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Abstract

The Earned Income Tax Credit (EITC) is a means-tested income sup-
port program, but it differs from other welfare programs in that it requires
earned income as a qualification. Therefore, the EITC provides labor sup-
ply incentives as well as cash transfers to low-income households. Pio-
neered by Eissa and Liebman (1996), many empirical studies have inves-
tigated its labor supply effect and found that tax credit programs increase
the target individual’s labor market participation. However, as noted by
Eissa and Liebman (1996), the labor supply effect is a piece that shapes the
picture of the overall welfare consequence of the EITC. In their conclusion,
they stated: “A full evaluation of [...] the EITC requires more than just an es-
timate of the [...] impact [...] on the labor supply of transfer recipients. It also
requires information on the value of the additional income received by program
beneficiaries as well as the change in the amount of leisure that they consume.”
Nevertheless, there have been only a few studies on its impact on income
(Hoynes and Patel, 2018) and welfare, or the long-term impact over the life
cycle (Athreya et al., 2014; Blundell et al., 2016). This dissertation mainly
aims to fill this gap by expanding our understanding of the EITC’s im-
pacts in these dimensions. Specifically, I develop a heterogeneous-agent
life-cycle model in the tradition of Huggett (1993) and Aiyagari (1994),
one of the workhorse models in modern macroeconomics, to answer the
following questions: How are the EITC’s long-term impacts over the life
cycle affected by the public pension system in terms of (i) labor supply
and lifetime income and (ii) savings, consumption, and welfare? In ad-

dition, through the lens of the sophisticated model, I investigate (iii) why



some EITC expansions in Korea were less effective in inducing labor mar-
ket participation as found in the empirical literature (Park and Lee, 2018).

In the first and second chapters of the dissertation, I explore the role of
the public pension tax-benefit link in the benefits of the EITC program. In
the public pension systems of many countries, contributions before retire-
ment and benefits after retirement are linked. In other words, an increase
in lifetime earnings and pension contributions through more labor supply
during the working age increases pension benefits after retirement. There-
fore, the labor supply response to the EITC during the working age of the
life cycle increases pension income in retirement through the tax-benefit
link of public pensions. This mechanism amplifies the income-increasing
effect of the EITC by raising pension income. Moreover, salience litera-
ture on public pensions (Liebman and Luttmer, 2015) suggests that infor-
mational intervention about the dynamic incentive for work through the
tax-benefit link could intensify the labor supply and earnings responses
to the EITC. This channel also magnifies the EITC’s welfare consequence
by enabling the target household to reduce retirement savings and enjoy
more consumption. I quantitatively analyze the EITC’s long-term impacts
on income and welfare over the life cycle and highlight the role of the pen-
sion tax-benefit link. To this end, I construct a heterogeneous-agent life-
cycle model with consumption-savings and extensive margin labor supply
choices, as well as a public pension system. The model is calibrated to the
Korean economy running a sizable EITC program. I examine the EITC’s
effect on newborn individuals who will face unfavorable labor productiv-
ity histories over their lives, making their lifetime income low, to focus on

the direct incentive effect of the program. By comparing the impacts of the
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EITC with versus without the dynamic labor supply return through the
pension tax-benefit link, I find that the role of the tax-benefit link is quan-
titatively significant. For newborns with low lifetime income, the pension
tax-benefit link explains more than half (a quarter) of the increase in life-
time income (welfare) due to the EITC.

In the last chapter, I provide a possible mechanism for the empirical
result of Park and Lee (2018) through the lens of the life-cycle model. One
of the main findings of Park and Lee (2018) is that the estimated labor sup-
ply response to the EITC becomes substantially small and insignificant if
2014-2016 is included in the sample periods. One of the unique features
of the EITC expansions in Korea is that there was an age limit for single
households, which was gradually relaxed over time. Specifically, singles
above 60 became eligible for the EITC in 2013, those above 50 in 2015, those
above 40 in 2016, and so on. These observations suggest that the hetero-
geneous labor supply response by age could be the driving force behind
the empirical result. Consistent with this conjecture, I find that the model
implies substantially higher labor supply elasticity in the 60s than in mid-
dle age. The differential labor supply elasticity by age comes from het-
erogeneity in labor productivity and wealth by age. In the 40s, an EITC-
eligible low income individual is likely to already be in the labor market
even without the EITC because it is his prime age and he needs to accu-
mulate more wealth against retirement. This means there is little room for
the EITC to induce labor supply. For those nearing retirement, in contrast,
their average labor productivity tends to be lower than at prime age, and
they already have enough wealth to finance retirement consumption. This

makes them closer to the participation margin, which implies more room
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for the EITC to induce labor market participation. The result suggests that
we need more empirical work on for whom the EITC is effective in induc-

ing labor supply, not just the estimates for the average effect.

Keywords : EITC, Life-cycle model, Long-term impact, Public Pensions,
Labor Supply, Salience
Student ID : 2017-33602
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Chapter 1

The Earned Income Tax Credit and the Tax-
benefit Link of Public Pensions

Effects on Labor supply and Income

1.1 Introduction

The Earned Income Tax Credit (EITC), or in-work benefits, has been
widely adopted and expanded across OECD countries over the past few
decades (Immervoll and Pearson, 2009; Laun, 2019). As a cash assistance
program for low-income families, the distinct feature of the EITC from
other welfare programs is that it requires earned income as a qualification.
Due to this unique feature, the EITC provides labor supply incentives to
low-income households as well as cash transfers. Thus, the EITC can raise
the income of its target household through two channels. In addition to
providing direct cash assistance, it can increase labor earnings by induc-
ing labor market participation. Therefore, we need information about the
labor supply and earnings responses to the EITC to evaluate its effective-
ness at raising income.

While many empirical studies, pioneered by Eissa and Liebman (1996),
found that the tax credit program increased labor market participation,’

relatively few studies analyzed the earnings response to the tax credit. Re-

1 See, for example, Meyer and Rosenbaum (2001), Francesconi and Van der Klaauw
(2007), Sanchez-Mangas and Sanchez-Marcos (2008), Azmat and Gonzélez (2010), and
Laun (2017).



cent work by Hoynes and Patel (2018) addresses this important issue. The
key contribution of their work is that they quantify how much we miss the
EITC’s impact on income by not accounting for the increase in earnings
due to the labor supply response. Their estimates show that the income-
increasing effect of the EITC is substantially larger if we consider the earn-
ings response.?

Based on this short-run empirical evidence of the labor supply and
income-increasing effects of the tax credit policy, a growing body of lit-
erature examines its long-term impact over the life cycle using a structural
model. Athreya et al. (2014), Blundell et al. (2016), and Kosar (2019) build
a life-cycle model and show that the tax credit program increases labor
market participation for those with low lifetime income.?

In this chapter, I develop a life-cycle framework to argue that the long-
term impact of the tax credit on labor supply and lifetime income can be
larger if we take into account the tax-benefit link of public pensions. In
the public pension systems of many countries, contributions before retire-
ment and benefits after retirement are linked. In other words, an increase
in lifetime earnings and pension contributions through more labor sup-
ply during the working age increases pension benefits after retirement.
Considering this pension tax-benefit link, the EITC can raise the target
household’s lifetime income through three channels. In addition to the
two static channels (direct cash transfers and earnings increases), a new

dynamic channel arises: the labor supply response to the EITC raises fu-

ture pension income through the pension tax-benefit link. Furthermore, if

2 Neumark and Wascher (2001) and Grogger (2003) also made a similar point by ex-
ploring the EITC’s effects on cash income.
% See also Keane and Wolpin (2010) and Chan (2013).



the EITC’s target individuals do not fully comprehend the dynamic return
on labor supply when making decisions, improving their understanding
of the contribution-benefit link could amplify the EITC’s effects on labor
supply and earnings. This is likely to be the case considering the empiri-
cal findings of Liebman and Luttmer (2015) that information intervention
about the pension tax-benefit link induces an increase in labor supply.*
Therefore, the future return on labor supply can amplify the benefits of the
EITC by (1) raising pension income and (2) intensifying the labor supply
responses to the EITC. While the first component is what we have missed
by abstracting the contribution-benefit link from the model, the second
is what we can achieve by providing information about the pension tax-
benefit link. This chapter quantitatively examines the importance of the
dynamic labor supply return through the pension tax-benefit link for the
long-term impact of the EITC on labor supply and lifetime income.

To this end, I construct a heterogeneous-agent life-cycle model in the
tradition of Huggett (1993) and Aiyagari (1994). Individuals face idiosyn-
cratic labor productivity risk, which is uninsurable and persistent. Per-
sistent labor market risk is an essential element that generates the dis-
tribution of lifetime income (and wealth) and thus affects eligibility for
the EITC. It also allows me to capture the consumption insurance effect
of the tax credit emphasized in the previous studies. Individuals make

consumption-savings decisions over their lives while facing borrowing

* The recent literature on the salience issue of public policies finds that informational in-
tervention to help people better understand the government-intended incentive can affect
individual behaviors such as savings and labor supply. These findings suggest that peo-
ple may fail to fully understand the incentives generated by such programs when making
decisions. See, for example, Duflo et al. (2006), Chetty and Saez (2013), and Chetty et al.
(2013).



constraints. Labor supply is endogenous at the participation margin in
each period, as in Chang and Kim (2006), until the mandatory retirement
age.” The key innovation of the model is that it embeds a public pension
system with an explicit link between labor market histories and pension
benefits.® In this setting, pension benefits are determined endogenously
through endogenous labor supply decisions over the working periods of
life. The model also incorporates mortality risk so that lifespan is uncer-
tain. This feature allows me to avoid overstating the role of the pension
tax-benefit link since the mortality risk is more pervasive in retirement pe-
riods.

The selected laboratory environment for the analysis is South Korea
(Korea, hereafter), which runs a sizable EITC program yet its impacts have
been understudied so far in the literature.” The tax credit is means-tested:
only those with sufficiently low earnings and wealth are eligible. The cal-
ibrated benchmark economy successfully replicates some important fea-
tures in the data, such as the age-employment rate profile, the EITC recip-
iency rate, and the distribution of income and wealth. Also, the labor sup-
ply elasticities implied by the model are within the range of the literature
on the extensive margin of labor supply. The main focus of the analysis

is the impact on the life cycle of newborns with unfavorable productivity

> The empirical literature has found the labor supply effects of the tax credit program
mostly at the participation margin. See, e.g., a review by Hotz and Scholz (2003) and Eissa
and Hoynes (2006).

® Previous structural analyses for the tax credit program abstracted the pension tax-
benefit linkage. Athreya et al. (2014) assumes the Social Security pension benefit as a
lumpsum transfer to the retiree. In the life-cycle model of Blundell et al. (2016), retirees
are assumed to receive no public pension income.

7 According to the National Tax Service of Korea, about 10% of the working-age pop-
ulation received the tax credit in 2019, and the overall expenditure amounted to 0.2% of
GDP.



histories. This group is supposed to be the most affected by the EITC be-
cause their income and wealth would be persistently low over their lives.
Throughout the analysis, I proceed in partial equilibrium framework in
which equilibrium prices (wages and interest rates) and tax rates are held
fixed. This setting is consistent with the previous structural studies on the
tax credit, thus allowing me to shed light on the role of the dynamic return
due to the contribution-benefit link for the benefit side (or direct effect) of
the tax credit policy.

Using the calibrated model, I first remove the EITC and compare the
two steady states of the economies: one with the EITC and one without the
EITC. This exercise allows me to quantify the effects on labor supply, earn-
ings, and pension income, as well as the importance of the increase in life-
time pension benefits for the increase in lifetime income. In this environ-
ment, however, individuals are aware of both static and dynamic returns on
labor supply when adjusting their labor supply and savings in response to
the EITC, which seems to be at odds with the salience literature (Liebman
and Luttmer, 2015). In the second experiment, I consider a counterfactual
environment in which the pension tax-benefit link is active only for EITC-
ineligible (sufficiently high earnings or wealth) employment. Therefore, in
this setting, the target individuals adjust their labor supply and savings,
considering the static return only (earnings and tax credits) in response to
the EITC. Comparing the EITC and NO EITC economies in this environ-
ment shows the effects without the dynamic return. Finally, by comparing
the two results—ones from the model with both static and dynamic returns
and ones from the model with static return only—I can identify how much

of the EITC’s effects on lifetime income and welfare are attributable to the

3 ™ | §
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dynamic return through the pension tax-benefit link.

The results show that the dynamic return on labor supply through the
contribution-benefit link can play a quantitatively important role for the
long-term impact of the EITC. In the first experiment, newborns with low
lifetime income increase their labor supply, and their lifetime years of em-
ployment increase by about one year in response to the EITC. As a re-
sult, their lifetime earnings and pension contributions increase by 1.4%.
The consequent increase in lifetime pension income amounts to 60% of the
lifetime receipts of tax credits and explains a quarter of the increase in life-
time income. This result shows that the spillover effect on pension income
is substantial. In addition, the labor supply response and the consequent
increase in earnings in the second experiment (using the model with static
return only) are much smaller than those in the first experiment, which
shows the importance of the dynamic return. The dynamic return explains
about one-third of the EITC’s effects on lifetime labor supply and earn-
ings. The result implies that knowledge provision about the contribution-
benefit link can significantly enhance the EITC’s benefit. Taking all this
together—increase in pension benefits and more earnings response—the
pension tax-benefit link can explain half the increase in lifetime income
due to the EITC. In terms of welfare, measured by consumption equiva-
lence, the pension tax-benefit link can account for a quarter of the welfare
gain from the EITC.

This chapter contributes to two strands of the literature. First, I extend
the literature on the effect of the tax credit policy by showing the quan-
titatively significant role of the dynamic labor supply return through the

pension tax-benefit link for the long-term benefits of the tax credit program.
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The results suggest that informational intervention about the contribution-
benefit link could be a fruitful policy avenue to amplify the EITC’s bene-
fits. The findings also imply that it is crucial to consider the pension tax-
benefit link when assessing EITC reforms, analyzing its optimal scale, or
studying the optimal shape of the income transfer program (Saez, 2002).
Second, this chapter contributes to the literature on retirement financing.
The findings suggest that the work-promoting labor market policy for the
working age population can be an alternative policy tool to prevent old-
age poverty in advance through the contribution-benefit link.

The rest of the chapter is organized as follows. Section 1.2 describes
the EITC and the public pension system in Korea along with the model
economy. Section 1.3 explains the calibration of the model economy. An
exploration of the results is presented in Section 1.4. Conclusions are pro-

vided in Section 1.5.

1.2 Model

In modeling choice, I consider the following empirical facts: (i) 70% of
the EITC recipients pay pension contribution.® (ii) 75% of those who re-
ceive the tax credit and contribute to the public pension pay for 12 months
per year.” (iii) The labor supply effect of the EITC is concentrated to partic-
ipation margin in the literature (see literature review by Eissa and Hoynes,

2006). (iv) Most of the tax credits rewarded to eligible households are cal-

8 Author’s calculation using the Survey of Household Finances and Living Conditions
(SHFLC) data for 2017-2020.
° Author’s calculation using the National Survey of Tax and Benefit data for 2009-2019.



culated based on individual—not family—earnings in Korea.l0

Taking into account these facts and Korea’s individually assessed tax
and old age pension system, I build a life-cycle model in which individ-
uals are units of decision-making. Time is discrete and one period in the
model corresponds to one year. Labor supply is endogenous at the partic-
ipation margin until the exogenously set retirement age (Chang and Kim,
2006). Labor market participation is tied to the public pension system. In-
dividuals choose how much to save and consume in each period. They
also face uninsurable idiosyncratic labor productivity risk, as in Aiyagari
(1994) and Huggett (1993), which is the driving force that generates the
distribution of lifetime income and wealth in this environment. Individ-
uals also face borrowing constraints and uninsurable mortality risk. The
model can also be viewed as an extension of the standard incomplete mar-

kets overlapping-generations model of Huggett (1996).

1.2.1 EITC

The basic structure of the Korean EITC is similar to its US counterpart.
To qualify for the tax credit, one needs strictly positive and sufficiently low
earnings, and the amount of tax credits is calculated based on annual earn-
ings.!! The tax credit amounts increase up to a certain amount of earnings
(the phase-in region), then do not change (the plateau), and then gradually

phase out. There is also asset-based means-testing so that households with

19 Tn Korea, the tax credits are calculated on family earnings, but 94% of households that
received the tax credit were singles or single-earner couples in the 2019 tax year, according
to administrative data from the National Tax Service of Korea.

" In contrast, in the US system, the tax credit amounts are calculated on adjusted gross
income (earned income plus asset income). Although the income limit for the tax credit is
applied to adjusted gross income as well in Korea, I ignore this aspect for simplicity.



sufficiently low asset holdings (instead of asset income in the US EITC) can
receive the tax credit.

A notable difference from the US EITC is that the tax credit schedule—
the trapezoid—does not vary by the number of dependent children. In-
stead, it differs by the type of household: whether they are singles, fami-
lies with a single earner, or families with dual-earners. Since I do not dis-
tinguish household composition in the model, it is necessary to choose a
specific tax credit schedule to be analyzed. In this dissertation, I consider
the schedule for single-income families. Because the earnings limit and
the maximum tax credit are generous in that order of the stated household
type, it can be thought of as an intermediate one.

The schedule for the EITC can be summarized by eq. (1.1) and eq. (1.2),

consisting of six parameters {Bin, Bout, Cout, ¥, a1, a2 }: 1>

P(y) if a<ay
Y(a,y) =10.5- Y(y) if a1 <a<ae (1.1)
0 otherwise
where
Bin - Y if O<y<T
0 if T<y<T
Y(y) = ) (1.2)
aout_ﬁout'y if T§y<T
0 otherwise
\

12 T closely follow the notation used in Froemel and Gottlieb (2021) for comparability to
the US program.



and T = %’ T = O‘ﬁzi, T = % Bin and Byt in eq. (1.2) are the phase-

in

in and phase-out rates, respectively, of the tax credit schedule applied to
earned income y. v is the maximum amount of the tax credit, and oy is
the intercept of the phase-out region. a; and az in eq. (1.1) represent the
asset test: those with asset holdings a greater than as are ineligible for the
tax credit even if their earned income y is below the earnings limit 7'. The
tax credit is reduced by half for those with asset holdings greater than a;
but less than as.

Figure 1.1 graphically illustrates the tax credit schedule I will analyze
in this dissertation, where the solid line represents the schedule for the full
tax credit ¢/(y) and the dashed line is the schedule cut by half due to the

asset test.

— asset < 140
140 < asset < 200

25

Tax credit (million KRW)
&

0.5

0 1 1 1 1 1
0 5 10 15 20 25 30

Earnings (million KRW)

Figure 1.1: EITC schedule for married single-earner, 2019, Korea
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1.2.2 Public pension

This subsection describes how the old-age pension of the National Pen-
sion System in Korea is embedded in the model economy. From the manda-
tory retirement age, an individual receives pension benefits {(n,e), the
amount of which depends on the individual’s contribution period, n, and
the individual’s average taxable earnings over the contribution period, e,

as follows: 2

&(nye) = k(E+e)n (1.3)

where E denotes the economy-wide average taxable earnings, and « is the
scale parameter that controls the replacement rate of the pension benefit. !4

It is worth noting that the pension benefit £ grows with the contribu-
tion period n, which implies that the labor supply response to the EITC
during working age may increase pension income after retirement. For
example, if an individual works for one more year over his life in response
to the EITC while his career average earnings do not change, his annual
pension benefits will increase by x(E + e).

The expenditure for the pension benefit is financed by the pension con-
tribution in a pay-as-you-go fashion. The contribution rate is 7,, and it is

applied to labor earnings y up to the taxable maximum of ¥.

13 Pension benefits are provided for those with a contribution period of at least 10 years
as of retirement age. I confirmed that all individuals in the simulated economies work for
more than 10 years throughout their lives.

!* The pension benefit formula is constructed based on the National Pension Service of
Korea. Details of the manipulation are left in the appendix.

11 ."\-\.-I ':.:...' _:u



1.2.3 Income

Until the mandatory retirement age, individuals earn before-tax labor
earnings y = we;z if they work at each age j. w is the market wage rate,
¢; is the age-specific component of labor productivity, and z is a persistent
idiosyncratic shock to labor productivity. Individuals also receive returns
on their asset holdings a at a risk-free interest rate r for each period.

Labor earnings is subject to a progressive income tax 7'(y) as well as
public pension contributions, as explained in the preceding subsection.
Returns on asset holdings, ra, are subject to proportional capital income
tax at a rate of 7.

Working-age individuals can receive three kinds of welfare transfers:
the EITC ¢(a,y); lump-sum transfer tr; and welfare benefits to those not
working 2. I separate {2 and tr to reflect the regressive nature of public
transfer programs in a simple way. Retired individuals receive pension
benefits {(e,n), the amount of which is determined by their own labor
market histories, as well as a lump-sum transfer to the retiree bp (basic
pension).

Thus, disposable income before retirement is market income minus in-
come taxes and pension contributions, plus the tax credit ¢)(a, y), welfare
benefits tr and Q(h). The retiree’s disposable income is after-tax asset in-

come plus pension income &(e, n) and basic pension bp.

1> The basic pension in Korea is a means-tested old-age income support program that
plays a similar role to the Supplemental Security Income in the US. I do not incorporate its
means-tested feature into the model because the means-test is quite generous. In 2019, al-
most 70% of those aged 65 or above received the benefits, and more than 80% of the bene-
ficiaries received the maximum benefits (according to the Ministry of Health and Welfare).
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1.2.4 Individual’s problem

Individuals enter the economy at age 25 (which corresponds to age
1 in the model economy) with the same initial asset holdings of a;—i.
Until the retirement age of Jg, they choose whether or not to work at
each age j if they are alive with the probability H£:1 ¢r. They also make
consumption-savings decisions every period. An individual’s problems
consist of working-age periods and retirement periods.

Recursive form of the working-age individual’s (j < Jg) problem is,

Vj(a,z,e,n) = max logc — v;h + ﬁd>j+1EZ/‘ZVj+1(a'7 2 e n') (1.4)

c,a’,

subject to

(14+71)e+d =y+ (1 —m)ra+a—T(y) — 7 - min{y, y} (1.5)

+Y(a,y) + Q- (1—h)+tr

y = we;jzh (1.6)

a >0, ¢>0, he{0,1} (1.7)

n =n-+h (1.8)
e-n+min{y,y

. . {v.9} (1.9)

where Vj(a, z,n, e) denotes the discounted expected lifetime utility of an
individual at age j with asset holdings a, idiosyncratic labor productivity
z, contribution period n, and career average earnings e. The next-period
utility is discounted by the time discount rate 8 and the (conditional) sur-

vival probability ¢;;1, and also the expectation is taken over the realiza-
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tion of the next-period labor productivity z’. (The logarithm of) z is as-
sumed to exogenously evolve over the life cycle according to an AR(1)
process as in eq. (1.10).!® The four individual state variables, (a, z,n,¢),
imply that individuals at the same age j could be different in those dimen-
sions. The exogenous evolution of idiosyncratic labor productivity over

the life cycle is the driving force behind this within-cohort heterogeneity.

logz = p,logz+¢€, € ~iidN(0,02) (1.10)

Consumption and savings decisions are represented by c and d/, re-
spectively. Borrowing is not allowed, and consumption is subject to tax
at a rate of 7. It is worth noting that the labor supply h is modeled as a
binary variable with a value of 0 or 1, indicating that individuals are al-
lowed to choose the labor supply at the participation margin. Participa-
tion in the labor market entails a fixed utility cost v; that varies with age
j. Also, if an individual works (h = 1), his contribution period n increases
by one (year), and his career average earnings e is updated, affecting his
future pension benefits as described in Section 1.2.2. The other terms in
the budget constraint are as explained in the preceding subsection.

It is important to note that in this environment (the full model), individ-
uals are aware of both static (post-tax earnings) and dynamic (increase in
future pension benefits) returns on their current labor supply when mak-
ing choices on labor supply and savings. In the last part of the quantitative
analysis (Section 1.4.3), I will consider a counterfactual environment (the

model with static return only) in which I isolate the behavioral responses to

16 This is similar to the settings in Athreya et al. (2014) and Blundell et al. (2016).
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the EITC due to the static return to highlight the role of the dynamic return.

Recursive form of the retiree’s (j > Jr) problem is,

Vj(a,n,e) = max log ¢+ Bgjt1Vit1(a',n,e) (1.11)
subject to

(14 71)ec+d =&(nye)+bp+ (1 —mp)ra+a (1.12)

a >0, c¢>0, (1.13)

where pension benefits { and basic pension bp are as described in Sections
1.2.2 and 1.2.3. Retirees only decide how much to consume and save in
each period while facing only mortality risks. Notice that z has been re-
moved from the individual state variables, and the state variables related
to pension income, n and e, no longer change over time.

The important departure of my model from the previous structural
analysis of the tax credit is that it embeds the linkage between one’s la-
bor market history, n and e, and pension income ¢ in retirement. With this
pension tax-benefit link, the EITC potentially has a spillover effect on pen-
sion income through its impact on labor supply. Moreover, the magnitude
of the labor supply response to the tax credit would also change due to the
dynamic return on labor supply.

In this environment, individuals make savings decisions to smooth
consumption over the idiosyncratic labor productivity state and over the

life cycle.
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1.3 Calibration

This section describes the calibration of the benchmark model econ-
omy. The benchmark economy features general equilibrium so that fac-
tor prices and tax rates are determined in equilibrium by market clearing
conditions and balanced budget conditions. I calibrate this general equi-
librium economy to the data, but the equilibrium variables are held fixed
when conducting counterfactual analyses. Therefore, further details of the

model regarding general equilibrium are left in Appendix B.

1.3.1 Demographics and preferences

The mandatory retirement age and the maximum age are set to 66 and
100, respectively. Conditional survival probability by age {¢; }‘j]:2 (upon
survival at age j — 1) is constructed from the Life Table (2015) by Statistics
Korea. Figure 1.2 depicts the survival probabilities, which shows that the
mortality risk is pronounced in retirement periods. Age-dependent fixed
utility cost of work {v; }‘]-]:Rfl is calibrated to match the employment rate
by age in the data, using the power function: vy + v - j¥3.17/18 Discount

rate (3 is set to match the annual real interest rate of 4%.

1.3.2 Endowments

The initial wealth a;—; is calibrated to match, together with the age-

dependent utility cost of work, the employment rate at age 25. The cal-

7 Employment rates are computed using the Economically Active Population Survey
data from Statistics Korea. I use 2015-2019 data and compute the average employment
rate by age during this period.

'8 The calibrated age profile of fixed cost of work is presented in Figure Al in Appendix
B.
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Figure 1.2: Conditional survival probability by age ¢;
Source: Life Table (2015)

ibrated initial wealth is 6 million KRW which is about one-third of the
mean earnings at age 25.!° The age-specific component of labor produc-
tivity {¢; ;El—l is estimated using the Survey of Household Finances and
Living Conditions (SHFLC, henceforth) data. The advantage of the SHFLC
is that the surveyed information on labor earnings is complemented by ad-
ministrative data, which allows me to precisely estimate the age-earnings
profile. I regress the log of annual labor earnings to age and age squared,
then take an exponential to the estimated polynomial function and nor-
malize the productivity at age 25 by one. The result is illustrated in Figure
1.3, which shows the standard hump-shaped age profile peaking around
the mid-forties.

The persistence p, and the variance o2 of the AR(1) process for idiosyn-

cratic productivity, described in eq. (1.10), are set to 0.773 and 0.04, re-

¥ ¢f. Huggett and Kaplan (2016)
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Figure 1.3: Age productivity profile ¢;
Source: SHFLC, 2019

spectively. The values are taken from Han et al. (2019).2%2! The stochastic
process is approximated into a 27-state Markov chain following Tauchen
(1986). Also, the logarithm of initial productivity z;—; is drawn from the

normal distribution with mean 0 and variance o2 /(1 — p?).

1.3.3 Tax and transfer

Parameters for the EITC are constructed from the National Tax Ser-
vice of Korea. Figure 1.1 graphically illustrates the tax credit schedule for
families with a single earner. Those with (positive) annual labor earnings

below 30 million KRW(~ 30,000 USD) and asset holdings lower than 200

% They develop a large-scale heterogeneous-agent overlapping-generations model, in
which agents differ by sex and marital status and have both extensive and intensive margin
labor supply choice, to assess the macroeconomic impact of the EITC reform in Korea.
They estimate the persistence of the AR(1) process from a Korean household panel data
and find variance that matches income Gini in the data.

*! The values are also similar to the estimates in Chang and Kim (2006).
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Parameter Value Description Target/source

Demographics

Jr 42 retirement age 66 years old

J 76 maximum age 100 years old

{5} - survival probability by age Life Table (2015)
Preference

{v; };’2;1 - disutility of work by age employment rate by age
Jé; 0.9767 discount rate r=4%

Labor Productivity

{¢; }3’21— ! - average productivity by age estimated

o 0.773  persistence of shock Han et al. (2019)

o2 0.04 variance of shock Han et al. (2019)

Initial conditions

aj=1 0.06 initial asset holdings employment rate (j = 1)
ol 0.10 variance of initial productivity o2/(1 — p?)

Table 1.1: Parameter values for economic environment

million KRW are eligible for the tax credit up to a maximum of 2.6 million
KRW.2?

To incorporate the progressivity in the labor income tax schedule into
the model, I adopt the functional form used in Heathcote et al. (2017) as
in eq. (1.14). The parameter 7; that governs the progressivity of the tax
function is then estimated using the SHFLC data, which provides income
tax data complemented by administrative data. The estimation result is
presented in Table Al in the appendix. The estimate for 7; is 0.02, which
is quite low compared to the literature. This is primarily because my mea-
sure of progressivity is for pure tax components, excluding transfer com-
ponents that make the tax-transfer system substantially progressive. Also,

the progressivity of income tax in Korea is known to be quite lower than

22 Hereafter, KRW is used to denote the Korean Won and USD denotes the US Dollar.
For simplicity, I use the exchange rate of 1,000 KRW =1 USD, which is close to the historical
average.
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that of other countries (Chang et al., 2018). The average rate component of
the labor income tax schedule, )\;, is then calibrated to match the ratio of

the income tax revenue to GDP.
T(y) = max{0,y — N -y' "} (1.14)

Welfare benefits for the non-employed, 2, is set to the average differ-
ence in public transfer income between workers and non-workers. Using
the SHFLC data, I estimate €2 by regressing public transfer income (net
of the tax credit) on a dummy for those who earned less than 5 million
KRW(~ 5,000 USD) with controls for various socio-demographic factors
that could affect eligibility conditions and the benefit amount, such as mar-
ital status, number of household members, and housing conditions. The
regression result is presented in Table A2 in the appendix. The lump-sum
transfer to the working-age individual, ¢r, is then set to match, together
with , total welfare expenditure over GDP. As a result, Q2 and tr are set to
3.9 million KRW and 2.6 million KRW, respectively. The basic pension bp

is set to match the basic pension expenditure as a percentage of GDP.

1.3.4 Public pension

Finally, the contribution rate of the public pension system 7, is set to
12.9%, which satisfies the government pension budget as eq. (IB.4) in Ap-
pendix B.2. The maximum taxable earnings  is determined by multiply-
ing the current system’s maximum taxable monthly earnings (4.9 million
KRW = 4,900 USD) by 12. The economy-wide average taxable earnings F

is determined in equilibrium of the benchmark economy, as described in



Parameter Value Description Target/source
EITC

Bin 0.37143 phase-in, slope NTS, 2019

W) 0.026 maximum tax credit NTS, 2019

Qout 0.04875 phase-out, intercept NTS, 2019

Bout 0.16250  phase-out, slope NTS, 2019

{d1, a2} {14,2.0} asset holdings thresholds NTS, 2019

Tax and Transfer

Te 10% consumption tax rate VAT

Th 30% capital tax rate literature

I 0.02 progressivity of income tax estimated

Al 0.913 scale parameter of income tax T,/Y = 4.6%

Q 0.039 transfer to non-employed estimated

tr 0.026 lump-sum transfer Welfare/Y = 7.4%
bp 0.012 basic pension BP/Y =0.8%
Public Pension

Tp 12.9% contribution rate balanced budget
] 0.5880 maximum taxable earnings current system
E 0.4146 economy-wide average earnings in equilibrium

K 0.005 scale parameter (replacement rate) current system

Table 1.2: Parameter values for government policy

eq. (IB.5) in Appendix B.2. The scale parameter « is set to 0.005, which
achieves the replacement rate of 40% for retirees whose career average
earnings are equal to the economy-wide average and whose contribution

period is 40 years, as in the current system in Korea.?% 24

1.3.5 Model fit

The calibrated economy successfully replicates some salient features in

the data. For the targeted moments, the employment rate by age generated

2 One can easily see that £(n = 40, ¢ = E) = 0.4E or £"=%¢=F) _ 4 when x = 0.005
from eq. (1.3).

# To be precise, the scale parameter & is under reform so that the average replacement
rate gradually goes down to 40% in 2028 (from 50% in 2008). Since the purpose of this
study is to analyze the long-term effect of the EITC under a stable public pension system,
the average replacement rate is assumed to be constant at 40%.
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Figure 1.4: Employment rate by age
Source: Economically Active Population Survey, 2015-2019
Income | Capital | Cons. | Welfare | Basic
Tax Tax Tax Benefits | Pension
Data 4.6% 4.1% 4.0% 7.4% 0.8%
Model 4.6% 3.6% 6.5% 7.4% 0.8%

Note: Data refers to 20162019 economy:.
Source: OECD database, Ministry of Health and Welfare.

Table 1.3: Government budget relative to GDP

by the model well matches the data, which shows a hump-shaped profile
(see Figure 1.4). Also, the size of tax revenues and expenditures compared
to GDP is quite similar to the data (see Table 1.3).

For the moments that are not targeted in the calibration process, the
distribution of income and wealth is replicated quite well by the model
economy (rows (1) and (2) in Table 1.4). The calibrated model also suc-
cessfully generates the moments related to the EITC (rows (3), (4), and (5)
in Table 1.4). The expenditure for the EITC is about 0.2% of GDP, both in
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the model and the data. In the model economy, EITC recipients account
for 11% of the working-age population, which is slightly higher than the
data. The data shows that the recipiency rate is highest at ages below 40,
decreases in the 40s and then increases at age 50 or above. Although the
model economy overstates the recipiency rate at a younger age and un-
derstates it at middle age, the overall pattern is similar to the data. The
average tax credit the recipient gets is 1.04 million KRW (~ 1,040 USD) in
the data, and it is 0.80 million KRW in the model.

Lastly, how responsive is labor supply to financial incentives in the
model economy? This question is crucial for the quantitative analysis be-
cause overstating the labor supply response to the EITC may bias the im-
portance of the increase in pension benefits for the increase in lifetime in-
come upward. For this sake, I compute the elasticity of labor supply to
+ 1% changes in the wage rate while holding the wealth distribution (in-
cluding the public pension wealth, » and e) fixed to the benchmark econ-
omy. The aggregate elasticity of labor supply at the participation (exten-
sive) margin implied by the model is 0.72, which is roughly in line with the
estimates in Moon and Song (2016). They estimate the labor supply elas-
ticity in Korea using the methodology of Fiorito and Zanella (2012) and
data from the Korean Labor and Income Panel Study. Their point estimate
of the elasticity is 0.23 at the intensive margin (hours of those employed)
and 0.93 at the total margin, which includes both the intensive and exten-

sive margins.>> Moreover, the model-implied aggregate elasticity at the

» Note, however, that the estimate for the latter is statistically insignificant, possibly due
to the small sample size. Nonetheless, the finding that the elasticity at the total margin is
much larger than the one at the intensive margin is consistent with Fiorito and Zanella
(2012).
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extensive margin is similar to those found in other structural studies such
as Chang and Kim (2006) and Erosa et al. (2016). Furthermore, the elas-
ticity exhibits a U-shaped pattern over the life cycle and is highest near
retirement (see Figure 1.5), which has also been found in other structural
life-cycle analyses (Rogerson and Wallenius, 2009; Erosa et al., 2016; Fan et
al., 2022).%¢

The observations so far show that the calibrated model economy is well

suited to analyze the EITC’s impacts on labor supply and income.

Data Model

(1) Disposable income Gini 0.339 0.321

Q1 0.5 0.8

Q2 5.1 5.2

(2) Wealth share (%) Q3 11.5 14.2

Q4 21.4 27.0

Q5 61.5 52.8

(3) EITC to GDP ratio (%) 0.20 0.19

(4) EITC recipiency rate (%) 10.4 114
S <40 127 16.0

by age group 40-49 7.5 3.6

>50 9.8 11.2

(5) Average EITC (million KRW) 1.04 0.80

Note: Data refers to 2019 economy. Data for the EITC expenditure is
computed based on recipients aged 69 or below to be consistent with
the model. The expenditure for those aged 6669 is included because
the relevant information in administrative data from the National Tax
Service is provided based on a 10-year-old basis. Similarly, data for
the EITC recipiency rate is computed based on recipients aged 69 or
below, the data for ages below 40 is based on those aged 20-39, and
the data for ages 50 or above is for those aged 50-69.

Source: National Tax Service 2019, Statistics Korea 2019, SHFLC 2019-
2020.

Table 1.4: Untargeted moments

% Keane (2022) provides a review of recent research on labor supply, including labor
supply elasticity at the extensive margin in the aggregate and by age.
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Figure 1.5: Labor supply elasticity by age

1.4 Quantitative analysis

In this section, I start by showing the effects of the EITC by removing
the existing program from the benchmark economy and comparing the
two steady-states: one with the EITC and one without the EITC. This al-
lows me to describe how the tax credit policy affects labor supply over the
life cycle and the consequent impacts on earnings and pension income.

Then I do the same exercise (EITC vs. NO EITC) while shutting down
the pension tax-benefit link for EITC-eligible (sufficiently low earnings
and wealth) employment. In this environment with the counterfactual
public pension system, EITC-eligible employment does not affect the state
variables regarding pension benefits (n and e). Henceforth, I will call the
model with the benchmark public pension system the full model and the

one with the counterfactual pension system the model with static return only.
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By comparing the two results—with and without dynamic return through
the pension tax benefit link—I can identify the role of the contribution-
benefit link in the EITC’s impacts on lifetime income and welfare.
Throughout the analysis, I proceed in partial equilibrium, in which
wages, interest rates, and tax rates are held fixed to the benchmark econ-
omy. This setting is consistent with the previous studies, thus allowing me
to concentrate on the role of the pension tax-benefit link in the direct effect

of the tax credit policy.

1.4.1 Who is mainly affected?

Before jumping into the analysis, it is necessary to determine the target
population—mainly affected by the tax credit over the life cycle—because
I will focus on the direct effect of the EITC, and the model encompasses the
entire population of the economy. A natural candidate for the target group
is newborns with unfavorable labor productivity histories: their lifetime
earnings and wealth would be low and thus likely to satisfy the earnings
test and asset test of the tax credit over their lives.

From now on, I define low lifetime income as newborns whose present
value of lifetime disposable income belongs to the lowest 30% in the cal-
ibrated economy.?”” Figure 1.6 compares the median age profile of earn-
ings (conditional on employment) and wealth for the low lifetime income
group with those of the population. As can be seen from the figures, the
low lifetime income group’s median earnings and wealth are consistently

lower than those of the population over the life cycle. This result suggests

¥ The present value of lifetime income is computed as the sum of disposable income at
each age discounted by after-tax asset return and survival probabilities.
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Figure 1.6: Median earnings and assets by age for low lifetime income and
population
that the chosen group is a plausible candidate for those mainly affected by

the EITC.

The bar graph in Figure 1.7 displays the proportion of the low lifetime
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Figure 1.7: Low lifetime income’s share of EITC recipients and recipiency
rate by age

income group among the EITC recipients by each age group. As expected,
the low lifetime income group accounts for the majority of the EITC recip-
ients. The relatively low share at earlier ages is due to the model environ-
ment where every individual enters the economy with the same amount of
low initial wealth and age-specific labor productivity is relatively low at
earlier ages. Recall that the stochastic process for the idiosyncratic com-
ponent of productivity is persistent, which implies that a high realiza-
tion of productivity at an age likely results in high productivity the next
year. Therefore, higher lifetime income groups earn more and accumulate
more wealth over their lives, which makes them gradually ineligible for
the EITC. That is why the low lifetime income group shares most of the
recipients after the earlier stage in life. From now on, I will concentrate on

the impact of the EITC on the low lifetime income.
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1.4.2 Results with both static and dynamic returns

In this subsection, I contrast the economies with and without the EITC
in the full model in which individuals understand both static and dynamic
returns on labor supply when making decisions. In other words, indi-
viduals know that they can earn post-tax labor income as well as receive
more pension benefits after retirement if they work today. I first examine
the EITC’s effects on labor supply during working life and show how it
affects pension income after retirement. Then the impacts on lifetime in-
come and the importance of the changes in each source of income are an-
alyzed. Note that all the results below show the average effects on the low

lifetime income group.

Effects on labor supply
Before By age

retirement 25-39 4049 50-65

Environment Unit: percentage points
Full model, (a) 2.08 1.91 0.53 3.22
Static return only, (b) 1.43 1.82 0.24 1.81
Difference, (a)—(b) 0.65 0.09 0.29 1.41
(100%) (5%) (11%) (84%)
Share, [(a)—(b)]/(a) 31% 5% 55% 44%

Note: The first two rows report the changes in percentage points on average during
each life phase compared to the economy without the EITC in each environment. In
the full model, the pension tax-benefit link is fully active so that there are both static and
dynamic returns on the employment response. In the environment with static return
only, the pension tax-benefit link is active only for EITC-ineligible employment. The
third row shows the differences between the employment changes in the two models.
The following parentheses show the contributions of the differences at each stage of life
to the total difference. The last row shows the shares of the differences between the two
models in the results in the full model.

Table 1.5: Changes in the employment rate
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The first row in Table 1.5 reports the changes in the employment rate
compared to the economy without the EITC in the full model. The results
are presented for the whole working life and by age. It first shows that the
employment rate of the low lifetime income group goes up by 2.1 percent-
age points in the full model.?® This result coincides with previous empirical
studies that found the positive impact of the tax credit policy on the target
individual’s labor market participation (Eissa and Liebman, 1996; Meyer
and Rosenbaum, 2001; Francesconi and Van der Klaauw, 2007; Sanchez-
Mangas and Sanchez-Marcos, 2008; Francesconi et al., 2009; Azmat and
Gonzaélez, 2010; Laun, 2017).

Interestingly, the labor supply response to the EITC varies by age. The
(annual) employment rate goes up the most during the 50s and 60s, by
more than 3 percentage points on average, while it increases by about 2
percentage points at ages below 40 and by only 0.5 percentage points dur-
ing the 40s. This pattern of the labor supply response by age is in line
with the empirical findings of Park and Lee (2018). They exploit the in-
troduction and subsequent expansions of the EITC in Korea to estimate
its impact on labor market participation.? One of the main findings of
Park and Lee (2018) is that the labor supply response of those aged 60-65

is substantially larger than the average, which supports what I find using

% The aggregate employment rate goes by 0.99 percentage points.

» Specifically, they use a linear probability model of labor market participation and ex-
ploit individual variations in EITC eligibility (except for the condition of positive earnings
below some limit) over time caused by the policy reforms. For example, all singles were
ineligible for the tax credit until 2012; however, from 2013, singles aged 60 or older can
receive tax credits if they meet the other requirements. The authors use various household
panel data sets from Korea, empirical specifications, and sample periods for the estima-
tion. Note that singles with an age below 40 were not eligible for the EITC during the
sample period they used.
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the structural model.*

One of the advantages of the structural approach is that it can provide
a possible mechanism for such results. There are two reasons for the dif-
ferential labor supply response to the EITC by age. First, the recipiency
rate is high at younger and older ages, as shown in the solid line in Fig-
ure 1.7. In other words, the labor supply response is large at those ages
because there are many potential recipients. The U-shaped age profile of
the recipiency rate stems from the hump-shaped age earnings profile, as in
Figure 1.6a, and the earnings test of the EITC (see Figure 1.1). Note, how-
ever, that the labor supply near retirement is the most responsive even af-
ter controlling for the recipiency rate. This is due to the large labor sup-
ply elasticity near retirement as shown in Figure 1.5, which is also con-
sistent with many other structural life-cycle analyses (e.g., French, 2005;
Erosa et al., 2016; Fan et al., 2022). In other words, even if the financial
incentive works similarly, the responsiveness of the labor supply is sub-
stantially larger near retirement. This is because the young worker is more
sticky to the labor market than the old. When they are young, individuals
do not have enough wealth to smooth their consumption over the life cy-
cle and self-insure against labor market risks, making them work to earn
income even without the EITC. In contrast, those near retirement age have
some wealth (both financial and public pension) to finance their current
and retirement consumption and will soon no longer face labor market
risks. Therefore, the EITC recipients near retirement age are more likely to

work because of the tax credit than the young recipients.

3 Relevantly, Laun (2017) finds that the Swedish tax credit reform for workers aged 65
or over increased their labor market participation.
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Effects on pension income

EITC
without with Change (%)
Contribution periods (years) 29.66 3052  0.85(2.9%)
Career average earnings (million KRW)  36.07 3555 —0.52 (—1.4%)
~Pension income (million KRW) 1150 1175  025(22%)

Note: The units for contribution periods are years, and the units for career average earnings
and pension income are million KRW (=~ thousand USD). Contribution periods and career
average earnings are as of age 66. Parentheses report proportional changes.

Table 1.6: Effects on pension income

So far, I have confirmed the previous findings that the EITC induces
an increase in the labor market participation of its target population. I
now take a step further and examine how the labor supply response to
the EITC before retirement affects pension income after retirement through
the contribution-benefit link of public pensions. First, due to the increased
labor market participation during working life, lifetime earnings and pen-
sion contributions go up by 1.4%. How are pension benefits, then, affected
by the rise in pension contributions?

Recall that pension benefits are increasing in contribution periods and
career average earnings in the National Pension System of Korea (see eq.
(1.3)). Table 1.6 reports contribution periods, career average earnings, and
pension income—all as of retirement age on average—in the economies
with and without the EITC. The last column of the table shows the dif-
ferences between the two economies. First, due to labor supply responses
during working age, contribution periods increase by 0.85 years (2.9%) on

average (from 29.66 to 30.52 years).>! This increase in contribution peri-

*! Notice that one period in the model corresponds to one year, so individuals can
choose to work one or two (or more) more years over their lives in response to the in-
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ods would raise pension income by 0.33 million KRW, assuming average
earnings over the contribution period remain unchanged. However, ca-
reer average earnings slightly go down, which mitigates the rise in pen-
sion income. The decrease in career average earnings is because the EITC-
induced labor market participation mainly occurs at a lower productivity
age. As a result, the annual pension income increases by 0.25 million KRW
(2.2%).

Considering the average tax credit that the recipient of the low lifetime
income group receives is 0.85 million KRW, the spillover effect on pension
income is substantial. The increase in annual pension income is about 30%
of it. This result indicates that ignoring the long-term impact on pension
income might considerably underestimate the EITC’s effect on lifetime in-

come.

Effects on lifetime income

Finally, I examine how the EITC affects lifetime income and decom-
pose the contribution of each income source. The first row in Table 1.7
shows the overall amount of tax credits received over the life cycle. The
second to fourth rows in the table report the level changes in lifetime post-
tax earnings, lifetime pension income, and the sum of the three incomes
(lifetime labor-related income). Note that survival probabilities are taken
into account when computing the lifetime values.

The left column of the table reads as follows. First, the low lifetime in-

come group receives 7.5 million KRW of tax credits over their lives. Due to

troduction of the tax credit, and that I examine the average response of the low lifetime
income group. Therefore, a 0.85 years increment in contribution periods means that the
low lifetime income group works 0.85 more years on average.
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Environment

Full model Static return
only

Unit: million KRW
Tax credit 7.45 441
Post-tax earnings 8.52 6.04
Pension income 4.55 —0.45
Labor-related income 20.52 10.00

Note: Changes in levels compared to the economy without the EITC.
The units for incomes and taxes are million KRW (= thousand USD).
Post-tax earnings are computed as labor earnings plus other means-
tested transfers minus taxes on earnings. Lifetime labor-related in-
come is the sum of the three income sources. Lifetime incomes are
discounted by survival probabilities. In the full model, the pension tax-
benefit link is fully active so that there are both static and dynamic re-
turns on the employment response. In the environment with static re-
turn only, the pension tax-benefit link is active only for EITC-ineligible
employment.

Table 1.7: Effects on lifetime incomes

the employment response to the EITC, their lifetime post-tax earnings go
up by 8.5 million KRW, which is 14% larger than the receipts of tax credits.
Notice that the post-tax earnings is labor earnings plus other means-tested
transfers minus taxes on earnings. The increase in post-tax earnings ac-
counts for more than half of the increase in lifetime income. This result
confirms the main message of Hoynes and Patel (2018) in a life-cycle con-
text. Furthermore, lifetime pension income goes up by 4.6 million KRW,
which amounts to 60% of the lifetime receipts of the tax credit. The in-
crease in lifetime pension benefits accounts for more than one-fifth of the

increase in lifetime (labor-related) income.
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1.4.3 Role of dynamic return through the pension tax-benefit link

The previous subsection shows that the spillover effect of the EITC on
pension income is quantitatively sizable by comparing the economies with
and without the EITC in the full model in which the pension tax-benefit link
is fully active. In that environment, individuals understand all the returns
on their current labor supply—the current post-tax earnings and the future
increase in pension benefits—when adjusting their labor supply and sav-
ings in response to the EITC. According to the empirical evidence of Lieb-
man and Luttmer (2015), however, this may not be the case. From the ran-
domized field experiment, they find that informational intervention about
the marginal public pension benefits of labor supply induces labor market
participation. Their findings show that people are not fully aware of the
tax-benefit link of public pensions when making labor supply decisions.
Considering such a salience problem of the pension tax-benefit link, pro-
viding potential EITC recipients with information to improve their under-
standing of marginal pension benefits of labor supply may amplify the
EITC’s effects on labor supply and income. In this last subsection, I isolate
the behavioral responses to the EITC due to the dynamic return on labor
supply through the contribution-benefit link to estimate the value of such
an informational intervention.

To this end, I consider a counterfactual public pension system in which
the contribution-benefit link is shut down only for EITC-eligible employ-
ment while keeping all the structural parameters fixed to the calibrated

economy. Specifically, the constraints (1.8) and (1.9) on the working-age
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individual’s maximization problem (1.4) are changed as follows:

n=n+h-I(xp =0) (1.8)

o _ erntmin{y, g} I(p = 0>, (1.9

n/

where I(¢) = 0) is an indicator function with a value of 1 if an individual
does not receive the tax credit (¢ = 0) or 0 otherwise, and the indicator
function is the only difference. In this model with static return only, EITC-
eligible labor market participation—sufficiently low earnings and asset
holdings—does not affect contribution periods n, career average earnings
e, and hence the pension benefits £. In other words, pension contributions
during EITC-eligible employment are pure taxes. Then, in this environ-
ment, I remove the EITC and compare the two steady-states (EITC vs. NO
EITC). The results from the model with static return only capture the behav-
ioral responses to the EITC due to the static return only. Finally, I contrast
the EITC's effects with and without the dynamic return (full model vs. static-
return-only model) to shed light on its importance for the long-term impacts

of the EITC.

Labor supply

How does the dynamic return through the pension tax-benefit link affect
the labor supply response to the EITC? The second row of Table 1.5 reports
the employment responses to the EITC in the model with static return only,
and the third row shows the difference between the results from the two
environments. As can be seen, the overall increase in the employment

rate due to the EITC is 0.65 percentage points smaller in the model with
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static return only. The last row shows that this difference accounts for one-
third of the labor supply response in the full model. The result shows that
the dynamic return through the pension tax-benefit link is crucial for the
employment effects of the EITC.

When we further look at how the labor supply response due to the fu-
ture return varies with age, it increases with age and is substantially large
at near retirement. The second to fourth columns in the third row of Table
1.5 show the differences between the employment responses in the two
models by age group. The difference between the employment responses
from the two models is 0.1 percentage points among the young, 0.3 per-
centage points at middle age, and 1.4 percentage points near retirement.
The following parentheses show that more than 80% of the lifetime em-
ployment response due to the dynamic return occurs between 50 and 65
years old.>?

Why does the labor supply response to the EITC, especially near re-
tirement, become so large with the dynamic return? To answer this ques-
tion, let me compare the static and the dynamic returns on the labor supply
response. To compute the static return, consider an individual at a certain
age who works with the EITC but does not work without the EITC in the
static-return-only environment. Then, his labor supply response would be
due to the static return on labor supply—post-tax labor earnings. Next, to
compute the dynamic return on the labor supply response, I first compute
how much his pension income at retirement age will increase due to the

labor supply response at each age.*> The dynamic return is the sum of the

%2 The contribution of the employment response (due to the dynamic return) between 50
and 65 to the lifetime response can be computed as (1.41 x 32)/0.65.

% Specifically, 1 calculate the difference between the same individual’s actual pension

' ! |
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Before By age

retirement 25-39 40-49 50-65
Unit: million KRW

Static return, (a) 14.54 14.37 14.88 14.48
Dynamic return, (b) 2.65 1.72 2.46 3.65
Share of (b), (b)/[(a)+(b)] 15% 11% 15% 20%

Note: The static return is post-tax labor earnings due to the employment response to
the EITC in the model with static return only. The dynamic return at each age is the sum
of the present discounted value of the increment in pension income at each age in the
retirement period due to the employment response. Discounting is done using after-tax
real interest rates and survival probabilities. The average values during each life phase
are reported in the first and second rows.

Table 1.8: Static and dynamic returns on the employment response

present discounted value of the increment in pension income at each age
in the retirement period.

Table 1.8 reports the static and dynamic returns on the employment re-
sponse, and the proportion of the dynamic return over the total return. The
first column shows that the future return amounts to 15% of the total re-
turn on the lifetime employment response to the EITC. Furthermore, the
size and share of the future return get larger with age. While the dynamic
return shares 9% of the total return on average at age 25-39, it becomes
20% at age 50-65. This result is mainly because the increased pension
income through the employment response is realized sooner as one gets
closer to retirement and hence is less discounted. Therefore, if people do
not fully understand the dynamic labor supply return through the pension
tax-benefit link, as Liebman and Luttmer (2015) find, providing them with

information about it could substantially enhance the EITC’s labor supply

income at retirement age in the full model and his hypothetical pension income. The hypo-
thetical pension income is what he would get during retirement if his earnings record at
that age were subtracted from the actual contribution period and career average earnings
at retirement age.
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effects. Also, such an effect would be particularly large for those nearing

retirement.

Lifetime income

Finally, due to the different degrees of labor supply responses to the
EITC, how different are the increases in lifetime income due to the EITC
with and without the dynamic return? The right column of Table 1.7 reports
the changes in lifetime incomes in the environment with static return only.
The second row of the table shows that an increase in lifetime (post-tax) la-
bor earnings is substantially larger in the full model compared to the static-
return-only model. The EITC increases lifetime earnings of the low lifetime
income group by 6 million KRW in the static-return-only model, which is
about two-thirds of the result in the full model. Together with more receipts
of tax credits (the first row in the table), the increase in pre-retirement life-
time income is more than 50% larger in the full model. Thus, providing in-
formation about the contribution-benefit link to the potential EITC eligible
could substantially enhance the EITC’s impact on pre-retirement income
by intensifying the labor supply response.

Combined with the spillover effect on pension income as analyzed in
the previous subsection, the EITC’s impact on lifetime income could be
substantially larger through the dynamic labor supply return through the
pension tax-benefit link. The fourth row of Table 1.7 shows that the in-
crease in labor-related lifetime income due to the EITC in the full model is

twice as much as in the static-return-only model.
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1.5 Conclusion

This chapter examines the long-term impact of the EITC on labor supply
and income over the life cycle and highlights the role of the tax-benefit link
of public pensions. Through the marginal future public pension benefits of
labor supply, (1) the labor supply response to the EITC during the working
age also raises pension income in retirement, and (2) the labor supply and
earnings responses to the EITC are amplified. Using the structural life-
cycle model calibrated to the Korean economy, I show that the dynamic
labor supply return is quantitatively crucial for the benefit of the EITC.

The results provide two fruitful policy implications: First, due to its
spillover effect on pension income through the contribution-benefit link,
the tax credit policy for the working age can also prevent elderly poverty in
advance. Second, if the target household of the EITC is not well aware of the
dynamic labor supply return due to the salience of the pension tax-benefit
link (Liebman and Luttmer, 2015), informational intervention about it could
substantially increase the EITC’s impact on labor supply and earnings.

However, notice that the proportion of the employment response that
is due to the future return is much larger than the proportion of the future
return over the total return. While the employment response due to the
dynamic return accounts for 31% of the overall response (see the last row in
Table 1.5), the dynamic return itself explains 15% of the total financial return
on the labor supply response (see the last row in Table 1.8). This means
that the financial incentive alone cannot explain the large labor supply re-
sponse in the full model. To fill this gap, it is crucial to understand how the

dynamic labor supply return through the contribution-benefit link affects
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the consumption-savings response to the EITC. I will explore this issue in

the next chapter.
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Chapter 2

The Earned Income Tax Credit and the Tax-
benefit Link of Public Pensions

Effects on Savings, Consumption, and Welfare

2.1 Introduction

In Chapter 1, I have shown that the dynamic return on labor supply
through the pension tax-benefit link can play a crucial role in the employ-
ment response to the EITC. Due to the greater labor supply response as
well as the spillover effect on pension income, the EITC’s impact on life-
time income can be substantially amplified through the dynamic return.
Then, how valuable is the increased income due to the EITC for the target
household?

The key contribution of Athreya et al. (2014) and Blundell et al. (2016)
is the finding that the tax credit does more than increase the level of in-
come (and thus consumption) in the dynamic context. That is, it provides
partial insurance against income risk. In other words, the tax credit pro-
vides an income top-up for the negative shock to future labor productivity,
which enables the target population to reduce precautionary savings and
enjoy more consumption. They find that the tax credit policy enhances the
welfare of newborns with low lifetime income through this consumption

insurance effect over the working periods of life without hampering labor
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supply incentives.! 2

With the dynamic return, the consumption insurance of the EITC can
also be amplified. Because the labor supply response to the EITC increases
pension income after retirement through the pension tax-benefit link, the
target individuals can reduce their savings against retirement and con-
sume more during their working age if they perceive such a future return.
Therefore, the knowledge provision of the dynamic return can not only en-
hance the EITC’s income-increasing effect by inducing a greater labor sup-
ply response but also amplify the consumption-smoothing effect of the
EITC.

In this chapter, I quantitatively examine the impacts of the EITC on
savings, consumption, and welfare and the role of the dynamic labor sup-
ply return through the pension tax-benefit link. Then its implication for

the labor supply response is discussed.

2.2 Effects on consumption and savings

Figure 2.1 displays the proportional changes in consumption and (gross)

savings in response to the EITC by age. The solid lines represent the re-

! Froemel and Gottlieb (2021) also find the consumption insurance effect of the EITC
using a DSGE model with idiosyncratic labor productivity risks. However, their focus is
on how the EITC affects the distribution of earnings and wealth through the behavioral
response of labor supply and savings and the resulting change in the skill premium in
general equilibrium.

* This point is one of the important things that makes Athreya et al. (2014) and Blun-
dell et al. (2016) distinct from other studies on tax credit programs using dynamic struc-
tural models, such as Keane and Wolpin (2010) and Chan (2013). The life-cycle models of
Keane and Wolpin (2010) and Chan (2013) are rich in that individuals make various deci-
sions such as labor supply, educational attainment, fertility, marriage, or participation in
multiple welfare programs. However, there are no savings decisions as in Athreya et al.
(2014) or Blundell et al. (2016), so the models could not capture the consumption smooth-
ing effect of the tax credit.
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Figure 2.1: Effects on consumption and savings

sults from the full model, while the dashed lines show the results from the

model with static return only.
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2.2.1 Results with the static return only

Let me begin with the result from the setting with the static return only.
As the dashed line in Figure 2.1a shows, in the static-return-only environ-
ment, the target household’s consumption increases over their working
lives due to the EITC. This result is, in part, due to the increased income—
tax credits and an increase in earnings—which I have shown in the pre-
vious chapter. The other crucial force behind the rise in consumption is
a decrease in savings. The dashed line in Figure 2.1b shows that the low
lifetime income group reduces their (gross) savings over the life cycle in
response to the EITC in the same environment. The decrease in savings
is due to (partial) insurance the EITC provides against labor market risks.
Since the EITC provides some income top-up against bad shocks to future
labor productivity, the target population can reduce precautionary savings
and enjoy more consumption. In other words, the EITC helps its target in-
dividuals better smooth their consumption over the states of nature. This
result is consistent with the previous life-cycle analyses that do not take
into account the pension tax-benefit link (Athreya et al., 2014; Blundell et
al., 2016).

To make this argument more apparent, I also compare an increase in
the present discounted value of lifetime consumption with that of dispos-
able income. If the EITC provides such consumption insurance, the target
individual’s consumption would increase (by reducing their savings) be-
fore their income would increase due to the tax credit receipts. Therefore,
an increase in the PV of lifetime consumption would be larger than that of

income. Table 2.1 reports an increase in the PV of lifetime income and con-
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sumption due to the EITC, as well as their difference. As the right column
of the table shows, an increase in the PV of lifetime consumption (5.91 mil-
lion KRW) is 9% larger than that of disposable income (5.43 million KRW)
in the static-return-only model, demonstrating the consumption-smoothing
effect.

Then, when does the consumption smoothing occur over the life cy-
cle? The dashed lines in Figure 2.1 shows that the decrease (increase) in
savings (consumption) is the largest early in life and then gets smaller with
age. This result implies that the EITC’s insurance provision against labor
market risks is most valuable when young and less so as one gets closer
to retirement, which is in line with Gourinchas and Parker (2002). In their
seminal paper, Gourinchas and Parker (2002) demonstrate that in an in-
complete markets economy—like the one in this study—an individual’s
primary savings motive is different by age: while the dominant savings
motive for young households is to accumulate buffer stock wealth against
uninsurable income risks (the precautionary motive), the retirement mo-
tive becomes more crucial as one gets closer to retirement. Therefore, in
the static-return-only environment, the EITC not only increases the lifetime
consumption of the target household but makes their consumption pro-
file smoother by allowing them to reduce precautionary savings and enjoy

more consumption when young.

2.2.2 Role of the dynamic return

How are the consumption and savings responses to the EITC affected
by the dynamic return through the contribution-benefit link? First of all,

the solid line in Figure 2.1a shows that retirement consumption increases
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Environment

Full model Static return
only

Changes in PV of Unit: million KRW
Lifetime disposable income, (a) 8.01 5.43
Lifetime consumption, (b) 9.55 5.91
Consumption smoothing, (b)/(a)—1 19% 9%

Note: The first two rows report the changes in the present discounted value of lifetime
income (consumption) for newborns with low lifetime income compared to the econ-
omy without the EITC for each environment. In the full model, the pension tax-benefit
link is fully active so that there are both static and dynamic returns on the employ-
ment response. In the environment with static return only, the pension tax-benefit link
is active only for EITC-ineligible employment. The units are million KRW (= thousand
USD). Discounting is done using after-tax real interest rates and survival probabilities.

Table 2.1: Effects on consumption smoothing

due to the EITC in the full model, which does not happen in the static-return-
only model. The reason for this result is relatively obvious: the labor supply
response to the EITC increases pension benefits through the pension tax-
benefit link only in the full model.

Furthermore, Figure 2.1a shows that the increase in pre-retirement con-
sumption is larger in the full model compared to the static-return-only envi-
ronment. Again, there are both income effect and insurance effect behind
this result. First, the greater consumption response is partly because of
a larger increase in income (income effect) due to a greater employment
response in the full model, as shown in the previous chapter. In addition,
notice that the target household reduces their savings even more in the
presence of the dynamic return, as illustrated in Figure 2.1b. This result
stems from the EITC’s insurance provision against retirement through the
pension tax-benefit link. Since the dynamic return is an increase in pension

benefits, it provides some insurance against retirement. As a result, in the
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full model, the EITC’s target individuals can reduce their savings against
retirement (as well as against income risks) and consume more even be-
fore retirement, and the consumption smoothing effect becomes larger.

Table 2.1 makes it more obvious how the dynamic return amplifies the
consumption smoothing effect of the EITC. The left column shows that
an increase in the PV of lifetime consumption (9.55 million KRW) is 19%
larger than that of disposable income (8.01 million KRW) in the full model.
The result is much greater than the counterpart in the static-return-only
model (9%), which implies that the EITC makes the consumption profile of
the target household smoother with the dynamic return through the pen-
sion tax-benefit link.

It is worth noting that the difference between the solid line and the
dashed line before retirement in Figure 2.1a is the most significant across
the 40s and 60s. This result shows that the increase in consumption due
to the dynamic return is similarly large across this life phase. This result
may be odd considering most of the labor supply response attributable
to the dynamic return comes from near retirement, not middle age.® The
reason is as follows: Let us think about how newborn households adjust
their consumption and savings responses to the EITC (compared to the
static-return-only environment), given the increased employment response
near retirement.* First, due to the consumption-smoothing motive, they

may want to increase consumption not only near retirement but before

* See Table 1.5 and the discussions in Section 1.4.3 of Chapter 1 for the labor supply
response due to the dynamic return.

* Recall that the counterfactual exercise here is to compare the EITC’s long-term im-
pacts over the life cycle in the two environments: the static-return-only model versus the full
model. Therefore, the exercise shows how the change in the newborn household’s alloca-
tion of consumption and savings over the life cycle due to the EITC is different in the two
environments.
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that age. Nearing retirement, they can consume more either by reducing
retirement motive savings or through increased income because the em-
ployment response increases the most at this age. In middle age, however,
they can increase consumption almost only by reducing retirement motive
savings® since there is little room for employment to respond at that age
because of the EITC’s means-test and the hump-shaped age productivity
profile. That is why the decrease in savings due to the dynamic return is the
most significant in middle age (see Figure 2.1b), and the increase in con-
sumption due to the future return is similar in the 40s and near retirement.

The findings in this section can be summarized as follows: (1) The
EITC’s (partial) insurance provision against labor market risks makes the
target individual consume more early in life, and (2) its insurance against
retirement through the pension tax-benefit link allows them to enjoy more
consumption in middle age and near retirement as well as the retirement
period. The second finding provides an important policy implication.
Even if the dynamic return through the pension tax-benefit link plays a
small role in inducing more labor supply responses in middle age, provid-
ing them with information about it could substantially enhance the con-
sumption smoothing effect of the EITC. Therefore, it would be better for
the information provisions to target the middle-aged as well as those near-

ing retirement.

> Another important finding of Gourinchas and Parker (2002) is that the transition of
the primary savings motive between income uncertainty and retirement occurs during the
40s in an incomplete markets life-cycle economy.
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2.2.3 Implication for the labor supply response

In the previous subsection, I described how the savings (and consump-
tion) response to the EITC changes due to the dynamic return, given the
greater labor supply response. However, notice that there could also be
an adjustment in labor supply response because of the adjustment in sav-
ings response since labor supply and savings are joint decisions. In other
words, it could be that some portion of the employment response due to
the dynamic return occurs because of the greater decrease in savings.

Why? Recall that I am comparing how newborns’ response to the EITC
over the life cycle changes due to the dynamic return. This means that in the
full model, individuals at any age know that their labor supply at any future
age (before retirement) as well as at that age increases pension income.
Therefore, if more employment response to the EITC during the rest of
the working life is a better insurance tool against retirement than private
savings, individuals would substitute the two.

Table 2.2 compares the pension contribution paid and the consequent
increase in lifetime pension income due to the employment response to the
EITC at each life phase.® Note that the increase in lifetime pension income
is evaluated at each age of the employment response using after-tax real
interest rates to compare with the return on private savings. The first row
shows that the pension contribution paid is relatively stable at around 2.9
million KRW across the life cycle, which is because of the earnings test

of the EITC. Second, the consequent increase in PV of lifetime pension

¢ To be consistent with Table 1.8 in Chapter 1, the employment response to the EITC in
the static-return-only model is used to compute the pension contribution and the consequent
increase in lifetime pension benefits.
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income is similar to the pension contribution at an early stage in life but
then increases with age.” As a result, the rate of return on the employment
response from the public pension system is greater than 1 from middle
age on and gets larger as one gets closer to retirement. This result shows
that the employment response to the EITC from middle age on, especially
near retirement, is better insurance for retirement than private savings,
which indicates the possibility of the substitution between labor supply
near retirement and private savings.

Then, what portion of the labor supply response due to the dynamic re-
turn is the substitution of private savings against retirement? Answering
this question is crucial to filling the gap between the large employment
response due to the future return and the size of the future return itself, as
I have mentioned in the conclusion of the previous chapter.® To this end,
I compute the changes in the employment rate due to the EITC in the full
model and the static-return-only model, holding the distribution of wealth
fixed to the EITC economy in each model.” This exercise shows the short-
run labor supply responses to the EITC in the two models and thus cap-
tures the employment responses without savings adjustment in prior pe-
riods. The second column of Table 2.3 reports the short-run result, whereas
the first column is the same as the second column of Table 1.5 and shows

the long-run counterpart, in which the wealth distribution is allowed to

7 For the reason why it increases with age, refer to Section 1.4.3 and Table 1.8 there in
Chapter 1.

8 Remind that while the labor supply response due to the dynamic return explains one-
third of the overall response (see the last row in Table 1.5), the future return itself accounts
for 15% of the total financial return on the employment response (see the last row in Table
1.8).

? The wealth includes asset holdings a, career average earnings e, and contribution
period n.
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By age
25-39 4049  50-65

Unit: million KRW

Pension contribution, (a) 2.90 2.99 2.92
PV of lifetime pension income, (b) 2.86 4.06 5.80
Rate of return, (b)/(a) 0.98 1.36 1.99

Note: The first row shows the pension contribution paid due to the employ-
ment response to the EITC in the model with static return only. The second row
is the sum of the present discounted value of the increment in pension income
at each age in the retirement period due to the employment response. Dis-
counting is done using after-tax real interest rates. The average values during
each life phase are reported.

Table 2.2: Rate of return on the employment response from public pension

vary. I report the result for ages 50-65 because most of the employment
response due to the future return comes from this life phase, and the future
return itself cannot alone account for it. In the short run, the employment
rate increases by 2.32 percentage points in the full model and 1.61 percent-
age points in the static-return-only model due to the EITC. It implies that
in the short run, 0.71 percentage points increase in the employment rate is
due to the dynamic return. Notice that the result is only half of the long-run
counterpart. This result shows that a substantial portion of the large em-
ployment response due to the future return I have shown in the previous
chapter occurs in the long run, i.e., in conjunction with the adjustment in
savings.

The results in this subsection thus imply that the impact of information
provision about the pension tax-benefit link on the EITC’s labor supply

effects can be substantially larger in the long run.
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Age: 50-65

Long-run  Short-run Difference
Environment Unit: percentage point
Full model 3.22 232 0.90
Static return only 1.81 1.61 0.20
Difference 1.41 0.71 0.70

Note: The long-run is the baseline result in which the distribution of
asset holdings, career average earnings, and contribution period is al-
lowed to vary when the EITC is removed. In the short run, the dis-
tribution of asset holdings, career average earnings, and contribution
period is held fixed to the economy with the EITC in each environ-
ment. In the full model, the pension tax-benefit link is fully active so
that there are both static and dynamic returns on the employment re-
sponse. In the environment with static return only, the pension tax-
benefit link is active only for EITC-ineligible employment.

Table 2.3: Comparison of the labor supply response near retirement:
long-run and short-run

2.3 Effects on welfare

Finally, Table 2.4 shows the welfare consequences of the tax credit pol-
icy as measured by consumption equivalence. Consumption equivalence
is computed as follows:

J J
CEV =exp [{>_ A (J] ¢s)} " (WTC = WNOTO) | -1, 2.1)
j=1 s=1
where W7¢ and WNOTC represent the ex-ante lifetime expected discounted
utility of a newborn (with low lifetime income) in the steady states of the
economies with and without the EITC, respectively.

The first row of Table 2.4 is the result considering both the changes in
the allocation of consumption and leisure over the life cycle, whereas the
second row is the one considering the changes in the consumption pro-

file only. The second row shows that ignoring the changes in the value
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of leisure, the existing EITC in Korea is equivalent to a 2.33% increase in
per-period consumption for newborns with unfavorable productivity his-
tories in the full model, whereas it is equivalent to a 1.78% increase in life-
time consumption in the static-return-only model. As a result, the dynamic
labor supply return through the pension tax-benefit link explains a quar-
ter of the consumption-component welfare effect of the EITC. As I have
shown so far, the welfare effect of the EITC due to the dynamic return comes
from three factors: (1) Retirement consumption goes up; (2) Pre-retirement
consumption increases; and (3) the consumption profile is more smoothed

(consumption smoothing effect).

Environment
Full model Static return
only
Consumption equivalence (%) 0.73 0.54
Consumption component (%) 2.33 1.78

Note: Consumption component shows the welfare gain from the changes in consump-
tion only. In the model with full model, the pension tax-benefit link is fully active so that
there are both static and dynamic returns on the employment response. In the environ-
ment with static return only, the pension tax-benefit link is active only for EITC-ineligible
employment.

Table 2.4: Effects on welfare

2.4 Discussion and conclusion

Despite the quantitatively significant role of the dynamic return I have
shown so far, it would be better interpreted as an upper bound value, and
its policy implications should be carefully interpreted for the following

reasomns.
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2.4.1 No knowledge in reality?

First, note that the result captures the difference between the two ex-
treme cases—one with perfect knowledge of the linkage and one with no
knowledge about the pension tax-benefit link. In reality, however, the po-
tential EITC recipients may have some sense of it, especially those nearing
retirement. Relevantly, Liebman et al. (2009) find that the extensive mar-
gin labor supply near retirement responds to kinks in the US Social Secu-
rity tax-benefit link. Also, the analysis does not provide the implications
for how we can make potential EITC recipients fully understand the tax-
benefit link as in the model.

Given the insolvency issue of the public pension system due to popu-
lation aging, it could be that people do know but do not trust the pension
tax-benefit link. If this is the case, the policy implications become quite
different: what is important is not the informational intervention but the
pension reform to stabilize the pension budget. More research on this is-

sue is needed in the future.

2.4.2 Design of pension systems

Furthermore, while the contribution-benefit link is quite common across
the public pension systems of many countries, how they are linked would
be different across countries. Since the quantitative results in this chapter
are based on the National Pension System in Korea, the magnitude may
not be directly applied to other countries.

For example, pension benefits are increasing in contribution periods

linearly in the National Pension System as described in the previous chap-
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ter. In the US Social Security, on the other hand, pension benefits are com-
puted based on the average earnings of the best 35 years of earnings, so
the marginal public pension benefits of labor market participation would
be diminishing with contribution periods. Therefore, other things being
equal, such as the replacement rate and progressivity, the dynamic return
on labor supply through the pension tax-benefit link would be larger in
Korea.

The design of means-tested old-age support programs is also impor-
tant because it mitigates the increase in effective pension income due to
labor market participation, making the marginal public pension benefit
smaller. As described in Section 1.2.3, the means-test of the Basic Pension
in Korea is quite generous, so such an effect would not be large, but this

may not be the case for other countries.

2.4.3 Old age labor supply

To be consistent with the literature, I assume that individuals do not
work at all after the mandatory retirement age in the model. However, the
data shows that the employment rate of the elderly is not negligible: in Ko-
rea, the employment rate of those above 64 in 2019 was about 30%. This in-
dicates that labor income could be an important source to finance old-age
consumption. Considering this fact, the additional pension income could
be less valuable in reality (than in the current setting), so the impact of
the information provision about the pension tax-benefit link on the EITC’s

benefits could be smaller.
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2.4.4 Part-time choice

One of the limitations of the model is that it does not allow for part-
time choices that may affect the quantitative result. For example, if all
the labor supply response to the EITC is labor market participation for a
couple of months, the consequent increase in the contribution period and
pension benefits would be smaller than what the model implies. However,
it may also be the case that most of the employment responses are getting a
part-time job and working for the whole year. In this case, the quantitative
result do not change.

In this dissertation, I assume that all the EITC recipients pay pension
contributions for 12 months, which encompasses the latter case, based on
a Korean household panel data set. However, it is necessary to investigate
more detailed characteristics of the labor supply response to the EITC in

the future.

2.4.5 General equilibrium

I also do not consider the general equilibrium effect of the EITC to con-
centrate on its direct impacts or benefits, as in previous literature. How-
ever, the labor supply response to the EITC can reduce the equilibrium
wage rate in general equilibrium—as some empirical studies have sug-
gested (Rothstein, 2010), and tax rates also need to be increased to finance
the spending for the EITC. Those indirect (or general equilibrium) effects
mitigate the benefits of the EITC.

The dynamic return through the pension tax-benefit link amplifies such

equilibrium effects because it intensifies the increase in labor supply and
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the decrease in savings in response to the EITC, reducing the marginal
product of labor. Also, an increase in labor supply response means more
spending for the EITC, which requires tax rates to rise further. In other
words, the dynamic return amplifies not only the benefits but also the costs
of the EITC. Therefore, the optimal design of the EITC should carefully

take into account these forces.

2.4.6 Avenues for future research

Lastly, there are some interesting avenues for future research. First, it
is important to examine how robust the importance of the public pension
channel will be with increasing life expectancy. If people live longer, on
the one hand, the dynamic labor supply return through the contribution-
benefit link would become more valuable, strengthening the employment
response to the EITC. On the other hand, increased life expectancy would
induce cuts to pension benefits to balance the pension budget, lowering
the dynamic return. Also, it would be interesting to compare the effects
of the EITC on retirement income with those of the conventional old-age

means-tested income support programs.
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Chapter 3

Why were some EITC expansions in Korea less
effective in inducing labor supply?

Role of heterogeneous labor supply elasticity by age

3.1 Introduction

The last chapter utilizes the quantitative life-cycle model developed
above to provide an interpretation for the empirical result of Park and
Lee (2018), which examines the labor supply effects of the EITC in Korea.
One of the main findings of their work is that the estimate for the labor
supply response to the EITC is substantially diminished and statistically
insignificant if 2014-2016 is included in the sample periods.

The rest of this chapter is organized as follows: First, I provide an
overview of the introduction and subsequent reforms of the EITC in Korea
and briefly go over the empirical strategy and the results of Park and Lee
(2018). Second, I test whether and how successfully the life-cycle model
can replicate the results of Park and Lee (2018). Specifically, I run a regres-
sion using the identification strategy of Park and Lee (2018) and hypo-
thetical panel data simulated from the structural life-cycle model and then
compare the two results. Lastly, through the lens of the life-cycle model,
I suggest a new perspective for the reason why such results could be de-

rived.
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3.2 The EITC in Korea and literature review

3.2.1 Institutional background

Eligibility Conditions

Year Gross Gross Max.
i Credit®
Housing Worth® Household Type Income®
2008~ Renter or . 0.70~
2012 ownerd <100 Families <13~25 500
Singles (age>60) <13 0.70
2013 Renterdor <100 Single-earner families <21 1.70
owner Dual-earner families <25 2.10
Singles (age>60) <13 0.70
2014 Rente:eor <140 Single-earner families <21 1.70
owne Dual-earner families <25 2.10
Singles (age>50) <13 0.70
2015 Rer;;celior <140 Single-earner families <21 1.70
owne Dual-earner families <25 2.10
Singles (age>40) <13 0.77
2016 - <140 Single-earner families <21 1.85
Dual-earner families <25 2.30

@b.¢ Unit: million KRW, ¢ who owns only one house worth less than 60 million KRW, ¢
who owns only one house

Table 3.1: Introduction and reforms of the EITC in Korea

Korea introduced the EITC program in 2008, which has been reformed

almost every year until recently. Table 3.1 shows the eligibility conditions

and the maximum amount of the EITC in Korea for each year between

its inception in 2008 and 2016. The second to fourth columns of the table

shows some selected eligibility conditions, such as household wealth and

income.

Among the reforms during the given periods, three points are worth

noting for the purpose of this chapter: First, only families were eligible for

the EITC until 2012, and single households that are 60 years old or older
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became eligible in 2013. Second, singles in their 50s and 40s became eligi-
ble in 2015 and 2016, respectively. Third, the gross income limit and the
maximum amount of tax credits almost did not change during the given

periods.

3.2.2 Literature

Park and Lee (2018) estimate the labor supply effects of the EITC by
exploiting the exogenous policy variations described above and using all
available household panel data sets in Korea. Specifically, they estimate

the following linear probability model:
E'mpm =+ Xz‘,t,B + *yEligible,-,t + 0 + €it (3.1)

where Emp; ; is an indicator that has a value of 1 if an individual 7 in pe-
riod ¢ has positive earnings. Eligible;; is another indicator with a value of
1 if an individual 7 in period ¢ satisfies all the eligibility conditions except
for the income limit. Note that the income limit is excluded when generat-
ing Eligible; ; due to the endogeneity issue. X ; is the control that includes
various demographic and economic characteristics of households, such as
age, wealth, home ownership, gender, marriage, and education level. d; is
a time dummy.

Park and Lee (2018) argue that the variable Eligible;; they construct
using the data is likely to be uncorrelated with ¢; ; because they include a
rich set of controls in X; ; that can affect both Emp; ; and Eligible; ; such as
age, wealth and home ownership. This means that the estimate for v can

be interpreted as the causal impact of the EITC on labor supply because
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it is likely that the estimate captures the average change in Emp;; with
respect to the exogenous variation in Eligible; ; due to the policy reforms.

One of the main contributions of Park and Lee (2018) is that they esti-
mate eq. (3.1) using various household panel data, samples, and time pe-
riods. For the purpose of this chapter, a result worth noting is that the es-
timate for + is substantially different by the sample periods. The last four
columns of Table 3.2 are the estimates directly taken from Park and Lee
(2018). It shows that the estimate for v becomes considerably smaller and
statistically insignificant when 2014-2016 is included in the sample period.
The estimate using the KWPS (Korean Welfare Panel Study) data and the
sample period of 20082013 shows that the employment rate of those who
became Eligible;; = 1 during the period due to the policy reforms goes
up by 4.4 percentage points. However, the estimate using the sample pe-
riod including 2014-2016 is reduced to 0.7 percentage points increase and
is statistically insignificant. The result is similar for the estimates using the
SHFLC data or in another specification in which the eligibility fixed effects
are added to the controls (see Table 3.3).

In their conclusion, Park and Lee (2018) suspect that the 2014 reform
may have played an important role for this result. In 2014, (1) the recipi-
ents of the Basic Livelihood Security Program (BLSP) and (2) self-employed
individuals became eligible for the EITC.! Park and Lee (2018) note that
BLSP recipients are less likely to respond to the EITC’s incentive because
they are more likely to have a limited ability to work. In the case of self-

employment, it is likely that starting a new business and making revenues

! Until 2012, those groups of people could not receive the tax credit even if they satisfied
all the conditions, such as the income and asset limits.
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will take some time, so the labor supply response to the EITC may not ap-

pear in the short run.

Data: Simulated Park & Lee (2018)’s estimates

Data: KWPS Data: SHFLC
<2013 <2016 <2013 <2016 <2013 <2016
Eligible  0.053*** 0.043*** 0.044***  0.007 0.072**  0.016***
(0.004) (0.001) (0.014) (0.010) (0.011)  (0.005)
Obs. 4,100,000 10,250,000 33,931 43,879 26,887 56,262
R? 0.054 0.055 0.109 0.131 0.102 0.179

Note: Regression results using the simulated data from the static-return-only model are
presented in the first two columns. Age, age squared, assets, and assets squared are
included as controls. The last four columns are the estimates from Park and Lee (2018)
using the Korean Welfare Panel Study (KWPS) and Survey of Household Finances and
Living Conditions (SHFLC) data. Standard errors in parentheses. *** p<0.01, ** p<0.05,
*p<0.1.

Table 3.2: Comparison with Park and Lee (2018), Baseline Regression

Data: Simulated Park & Lee (2018)’s estimates

Data: KWPS Data: SHFLC
<2013 <2016 <2013 <2016 <2013 <2016
Eligible  0.062*** 0.040%** 0.056***  0.012* 0.106***  0.025***
(0.004) (0.001) (0.011)  (0.007) (0.010)  (0.005)
Obs. 4,100,000 10,250,000 33,931 43,879 26,887 56,262
R? 0.055 0.056 0.113 0.137 0.108 0.184

Note: Regression results using the simulated data from the static-return-only model are
presented in the first two columns. Age, age squared, assets, assets squared, and a
dummy for age 50s and 60s are included as controls. The last four columns are the
estimates from Park and Lee (2018) using the Korean Welfare Panel Study (KWPS) and
Survey of Household Finances and Living Conditions (SHFLC) data. Standard errors in
parentheses. *** p<0.01, ** p<0.05, * p<0.1.

Table 3.3: Comparison with Park and Lee (2018), Eligibility Fixed Effect

3.3 The analysis using the life-cycle model

In this section, I exploit the structural life-cycle model developed in
Chapter 1 to provide another interpretation of the Park and Lee (2018)’s

result. It should be mentioned that I am not trying to quantify the dom-

:l -I
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inant factor for the reason why the estimated labor supply effect of the
EITC in Korea was reduced. Such a task requires a model that incorporates
the BLSP or the self-employment choice, which my model does not have.
Hence, this section instead aims to suggest a new perspective through the

lens of the life-cycle model.

3.3.1 Regression analysis

In order to follow the estimation procedure of Park and Lee (2018),
I first generate hypothetical panel data using the quantitative life-cycle
model calibrated to the Korean economy. The constructed panel data con-
sists of five periods, ¢t € {0, 1,2, 3,4}. Data for ¢ = 0 is from the NO EITC
economy in the static-return-only model, which is also used in the previous
two chapters. Then, holding the distribution of individuals fixed, I intro-
duce the 2016 EITC schedule for single-earner households only for those
60s with asset holdings less than 100 million KRW (data for ¢t = 1), only for
those 60s with asset holdings less than 140 million KRW (data for ¢ = 2),
only for those 50s and 60s with asset holdings less than 140 million KRW
(data for ¢ = 3), and only for those 40s, 50s, and 60s with asset holdings
less than 140 million KRW (data for ¢ = 4). Note that data for ¢ = 1 cor-
responds to the 2013 EITC economy, data for ¢ = 2 is for the 2014 EITC
economy, data for ¢t = 3 is for the 2015 EITC economy, and data for ¢t = 4 is
for the 2016 EITC economy (see Table 3.1).

Using the simulated panel data, I estimate the following linear proba-

bility model:
Emp;s = o+ X; 8+ yEligible; s + €; ¢ (3.2)
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which is very similar to eq. (3.1). The only difference is that the time
dummy, J;, is excluded because there are no aggregate risks in the model.
Emp;; is constructed as the same as Park and Lee (2018). Eligible;; has
a value of 1 if satisfying both the age limit and asset limit.2 X includes
age, age squared, assets, and assets squared (plus a dummy for ages 50s
and 60s for the eligibility fixed effect model).

The first two columns of Table 3.2 show the estimates using the sim-
ulated data. While the result in the second column is obtained using the
whole data, the result in the first column is from the data for ¢t € {0,1}
which corresponds to the sample periods of 2008 and 2013, respectively.
As can be seen, the estimate for « is smaller when the reforms between
2014 and 2016 (data for t € {2,3,4}) are included in the sample period,
which is consistent with the Park and Lee (2018)’s finding. The first two
columns of Table 3.3 are the results from the eligibility fixed effects model,
which also shows the same pattern.

It is worth noting that the simulated data from the life-cycle model can
only reflect the labor supply responses to the EITC reforms that alleviated
the age limit and asset limit during 2013-2016. Therefore, the regression
result using the simulated data suggests that 2014-2016 reforms regard-
ing the age and asset limits can be another force behind the Park and Lee

(2018)’s finding.

% Remind that the model is lacking of some household characteristics related to the
eligibility conditions, such as home ownership, house price, and whether an individual is
a BLSP recipient or not.
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3.3.2 Inspecting the mechanism

To inspect the mechanism for the regression result in the previous sub-
section, I first compute the average change in the employment rate of those
who become newly Eligible = 1 for each period ¢ € {1,2,3,4}. The result
is summarized in Table 3.4. The first row of the table shows thatint =1
(2013 reform), age 60s with asset holdings less than 100 million KRW be-
come newly Eligible = 1, and that their employment rate goes up by 0.68
percentage points compared to t = 0. However, note that the increase in
the employment rate of the newly eligible group is substantially reduced
to less than 0.1 percentage points for ¢t € {2,3,4} (2014, 2015, 2016 re-
forms). Note also that the population shares of the newly eligible groups
int = 3 and t = 4 are larger than the other (see the last column of the
table). Thus, it can be inferred that the small labor supply response of
these groups—age 50s and 40s with sufficiently low asset holdings—are
the main drivers that reduce the estimate for v when including the data

fort € {2,3,4}.

Period Newly become Eligible = 1 A Emp. rate ~ Share
t=1  age 60s with assets < 100 +0.68 pp 1.1%
t=2  age60s with assets > 100 & < 140 +0.01 pp 1.8%
t=3  ageb50s with assets < 140 +0.03 pp 7.4%
t=4  age40s with assets < 140 +0.06 pp 15.3%

Note: The periods t € {1,2,3,4} correspond to the 2013-2016 EITC economies in
ascending order. The newly eligible group shows those who become Eligible = 1
due to the EITC reform in that period. The third column shows the average change
in the employment rate of the group compared to the previous period. The last
column is the population share of those who become Eligible = 1 due to the EITC
reform in that period.

Table 3.4: Changes in employment rate and population share of the newly
eligible group
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Then why is the labor supply response of the 50s and 40s so much
smaller than that of the 60s? Recall from Figure 1.5 in Section 1.3.5 that
the calibrated life-cycle model implies a U-shaped labor supply elasticity
profile over the life cycle. Figure 1.5 shows that the elasticity in the 60s is
considerably larger than in the 40s and 50s, which implies that the labor
supply response to the EITC is much larger for the 60s than the 40s and
50s.

The difference in elasticity by age is mainly due to heterogeneity in la-
bor productivity and wealth by age. In the 40s, a low income individual is
likely to already participate into the labor market even without the EITC
because it is his prime age and he has to accumulate more wealth to insure
against retirement. This means there is little room for the tax credit to in-
duce labor market participation. For those nearing retirement, in contrast,
their average labor productivity tends to be lower than at prime age due to
a hump-shaped age efficiency profile (see Figure 1.3 in Section 1.3). Also,
it is more likely that they already have enough wealth to finance retire-
ment consumption. Therefore, those nearing retirement are closer to the
participation margin than at earlier ages, which implies more room for the
tax credit to induce labor supply.

Figure 3.1 shows the employment rate of those with asset holdings less
than 140 million KRW in the NO EITC economy by age. Consistent with
the above argument, the figure demonstrates that the employment rate of
the 40s and 50s with sufficiently low asset holdings is much higher than
that of the 60s, even without the EITC.

Finally, Table 3.5 reports the population share of EITC recipients for

each period. Despite the large decrease in the labor supply response to the
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Figure 3.1: Employment rate by age, asset holdings less than 140 million
KRW, NO EITC

EITC in periods t € {2,3,4}, the share of recipients is increasing over the
period. This result indicates that the expansion of the EITC during 2014—
2016 worked as an income subsidy for low income households that already

participated in the labor market rather than a means to induce their labor

supply.
Period Share of recipients
t=1 0.04%
t=2 0.05%
t=3 0.07%
t=4 0.12%

Note: The periods t € {1,2,3,4}
correspond to the 2013-2016
EITC economies in ascending
order. Population share of EITC
recipients is reported for each
period.

Table 3.5: Share of EITC recipients
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3.4 Conclusion

In conclusion, this chapter provides a new interpretation of the Park
and Lee (2018)’s empirical finding for the labor supply effects of the EITC
in Korea through the lens of a heterogeneous-agent life-cycle model. First,
I show that the regression using the simulated data from the model can
also generate the Park and Lee (2018)’s result that the labor supply effects
of the EITC are reduced when 2014-2016 are included in the sample pe-
riod. Then, I inspect the mechanism using the model and find heterogene-
ity in labor supply elasticity by age as a new contributing factor to the Park
and Lee (2018)’s finding.

The results suggest that more empirical work on for whom the EITC is
effective in inducing labor supply—not just the estimates for the average

effect—is needed to further understand its labor supply effects.

69 M=



Reference

Aiyagari, S. Rao, “Uninsured Idiosyncratic Risk and Aggregate Saving,”
Quarterly Journal of Economics, 1994, 109 (3), 659-684.

Athreya, Kartik, Devin Reilly, and Nicole Simpson, “Young Unskilled
Women and the Earned Income Tax Credit: Insurance Without Disin-
centives?,” Working Paper Series, 2014, 14-11, Federal Reserve Bank of

Richmond.

Azmat, Ghazala and Libertad Gonzdlez, “Targeting fertility and female
participation through the income tax,” Labour Economics, 2010, 17 (3),

487-502.

Blundell, Richard, Monica Costa Dias, Costas Meghir, and Jonathan
Shaw, “Female Labor Supply, Human Capital, and Welfare Reform,”
Econometrica, 2016, 84 (5), 1705-1753.

Chan, Marc K., “A Dynamic Model of Welfare Reform,” Econometrica,
2013, 81 (3), 941-1001.

Chang, Bo Hyun, Yongsung Chang, and Sun-Bin Kim, “Pareto Weights
in Practice: A Quantitative Analysis across 32 OECD Countries,” Review

of Economic Dynamics, 2018, 28, 181-204.

Chang, Yongsung and Sun-Bin Kim, “From Individual To Aggregate La-
bor Supply: A Quantitative Analysis Based On A Heterogeneous Agent

Macroeconomy,” International Economic Review, 2006, 47 (1), 1-27.

70 r .'; -_ 2 I_ E-



Chetty, Raj and Emmanuel Saez, “Teaching the Tax Code: Earnings Re-
sponses to an Experiment with EITC Recipients,” American Economic

Journal: Applied Economics, 2013, 5 (1), 1-31.

— ,John N. Friedman, and Emmanuel Saez, “Using differences in knowl-
edge across neighborhoods to uncover the impacts of the EITC on earn-

ings,” American Economic Review, 2013, 103 (7), 2683-2721.

Duflo, Esther, William Gale, Jeffrey Liebman, Peter Orszag, and Em-
manuel Saez, “Saving Incentives for Low- and Middle-Income Families:
Evidence from a Field Experiment with H&R Block,” Quarterly Journal
of Economics, 2006, 121 (4), 1311-1346.

Eissa, Nada and Hilary W. Hoynes, “Behavioral Responses to Taxes:
Lessons from the EITC and Labor Supply,” Tax Policy and the Economy,
2006, 20, 73-110.

_ and Jeffrey B. Liebman, “Labor Supply Response to the Earned Income
Tax Credit,” Quarterly Journal of Economics, 1996, 111 (2), 605-637.

Erosa, Andrés, Luisa Fuster, and Gueorgui Kambourov, “Towards a
Micro-Founded Theory of Aggregate Labour Supply,” Review of Eco-
nomic Studies, 2016, 83 (3), 1001-1039.

Fan, Xiaodong, Ananth Seshadri, and Christopher R. Taber, “Estimation
of a life-cycle model with human capital, labor supply and retirement,”

Technical Report, National Bureau of Economic Research 2022.

Fiorito, Riccardo and Giulio Zanella, “The anatomy of the aggregate la-
bor supply elasticity,” Review of Economic Dynamics, 2012, 15 (2), 171-
187.

71 r .'; -_ 2 I_ E-



Francesconi, Marco and Wilbert Van der Klaauw, “The Socioeconomic
Consequences of “In-Work” Benefit Reform for British Lone Mothers,”

Journal of Human Resources, 2007, 42 (1), 1-31.

_ ,Helmut Rainer, and Wilbert Van Der Klaauw, “The Effects on In-Work
Benefit Reform in Britain on Couples: Theory and Evidence,” Economic

Journal, 2009, 119 (535), F66—F100.

French, Eric, “The Effects of Health, Wealth, and Wages on Labour Supply
and Retirement Behaviour,” Review of Economic Studies, 2005, 72 (2), 395—

427.

Froemel, Maren and Charles Gottlieb, “The Earned Income Tax Credit:

Targeting the poor but crowding out wealth,” Canadian Journal of Eco-

nomics, 2021, 54 (1), 1-35.

Gourinchas, Pierre Olivier and Jonathan A. Parker, “Consumption over

the life cycle,” Econometrica, 2002, 70 (1), 47-89.

Grogger, Jeffrey, “The effects of time limits, the EITC, and other policy
changes on welfare use, work, and income among female-headed fami-

lies,” Review of Economics and Statistics, 2003, 85 (2), 394—-408.

Han, Jongsuk, Yongsung Chang, and Sun-Bin Kim, “Macroeconomic Ef-
fects of Earned Income Tax Credit Reform (in Korean),” Journal of Korean

Economic Analysis, 2019, 25 (2), 1-52.

Heathcote, Jonathan, Kjetil Storesletten, and Giovanni L. Violante, “Op-
timal Tax Progressivity: An Analytical Framework,” Quarterly Journal of

Economics, 2017, 132 (4), 1693-1754.

72 A 2]



Hotz, V. Joseph and John Karl Scholz, “The Earned Income Tax Credit,”
in Robert A. Moffitt, ed., Means-Tested Transfer Programs in the U.S., Uni-
versity of Chicago Press, 2003, pp. 141-198.

Hoynes, Hilary W. and Ankur J. Patel, “Effective Policy for Reducing
Poverty and Inequality? The Earned Income Tax Credit and the Dis-
tribution of Income,” Journal of Human Resources, 2018, 53 (4), 859-890.

Huggett, Mark, “The risk-free rate in heterogeneous-agent incomplete-
insurance economies,” Journal of Economic Dynamics and Control, 1993,

17 (5-6), 953-969.

_, "Wealth distribution in life-cycle economies,” Journal of Monetary Eco-

nomics, 1996, 38 (3), 469—494.

_ and Greg Kaplan, “How large is the stock component of human capi-

tal?,” Review of Economic Dynamics, 2016, 22, 21-51.

Immervoll, Herwig and Mark Pearson, “A Good Time for Making Work
Pay? Taking Stock of In-Work Benefits and Related Measures across the
OECD,” OECD Social, Employment and Migration Working Papers, 2009,
No.81, OECD Publishing.

Keane, Michael P., “Recent research on labor supply: Implications for tax

and transfer policy,” Labour Economics, 2022, 77, 102026.

— and Kenneth I. Wolpin, “The role of labor and marriage markets, pref-
erence heterogeneity, and the welfare system in the life cycle decisions of
black, hispanic, and white women,” International Economic Review, 2010,

51 (3), 851-892.



Kosar, Gizem, “Dynamic Responses to the Earned Income Tax Credit,”

Working Paper, 2019.

Laun, Lisa, “The effect of age-targeted tax credits on labor force participa-

tion of older workers,” Journal of Public Economics, 2017, 152, 102-118.

—, “In-work benefits across Europe,” Working Paper Series, 2019, 2019:16,

IFAU - Institute for Evaluation of Labour Market and Education Policy.

Liebman, Jeffrey B. and Erzo F. P. Luttmer, “Would People Behave Dif-
ferently If They Better Understood Social Security? Evidence from a

Field Experiment,” American Economic Journal: Economic Policy, 2015, 7

(1), 275-99.

—, —, and David G. Seif, “Labor supply responses to marginal Social
Security benefits: Evidence from discontinuities,” Journal of Public Eco-

nomics, 2009, 93 (11-12), 1208-1223.

Meyer, Bruce D. and Dan T. Rosenbaum, “Welfare, the Earned Income
Tax Credit, and the Labor Supply of Single Mothers,” Quarterly Journal
of Economics, 2001, 116 (3), 1063-1114.

Moon, Weh-Sol and SungJu Song, “Estimating Labor Supply Elasticity in
Korea (in Korean),” Korean Journal of Labor Economics, 2016, 39 (2), 35-51.

Neumark, David and William Wascher, “Using The EITC to Help Poor
Families: New Evidence and a Comparison with the Minimum Wage,”

National Tax Journal, 2001, 54 (2), 281-317.

74 A 2]



Park, Jihye and Jungmin Lee, “Labor Market Participation Effects of the
Earned Income Tax Credit in Korea (in Korean),” Korean Journal of Labor

Economics, 2018, 41 (3), 1-59.

Rogerson, Richard and Johanna Wallenius, “Micro and macro elasticities
in a life cycle model with taxes,” Journal of Economic Theory, 2009, 144 (6),
2277-2292.

Rothstein, Jesse, “Is the EITC as good as an NIT? Conditional cash trans-
fers and tax incidence,” American Economic Journal: Economic Policy, 2010,

2 (1), 177-208.

Saez, Emmanuel, “Optimal Income Transfer Programs: Intensive ver-
sus Extensive Labor Supply Responses,” Quarterly Journal of Economics,

2002, 117 (3), 1039-1073.

Sanchez-Mangas, Rocio and Virginia Sanchez-Marcos, “Balancing fam-
ily and work: The effect of cash benefits for working mothers,” Labour

Economics, 2008, 15 (6), 1127-1142.

Tauchen, George, “Finite state markov-chain approximations to univari-

ate and vector autoregressions,” Economics Letters, 1986, 20 (2), 177-181.



Appendix

A Estimations

A.1 Labor income tax progressivity

By rearranging eq. (1.14) and taking logs (ignoring the max operator),

I have the following equation:
log(y — T'(y)) =log A + (1 — 1) log y. (IA.1)

The estimate for 7; can be obtained by regressing the log of after-tax
earnings y — T'(y) on the log of pre-tax labor earnings y with a constant.
Using the SHFLC data, I construct after-tax earnings data. Income tax,
employment insurance tax, and national health insurance tax data are in-
cluded in T'(y). Note that all public transfers are excluded when construct-
ing after-tax earnings data because public transfers such as the tax credit
and other means-tested transfers are explicitly specified in the model. There-
fore, the estimate for 7; represents the progressivity of the pure tax compo-
nent. The sample is restricted to individuals who are aged 25-65, whose
annual labor earnings are greater than 5 million KRW(~ 5,000 USD), and
who have no asset income, pension income, or income from self-employment.
As a result, the constructed data for taxes 7'(y) should only include taxes

on labor earnings. Regression results are presented in Table Al.
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Estimate

1—7 0.9796
(0.0008)
log \; 0.1126
(0.0063)
Observations 3,497
R squared 0.9976

Data source: SHFLC, 2019. Sam-
ple criteria: individuals who are
aged 25-65, earn greater than
5 million KRW, and have no
asset income, pension income,
or income from self-employment.
Standard error estimates are in
parentheses.

Table Al: Labor income tax progressivity

A.2 Welfare benefits to the non-employed

To estimate the welfare benefits to those not working compared to
those working, €, I use the sample of household heads aged 25 to 65 in

the SHFLC data. Regression results are presented in Table A2.

B Additional features of the model

Demographics and preferences

The size of the entering cohort grows at a rate of n,, and it is set to 1.1%,
which is the long-run average population growth rate in Korea (from 1965
t0 2020). The population share by age {6; } 37:1 is calculated as follows using
the growth rate n, and the conditional survival probability by age ¢;:

¢;

0, =0,_1 ———
J -1 1+mn,

(IB.1)



for j > 2, and #; = 1 (normalization).

Estimate

1(non-employed) 389.91
(10.50)

T (married) 28.68
(9.13)

1(female) 22.67
(6.21)

1(rent) 32.81
(5.10)

1(capital region) —13.35
(4.56)

Age —8.69
(2.28)

Age squared 0.08
(0.02)

Number of household members 37.76
(8.84)

Number of household members squared —2.82
(1.33)

Asset —3.48
(0.65)

Asset squared 0.03
(0.01)

Constant 170.72
(52.68)

Observations 12,979
R squared 0.1148

Data source: SHFLC, 2019. Sample criteria: household heads aged
between 25 and 65. Unit: 10,000 KRW. Non-employed is defined to
those who earned less than 5 million KRW. Standard error estimates
are in parentheses.

Table A2: Welfare benefits to the non-employed
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Figure A1: Fixed utility cost of work by age v;
B.1 Firms

Representative firm has an access to CRS technology Y = AF(K,L) =

AKYL=2 [ is the aggregate labor input in efficiency unit:
L=Y 0 / ejzh(x) duj(x) (IB.2)
J

where = (a, z,e,n) is a vector of individual state variables, 6; is pop-
ulation share of age j, and p;(z) denotes a probability measure of age j
individuals with state x.

Aggregate capital K depreciates at rate . Depreciation rate ¢ is set to
0.08 to match capital-output ratio of 3. A is the total factor productivity
which is assumed to be constant and calibrated to match per capita GDP

of Korea in 2019. Labor share « is set to 0.36 following the literature.

1 [ 1]
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B.2 Government budgets

The government balances the tax-transfer system (eq. (IB.3)) and the

public pension system (eq. (IB.4)), respectively:

Jr—1

G+ EITC +Welfare+ BP = 7.C + Z 0 /T(y) dpj(z) + mr K 4+ Beg
j=1
(IB.3)
Jr—1
Z 0 /§ n,e; B, k) dp;(x Z 0 /Tp-min{y, y} dpj(x) (IB.4)
J=Jr
where

Jr—1

EITC = Ze/mw dp;(z)

Jr—1

Welfare = Z 0, /tr + Q- (1—h(x)) dpi(x)

j=1

BP = Z@/bpdu] )

Jj=Jr

and G is government consumption. For each system, expenditures (rev-
enues) are on the left (right) side. Accidental bequests, net of initial wealth
of the entering cohort, are assumed to be confiscated by the government,
which is denoted by Beg. Note that the public pension system is run in a
pay-as-you-go style.

Jr—1 min{we,;z 7] i(x
E:Z 0; f { J h(z), }dﬂj( ) (IB.5)

S 05 [ Vny=1y dpj()
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B.3 Definition of equilibrium

A competitive equilibrium in this environment consists of prices {r, w},
tax-transfer policies {7, \;, 77, &, 2, tr, bp}, the EITC {Bin, Bout, out, W, d, az},
the public pension system {7,, 7, x, E}, government consumption G, and

the individual’s policy functions {¢(z), h(x),a'(z)} such that,

e Given prices and government policies, the policy functions of the in-
dividual are solutions to optimization problems (1.4) and (1.11) for-

mulated in Section 1.2.4,

e Given prices, firms determine their demand for capital and labor to

maximize profit: w = AFy(K,L)and r = AFg(K,L) -,

e G and 7, satisfies government budgets eq. (IB.3) and eq. (IB.4), re-

spectively,
o Markets are cleared,

e The measure of individuals is consistent.

C Pension benefit formula

Y(E +€)[0.54 0.05- (n—10)] if 10<n <20
£(n,e) = (IC.1)

YVE+e)[1+0.05-(n—20)] if 20<n

Note that the terms in the square brackets become 0.05 - n for both cases.
Defining « := 0.05 - 7, the formula can be expressed as eq. (1.3) in Section

1.2.2 for n > 10.
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