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Abstract

This paper quantitatively derives the welfare-improving earnings test within an optimal
income tax framework. I construct a life cycle model of labor supply and savings to compute
social welfare. The preference parameters are estimated by the method of simulated moments
using Japanese data. I find that social welfare under the current earnings test with large changes
of marginal tax rates at thresholds is substantially lower than social welfare under the earnings
test with a linear tax rate. In addition, an earnings test with negative marginal tax rates will

increase social welfare more than a system without negative marginal tax rates.
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1 Introduction

An aging population globally causes the decline of working-age populations and increases fiscal
pressure. To maintain fiscal sustainability, the Organisation for Economic Co-operation and De-

velopment (OECD) countries have changed social security systems since the 1990s. Despite these
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reforms, both increasing life expectancies and low fertility rates still make fiscal sustainability a
serious problem. In fact, social security reforms are currently on the agenda for many OECD
countries (OECD 2016).

Social security reform includes increasing the retirement age, cutting pension benefits, and
reforming the tax rates of the earnings test. Increasing the retirement age and cutting pension
benefits effectively alleviate fiscal pressure. However, people receive fewer pension benefits as a
result, so their overall welfare declines. These policies are often unpopular among voters (Borsch-
Supan et al., 2018a).

In contrast, reforming the tax rates of the earnings test could improve welfare. Under the
earnings test, Social Security benefits for workers who have claimed pension benefits are reduced
at a high rate once earnings pass a "test" threshold amount (Song and Manchester 2007). One of
the purposes of the earnings test is to reduce pension benefits based on labor income. As a result,
the earnings test imposes an implicit income tax on the elderly by reducing their pension benefits.
More efficient tax rates for the earnings test would improve social welfare by changing the labor
supply. Therefore, although there are many policies for reducing fiscal pressure, this paper focuses
specifically on the earnings test . My research has found that reforming the tax rates of the current
earnings test would increase social welfare without additional government pension expenditure.

Reforming the earnings test would increase social welfare because the current earnings test
system 1is inefficient. The earnings test exists in many countries; however, the current design is
inefficient in Japan and the U.Sﬂ There are two main issues. First, the tax rates of the earnings test
are 0%, 50%, or 100%; this implies that when earnings are increased by 1 yen, pension benefits
are deducted by O yen, 0.5 yen, or 1 yen depending on an individual’s earnings. As a result, the
marginal tax rates jump disproportionately at the threshold. Individuals just below the threshold
thus avoid working more. If these disproportionate jumps disappear, productive people earn and
consume more, which improves welfare. The other problem of the earnings test is that the threshold
where marginal tax rates jump from 0% to 50% is much higher for people over 65 than for people
aged 60-64. The current age-dependent system, under which people aged 60-64 are more likely
to face higher tax rates, encourages people work more after 65. On average, older people are

less productive, so the current system encourages working when less productive. This is the other

'In the U.S, the marginal tax rates are 0%, 33%, or 50%. There are disproportionate jumps at the threshold.



source of inefficiency.

Focusing on the Japanese case, this paper aims to derive an optimal design for the earnings test
in an optimal income tax framework (Mirrlees 1971). Since the earnings test implicitly imposes
an income tax on elderly people through the pension system, this paper applies the optimal tax
framework to the earnings test. In the optimal income tax framework, the government chooses the
design of the earnings test to maximize social welfare, which is the weighted sum of the utility of
individuals. This counterfactual earnings test would be subject to the constraint that its pension
expenditure not exceed the expenditure under the current earnings test.

To model labor supply and retirement behavior, I construct a life cycle model with the current
earnings test based on French (2005). Individuals in the model choose their consumption, hours
worked, labor force participation decisions, and savings between the ages of 50 to 79. They face
health, productivity, and survival uncertainties when making decisions. Since individuals can save
and decumulate assets, they supply more labor when their wages are high and retire when wages
are low.

This paper estimates preference parameters using the method of simulated moments. I match life
cycle profiles from Japanese data (JSTAR) to the profiles generated by the life cycle model. Matched
moments include labor force participation rates, hours worked, earnings, and asset profiles. The
profiles identify key structural parameters, such as Frisch elasticity and the coefficient of relative
risk aversion. These simulated profiles can capture important data features such as a sharp decline
in labor force participation after 55, given the current earnings test scheme.

To analyze the inefficiency of the current earnings test, I compute social welfare under the
counterfactual earnings test with a linear tax rate. I find that social welfare under the counterfactual
system with a linear tax rate is substantially higher than under the current earnings test. The
consumption equivalence turns out to be 0.72%. The source of welfare gain is the smoothed profile
of the labor supply. Under the current earnings test, tax rates disproportionately drop at age 65.
While the high marginal tax rates make individuals aged 60-64 work less, they would work more
after age 65. This labor supply profile reduces their welfare because disutility from labor is a
convex function. In contrast, under the counterfactual earnings test with age-independent tax rates,
the labor supply profile would be smooth.

Second, 1 apply the optimal income tax theory (Saez 2002) to the earnings test. Saez (2002)



shows that when the elasticity of an extensive margin relative to an intensive margin is large, the
negative marginal tax rates on low-earnings are optimal. Since data shows that elderly people make
retirement decisions, their labor supply elasticity of an extensive margin relative to an intensive
margin is large. In my estimation, the matched profile of the labor supply identifies the elasticity of
an extensive margin. I found that the welfare-maximizing earnings test has the negative marginal
tax rates on low earnings. The intuition for why the negative marginal tax rates are optimal is as
follows. When the elasticity of an extensive margin relative to an intensive margin is large, the
negative marginal tax rates on low-earnings do not make high-earning people reduce their hours
worked because it is an intensive change. A small decrease in labor supply leads to a small decrease
in tax revenue. The decrease in tax revenue is lower than the marginal social value of reducing tax
rates on low-earning people, so the negative marginal tax rates improve social welfare.

This paper also analyzes other social security reforms that would affect the labor supply of the
elderly. The analysis suggests two major policy outcomes. First, I simulate the effect of a repeal of
the earnings test on labor supply. The Japanese government currently plans to abolish the earnings
test to encourage the labor supply among the elderlyﬂ I find that the labor force participation rate
under the counterfactual earnings test with the negative marginal tax rates is higher than when
the earnings test is just abolished. Second, I compare the effect of reducing pension benefits with
the effects of raising the pension eligibility age on welfare. Both of these policies aim to mitigate
government fiscal pressure, but this research finds that raising the pension eligibility age is better
in terms of improving social welfare.

This paper is related to several strands of literature. The life cycle model in this analysis is
based on French (2005) and French and Jones (2011). Both papers estimate a life cycle model of
labor supply and retirement using a method of simulated moments. French (2005) simulate the
effect of the earnings test’s repeal on labor supply, but they do not conduct welfare analysis. In
contrast, this paper analyzes the effect of social security reform on social welfare.

Few papers focusing on the earnings test analyze social welfare. Instead, they focus on estimating
the effect of the earnings test on labor supply by using natural experiments. For instance, Friedberg
(2000) finds a substantial bunching of elderly people around the threshold where the marginal tax

rate changes. Studying the earnings test’s repeal in the United States in 2000, Song and Manchester
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(2007) find significant labor supply responses. A similar result appears in the case of abolition in
the United Kingdom (Disney and Smith 2002). The approach of these studies is the reduced form,
and their analysis does not examine the inefficiency of the earnings test in terms of social welfare.

Responses of labor force participation to income tax are usually studied in the context of low-
income families. Blundell et al. (2009) examines the optimality of in-work credit for single mothers
and finds that it is not optimal. Income tax on low-income families has been intensively studied,
but fewer studies have explicitly analyzed the earnings test’s optimal design for the elderly.

This paper is also related to literature about means-tested social insurance programs for retirees
such as Medicaid and Supplemental Security Income. Braun et. al. (2017) find that welfare gains
from these programs are large because they works as an insurance against risks for those who cannot
easily self-insure by re-entering the labor market. This paper finds that the optimal earnings test
encourages agents to re-enter the labor market and accumulate savings, which makes it easier for
agents to self-insure against medical or spousal death event. The optimal earnings test is related to
the means-test in that both work as insurance against risks.

The remainder of the paper proceeds as follows. Section 2 describes the optimal income tax
theory. In section 3, I describe the life cycle model which will be estimated. Section 4 explains the
estimation strategy. Section 5 describes the data, and section 6 gives the estimation results. Section
7 explains the framework of the optimal earnings test problem, while section 8 gives counterfactual

experiments.

2 Optimal Income Tax Theory

Saez (2002) shows that the negative marginal tax rates on low earnings are optimal when the
elasticity of an extensive margin relative to an intensive margin is large. In this section, I briefly
describe the result and its intuition in Saez (2002).

The general framework of Saez (2002) is described as follows. The government chooses tax on
earnings to maximize social welfare such that it satisfies the government budget constraint. While
people are heterogeneous in productivity, the government cannot observe this heterogeneity. Social
welfare is the weighted sum of individuals’ utility. Saez (2002) shows that when the elasticity of an

extensive margin is zero, the marginal tax rates are nonnegative everywhere. However, the larger



the elasticity of an extensive margin relative to an intensive margin, the more likely the marginal
tax rates on low-earnings are negative.

The intuition is as follows. Suppose the government marginally increases transfer for a lower-
skill occupation. The government cares for the lower-skill occupation, so the government accepts
the policy even if it reduces tax revenue. Change in tax revenue is caused by an intensive and
extensive labor supply response. An intensive labor supply response has an ambiguous effect on
tax revenue, but it is negligible if the intensive margin elasticity is small. On the other hand, when
tax on the unemployed is higher than tax on lower skill occupation, namely marginal tax rate is
negative , an extensive labor supply response reduces tax revenue. The government accepts this tax
decrease. Therefore, if the elasticity of an extensive margin relative to an intensive margin is large,
the optimal marginal tax rate is negative.

Since the elderly typically make retirement decisions, their elasticity of an extensive margin is
large. However, it is a quantitative question of whether the extensive margin elasticity for elderly
people is sufficiently large to make the negative marginal tax rates negative. In the following
section, I construct the life cycle model, which computes social welfare. 1 estimate the elasticity
of an extensive margin for older people using the method of moments in section [} Quantitative
exercise in section[8.I|confirms that the welfare-maximizing earnings test has the negative marginal

tax rates .

3 Life Cycle Model

3.1 Setup

In this section, I construct a life cycle model. The model has two objectives. First, the model
calculates social welfare given a certain design of the earnings test. Since social welfare is the
weighted sum of the lifetime utility of individuals, the life cycle model is used to compute their
lifetime utility. The second goal is to estimate the elasticity of an extensive margin with the life
cycle model. Section[2]shows that the elasticity of an extensive margin determines the design of the
earnings test. I structurally estimate the elasticity of an extensive margin with the life cycle model.

The design of the earnings test affects retirement behavior, which is a lifetime decision. I derive



the welfare-improving earnings test in a dynamic environment. French (2005) is the basis on which
the life cycle model is developed. Individuals decide the lifetime profiles of consumption, saving,
and labor supply, facing survival, health, and productivity uncertainty. They enter the market at
50, and the remaining surviving individuals exit the economy at 79. By assumption, they enter the
market at 50 because of data constraints. I discuss the justification of this assumption in online
Appendix [G.2]

Individuals maximize their expected lifetime utility. The utility in the current period comes from
C; consumption, H; hours worked, M; health status, and L time endowment. The within-period

utility function is

1
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U(Cy, Hy, My) = (CJ(L — H, — 0P{H, > 0} — I{M, = bad})'™)' ™", (1)

where 0 is the fixed cost of working, and P, is the indicator of labor force participation. The fixed
cost of working is the cost that all workers need to pay, such as commuting time. The extensive
margin of labor supply is created by the fixed cost of working. The fixed cost of working makes
it difficult for individuals to work for only a few hours. Individuals who work for a few hours
obtain a slight amount of earnings, but they lose the fixed size of leisure time. By assumption,
the unemployed can reenter the market without any cost. The reason why elderly people are more
likely to retire is wage. As they get old, they face lower wages and therefore are more likely to
retire.

In equation (), ¢ is the cost of poor health, and M, is the health indicator, which takes good or
bad. I{M, = bad} is a health indicator that takes 1 when an individual’s health status is bad. M,
follows a Markov process. In the utility function, -y represents the weight of consumption, while v
is the coeflicient of risk aversion. This functional form is used in most general equilibrium studies
of social security reform (imrohoroglu and Kitao, 2009).

Lifetime utility is

T

U(Cy, Hy, My) + E; LZ B85 —1,8)(s;U(Cy, Hy, My) + (1 = 57)b(4)) |, 2

=t+1
where A, is asset, and 3 is the time discount factor. Let s; be the probability of being alive at j
conditional on being alive at j — 1, and S(j, ) = (1/s,)IT._,s; denote the survival rate of being

alive at age j conditional on living at ¢. Since age 7' is the terminal period, st is zero. Upon their

7



death, they receive utility from bequest

A, + K)d=v)y
b(A,) = ;A : A 3)
— UV
where K determines the curvature of bequest utility.
The individual’s budget constraint is
Apr = (1 +1)A + weHy + Pby — C4, 4)

where wages are w;, and pension after deduction by the earnings test is Pb,. The earnings test
is included in Pb;. People start to receive pension benefits after 6(ﬂ I discuss the detailed part of
Pb; in section After-tax wages in data are used to generate w,, so the income tax is implicitly
included in the model.

Wage at time ¢ is exogenous. Wage is a function of an age-dependent part, W (t), and an
autoregressive component, AR;.

Inw, = W(t) + AR,. 5)

The autoregressive component of wage has a correlation p and a normally distributed innovation

Uz
AR, = pAR, .y +m, e~ N(0,07). (6)

In this model, people are heterogenous in productivity, which is represented as 7.
Individuals maximize lifetime utility, subject to asset accumulation equation () and wage

determination equation () and (6).

3.2 Earnings Test

The earnings test is included as Pb; in the individual’s budget constraint. Their past earnings
decide the pension benefit before deduction by the earnings test. A detailed way to compute
pension benefits before a deduction is described in Appendix PV, is the pension benefit after
deduction by the earnings test. Earnings and pension benefits decide the amount of deduction. The

life cycle model fully incorporates the rules of the current earnings test in Japan.

3This model is based on the pension system in 2013, so I assume that all people start to receive pension benefit

after 60.



According to the concept of the earnings test, elderly people with more earnings receive fewer
pension benefits. People above 60 years old are affected by the earnings test. The rule of the
earnings test changes at 65. The detailed rule of the current earnings test is fully described in
Appendix Importantly, the marginal tax rates jump up disproportionately at the threshold; the
tax rates are 0%, 50%, or 100%. This implies that when labor income increases by 1 yen, the sum
of labor income and pension benefit deducted by the earnings test increases by 0 yen, 0.5 yen, or 1
yen.

Figure [I] shows the example. The horizontal axis is labor income. The vertical axis is pension
benefit deducted by the earnings test. It shows two pension benefits under two systems: the system
that people aged between 60 and 64 face and the system that people aged above 65 face. Low-
income people receive the full amount of pension benefits. The marginal tax rate is 0%. When
the sum of pension and labor income is higher than a certain threshold, an additional 1 yen of
earnings leads to a deduction of 0.5 yen. The marginal tax rate is 50%. When the total income
exceeds a certain threshold, no pension benefit to be deducted is left. Notably, the threshold where
the marginal tax rate changes for people aged 60-64 is lower than that for people above 65. This
pension system discourages individuals aged 60-64 work more and encourages work more after 65.

Fluctuated labor supply is inefficient because the disutility of labor supply is convex.

3.3 Heterogeneity and Model Solution

Individuals decide consumption and leisure based on state variables, preference parameters, and
parameters determining exogenous variables. The heterogeneous variables in this model are health

condition and productivity. The value function solves

Vi(X) = max{——(CJ(L ~ Hy — 0P, — 6I{M, = bad})' )"~

Cy,Hy — Vv
+ Bse > > " Vi (Xip1)prob(M1 | My, age)prob (w1 |w;, age)
M1 E{gOOd, bad} Wit
+ B0 - 3t+1)b(At+1)}- )

State variables are denoted as X; = (A;, w;, M,;). Since the model has no closed form solution,
the decision rules must be found numerically. The decision rules are solved by backward induction

starting at time T. I discretize assets and labor supply decision space, and the value function is
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Figure 1: The Design of Earnings Test

This figure shows how much pension benefit people receive given the amount of monthly income. The marginal tax
rate is 0% if income is lower than the threshold. After income exceeds it, the marginal tax rate is 50%. It is assumed

that an individual receives 100,000 yen (= 1000 USD) of pension per month.

calculated at each point. I search over the grids to find the optimal assets and labor supply level.
The Tauchen method is used to discretize heterogeneity in wage into five grids.

By assumption, counterfactual policies do not change the distribution of exogenous variables,
which include health, productivity, age, and assets at the initial period. It is reasonable that policies
will not affect health and productivity. In addition, counterfactual policies do not change the
distribution of assets in the initial period. This assumption is justified if the government suddenly
enacts counterfactual policies without announcing them beforehand. The individuals cannot adjust

their assets because the counterfactual policies are suddenly enacted.
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4 Estimation Strategy

This section describes the method of simulated moments (MSM) estimation strategy. The estimation
method is based on French (2005). It aims to estimate the preference parameters given the data
generating process of the exogenous variables. Since it is difficult to estimate all parameters
simultaneously, this paper uses a two-step strategy. First, I estimate some parameters of exogenous
state variables and calibrate others. By assumption, individuals know their state variables and the
Markov process and maximize their utility. In the second step, I estimate the preference parameters
that creates simulated profiles that match the profiles from data. To simulate the life cycle profiles
for hypothetical individuals, I use the numerical methods in section and parameters from the

first step. The next subsection describes the second step in detail.

4.1 Estimation of Preferences: The Method of Simulated Moments

The objective is to find preference parameters simulating profiles that are close to the profiles from
data. The method of simulated moments (MSM) estimation strategy is described as follows. First,
I estimate the life cycle profile of the labor force participation rate, hours worked, and savings
from data (JSTAR). Second, I estimate the data generating process to simulate matrices for health
and productivity shocks, including an initial distribution for health, wage, and assets. These are
sequences of 20,000 simulated individuals. They live for T periods, so I obtain a 20,000 x T matrix
of health and productivity. Third, I pick an arbitrary vector of preference parameters and compute
decision rules with the methods described in section[3.3] Fourth, I simulate a hypothetical life cycle
profile of decision variables. The fifth step is to calculate the difference between data profiles and
simulation profiles. Finally, a new vector of parameters is chosen to minimize the distance, and the
whole procedure is repeated. Estimated parameters are the parameters that minimize the distance
between the data and the simulation. I discuss the distribution of the parameter estimates and the
weighting matrix in online Appendix [C]

Matching moments include the distribution of hours worked, the distribution of earnings, and
the life cycle profile of savings. The choice of matching moments follows French (2005) and

Blundell and Shephard (2012ﬂ Online Appendix @ explains how parameters are identified by the

“In French (2005), matching moments are the life cycle profile of savings, hours worked, and labor force partic-
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matching moments.

The hours worked distribution is categorized into three groups, 0, 1-36, and 37+ hours. The
shares of three categories for people above 60 years old are matched. The second moment is
the distribution of earnings. The distribution of earnings determines the level of pension benefits
through the earnings test. The pension expenditure under the current earnings test determines
the government budget constraint, so the distribution of earnings is critical to measure the current
earnings test’s inefficiency. The 20th, 40th, 60th, and 80th percentiles of labor income for people
above 60 are matched. Let j € {20, 40, 60, 80} index asset quantiles. The 7; the earnings quantile,
Qn,; (wiHyt), is defined as

Pr(w;H; < Qr,(w;H;)) = 7;. (8)

This implies that the fraction of individuals with less than ij (wy Hy) in earnings is mj. Asis well

known (Powell(1994)), above equation can be rewritten as a moment condition:

Finally, the mean of life cycle profile of saving is matched for all ages.

Moment conditions are

E[L{H; = 0}] - / L{H = 0}(X, 0, \)dF(X) = 0 (10)
E[1{0 < H; < 36}] - / 100 < H < 36}(X, 0, \)dF(X) = 0 (1)
E[1{36 < H,}] - / 1436 < H}(X, 0, \)dF(X) = 0 (12)
E[{w:H; < g., (60, x0)} — 7] =0 ¥r; € {0.2,0.4,0.6,0.8} (13)
EAqll] - /At(X,G,X)dFt_l(Xﬁ) _0 Vie{l,... T} (14)

where X is state variables, 6 is preference parameters, x is the Markov process that determines
state variables, and F;(X) is the cdf of the state variables at time t. There are T+7 moment

conditions. Equations (10), (11), and are the moments of distribution of hours worked. 1{-} is

ipation rate. The life cycle profile of savings is included in this paper. The life cycle profile of hours worked and
labor force participation rate are not directly included in the matching moments, but they are used as an out of sample

validation.
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the indicator function. Equation (13) is the moment of earnings. g, (6o, o) is the 7; the quantile
of the simulated earnings distribution. g (6o, o) is the model analog to Q~, (w; H;;) and equation
(T4) is the moment of mean assets profile. The integrals are computed using a Monte Carlo

integration. I discuss how the matching moments identify the preference parameters in section

5 Data

5.1 Data

I use Japanese panel data named ’Japanese Study of Aging and Retirement” (JSTAR) for 2007,
2009, 2011, and 2013. JSTAR surveys the Japanese elderly to compare it to other data, so its
design have many things in common with that of HRS in the U.S. JSTAR covers a wide range of
information, including social, economic, and health conditions for people aged above 50. I drop
people aged above 80. The sample includes salaried job workers, the self-employed, and both
sexes.

The project of JSTAR started in 2007. The samples are collected from five municipalities in
Japan. JSTAR conducts stratified random sampling within each municipality. City-level represen-
tative data have been conducted every two years, and new samples from other cities were added in
2009 and 2011. Table[I|represents the summary statistics of JSTAR. Ichimura et al. (2009) provide
a detailed description of the JSTAR’s design and sample methodology.

5.2 Profile of Hours Worked in Data

Based on the optimal income tax theory in section[2] the larger the elasticity of an extensive margin
relative to an intensive margin is, the more likely it is that the negative marginal tax rates on
low-earnings are optimal. This section shows that the elderly have a large elasticity of an extensive
margin relative to an intensive margin.

An extensive margin elasticity is defined as the change in the aggregate labor force participation
rate when the wage changes. When the change in labor force participation rate is large relative to
the change in hours worked, the elasticity of an extensive margin relative to an intensive margin is

large.

13



Table 1: Summary Statistics of Each Wave

Year 2007 2009 2011 2013
Variable Valuee N Value N Value N Value N
Average age 62.8 3739 645 4188 65.6 4643 672 3930
LFP Rate in % 56.8 3704 51.0 4072 509 4535 48.6 3797
Mean Hours Worked 41.1 1606 39.6 1595 37.2 1791 36.7 1478

20 Percentile of earnings 137 808 120 422 130 810 120 638
40 Percentile of earnings 220 808 200 422 200 810 200 638
60 Percentile of earnings 350 808 300 422 300 810 281 638
80 Percentile of earnings 450 808 400 422 421 810 400 638
Mean Savings 1044 684 1009 789 857 364 739 396
Good Health in % 80.4 3739 80.8 4188 839 4643 844 3930

1. Source: "JSTAR". Samples include both sex and self-employed. Age is 50-79.
2. LFP stands for labor force participation. Mean hours worked are weekly. *Earnings’ in the table is monthly

earnings. "N’ of the each percentile of earnings is the sample size of earnings. Earnings and savings are in 1000 yen

(= 10 USD). Good health is based on self-reported health.

Figure 2] shows the life cycle profile of the labor supply in the data. Figure[2}(a) shows the labor
force participation rate. As they age, fewer people participate in the labor market. Figure [2}(b)
shows the mean annual hours worked, excluding zero hours worked. The labor force participation
rate approaches zero in (a), which implies that individuals respond along an extensive margin. In
contrast, the hours worked in [2}(b) are relatively constant over the life cycle. Those who participate
in the labor market annually work for more than 1500 hours on average, leading to a smaller
intensive change.

I check whether individuals directly respond along an extensive margin with panel data. Table
[2 shows the transition of hours worked. 14% of people who work more than 30 hours per week are
unemployed in the next wave of data. 3% of them work between 1 and 15 hours per week in the

next wave. Direct transition from full-time to zero hours worked is more common. This implies
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Figure 2: Life Cycle Profile of Labor Force Participation Rate and Hours Worked

Source: JSTAR. The horizontal axis of (a)-(b) is age. (a) is labor force participation rate. (b) is the annual mean hours
worked conditional on age, but people who do not work are excluded when computing the average. The sample

includes people aged between 50 and 79, both sexes, and the self-employed.
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Table 2: The Transition of Hours Worked

Hours worked in next wave

Hours worked 0  (0,15] (15,30] >30

0 0.97 0.01 0.01 0.01
(0,15] 0.32 046 0.11  0.11
(15,30] 025 0.20 041 0.13

>30 0.14 0.03 0.08 0.73

Source: JSTAR. Samples include both sex and self-employed. People who are aged between 60 and 70 in JSTAR are used.

The table represents how people change their hours worked in the next wave. The survey is conducted once per two years.

that the elasticity of an extensive margin relative to an intensive margin is large.

The fixed cost of working creates the large elasticity of an extensive margin relative to an
intensive margin. When the fixed cost of working is large, it is suboptimal to work for a few hours.
When the fixed cost of working is small, more individuals work for a few hours and there are fewer
unemployed people. The fixed cost of working determines an extensive margin’s elasticity relative
to an intensive margin, which is crucial in this paper. I estimate the fixed cost of working by the

method of simulated moments in section

6 Estimation Results

The MSM strategy has two steps. In the first step, I estimate some data-generating processes for
exogenous state variables. I calibrate other elements. The data generating process for exogenous
state variables includes the profile of wage, health transition matrices, the distribution of savings
in the initial period, and survival probabilities. In section[6.I]and[6.2] some of them are estimated,
and others are calibrated. In the second step, I estimate preference parameters. The preference
parameters that simulate the decision variables are estimated in section[6.3] The decision variables

are the profile of hours worked, the level of earnings, and the labor force participation rate.
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6.1 Wage

This section estimates the life cycle profiles of wages to be fed into equation (5)). The procedure is
based on French (2005). The monthly earnings divided by hours in JSTAR is used. The wage at
age t, wy, is given by

Idiosyncratic shock is included in AR;. W (t) is estimated as follows.
Wi(t) = fi + Brageq + Baagel + a1 {60 < ageir} + MyUys + i, (16)

where f; is an individual-specific effect, age is an age, /{60 < age;;} is a dummy variable, and
Uy is the unemployment rate. I am concerned about the individual-specific effects and year effects.
The dummy variable, 7{60 < age; }, is included to capture the mandatory retirement system in
Japan. Full-time workers are forced to switch their jobs to part-time work at 60 in Japan. Wage
profiles discontinuously drop at 60 years old. To capture this effect, I include the dummy variable.
I estimate 31, 35, I14, and Huﬂ

When generating W (¢), I set f; as a mean individual-specific fixed effect and U, as an average
unemployment rate over the sample period. Figure 3| shows the profile of W (t). The striking
feature is the downward slope of the wage profiles. It shows a large decline between 50 and 65.
Wage discontinuously drops at 60 because of a mandatory retirement system. After 65, the profile
of wages is relatively flat. Fixed-effects estimates imply a more rapid drop in wages than OLS
estimates do (Heckman 1976). The reason for this bias is that highly productive people tend to
remain in the labor market. While the OLS estimation produces composition bias, fixed-effects
estimates capture this bias.

The autoregressive component of wages, p and o, in equation (13), are estimated with minimum

distance techniquesﬂ Table [3[ shows the estimates.

3The estimated coefficient of {60 < age} is -0.13 (0.068). The coefficient is statistically significant. Estimated

values of 51 and [ are -0.12 (0.08) and 0.0008 (0.0007). Values in parentheses are the standard error.
®From equation , ARy = Inw; — W (t). I have Inw; in data. W (¢) is computed from equation . I derive

ARy, and AR,_;. Since AR, follows AR, = pAR;_1 + 1, p and o, are estimated by OLS.
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Figure 3: Life Cycle Profile of Mean Wage.

The vertical axis is mean hourly wage in yen. The horizontal axis is age. Fixed-effect estimation. 2000 yen ~ 20 USD.

6.2 Remaining Calibrations

I calibrate the transition matrix of health condition based on self-rated health status. Health status
takes on the status of good’ or ’bad’ in my model. Health status follows a Markov process. The
health transition matrices are separately calibrated in three age groups; 50-59, 60—69, and 70-79.
Estimation shows that as people age, they are more likely to be unhealthy. The online appendix
describes the details.

The wealth distribution at 50 years old is estimated. In my model, people enter the market at

Table 3: Variance and Persistance of Wages

Parameter Variable Estimate
Standard error of shock in wages o 0.33
Autoregressive coefficient of wages p 0.57
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50 years old with some wealth. Non-parametric estimation is adopted to estimate the distribution
of wealt By assumption, initial wealth is dependent on health and productivity in my model.
People enter the market with their health condition and their productivity. There are two groups
of health (good and bad) and three groups of productivity (low, middle, and high). If the initial
health is bad, their initial wealth is randomly drawn from the bad health distribution. If their initial
health is good, their productivity decides their initial wealth. There are four distributions of initial
wealth; bad health, good health and high productivity, good health and middle productivity, and
good health and low productivity.

The survival probability (s;) is calibrated from the "Simple Life Expectancy Table" generated
by the Ministry of Health, Labor, and Welfare in Japan in 2017. Online Appendix [B|describes the
details. The survival probability depends on age, but not on health status. The interest rate (r) is
0.01. The discount factor (3) is 0.98. The curvature of the bequest motive (K) is 1,500,000 yen
(=~ 15,000 USD).

6.3 Preference Parameters Estimates

The preference parameters to be estimated include the coefficient of risk aversion (1), consumption
weight (), time endowment (L), the fixed cost of working (), the fixed cost of bad health condition
(¢), and the parameter of bequest (6,). Table 4| gives the results. Values in parentheses are standard
errors. The second and third columns show the estimation results in French (2005), using the
U.S. data. I use the same functional form and estimation method, so they are comparable. Frisch
elasticity and the coefficient of relative risk aversion in my estimation results are similar to those in
French (2005).

A willingness to intertemporally substitute their hours worked is the key parameter in this
research. The Frisch elasticity of the labor supply is 0.86 at 55 years old and 1.15 at 60 years
olcﬂ The elasticity increases with age. Kuroda and Yamamoto (2008), who estimate the Frisch

elasticity with Japanese data, show that Frisch elasticity is in the range of 0.2-0.7 for males, 1.3-

"To compensate for the small sample size, people aged between 50 and 52 are used to estimate the wealth

distribution at the initial period.

8 Assuming certainty and the interior condition, the Frisch elasticity of labor is —Z& —gz—e X 7(1_1/”)_1. The

elasticity of labor depends on the ratio of leisure to labor, so it is age-dependent.
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Table 4: Preference Parameter Estimates

Parameters My Results French (2005)

Specification 1 ~ Specification 2

v: Coefficient of risk aversion, utility 2.9 (0.035) 3.34 (0.07) 3.19 (0.05)

~ : Consumption weight 0.49 (0.0043) 0.578 (0.003)  0.533 (0.003)
L : Time endowment 5700 (22) 4466 (30) 3900 (24)
6 : Fixed cost of working 1000 (7) 1313 (14) 335 (7)

¢ : Fixed cost of bad health 500 (11) 318 (14) 196 (8)

0y : Parameters of bequest 0.01 (0.006) 1.69 (0.05) 1.70 (0.04)
Frisch elasticity, age 55 0.86 — —
Frisch elasticity, age 60 1.15 1.24 1.10
Coeflicient of relative risk aversion 1.93 2.35 2.17

1. Methods of simulated moments estimates. Values in parentheses are the standard error.
2. The first column shows my estimatin results. The second and third columns show the results in French (2005)

under different specifications. Results in the U.S.

3. Frisch elasticity at time ¢ is given by — L‘ﬁ:_e X "’(1_1,”)_1

. When computing Frisch elasticity at 60, H is
average hours worked at 60. Frisch elasticity at 55 is not listed in French (2005).

2 2
4. The coeflicient of relative risk aversion is —C} x % =—(y(1-v)-1).

1.5 for females, and 0.7-1.0 for both sexes. Although Kuroda and Yamamoto (2008) estimate
Frisch elasticity with Japanese aggregate data and different methods, my estimates from Japanese
microdata are comparable with their paper estimatesﬂ The coefficient of relative risk aversion is
1.93@ The estimate is close to the previous estimates (Attanasio and Weber 1995).

Figure 4| shows the simulation and data of profiles for decision variables. The procedure to

obtain them is described in online Appendix [C| Figure {}(a) represents the distribution of hours

9The different estimation results come from the different method. My estimation results are based on the methods
of simulated moments. Kuroda and Yamamoto (2008) is based on the method by Blundell and MaCurdy (1999) and
MaCurdy (1981).

2 2
10The relative risk aversion is from —C} x % =—(y(1 —v)—1).
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worked for people above 60. It shows the ratio of the unemployed, part-time workers, and full-time
workers. The simulated distribution of hours worked has a high ratio of the unemployed. Figure
M} (b) portrays the distribution of earnings. It shows the 20th, 40th, 60th, and 80th percentile of
earnings. It excludes zero earnings. Figure {}(c) shows the life cycle profile of average savings.
The simulated profiles peak in the 60s, and people aged 80 have enough savings for a bequest.
Individuals in the model accumulate savings more than they do in data, which is often observed
in life-cycle model (Imrohoroglu and Kitao 2012, Gourinchas and Parker 2002, De Nardi, French,
and Jones 2010).
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(c) Profile of Mean Savings
Figure 4: Simulation and Data of Matching Moment
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Figure [5] shows the simulated and data profile of the labor supply. Targeted moments do not
include the labor supply profiles, so they give a validation. Figure [S}(a) shows the labor force
participation rate. Figure [S}(b) shows the mean of hours worked, excluding zero hours worked. In
the figure [5}(a), labor force participation decreases as individuals get older, which is an extensive
response. The simulated profile in figure [5}(b) shows a smaller intensive response. While the labor
force participation rate approaches to zero, the profile of the mean hours worked is relatively flat.

The simulated profiles capture the features of labor supply for the elderly.
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(a) Labor Force Paricipation Rate (b) Mean Hours Worked Excluding Zero

Figure 5: Simulation and Data of Profile of Labor Supply.

This figure represents the profile of labor supply in simulation and data. The horizontal axis of (a)-(b) is age. (a) is

labor force participation rate. (b) is the mean hours worked, excluding zero hours worked.

"'"The figures show the simulation and data of matching moments. (a) is the share of not working, part-time, and
full-time for people aged above 60. Part-time workers are defined as people who work between 1 and 36 hours per
week. Full-time workers are defined as people who work more than 36 hours per week. (b) is the 20th, 40th, 60th, and

80th percentile of earnings for people above 60. (c) is the profile of mean savings. The horizontal axis is age.
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7 The Optimal Earnings Test Problem

The framework to derive the welfare-improving earnings test is as follows. The government chooses
the earnings test to maximize the social welfare function. The counterfactual earnings test satisfies
the government budget constraint. The government cannot observe the productivity of individuals
but can observe their earnings and pension, so the government imposes taxes on them.

The social welfare function is defined as the weighted sum of utilities of individuals:
W(Ta) = / P (U(C*(. Ta), H* (¢, Ta)) ) dF (o), (17)

where T'a represents the pension system, which is the government choice variable, and € represents
the heterogeneity of individuals. U(C*(e¢,Ta), H*(¢,Ta)) is defined as the lifetime utility given
in equation (2). Function I represents the government’s preference for equality, and it puts more

weight on low-income people. Following the Blundell and Shephard (2011), I is defined as

exp(U(c*(e, Ta), H* (¢, Ta)) M—l
F(U(C*(E,Ta),H*(e,Ta)),u) — ( p< . >) a8

The preference for equality is represented as p. The welfare-improving earnings test is derived
under p = —IH The way to compute the social welfare is explained in online Appendix [C|in
detail.

The government budget constraint is
/Ta(H*, €)dF(e) <T. (19)

The left-hand side is pension expenditure from the counterfactual earnings test[lj The right hand

side is exogenously given. It is set to be pension expenditure under the current earnings test because

12The value of i is close to the value in Blundell and Shephard (2011). —u = —T"(U, 1) /T"(U, 1) so that —p can

be interpreted as the absolute inequality aversion.
131n this model, the government’s expenditure is only pension benefit. The pension benefit which individuals receive

is the full amount of pension benefit minus the deduction by the earnings test. The full amount of pension benefit is
described in Appendix The earnings test’s deduction amount depends on the full amount of pension benefit and
earnings. Detail is described in Appendix [A.T] The government budget constraint states that this expenditure should

not exceed exogenously given T'. There is no source of income for the government.
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this paper aims to measure the inefficiency of the current earnings testEf]

Next, the counterfactual earnings test is described. People above 60 years old face the same
counterfactual design of the earnings test. The amount of pension benefit deducted by the counter-
factual earnings test is defined as

Pbb,t (Ht = O)
Pb, — (20)

max{0, Pb,; — TwHy +tf} (Hy > 0),

where Pb,; is the pension benefit before deduction, 7 is a marginal tax rate, and ¢ f is a lump-sum
transfer for workers. Py is exogenously given for workers. Policy variables are a transfer (¢ f) and
a linear tax rate (7). The first variable is the lump-sum transfer, which workers can receive but the
unemployed cannot receive. The transfer makes working attractive. The second policy variable is
a linear tax rate. To satisfy the government budget constraint, a linear tax rate is set to be positive.

Importantly, the counterfactual pension system satisfies the property implied by the optimal
income tax theory if the ¢f is positive. The optimal income tax theory described in section
implies that transfer for low-earnings people should be higher than transfer for the unemployed
if the elasticity of an extensive margin is large. Based on the counterfactual pension system,
low-earners receive more pension than the unemployed if the transfer is positive. In section 8.1} I

confirm that the welfare-maximizing level of ¢ f is positive.

“When the counterfactual earnings test is defined as (20), equation (19) can be rewritten as

Average pension before deduction — 7 x Average labor income + Transfer x Labor force participation rate

< Average pension before deduction — Average deduction under the current earnings test

The left-hand side is the pension expenditure under the counterfactual earnings test, and the right-hand side is the pension
expenditure under the current earnings test. In the later quantitative exercise, average annual pension expenditure before
deduction is approximately 800,000 yen. Under the optimal earnings test derived in section[8.1] 7 = 0.1, and annual
transfer is 200,000 yen. In the later simulation, 7 x Average labor income is 100,000 yen. Transfer x Labor force
participation rate is 75,000 yen. Average pension deduction under the current earnings test is 25,000 yen. Therefore,

equation @P holds with equality.

24



8 Policy Experiments

In section I derive the welfare-improving earnings test. First, [ analyze how much the counter-
factual earnings test raises social welfare compared to the current earnings test. I also confirm that
the welfare-maximizing earnings test has negative marginal tax rates. Section [8.2] simulates the
effect of the repeal of the earnings test on the labor force participation rate. Section [8.3compares
cutting pension benefits to raising the pension eligibility age in terms of social welfare.

The situation in which the government implements a counterfactual policy is as follows. The
government implements the policy without an announcement beforehand. When people are 50
years old, a counterfactual policy is implemented. Before individuals are 50 years old, they make
decisions under the current policy. They choose their decision variables under the counterfactual
policy after 50 years old.

Table [5] gives accounting statistics for each experiment. The first row shows results under the
current earnings test. The second row displays results under the optimal earnings test described
in section [8.1] Importantly, the labor force participation rate is higher than any other result. The
lump-sum transfer for workers encourages labor force participation. The third row shows results
when the earnings test is abolished. The fourth row displays the result when the pension eligibility
age is raised by one year. The bottom row shows that cutting pension benefits by 40,000 yen (~

400USD)P

8.1 The Welfare Improving Earnings Test

I search for the welfare-maximizing transfer (¢ f) and a linear tax rate (7) in equation (20)). First, I
confirm that the welfare-maximizing earnings test satisfies the implication of the optimal income
tax theory. Second, I compute the counterfactual policy’s consumption equivalence that makes
social welfare under the current policy equal. I find that the consumption equivalence is substantial.

The procedure to find the optimal policy variables is as follows. First, the amount of transfer
(tf) is fixed. The policy variable to be chosen is only a linear tax rate (7).

The optimal linear tax (7) rate is determined from the government budget constraint. The least

SPension expenditure when raising pension eligibility age by 1 year is approximately equal to that when cutting

pension benefits by 40,000 yen in my model.
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Table 5: Policy Experiments

LFP Hours worked PDV of mean PDV of mean Assets at

rate in % per year income consumption  age 62
Current earnings test 53.0 1213 6932 6933 1822
The optimal earnings test 55.1 1208 6934 6978 1920
The repeal of the earnings test 53.2 1226 7088 7033 1852
Raise pension eligibility age by 1 year 534 1224 6975 6923 1802
Cut pension benefit by 40,000yen 534 1225 6919 6919 1846

1. LFP stands for labor force participation. Labor force participation rate and hours worked are average for 50-79.
2. PDV stands for present discounted value. Consumption, income, and assets are measured in ten thousands yen (=~ 100USD). Income includes
labor income and pension benefit. The difference between PDV of mean income and consumption is bequest.

3. Pension expenditure when raising pension eligibility age by 1 year is the same as that when cutting pension benefits by 40,000 yen.

tax rate that satisfies the government budget constraint maximizes social welfare. A higher linear
tax rate necessarily reduces social welfare because a higher tax rate reduces labor income, and
excess tax revenue collected by the government is not consumed.. Second, I choose the amount
of transfer. Given the transfer, the first step gives the optimal linear tax rate. I compute the social
welfare given the transfer and a linear tax rate. Figure [0 gives a social welfare function. It shows
that positive transfer maximizes social welfare.

I find that the earnings test with 200,000 yen (== 2,000 USD) of transfer and 10.0% of a marginal
tax rate maximize social welfare. I calculate the consumption equivalence, which makes the welfare
under the current policy equal to the welfare under the counterfactual policy. It is 0.96%[131 The
welfare gain is substantial. The detailed decomposition of welfare gain into a linear tax rate and
transfer is described in online Appendix [

Figure [/|shows the current and counterfactual earnings test. It shows the pension benefit under
three systems: the current system targeted to people above 65, the current system targeted to

people between 60 and 64, and the counterfactual earnings test. It shows that the counterfactual

For comparison, I list the example of welfare gain from policies. Krusell et al. (2009) show that the welfare
gain from eliminating business cycles is 1% in consumption equivalence. Lucas (2003) shows that welfare gain from

reducing the annual inflation rate from 10 to O percent is a perpetual consumption flow of 1 percent of income.
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Figure 6: Social Welfare Function.

The horizontal axis is the amount of transfer. The vertical axis is the social welfare given by equation (I8)). The value

of social welfare does not have any economic interpretation by itself.

earnings test has smoother tax rates than the current earnings test. Under the counterfactual
system, the unemployed do not receive the transfer, but low-earning people receive the transfer.
The counterfactual system gives low-earners more pension than the current system does, thereby
reducing inequality.

The welfare-maximizing earnings test satisfies the implications of the optimal income tax
theory. Based on the theory, the optimal marginal tax rates on low earnings are negative if the
elasticity of an extensive margin relative to an intensive margin is sufficiently large. My quantitative
exercise shows that the optimal policy in my model has the negative marginal tax rate at the bottom
of earnings because the transfer for workers (% f) is positive.

Figure 8| shows the distribution of hours worked under the current and the optimal earnings test
for people above 60. The share of the unemployed under the counterfactual system is lower than
that of the current system. The ratio of part-time workers under the optimal policy is higher than

that under the current policy. The transfer for workers encourages the unemployed to work as a
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Figure 7: Current and Counterfactual Earnings Test.

This graph shows monthly labor income and monthly pension benefit deducted by the earnings test. It is assumed that
people receive 50,000 yen (= 500 USD) of pension per month. ’Current Earnings Test, 65+ implies the current
system targeted to people above 65 years old. *Current Earnings Test, 60-64’ implies the current system targeted to
people between 60 and 64 years old. White and black circles in the figure show that the unemployed do not receive

the transfer, but workers receive it under the counterfactual system.
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Figure 8: Distribution of Hours Worked under the Current and Optimal Earnings Test.

People above 60 years old. *Not working’ is people whose hours worked is zero. ’Part-time’ is people whose weekly
hours worked is between 1 and 36 hours. ’Full-time’ is people whose weekly hours worked is above 36 hours. The

same definition is used in the all following figures.

part-time worker. On the other hand, the linear tax discourages people from working as a full-time
worker. The distribution of hours worked under the counterfactual system is more desirable because
it reduces inequality

Figure [0] shows the simulated profile of the labor supply under the current earnings test and
optimal earnings test. Figure [O}(a) and (b) show the downward profile of labor supply. There is
a discontinuous decline at 60 because of the earnings test and the mandatory retirement system,
which starts at 60. These systems discontinuously reduce after-tax wages. In figure[9}(a), the labor
force participation rate under the optimal earnings test is higher than that under the current earnings
test after 60 because of transfer for workers. In contrast, in figure E]—(b), the mean hours worked
(excluding zero hours) under the counterfactual system is lower than that under the current system.
Since the transfer for workers encourages the unemployed to work as part-time workers, the mean

hours worked are low.
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Figure 9: Profile of Labor Supply under Current and Optimal Earnings Test

Figure Q] represents the profile of labor supply under the optimal earnings test and the current earnings test. The
horizontal axis of (a) and (b) is age. (a) represents the labor force participation rate. (b) represents the mean of hours
worked. The unemployed is considered as zero hours. The solid line represents labor supply under current earnings

test. The dotted line represents labor supply under the optimal earnings test.
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The consumption equivalence of the counterfactual system is 0.96%. There are two sources of
welfare gain. The first one is the elimination of the inefficient current earnings test. The second
one is the negative marginal tax rates of the counterfactual earnings test. The first welfare gain is
obtained by comparing the current earnings test to the counterfactual earnings test with a linear tax
rate. The second one is obtained by comparing the counterfactual earnings test with no transfer to
the counterfactual earnings test with a positive transfer.

First, I consider the inefficiency of the current earnings test. Under the current system, people
aged above 65 face much lower tax rates than people between 60 and 64 face. To avoid high tax
rates targeted to their age (60-64), individuals aged 60-64 work less, and they work more when
they are not 60-64 years old. Figure [0}(b) shows such a labor supply profile. The fluctuation of
hours worked lowers utility because the disutility of labor supply is a convex function. When an
age-independent linear tax rate replaces the current system, the labor supply profile is smooth.

The other source of inefficiency is that it imposes higher tax rates when their wages are high.
Under the current system, before-tax wages for 60-64 years old are higher than those for those above
65. Because of high tax rates on those between the ages of 60-64, their after-tax wages are lower
than those for individuals above 65. As a result, their hours worked are high though their earnings
are low.

Under the counterfactual system, after-tax wages for 60-64 years old are higher than those
under the current system. Individuals earn more with fewer hours worked under the counterfactual
earnings test. Table[5]shows that hours worked under the optimal earnings test is lower than hours
under the current system, but the present discounted value of mean income is higher. Under the
counterfactual earnings test, individuals consume more with fewer hours worked, leading to higher
utility.

Next, I consider how much positive transfer for low earnings improves social welfare. Figure
[6] shows that the social welfare function is welfare-maximizing when the transfer is positive. The
earnings test with zero transfer is linear. Its consumption equivalence is 0.72%. The consumption
equivalence of 200,000 yen (=~ 2,000USD) transfer is 0.96%.

Why do the negative marginal tax rates improve social welfare? Note that social welfare is
improved only when the elasticity of the extensive margin is large. The negative marginal tax rates

are evaluated in two terms: the marginal social value of reducing tax rates and the decline in tax
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revenue due to reducing tax rates. The negative marginal tax rates are optimal because the former
is high and the latter is low. First, the marginal social value of reducing tax rates on low-earnings is
high. The government cares for low-earning people, so the transfer for them greatly improves social
welfare. Second, and more importantly, transfer for low earners does not reduce tax revenue much
when the elasticity of an extensive margin relative to an intensive margin is large. The negative
marginal tax rates on low earners do not necessarily make high earners reduce their hours worked
because it is an intensive change. Since a decrease in labor supply is small, the negative marginal
tax rates on low-earnings do not reduce tax revenue much. The marginal social value of reducing
tax rates on low earners is higher than the decrease in tax revenue, so the negative marginal tax

rates improve social welfare.

8.2 The Repeal of the Earnings Test

This section shows the effect of the repeal of the earnings test on the labor supply. An announcement
representing the Japanese government’s basic attitude in 2019 includes the repeal of the earnings
test[ﬂ The government aims to encourage the elderly to work by repealing the earnings test’s
implicit income tax. Nevertheless, if the earnings test were abolished, the expenditure of the
government would increase substantially: the repeal of the earnings test would lead to an increase
in the pension expenditure by 1 trillion yen (= 10 billion USD) annually[]ﬂ The government faces
a trade-off between increasing the labor force participation rate and reducing pension expenditure.
This section shows that the optimal earnings test increases labor force participation rates more than
the earnings test’s repeal, so the government can avoid the trade-off.

I consider the effects of the optimal earnings test described in section [8.1] and the repeal of the
earnings test on the labor force participation rate. When the earnings test is repealed, all individuals
receive the full amount of pension benefit. I find that the labor force participation rate under the
counterfactual earnings test is 1.9% higher than the value with no earnings test[l—_gl No earnings

test implies that pension benefit is not deducted. The marginal tax rates are zero everywhere. In

17"Basic Policy on Economic and Fiscal Management and Reform 2019"
18Source: "The fourth Social Security Council in 2011" by The Ministry of Health, Labor and Welfare. One trillion

yen is 1% of the total annual government expenditure in Japan.
19The labor force participation rate for people aged above 50 years old is analyzed.
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contrast, the optimal earnings test gives low-earning people more transfer than the unemployed.
The marginal tax rate at zero earnings is negative. Therefore, the optimal earnings test raises the
labor force participation rate more effectively than the earnings test’s repeal. While the earnings
test’s repeal leads to a tremendous increase in fiscal expenditure, it does not effectively increase the
labor force participation rate more than the earnings test to the negative marginal tax rates.

Figure [10] shows the profile of the labor force participation rate and mean hours worked under
the optimal earnings test and no earnings test. Under the optimal earnings test, the labor force
participation rate is higher than that under no earnings test for all ages. The mean hours worked
under no earnings test are higher. While the marginal tax rates are zero everywhere under no

earnings test, the counterfactual system’s linear tax discourages high earners from working more.
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Figure 10: Labor Supply under the Optimal Earnings Test and No Earnings Test.

Figure [I0]represents the profile of labor supply under the optimal earnings test and no earnings test. The horizontal
axis of (a) and (b) is age. (a) represents the labor force participation rate. (b) represents the mean of hours worked.
The unemployed is considered as zero hours. The solid line represents labor supply under no earnings test. The

dotted line represents labor supply under the optimal earnings test.
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8.3 Raise Pension Eligibility Age and Cut Pension Benefit

Because of an aging society, it is quite likely that the Japanese government will implement policies
to reduce the pension expenditure. Two policies can achieve it; raising the pension eligibility age
and cutting the pension benefit. The first policy keeps the annual pension benefit constant, but
people start to receive pension benefits several years later. The second policy keeps the pension
eligibility age the same, but people receive a lower pension annually. It is not clear which policy
is better in terms of social welfare. French (2005) simulates the effect of social security reform
on labor supply, but does not analyze the social welfare and pension expenditure. This section
quantitatively analyzes which policy achieves higher social welfare such that pension expenditure
under the two policies is the same.

The first policy to be simulated is to raise the pension eligibility age from 60 to 61, keeping the
annual pension benefit constant. The second policy is to cut the pension benefit by 7 yen, holding
the pension eligibility at age 60. I set 7 yen so that the pension expenditures under the two policies
are the same. In my model, 7 is equal to 40,000 yen (=~ 400USD). I compute social welfare under
two policies. I find that raising the pension eligibility age is better than cutting pension benefits in
terms of social welfare. Its consumption equivalence is 0.05%.

Why is raising the pension eligibility age a better policy? The key mechanism is the repeal of
the earnings test. When pension eligibility is raised, people start to receive a pension from age 61,
and the earnings test also starts from age 61. The earnings test’s high marginal tax rate is abolished
at 60, so people aged 60 face higher wages and work more. On the other hand, when the pension
benefit is cut, people aged 60 face the earnings test’s high marginal tax rate. Their earnings are low,
leading to lower social welfare. Table [5]shows that the present discounted value of income under
raising the pension eligibility age is higher.

I also analyzed the effect of raising the pension eligibility age on labor supply. One of the
objectives of raising the pension eligibility age is to encourage the labor supply of elderly people
and compensate for the shrinking labor force. Therefore, it is valuable to analyze the effect on labor
supply behavior. When the pension eligibility age is raised by one year, the labor force participation
rate’s lifetime average is increased by 0.3%. The lifetime average of hours worked is increased

by 9 hours annually. When the pension benefit is cut by 20% for all ages, the lifetime average of
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the labor force participation rate is increased by 1.3%. The lifetime average of hours worked is

increased by 35 hours annually.

9 Conclusion

This paper makes three contributions. First, I derive the welfare-maximizing earnings test in
the optimal income tax framework. I find that the social welfare under the current earnings test is
substantially lower than that under the counterfactual earnings test with a linear tax rate. 0.72% of
consumption equivalence is obtained without additional pension expenditure. Second, I apply the
optimal income tax theory to the design of the earnings test. The theory states that the optimal tax
rates on low-earnings are negative if the elasticity of an extensive margin relative to an intensive
margin is large. After estimating an extensive margin’s elasticity, I find that the earnings test
with the negative marginal rates on low-earnings achieves higher social welfare than that without
negative tax rates. Finally, I analyze the effect of other social security reforms. I estimate the life
cycle model of elderly people with Japanese data by the methods of simulated moments. Although
Japanese society is rapidly aging, the effect of social security reform on labor supply has never
been estimated with the life cycle model.

As a policy recommendation, my simulation exercise shows that the optimal earnings test
improves social welfare without additional pension expenditure. Other social security reforms,
including increasing pension eligibility age, can reduce government expenditure and reduce the
welfare of the elderly. These policies are unpopular among voters. Since the share of elderly people
among voters is high in an aging society, there are political costs to implementing such a social
security reform. In contrast, the reform of the earnings test avoids the trade-off, so it is politically
costless. Politicians have incentives to implement the optimal design of the earnings test.

One area to examine in future work is extending the model to the general equilibrium model.
The production side is not incorporated in the model, so the counterfactual policy’s consumption

equivalence is overestimated. I leave this exploration for future research.
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Appendix A Pension system in Japan

A.1 Earnings Test in Japan

In Japan, earnings test is targeted to people above 60.Earnings test which people aged between 60
and 64 years old face is the following. I define monthly earnings as annual salaries plus annual
bonus divided by 12. Total income is the sum of monthly earnings and monthly pension. Note that

100 yen ~ 1 USD. There are five cases.

1. If the total income is below 280000 yen, pension is not deducted.
deduction = 0

2. The case when monthly pension is below 280000 yen and the total income is below 470000

yen
deduction = (monthly earnings + monthly pension - 280000) x 0.5 x 12
3. When monthly pension below 280000 yen and the total income is above 470000 yen

deduction = (470000 + monthly pension - 280000) x 0.5 + (monthly earnings - 470000) x
12

4. When monthly pension above 280000 yen and the total income is below 470000 yen
deduction = monthly earnings x 0.5 x 12
5. When monthly pension above 280000 yen and the total income is above 470000 yen

deduction = 470000 0.5+(monthly earnings -470000) x 12
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This amount of deduction is deducted from the pension benefit. Marginal tax rates are 0% or 50%
or 100%. In the case 1, marginal tax rate is 0%. In the case 2 and 4, it is 50%. In the case 3 and
5, itis 100%. According to data set, almost all people receive monthly pension below 280000 yen.
99 percentile of pension benefit is 250000 yen, so the case 4 and 5 is excluded in my model.

Figure [[T] describes the income deducted by the earnings test under different pension benefit.
The horizontal axis is labor income. The vertical axis is the pension benefit deducted by the
earnings test. When income is low, people get full amount of pension benefit. When the income
is higher than a specified threshold, the marginal tax rate is 50%. When the income is higher than
another threshold, they receive zero pension benefit and they face 0% marginal tax rate.

People aged above 65 years old face the following system.

1. If the total income is below 470000 yen, pension is not deducted.
deduction = 0
2. If the total income is above 470000 yen,
deduction = (monthly earnings + monthly pension - 470000) x 0.5 x 12

Figure shows the income deducted by the earnings test under different pension benefit.
People above 65 face lower marginal tax rates than people aged 60-64. The area with zero marginal
tax rates is broader than earnings test targeted to 60-64. Labor supply for people 60-64 is more

discouraged.

A.2  Other Aspects of Pension System

First, I describe how the pension benefit before deduction that simulated individuals receive is
decided in the model. Pension benefit is denoted as Pb; in the budget constraint. In the Japanese
system, the amount of pension benefit is the sum of basic part, which does not depend on past earn-
ings, and the proportional part, which is proportional to past earnings. Since it is too complicated
to incorporate the full pension system into the model, I simplify the pension system so that the
distribution of pension benefits in data is approximately equal to the distribution pension benefits

that simulated individuals receive in models.
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Figure 11: Earnings Test Targeted to 60-64.
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Figure 12: Earnings Test Targeted to 65+.

In a simulated model, annual pension benefits people receive take 12 values that are equally
distributed from 250,000 yen (=~ 2,500 US dollars) to 3,000,000 yen (= 30,000 US dollars). The
lower bound of 250,000 yen is considered as the fixed part of pension benefits. The reason why
3,000,000 yen is set as the upper bound is that 3,000,000 yen is 99 percentile of pension benefit in
data. In a model, annual pension benefits people receive take 12 values that are equally distributed
from 250,000 yen (=~ 2,500 US dollars) to 3,000,000 yen (= 30,000 US dollars). The lower bound
of 250,000 yen is considered as the fixed part of pension benefits. 17% of people in data receive
pension benefits less than 250,000 yen. 3,000,000 yen is set as the upper bound because 3,000,000
yen is 99 percentile of pension benefit in data. Although 3,000,000 yen seems to be high, only 3% of
people receive between 2,750,000 yen and 3,000,000 yen in data. Therefore, it is not quantitatively

significant, but it is included for robustness.
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Table 6: Distribution of pension benefits in model.

The amount of pension benefits Ratio

250,000 yen 0.17
500,000 yen 0.09
750,000 yen 0.15
1,000,000 yen 0.15
1,250,000 yen 0.12
1,500,000 yen 0.04
1,750,000 yen 0.05
2,000,000 yen 0.05
2,250,000 yen 0.06
2,500,000 yen 0.03
2,750,000 yen 0.03
3,000,000 yen 0.04

Table [ shows the distribution of pension pension benefits people receive in data. For example,
17% of people receive 250,000 yen of pension benefit in my model. This ratio is approximately
equal to the ratio in my data set. In the same way, this distribution of pension benefits in simulated
model is approximately equal to the distribution of pension benefits in data.

In the model, there is heterogeneity in the amount of pension benefits. Who receives higher
pension benefits and who receives lower pension benefits in the model? The way to determine
the individuals’ amount of pension benefits is based on by the total amount of wages they earned
between 50 and 60 years old. In this sense, pension benefit is proportional to the past earnings.
For instance, people whose amount of wages they earned between 50 and 60 years old is in the
10th percentile in this model receive the 10th percentile of pension distribution in the data, which
is 250,000 yen. The pension benefit before deduction is constant over lifecycle though the earnings
test is age-dependent.

Since the pension benefit is completely decided by exogenous wages in the model, individuals

in this model will not increase their hours worked to receive more pension in the future. Once
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pension benefit is decided at 60 years old, it is constant over the life cycle in my model.

I discuss when people start to receive pension in my model. In Japan, people can choose the
pension eligibility age under the current pension system. The eligibility age can be from 60 to 70
years old. In contrast, in my model, it is assumed that all people receive a pension from 60. The
current pension system and my research objectives justify this assumption. My goal is finding the
welfare improving earnings test. In Japan, even if working elderly people prolong to claim the
pension benefit, pension is deducted by the earnings test. If they work, the amount of benefit, which
they will receive in the future is decreased. Individuals cannot take advantage of delaying the claim
of pension. For example, suppose there is a person A aged 60 who earns 400,000 yen monthly
and can receive 300,000 yen of pension benefits monthly. Under the earnings test, 200,000 yen is
deducted from pension benefits monthly if they receive pension benefits at 60. Importantly, even
if they postpone their pension, 200,000 yen is deducted from pension benefits after they start to
receive pension. Suppose a person A postpones pension benefits at 60 and start to receive them at
61. His pension benefit is 100,000 yen (=300,000-200,000) at 61. In this sense, when people start
to receive pension does not matter if this paper focuses on the earnings test. Therefore, it is justified
to assume that all people receive a pension from 60 in my model. Also, in my data set, 68% of
people start to receive pension from 60. 11% of people start to receive pension from 61. 10% of
people of people start to receive pension between 62 and 64. 5% of people start to receive pension
from 65. Given this data, I believe that the assumption that all people start to receive pension from

60 can be justified.
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Online Appendix: Note For Publication

Appendix B Data on Health Condition and Survival Probabil-
ity

I calibrate the transition matrix of the health condition. Self-rated health status is used, defined as
follows. questionnaires ask people to evaluate their overall health status according to five levels,

which are "excellent," "good," "fair," "bad," "terrible." In my model, health status takes ’good’ or
’bad’. Good health is "excellent," "good," and "fair". Bad health is"bad" and "terrible." Figure 13|

is the life cycle profile of the ratio of good health.

0.90

0.85

0.80 A

0.75 A

0.70

SID 5I5 6I0 6I5 '.’b ?IS BID
Figure 13: Life Cycle Profile of Good Health Ratio.
Health status follows a Markov process. The health transition probabilities (prob(M;. 1| M, age)

in equation (7)) are separately estimated in three age groups, which are 50-59, 60-69, and 70-79
years. Table[/|shows a result.
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Table 7: Health Transition Matrix

Age Good in the next year Bad in the next year
50-59 Good 0.927 0.073
Bad 0.608 0.392
60-69 Good 0.909 0.091
Bad 0.593 0.407
70-79  Good 0.849 0.151
Bad 0.477 0.523

Source: JSTAR. Samples include both sex and self-employed.

The survival productivity (s, in equation (7)) is calibrated using another source. JSTAR does
not have rich information about mortality rate, so the survival ratio is cited from the "Simple Life
Expectancy Table" generated by the Ministry of Health, Labor and Welfare in Japan in 2017. It
covers the entire Japanese population as their sample. Figure [I4] shows survival probability over
lifecycle. For instance, people die with a probability 0.01105 at age 70, and they die with a
probability 0.0348 at age 80.

Appendix C The Procedure of Simulation

The procedure of obtaining the profile of decision variables is as follows.

1. Policy function is obtained given estimated parameters in by backward induction. Choice
variables are consumption and hour worked, and state variables are asset, health condition,
and wage. Policy function reveals what level of consumption and hour worked households

choose given state variables.

2. Households enter market at 50 years old with state variables. Given them, households choose

20Source: "Simple Life Expectancy Table" generated by the Ministry of Health, Labor and Welfare in Japan in
2017. The horizontal axis is age. The vertical axis is the survival probability. 0.98 implies that 98% of people survive

and 2% of people die in the year.
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100

Figure 14: Life Cycle Profile of Survival Probabilit

consumption and hour worked, following policy function obtained in step 1. Then, asset at

51 years old is determined from budget constraint.

3. Wage and health condition at 51 years old are stochastically determined based on those
variables at 50 years old and Markov process, so all state variables at 51 years old are

determined.

4. Choice variables at 51 years old are determined based on policy function and state variables.

This procedure continues by 82 years old.

5. Whole procedure is repeated by 20000 times. For each variable and each age, there are 20000

individuals, and average is taken.

When computing the social welfare, the lifetime profiles of consumption, hours worked, and
assets are substituted into the lifetime utility. I take average social welfare over simulated individuals.
This is social welfare.

When computing the consumption equivalence of the welfare maximizing earnings test, first,

I compute two social welfare: the social welfare under the current system and the social welfare
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under the welfare maximizing earnings test. Second, I multiply consumption under current policy
by v% for all age t. T derive v that makes the social welfare under the current policy equal to the

social welfare under the optimal policy. The v is consumption equivalence.

Appendix D Identification

In this section, I discuss the identification of preference parameters. The fixed cost of working (6),
which determines the elasticity of an extensive margin, is identified by the distribution of hours
worked. The larger fixed cost of working makes more people choose the unemployment instead
of part-time worker. Due to the high fixed cost of working, individuals who work for a few hours
obtain a few earnings but lose much leisure. In contrast, when the fixed cost of working is small,
people choose part-time work instead of unemployment. The share of part-time workers and the
unemployed identifies the fixed cost of working.

The level of earnings identifies time endowment (L). When individuals have more time
endowment, they can work longer and earn more. When they have less time endowment, their
earnings are low. Additionally, time endowment is identified by the share of part-time workers and
full-time workers. Part-time workers are defined as the people who work between 1 and 36 hours
per week. If people have more time endowment, fewer people are part-time workerﬂ

I simulate how changes in key parameters affect the decision variables in my model. Figures
[I5H{I8]show the profiles for the decision variables when one parameter is changed, holding all other
parameters at their baseline values. There are the three cases of parameter changes; a decrease by
20%, a a baseline, and an increase by 20%.

Figure [I5] shows the decision variables when the coefficient of risk aversion (v) is changed.
Figure [[5|reveals that v is identified by the asset profile. The asset profile strongly responds to the

coeflicient of risk aversion. The higher the coefficient of risk aversion is, the more individuals save.

2 Time endowment cannot be normalized as one. The rule of the earnings tests includes the level of earnings and
pension benefit. The matching moment should include the level of earnings. If time endowment is normalized, the

level of earnings cannot be matched.
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Labor supply does not respond to the change in the coefficient of risk aversior@

Figure [[6] shows the change in consumption weight (). Consumption weight is identified by
the profile of savings and the distribution of hours worked. Higher consumption weight leads to
fewer savings and more hours worked. Notably, v changes the share of not working and full-time,
but the share of part-time is stable. -y is identified by the distribution of hours worked.

Figure|1'/|shows the change in time endowment (L). Time endowment is identified by the level
of earnings. Higher time endowment leads to a higher level of earnings. Change in the level of
earnings is larger than changes in other figures. Moreover, time endowment is identified by the
share of part-time and full-time. As time endowment increases, there are more full-time workers
and fewer part-time workers. A negative correlation between the share of part-time workers and
full-time workers is observed in only figure

Figure shows the change in the fixed cost of working (¢). The fixed cost of working
is identified by the share of unemployed and part-time workers. The change in the share of
unemployed is large when 6 is changed. The higher the fixed cost of working is, the larger the
elasticity of an extensive margin. There are more unemployed when the fixed cost of working is
large. On the other hand, when the fixed cost of working is small, more people choose part-time

workers instead of unemployment.

22Given the level of consumption, the first-order condition with respect to labor supply is

1—71
H=L-0-—2'"q,.
T W
Under the utility function (T)), the labor supply equation does not include the coefficient of risk aversion (). Therefore,

the distribution of hours worked does not change when the coefficient of risk aversion changes.
IThese figures show the profiles for the decision variables under the different parameter values. The top figure is

the profile of savings. Its vertical axis is age. The middle figure is the distribution of hours worked. It shows the share
of unemployed, part-time, and full-time workers. Part-time workers are those who work between 1-36 hours per week.
Full-time workers are those who work more than 36 hours per week. The bottom figure is the distribution earnings.

20th, 40th, 60th, and 80th percentile of earnings are described.
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Appendix E The Asymptotic Distribution of Parameter Esti-
mates

In this section, I discuss the asymptotic distribution of parameter estimates. Suppose I have a data
set of / independent individuals who are each observed for T periods. Let ¢(¢; xo) denote the
moment conditions, and qg(ﬁ; Xo) is its sample analog. Wiisa weighting matrix, and itis M x M

matrix, where M is the number of moments. The MSM estimator @ is given by

&8, x0) W11 (8, x0) Q1)

argman
g@ 1 + T

where 7 is the ratio of the number of observations to the number of simulated observations. Under
the regularity condition described in Pakes and Pollard (1989), the MSM estimator is consistent

and asymptotically normally distributed:
VI(6 = 6,) ~ N(0,V) (22)
The variance-covariance matrix V is given by
V =(1+7)(D'WD) 'D’WSWD(D'WD) ! (23)

where S is the variance-covariance matrix of data, and M x M matrix, where M is the number of
moments. D is the Jacobian matrix of the population moment vector and is the M x N matrix,

where N is the number of parameters to be estimated.

00 (0
D— %19:% (24)

W = pliml_,oo{wl}.

The asymptotically efficient weighting matrix is S~! that is the inverse of the variance-
covariance matrix of the data. When W = S~! holds, V is simplified to (1 + 7)(D’S™!D)~%.
However, the optimal weighting matrix can bias estimators in small samples (Altonji and Segal
(1996)). I use a diagonal weighting matrix. The diagonal weighting matrix uses the inverse of the
matrix that is the same as S along the diagonal and has zeros off the diagonal of the matrix.

I estimate S, D, and W with their sample analogs. I use bootstrap to estimate the variance-

covariance matrix of data, S. The procedure is the following. First, JSTAR includes 7,268 of
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independent individuals who are observed at least one period. 7,268 of individuals are withdrawn
from JSTAR allowing for replacement. Using this data set, each moment is calculated. Second, the
first step is repeated for 3,000 times. 3,000 observations of each moment is obtained. Third, the
variance-covariance matrix is calculated using the data from step 2. When computing D, I merely

take numerical derivatives of ¢ I(QA, Xo)-

Appendix F Decomposition of welfare gain

Figure (19| shows the decomposition of social welfare. The vertical axis shows the transfer (¢ f)
and linear tax rate (7) of the counterfactual earnings test. The horizontal axis is the consumption
equivalence of the counterfactual earnings test. The triangle shows the consumption equivalence
of the earnings test with both linear tax (7) and transfer (¢ f) shown in figure .The empty bar chart
shows the consumption equivalence of earnings test that has only transfer and does not have a linear
tax rate. For instance, when counterfactual earnings test has 300000 yen of transfer and 0% of
linear tax rate, its consumption equivalence is +4.5%. The hashed bar chart shows the consumption
equivalence of earnings test that has only linear tax rate and does not have transfer. For instance,
when counterfactual earnings test has zero transfer and 16% of linear tax rate, its consumption
equivalence is -1.7%. It always reduces welfare compared to the current earnings test.
Unexpectedly, the consumption equivalence of earnings test that have both transfer and linear
tax rate is markedly lower than the sum of two consumption equivalence. This is because only
workers can receive transfer. If there is only transfer, it greatly encourages non-employed people
to participate in labor market. However, if there are both transfer and a linear tax rate, their labor
is less encouraged. Hours worked are higher than some threshold due to the fixed cost of working.
The benefit for non-employed people to participate in labor market is reduced by linear tax rate and

hours worked which are higher than some threshold.
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Figure 19: Decomposition of social welfare.

Appendix G Sensitivity of Results

G.1 Saving profile

I did additional exercise to check whether my result is robust to parameters that make people save
less. I changed the value of coefficient of risk aversion (v) and time endowment (L) to fit the
simulated profile of savings to the data profile. In summary, the main result does not change under
new parameters.

A new set of parameters that make people save less is shown in table 8] The coefficient of risk

aversion and time endowment are lower than baseline case.
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Table 8: Preference Parameter Estimates

Parameters Baseline Low savings case French (2005)
v: Coefficient of risk aversion, utility 2.9 2 3.1

v : Consumption weight 0.49 0.49 0.533

L : Time endowment 5700 4700 3900

6 : Fixed cost of working 1000 1000 335

¢ : Fixed cost of bad health 500 500 196

0y : Parameters of bequest 0.01 0.01 1.70
Frisch elasticity, age 55 0.86 1.16 -
Frisch elasticity, age 60 1.15 1.69 1.10
Coeflicient of relative risk aversion 1.93 1.49 2.17

Figure 20 shows the profile of savings under (1) simulated profile with baseline parameter (2)
simulated profile with new parameter (low savings case) (3) data profile. Under the new parameters,
individuals save less because they are less risk-averse.

How the main result changes with there new parameters? The main result of this paper is that
the optimal earnings test has a negative marginal tax rate. Figure 21|shows the replication of figure
6 in the main manuscript. It shows that a negative marginal tax rate is still welfare-improving.

Why is this the case under new parameters? As section 2 in the main manuscript stated, the large
elasticity of extensive margin makes a negative marginal tax rate welfare-improving. Figure [22]
shows that the ratios of "not working" are similar in all three cases. This implies that new parameters
do not lower the size of the elasticity of extensive margin. Therefore, a negative marginal tax rate is

still welfare-improving. The main conclusion of this paper holds in a case where people save less.
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Figure 21: Social Welfare Function.
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Figure 22: Distribution of hours worked.

G.2 Life cycle starting at 20 years old

One of controversial assumptions in my model is that the life cycle start at 50 years old, instead
of younger age. This assumption comes from the data constraint. In order to start life cycle at
younger age, exogenous variables to be given into the model, including wages and health condition,
and the target moments, including labor supply and savings, are necessary in data. However, data
for people younger than 50 years old is not available in JSTAR. Therefore, I cannot model people
younger than 50 years old. How this assumption affects my results?

First, this assumption is justified if I consider that the government suddenly enacts new policies
without announcing them beforehand. The individuals cannot adjust their asset because the coun-
terfactual policies are suddenly enacted. The assumption that the distribution of asset at 50 is fixed
is justified.

Second, if I consider the case where the government announces the policies before hand and
individuals can adjust their assets before the implementation, what problems does the assumption
cause? When life cycle starts at 50 years old, the initial wealth, with which individuals enter the

market is fixed even when the counterfactual policy is enacted. In my model, people enter the
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market at 50 with some wealth. When counterfactual policy is enacted, in the reality, it should
affect the savings at 50. Counterfactual policy makes people change their capital accumulation
behavior before 50. However, in my model, it is assumed that initial wealth at 50 is fixed even when
counterfactual policies are enacted.

My assumption that individuals enter the market at 50 overestimates their savings at 50 under
the welfare improving earnings test. In other words, if the life cycle start at younger age, like
20, the average savings at 50 under the welfare improving earnings test is lower than the average
savings under the current earnings test. Under the current earnings test, the marginal tax rates
are substantially high, and it discourages the labor supply. Individuals need to accumulate savings
more because they cannot earn much after they get older. In addition, under the welfare improving
earnings test, the low-earnings people are supported by the lump-sum transfer, so their labor
earnings after 50 is higher than the earnings under the current earnings test. They do not need to
accumulate their savings for life after retirement, so their savings at 50 get lower.

To confirm that under the welfare improving earnings, the savings at 50 get lower, I simulate
the profile of savings with the life cycle model that start at 20. Since there are no data about wages
before 50, I create realistic hump-shape profile of wage. Figure 23| shows the profile of savings
under the current earnings test, welfare-improving earnings test, and no earnings test. It shows that,
savings under welfare improving earnings test at 50 years old is higher than savings under current
earnings test by 10%.

In summary, when I assume that the life cycle start at 50, the savings at 50 are overestimated
when the welfare improving earnings test is enacted. How this fact affects my results? There are
two main results in this paper. First, the welfare improving earnings test substantially improves
social welfare. Second, the earnings test that maximizes social welfare have negative marginal tax
rates on low earnings people.

As for the first result, the assumption that the life cycle starts at 50 underestimate the consumption
equivalence of welfare maximizing earnings test. When initial wealth at 50 is fixed when the
counterfactual earnings test is enacted, the savings are overestimated. When individuals have more
savings, they reduce their hours worked after 50. Since the welfare gain of the counterfactual policy
comes from the labor supply, less hours worked reduce the social welfare under the counterfactual

earnings test. My first result states that social welfare under the counterfactual earnings test is
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Figure 23: The Simulated Profile of Savings.

much higher than that under the current system. My assumption reduces the social welfare under
the counterfactual earnings test. Consequently, I can safely argue that the welfare gain from the
counterfactual earnings test is substantial.

Next, how the assumption affects the second result about the negative marginal tax rates? There
are two reasons why negative marginal tax rates are optimal; the large elasticity of extensive margin,
and the ratio of poor people in society. When there are more poor people in society, it is more likely
that it is better for the government to impose negative marginal tax rates on low-earnings people.
My assumption about the initial savings is related to the ratio of poor people. The assumption
reduces the ratio of individuals with fewer savings under the counterfactual policy. As figure 23|
shows, when it is assumed that people enter the market at 50, it overestimates the savings at 50.
It reduces the ratio of poor people. In summary, it is safe to claim the negative marginal tax rates

even when people enter the market at 50.
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G.3 Long-term care risk

The model already incorporates health risks, but not long-term care risks. When people are in bad
health, the fixed amount of leisure time (¢) is reduced from their leisure time as stated in equation
(I). I believe this fixed cost of bad health in the utility function partially answers the referee’s
question.

However, this model does not incorporate long-term care risk. To consider the long-term care
risk in additional exercises, I did the following two exercises.

Case 1. The probability of being bad health (prob(M;; = bad|M,, age) in equation (7)) gets
higher.

Case 2. The probability of being bad health gets higher, and the cost of bad health (¢ in equation
(1)) is increased.

Then, I analyze how these exercises change the main result. In these additional exercises,
the fixed cost, ¢, can be interpreted as the cost of bad health and long-term care. The increased
probability of being bad health implies people are more likely to have fewer leisure time due to
health issue or long-term care risk.

More specifically, case 1 uses the counterfactual transition of a matrix of health status shown
in table [I0] (Baseline transition matrix used in the main manuscript is shown in table[9). Under the
counterfactual transition matrix, bad health is more likely. In case 2, the cost of bad health (¢) is
1000, whereas the baseline cost is ¢ = 500. Additionally, the counterfactual transition of a matrix

of health status is used in case 2.

Table 9: Baseline Health Transition Matrix

Age Good in the next year Bad in the next year
50-59 Good 0.92 0.08
Bad 0.60 0.40
60-69 Good 0.90 0.09
Bad 0.60 0.40
70-79  Good 0.85 0.15
Bad 0.47 0.53
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Table 10: Counterfactual Health Transition Matrix

Age Good in the next year Bad in the next year
50-59 Good 0.92 0.08
Bad 0.60 0.40
60-69 Good 0.81 0.19
Bad 0.53 0.47
70-79  Good 0.76 0.24
Bad 0.42 0.58

Figure 24 shows the profile of savings worked under baseline, casel, case 2. To make com-
parison easier, the baseline savings are set to be 1 at each age, and the savings under case 1 and 2
divided by baseline savings are shown. As DeNardi et al. (2010), people aged 50 to 70 accumulate

assets when they face severe health and long-term care risk.
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Figure 24: Profile of savings.

Figure 25| and [26] show the profile of hours worked and labor force participation rate under
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baseline, casel and case2. Profiles are normalized by the baseline profile. They show that people

work more than baseline case when they are aged between 50 ad 60, and they work less than

baseline after that.
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Figure 25: Profile of hours worked
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Figure 26: Profile of labor force participation rate.

Figure [27] and [28] show the main result of this paper under casel and case3. They show that a
negative marginal tax rate is welfare-improving. Under both cases, higher long-term care risk does
not lower the elasticity of an extensive margin. As shown in figure[25]and[26] change in labor force
participation rate is at most 20%, but change in hours worked is at most 2%. Since the elasticity of
an extensive margin is large, the negative marginal tax rate is still welfare-improving as explained

in section 2.
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Figure 27: Social welfare function under case 1.
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Figure 28: Social welfare function under case 2.
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