBI.13 The other three columns present the share of ineligible406

individuals due to either high earnings, investment income, or both.407

The detailed earnings makeup of the population exceeding the earnings threshold matches the408

data a bit less well. The model overstates the share of those with high capital income in this409

group. This arises although the calibration targets several aspects of the wealth distribution. A410

potential reason for the disconnect between the wealth and capital income distributions could be411

heterogeneity in rates of return. Since this discrepancy arises among the group that is ineligible for412

the EITC due to high earnings, I believe that it does not affect simulation results materially.413

5.2. More on Labor Supply414

I also examine several additional measures of labor supply behavior. The model-generated coeffi-415

cient of variation in hours worked (CVH) is 0.20 under the incomplete participation (IP) setup and416

0.19 under the full participation (FP) setup, close to the empirical estimate of 0.27 in Kaymak and417

Poschke (2016). This close match, together with the targeted moments, indicates that the model418

captures both the level and dispersion of labor supply reasonably well.419

I further check the untargeted labor supply elasticity (beyond calibrated Frisch elasticity),420

which governs the extent of the distortions on labor. Using model-generated data, I run an OLS re-421

gression of log hours worked on wealth (a), hourly efficiency (ω), and age, where the coefficients422

on a and ω are converted to approximate the non-labor income elasticity (IE) and substitution423

elasticity (SE), respectively.14 The estimated elasticities are SE = 0.186 (IP) and 0.183 (FP), and424

IE = −0.08 (IP) and −0.07 (FP). These estimates fall within the empirical ranges SE ∈ [0.1, 0.3]425

and IE ∈ [−0.1, 0] reported in McClelland and Mok (2012), confirming that model-generated426

labor elasticities are both qualitatively and quantitatively consistent with empirical studies.427

In summary, the calibrated models under two participation setups perform well in terms of both428

targeted and untargeted moments, making them suitable labs for analyzing the policy reform in the429

next section. In particular, the patterns of untargeted moments are similar across the two setups,430

suggesting the comparability of the counterfactual reform’s effect. Moreover, this similarity also431

13Recall that the calibration also matches the participation rate in this eligible group.
14Both substitution and income elasticity matter for the potential effects of transfer programs on labor supply.

For instance, EITC’s phase-in/out alters participants’ behavior mainly through the substitution effect, while the UBI
program has a large income effect.
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enables us to study the role of program participation margin by contrasting the reform’s effect432

between them.433

6. Policy Reform434

This section investigates the effects of reforms that replace EITC with UBI.15 The role of the435

program participation margin is analyzed by comparing two calibrated versions of the model that436

differ in the existence of participation friction in the benchmark EITC.16
437

The analysis begins with a generous UBI of $12,000 per year — a level often discussed in438

public debate — which leads to welfare losses in both participation setups due to large fiscal cost439

it entails (Section 6.1).17 In contrast, a modest UBI of about $3,500 per year (Section 6.2), which440

maximizes steady-state welfare, yields welfare gains but only under the IP setup, highlighting the441

importance of the participation margin. Section 6.3 and 6.4 then examine in detail the mechanisms442

generated by this margin and the resulting equity–efficiency implications of the modest reform.443

6.1. Generous UBI444

Columns 3 and 4 of Table 5 show the aggregate effects of replacing the EITC with a generous445

UBI of $12,000. The average tax rate(ATR) rises by about 11 percentage points (IP: 11.5pp; FP:446

10pp) to balance the fiscal budget, reflecting the universality and large scale of the transfer. This447

significant increase in taxation strengthens intertemporal distortions, and aggregate capital (K)448

declines by roughly 11%(IP: –12.3%, FP: –10.8%).449

Labor supply also contracts. Hours of work (H) decline by roughly 4.5 percentage points450

(IP: –4.9pp, FP: –4.3pp), and the employment rate (ER) is about six percentage points lower451

compared to the benchmark. These declines arise from both the strong income effect of UBI and452

the removal of the EITC’s incentivizing design (e.g., phase-in), which previously encouraged labor453

15Due to EITC’s age requirement, only working-age people receive the UBI benefit.
16The assumption of complete participation of UBI may seem ideal, but it is not impossible. EITC non-participation

is largely driven by the complex application and screening processes. In addition, EITC requires yearly filing and is
subject to changes in rules and documentation; people need to stay updated and adjust their filings accordingly, which
can further increase costs. However, a well-designed UBI - being unconditional - can leverage existing administrative
infrastructure (e.g., Social Security numbers) to distribute benefits automatically. Households may only need to register
once or verify minimal demographic information, making the process more accessible and less costly.

17The generous UBI benefit is considerably larger than the EITC: the maximum EITC benefit averages about $3,600,
while the mean benefit is around $2,500. Thus, a $12,000 UBI is roughly five times the average EITC benefit, equal
to about 29% of average disposable income, and close to the federal poverty threshold.
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force participation. As a result of these distortions in the efficiency terms, output and aggregate454

consumption each fall by approximately 9% compared to the benchmark steady state. Consistent455

with the larger decline in capital relative to labor input, the interest rate rises by 0.4 percentage456

points, while the equilibrium wage is about two percentage points lower.457

Table 5: Reform Effects

Baseline 12,000 3,500
IP FP IP FP

ATR 0.320 0.435 0.420 0.336 0.332
H 0.300 0.251 0.258 0.294 0.302
ER 0.82 0.764 0.757 0.808 0.802
K 100 87.706 89.205 97.980 99.645
C 100 91.003 91.693 98.424 99.233
Y 100 91.141 91.927 98.401 99.419
w 1.182 1.158 1.162 1.179 1.183
r 0.039 0.044 0.043 0.040 0.039

Note: Table shows steady-state aggregate outcomes under the
baseline EITC system and two UBI reforms: a generous UBI
of $12,000 and a modest UBI of $3,500, each evaluated under
the incomplete participation (IP) and full participation (FP) se-
tups. Notation: ATR denotes the average tax rate; H hours
worked; ER employment rate; K aggregate capital; C aggre-
gate consumption; Y output; w wage rate; and r interest rate.
All variables are reported in levels, except for the stock vari-
ables K, C and Y , which are expressed relative to the baseline
(normalized to 100).

Redistribution strengthens relative to the benchmark EITC—the MLD-based redistribution ef-458

fect (REi) improves by about 14 percentage points (IP: 14.8pp; FP: 14pp)—yet aggregate steady-459

state welfare Wss still declines in both setups (−0.3% under IP and −1.96% under FP), as fiscal460

costs and efficiency losses outweigh redistributive gains.461

Overall, the generous UBI leads to sizable contractions in aggregate efficiency with lower wel-462

fare despite stronger redistribution. These findings are consistent with the results in the existing463

literature (e.g., Guner et al. (2023), Daruich and Fernández (2024)), suggesting that the gener-464

ous UBI operates primarily through fiscal and efficiency channels, with the program participation465

margin playing only a limited role.466
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6.2. Modest UBI467

Having established that a generous UBI entails substantial fiscal and efficiency costs and a468

limited role of program participation margin, I now turn to a more modest reform that maximizes469

Wss. The resulting benefit is about $3,500 annually, slightly below the maximum EITC benefits.470

The last two columns of Table 5 report the aggregate effects of this modest UBI.471

The average tax rate (ATR) rises modestly, by 1.6pp under IP and 1.2pp under FP. Such con-472

tained fiscal cost limits efficiency loss. Aggregate capital (K) falls by 2.0% under IP and 0.4%473

under FP, while the aggregate consumption (C) declines by 1.6% and 0.8%, respectively. Aggre-474

gate output (Y ) exhibits similarly small reductions.475

Labor supply responses are also modest but display interesting qualitative differences. Em-476

ployment falls by about 1.5 percentage points in both setups (IP: –1.1pp, FP: –1.8pp), while hours477

of work move in opposite directions—declining by 0.6pp under IP but rising slightly (0.2pp) under478

FP. Price adjustments are modest but also in opposite directions across two setups. For instance,479

the wage rate decreases by 0.3 pp under IP but increases slightly under FP setup. These qualitative480

differences signal the non-trivial role of program participation margin in shaping aggregate out-481

comes. The following subsection, therefore, provides a more detailed analysis of the mechanisms482

underlying these differences.483

6.3. Distributional and Mechanism Analysis484

The aggregate responses in the previous section reveal opposite patterns across the two par-485

ticipation setups, suggesting that the program participation margin plays a decisive role. This486

section goes beyond aggregate metrics to uncover the mechanisms underlying these differences,487

focusing on how heterogeneity in participation status—induced by the program participation mar-488

gin—shapes the overall outcomes.489

Figure 2 illustrates the key compositional differences between the two setups in the benchmark490

economy. The red dashed box divides the population into EITC-eligible households (inside the491

box) and ineligible ones (outside). Within the eligible group, green indicates participants and gray492

denotes nonparticipants. In the IP setup (upper-left panel), both green and gray cells appear inside493

the eligible box, indicating that a sizable fraction of the eligible households do not take up benefits.494

In the FP setup (lower-left panel), by contrast, the eligible region is entirely green, reflecting full495
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Figure 2: Compositional Difference between Setups

Note: Figure illustrates the composition of participants under EITC and UBI for two model setups. Green
indicates participants, while gray figures represent non-participants. The red dashed box outlines the group
eligible for the EITC. Under the incomplete participation setup, eligible individuals are divided into “stay-
ers” (who continue participation) and “switchers” (who enter under UBI but were non-participants under
EITC).

participation. After the UBI reform, universality ensures that all eligible households receive the496

transfer. For clarity, I refer to benchmark EITC participants as stayers, while previously eligible497

nonparticipants who begin receiving UBI are labeled switchers.498

To better illustrate how the program participation margin generates opposite patterns under499

the modest UBI, I decompose behavioral responses within the benchmark-eligible group, where500

the key compositional differences across setups arise, as shown above. Table 6 shows outcomes501

separately for stayers and switchers in the IP setup, along with the aggregated eligible group in502

both IP and FP setups.503

Stayers in the IP setup respond similarly to the eligible group in FP. Savings increase by about504

2.8% under IP and 6.2% under FP, reflecting both life-cycle motives of receiving an unconditional505

transfer and the effect of removing the investment-income cap. Hours of work rise slightly—by506

0.04pp in IP and nearly one percentage point in FP — as the elimination of the phase-out reduces507

the implicit tax on earnings. At the same time, employment falls in both setups due to the removal508

of EITC’s incentivizing (phase-in) design. Overall, the magnitudes of these responses are smaller509

in the IP setup, consistent with the attenuation mechanism of the program participation margin:510

since only a subset of eligible households participate in the benchmark under IP, fewer are exposed511

to the means-tested scheme, whereas under FP the entire eligible group is subject to it.512

The other channel through which the participation margin operates is the distinct group present513
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Table 6: Behaviour Response within Benchmark Eligible Group

IP FP
Stayer Switcher Eligible Eligible

K(%) 2.79 1.48 2.20 6.24
H(pp) 0.04 -3.02 -0.77 0.96
ER(pp) -2.22 -1.1 -1.93 -2.24

Note: Table shows behavioral responses within the
benchmark EITC-eligible group under the modest UBI
reform. Columns 1–3 show outcomes for stayers,
switchers, and the aggregated eligible group in the in-
complete participation (IP) setup, while the last column
shows the eligible group under the full participation (FP)
setup. Changes in wealth (K) are reported as percent de-
viations relative to the benchmark, whereas changes in
hours of work (H) and employment rate (ER) are ex-
pressed in percentage points.

only under the IP setup—switchers. These households were not subject to the EITC’s means-tested514

distortions in the benchmark, and their behavioral responses mainly reflect the income effect of515

receiving a new unconditional transfer. For instance, savings increase by about 1.5%, driven by516

the lifecycle motive, while hours of work and employment fall by 3pp and 1.1pp, respectively, as517

a result of the income effect from non-work-related benefits.518

The fourth column reports the response of the benchmark-eligible group under the IP setup,519

which is a weighted average of the reactions of stayers and switchers. Because switchers are520

unaffected by the removal of the means-tested scheme, their responses in savings and employment521

are muted along this channel relative to their FP counterparts. At the same time, the strong income522

effect among switchers dominates the eligible group’s hour responses under IP, in contrast to an523

increase observed in the FP setup.524

In summary, this decomposition highlights how the participation margin shapes aggregate re-525

sponses, leading to different outcomes than in the FP setup. With these mechanisms established,526

the next step is to examine how they translate into redistribution and welfare under the modest UBI527

reform.528

6.4. Redistribution and Welfare529

This section examines the redistributive effect of the reform and how redistribution, alongside530

efficiency, determines the overall change in welfare.531
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Replacing the EITC with a modest UBI strengthens redistribution overall. UBI reduces the532

Mean Log Deviation (MLD) of income—a measure of inequality—from 0.645 before tax and533

transfer to 0.42 after, a 35% reduction compared with 32% under the EITC. Accordingly, the534

MLD-based redistribution effect (RE) indicates that inequality declines by about 2.5 percentage535

points more under the UBI than under the benchmark (IP: –3pp; FP: –2pp).536

The stronger redistribution effect is concentrated at the lower end of the distribution: UBI low-537

ers the p50/p10 ratio by roughly 2.5 percentage points more than the benchmark, narrowing the538

gap between middle- and low-income households. At the upper end, however, the two setups di-539

verge. In the IP setup, UBI reduces p90/p50 ratio by an additional 1.4 percentage points compared540

to the benchmark, indicating stronger redistribution among higher-income households. In the FP541

setup, by contrast, the p90/p50 ratio still decreases after UBI, but by about nine percentage points542

less than in the benchmark, implying slightly weaker redistribution at the top.543

Aggregate steady-state welfare exhibits an opposite pattern across the two setups, where Wss
544

increases by 0.02% under IP setup but it declines by about -0.5% under FP setup. To better un-545

derstand how redistribution and welfare differ across participation setups, and how the program546

participation margin drives these differences, I next decompose the changes in net taxes (taxes547

minus transfers) and welfare along the joint distribution of wealth and productivity, as shown in548

Figure 3.549

In all panels, the horizontal axis represents wealth quintiles and the vertical axis represents550

productivity quintiles, both defined using the benchmark distribution. The diagrams in the top551

row display changes in net tax liabilities, where darker blue indicates higher net tax payments and552

black cells represent reductions relative to the benchmark. The bottom row shows the welfare553

(Wss) change, with red denoting welfare gains and blue denoting losses.554

The changes in net tax across the two setups help clarify the redistribution patterns observed555

in the aggregate metrics, with the participation margin playing a central role. As shown in the556

first row of Figure 3, the most pronounced differences occur in the low-middle regions of the557

wealth–productivity distribution, corresponding to areas where benchmark EITC-eligible house-558

holds are concentrated.559

Under the IP setup, many households in this region experience a decline in net taxes relative to560

the benchmark. This pattern reflects the role of switchers, whose benefit receipts rise substantially,561
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Figure 3: Decomposition of Net Tax and Steady-state Welfare

Note: The upper panels show the change in net tax payments between the pre- and post-reform steady states
along the joint distribution of wealth and productivity. Cells are defined by percentiles of the benchmark
distribution. Black cells indicate a reduction in net tax payments, while darker blue shades indicate larger
increases. Lower panels display the welfare change, with red denoting welfare gains and blue denoting
welfare losses. Results are presented separately for the incomplete participation (IP) and full participation
(FP) setups.

reducing their net tax burden. Consequently, a larger share of the fiscal financing burden shifts562

toward higher-productivity households (shown as darker blue cells), thereby strengthening redis-563

tribution at the top. In contrast, under the FP setup, switchers are absent, and some low-income564

households face higher net tax payments because the modest UBI is smaller than the maximum565

EITC benefit. This alleviates part of the financing pressure on high-income households, explaining566

why redistribution at the top is weaker under FP.567

The decomposition of Wss in the second row of Figure 3 clarifies why steady-state welfare568

differs qualitatively across the two setups. Under the IP setup, welfare gains are concentrated569

among low-income households, as the UBI extends coverage to all of them at only a modest fiscal570

cost—especially to those who did not participate in the benchmark EITC. These gains outweigh the571

relatively small welfare losses associated with higher fiscal costs elsewhere, leading to an overall572
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improvement in Wss. In contrast, under the FP setup, most low-income households were already573

covered under the benchmark, so the additional welfare gains among these households are limited,574

while the fiscal costs remain. As a result, aggregate welfare declines.575

6.4.1. Transitional Dynamic576

The analysis so far focuses on steady-state comparisons and has not taken into account the577

transitional dynamics. This section examines whether the program participation margin continues578

to matter during the transition. Specifically, do the aggregate paths differ across the two setups,579

and how do welfare outcomes change once transitional adjustments are taken into account? To580

address these questions, I computed the transitional dynamics for both participation setups with581

the following timing. The economy starts from the initial steady state at t = 0, and the modest582

UBI replacement reform is introduced unexpectedly and permanently at t = 1. In each subsequent583

period, markets clear through adjustments in factor prices, and the government budget is balanced.584

Figure 4: Aggregates and Prices along the Transitional Path

Note: Top row shows the transitional dynamics of selected aggregate variables under the incomplete par-
ticipation (IP) and full participation (FP) setups. All series are normalized to their respective pre-reform
steady-state values. Bottom row shows the price adjustments along the transition, shown in levels. The blue
solid line corresponds to the IP setup, and the red dashed line corresponds to the FP setup.

The top row of Figure 4 plots the aggregate changes under incomplete (blue solid) and full585
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(red dashed) participation setups. Each series is normalized by its initial steady-state level, shown586

as unity at t = 0. The most striking change at t = 1 is in effective labor. Unlike capital, which587

is predetermined and adjusts gradually in the short run, labor supply responds immediately to the588

UBI reform. Due to the large income effect arising from the benefit scheme change and the high589

level of wealth holding, the effective labor drops significantly in both setups, which in turn drives590

down the aggregate output and consumption. The changes in wage and interest rates are consistent591

with the larger decline in effective labor, and the average tax rate increases to balance the fiscal592

budget.593

Although the response pattern at the enactment date (t = 1) is similar across the two setups,594

the magnitudes are larger under the IP setup. This amplification reflects the role of the program595

participation margin. For instance, the drop in effective labor is amplified by switchers, who596

experience mostly the income effect of the modest UBI without any offsetting incentive effects597

from the removal of the EITC’s means-tested structure. As a result, the smaller tax base under the598

IP setup necessitates higher taxes to balance the fiscal budget, which further distorts the response.599

The dynamic path exhibits some differences between the two setups in the medium run, driven600

by the re-optimized savings of those alive at the reform period under the FP setup. Two opposite601

forces are taking effect. On the one hand, higher taxes distort savings. This effect is stronger602

under the IP setup because the presence of switchers raises the fiscal burden. On the other hand,603

the removal of the EITC’s asset constraint encourages additional saving. This pro-saving effect604

is stronger under FP, where all participants were previously subject to the means test, whereas605

it is attenuated by incomplete take-up under IP. The interaction of these forces produces distinct606

dynamics across two setups: under IP, capital falls monotonically toward its new steady state,607

whereas under FP it first drops—reflecting the immediate tax distortion—but then recovers as the608

tax rate stabilizes, temporarily overshooting its new steady-state level. Consumption mirrors these609

patterns: it declines gradually to the new steady-state level under IP but falls more sharply under610

FP before partially recovering toward the new steady state.611

Having established how the transitional paths differ across the two setups, we now examine how612

these dynamic patterns translate into differences in welfare W td. The resulting welfare changes613

(W td) are 0.77% and -0.34% under the IP and FP setups, respectively. This opposite pattern is614

consistent with what we had in steady-state (Wss), but the welfare gain is now more substantial615
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under IP, reflecting the transitional adjustments discussed above. Under the IP setup, consumption616

declines only gradually toward its new steady-state level, remaining above it for an extended pe-617

riod. This higher transitional consumption, together with a reduction in labor supply, raises welfare618

along the transition relative to the new steady state. However, under FP setup, although the labor619

supply follows a similar pattern, consumption initially undershoots its new steady-state level as620

households increase saving, making them relatively worse off during the transition.621

The aggregate measure W td provides a useful summary but masks the heterogeneity across622

cohorts. As shown in equation (13), the transitional welfare can be decomposed into the contri-623

bution of the old generation and future newborns. The old generation experiences welfare losses624

of 0.1% under IP and 0.63% under FP. The smaller loss in the IP case reflects a mechanism sim-625

ilar to the steady-state results, where redistribution is strengthened as UBI extends coverage to626

households that did not take up the EITC in the benchmark. These losses arise mainly from the627

sharp increase in taxes at the onset of the reform. This particularly harms retirees and those close628

to retirement. Recall that the reform replaces the EITC—a program targeted only at working-age629

individuals—with a universal transfer. As a result, retirees face higher taxes without receiving UBI630

benefits. This reduces their remaining lifetime resources, thereby lowering their welfare.18
631

Contrasting the old generation’s welfare losses with the overall W td indicates that future new-632

borns experience substantial welfare gains–0.87% under IP and 0.3% under FP setups. The differ-633

ence in magnitude between the two setups reflects their compositional differences.634

Under the IP setup, the expansion of benefit coverage to individuals who did not participate in635

the EITC under the benchmark generates stronger income effects, encouraging greater leisure and636

reducing the need for precautionary savings. By contrast, this margin of extended participation is637

absent in the FP setup, where all eligible households are already assumed to participate. Moreover,638

in the FP setup, the larger response to the removal of EITC’s means-tested design has more pro-639

nounced counteracting effects. As a result, the welfare gain of future newborns is larger under the640

IP setup. Most importantly, these gains more than offset the welfare losses of the old generation,641

reinforcing the qualitative difference in welfare outcomes across the two setups.642

18This welfare loss pattern is also present in the steady-state comparison, though weaker, since the tax increase is
smaller in the new steady state than at the beginning of the transition.
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7. Conclusion643

In this paper, I documented the incomplete take-up of the EITC, which is the largest non-644

medical/pension cash transfer program in the U.S., and investigated the incompleteness and the645

relevant factors of the program participation using ASEC-CPS data. I then rationalized the em-646

pirical findings into a standard incomplete market life-cycle dynamic general equilibrium model647

(Aiyagari (1994); İmrohoroglu et al. (1995)). I calibrated the benchmark models of two setups,648

which differ in the means-tested program take-up (incomplete or full), to the U.S. economy and649

conducted two UBI-replacement reforms.650

In the case of generous UBI ($12,000 annually), the reform significantly reduces inequality but651

results in a welfare loss under both participation setups. This mainly stems from the large fiscal652

cost, which distorts the aggregate efficiency and leaves little scope for program participation to653

play a meaningful role.654

In contrast, the modest UBI reform ($3,500 annually) generates different behavioral responses655

across the two setups and yields a welfare gain, but only under the IP setup. The participation656

margin is central to this difference: under IP, UBI extends coverage to low-income households657

who were eligible for the EITC but did not claim it, while this redistributive channel is absent658

under full participation (FP). Consequently, redistribution toward low-productivity individuals is659

strengthened under IP but weakened under FP, where net tax payments rise for households in660

the lower-middle range of the wealth–productivity distribution. When transitional dynamics are661

considered, the welfare gain under IP becomes even larger. This improvement is primarily driven662

by higher consumption and more leisure along the transition. In contrast, under FP, consumption663

initially falls below its steady-state level, leading to an overall welfare loss.664

Therefore, considering the program participation margin makes both qualitative and quantita-665

tive differences in terms of evaluating UBI-replacement reform. To summarize, replacing a means-666

tested program with a generous UBI is not a good idea, as it is expensive and distorts behavior.667

However, a properly sized UBI program may be beneficial, and the key is in extending benefits to668

those who do not take up benefits in the benchmark at a moderately high tax burden.669
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