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Abstract

This paper develops a two-sector general equilibrium eypgihg generations model
with endogenous fertility and education choices to exptheefeasible taxation ar-
rangement and population policies in a developing econoitty thee trend of popu-
lation aging. The features of low fertility, rapid poputati aging and the existence
of a large informal sector in developing countries are cagutun the framework. To
provide a representative quantitative analysis, Thailartdken as an example. We
find that only consumption tax is feasible to finance the es@enditure caused by
population aging in the future. Furthermore, policies aigniit increasing fertility in-
deed can improve the age structure but lower the stock of huwapital and physical
capital. Eventually, it does not alleviate the heavy taxdearcaused by population ag-
ing. In contrast, policies that subsidizing on childrerdaieation investment provide
incentives to accumulate human capital, enlarge the fosmetor and alleviate the
tax burden. In terms of welfare improvement, education isiybsould be a possible
solution in an aging economy.
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1 Introduction

Population aging is a global trend. The higher old-age dégece ratio forces the gov-
ernment to impose a higher tax rate in order to finance the expenditure caused by
population aging. In addition, the sharp decline in fegtifind the existence of a large in-
formal sector in developing countries worsen the problemexXplore this issue, this paper
develops a two-sector general-equilibrium overlappingegations model. Our framework
incorporates endogenous fertility, education choice ahdrallocation between formal and
informal sectors to capture the main features of lowerlfigrtrapid population aging and
a large informal sector in developing countries.

Based on the data in Japan, Taiwan, Thailand and the US de0D®#y2007, Hsu, Huang
and Yupho (2015) point out that the elderly significantly chegore health care than young
people. The annual medical expenditure of an old adult (dgan@l above) is two to six
times more than that of a young individual. Thus, it is undabie for a country with
population aging to face a significant increase in aggregeddical expenditure and the
financing problem of the public health care program.

The problem could be worse if a country had a sharp declineriilify. As reported
in Lee et al. (2014), the average total fertility rate (TFR)middle-income developing
countries were already below the replacement rate durif§-2010. Table 1 provides the
average TFR for selected countries. They were classifiedtimee income groups.As
shown in the table, the TFRs of some low-income countriegween lower. For example,
Vietnam’s TFR was 1.89, which was lower than that of the U§uFeé 1 plots the time series
data of TFRs in developing countries. The US is used as aerefer The figure shows that
the TFRs in these developing countries rapidly declinethfewound 6 to around 2 within
fifty years. The sharp decrease in fertility implies that preecentage of labor force will
shrink rapidly (and the share of the elderly will go up rap)dh the near future. The faster
speed worsens the problem of population aging.

In addition, different from developed countries, devetgptountries often have large
informal sectors. This further constraints the governreatiility on tax collection. Figure
2 presents the ratio of informal employment to total emplegtrin non-agriculture sectors
for selected developing countries. The ratio of informapyment was higher than 70%
in several countries, such as India, Indonesia, ParaguayPhilippines. Turkey, whose
income level was the highest among the middle income casjtwas a representative as

1The income group classification is based on the criteria af\Bank in 2014. There were 82 economies
in the lower-income group, 53 economies in the upper-midfiteme group and 80 economies in the high-
income group.



Table 1: Total Fertility Rate during 2005-10
Lower income &£$4125)

Group average India Indonesia Philippines  Vietnam

4.03 2.66 2.50 3.27 1.89
Upper-middle income ($4125-12735)

Group average Brazil China Mexico Thailand

2.09 1.90 1.63 2.37 1.49
High income ¢$12735)

Group average Australia Japan UK us

1.65 1.89 1.34 1.88 2.06

Source: Lee et al. (2014) and United Nations.

the lower bound, at 30%. The ratio could be even higher (gdigenigher than 50%) if
the agricultural sector was included. The existence of gelamformal sector makes the
problem of population aging more terrible.

To study the issue of population aging in developing coaatrive develop a two-sector
general equilibrium overlapping generations model wittiagenous fertility and education
choices. Individuals also allocate labor between the fband informal sectors. The life-
cycle is characterized by three stages: childhood, yountjfambd and old adulthood. In
the model, only young adults make decisions. Human capstahadeled in a discrete
way that children will become skilled workers if parentseaton children’ education. To
capture the main spirit of the existence of a large inforreata in developing countries, we
assume there are labor mobility constraints and institafidistortions in the labor market.
The assumptions allow us to have both voluntary and nontetyrnformal workers in the
equilibrium.

Then, quantitative analyses are provided. Our stratedyatsthe theoretical framework
is calibrated to be a benchmark economy. Based on the bemnkhenanomy, we first
discuss the feasible taxation and the impacts on the ecomgrag population aging occurs
in a developing country. The arrangement of taxation amonguemption tax, labor income
tax and capital income tax are particularly discussed ipaese to the conventional issues
in the public finance and macroeconomic literature. Secomahtries with lower TFR used
to spend efforts on encouraging fertility. Therefore, gdime aging economy as a baseline,
two alternative population policies, encouraging festibr education, are studied.

In the calibration, Thailand in the 2000s is selected as sesgmtative because: (1)
Compared with developed countries, Thailand has expextbacdramatic demographic



Figure 1: Total Fertility Rate 1960-2010
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Figure 2: Informal Employment Share (no
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Figure 3: Old-age Dependency Ratio
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transition. As Figure 3 shows, its old-age dependency raéie below 10% in the 1980s
but is expected to have a rapid increase to over 60% in thefaextiecades. The old-
age dependency ratio is expected to increase to the levabtblse to Japan, higher than
France and the US. (2) The ratio of workers in the informatareaf Thailand is relatively
large and stable. Figure 4 plots the ratios of informal emplent in Thailand for 2007-
2012. The share fluctuated between 62-64%. (3) Thailandéwetaped an universal health
insurance system. This enable us to study the effects ofases in aggregate medical
expenditure due to population aging on the economy.

Using the calibrated results as the benchmark economymib&dts of population aging
is explored. For the scenario of population aging, two eéfface considered here. First, life
expectancy increases from 74.1 in the benchmark econon. 18 projected to Thailand
of 2055. Besides, due to population aging, the ratio of totatlical expenditure to GDP
goes up from 5.5% of current Thailand to a forecasted val2#. IThe results suggest that
in a developing economy with a large informal sector, likeildnd, only consumption tax
is feasible when population aging occurs. This is becausear land capital can switch to
the informal sector if the corresponding tax rate is highthis scenario, the consumption



Figure 4. Ratio of Informal Employment (Thailand)
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tax rate has to increase from 12% to 20.5%.

In a scenario with a mild increase in the ratio of total meldésg@enditure to GDP (from
5.5% to 6.3%), all tax tools are available. In terms of wafamprovement, we find that
consumption tax is the best tax tool in an aging economy. Téeature discusses the re-
distribution effects of using consumption tax in replacénabme taxes. In this paper, the
redistribution effects exist between the young and the eltegations when using consump-
tion tax as a financing tool. This is preferred in an aging econthat has a high old-age
dependency ratid.

Based on the scenario with population aging and financinlg @ghsumption tax, pop-
ulation policies are explored. Because many countries Mtker TFRs used to formulate
a policy to encourage fertility, we first study the effectsaathild-rearing subsidy on an ag-
ing economy. Although it indeed improves the old-age depead ratio, the policy makes
everyone worse off. This is because the policy distorts ¢tative price between skilled
and unskilled children; thereby discouraging educatiaestment. The accumulation of
physical capital is also crowded out by the higher fertilifyherefore, the formal sector
becomes smaller. The policy eventually does not help twiatie the tax burden caused by
population aging.

Alternatively, a policy on subsidizing children’s educatiimproves the level of human

2Correia (2010) shows that consumption tax also has a peefeedistribution effect over income groups.



capital stock. Because skilled workers tend to work in thvenfd sector, the policy also
enlarges the formal sector. This helps to alleviate the tadldn and results in a welfare
improvement. In terms of tax rate and welfare improvemé policy experiment suggests
that a 26% subsidy on children’s education cost is the optima

Is population aging a problem in developing countries? We fivat individuals will
save more in response to a longer life. This leads to the adation of physical capital.
Besides, a longer life makes education investment moracstte. Human capital is also
accumulated. Using consumption tax as the financing tooleases in physical and human
capital enlarge the formal sector. This also help to reltfaseax burden. Furthermore, if
appropriate population policies are implemented, suchdasation subsidy, a lower tax
rate with welfare improvement is possible. Therefore, tbpytation aging in developing
countries might not be so pessimistic.

The theoretical framework in this paper builds on the strafthe literature that stud-
ies quantity-quality tradeoff of children, demographi@obe and economic growth. Itis
pioneered by Becker (1960) that introduces endogenouiéityerd the theoretical model.
Following up studies link fertility, demographic changedatonomic growth based on the
mechanism of quantity-quality tradeoff, such as Beckerrpy and Tamura (1990), Ga-
lor and Weil (1996), Doepke (2004), Doepke and Zilibotti@@p and Liao (2011). These
studies typically focus on the early stage of economic agrakent with the demographic
transition from high to low fertility. In contrast, our papcuses on developing coun-
tries that are in a later stage of development with a lowlfigttiwe extend the models in
Doepke (2004) and Liao (2011) to incorporate the informaktareand fiscal policies on
taxation arrangement.

Regarding to population policies, Lee et al. (2014) is aytidse to this paper. Given
current population structures and fiscal conditions, they a static model to investigate
optimal fertility rates in 40 economies. They find that to noye living standards and
fiscal burdens, the fertility rates can be lower in some aeesieven though their current
fertility rates are already below the replacement rateh agcBrazil and Thailand. They
assume that fertility is exogenously determined. Our paeaselops a richer framework
that allowing endogenous fertility choice and taking dermapgic dynamics into account.
Therefore, our framework enable us to assess alternatpelgtoon policies and examine
the effects on fertility, human capital accumulation, lemg economic performance and
welfare changes.

This paper also sheds light on understanding the implicadfanformal employment
on optimal taxation and fiscal polices. However, most stutheget developed countries.



Only a few studies in the literature consider informal empient. For example, Penalosaa
and Turnovsky (2005) study optimal taxation on labor andtahjncomes in a standard
growth model with the existence of the informal sector. Jang Tran (2012) discuss
the potential effects of the extension of social securitynformal workers in developing
countries to reduce the poverty problem for the elderly. Asmplement to the literature
with informal employment, we further explore the implicats of aging and population
policies in developing countries by allowing endogenoutslity and education choices.

The rest of this paper is organized as follows. In Section& canstruct a two-sector
general equilibrium overlapping generations model. Thelisgium features of the frame-
work are explained. Section 3 describes the calibratiothi®icurrent Thailand. In Section
4, we provides quantitative analysis and the results. @e&ticoncludes this paper.

2 The Model

We develop a two-sector general equilibrium overlappingegations model with endoge-
nous fertility and education choices. Individuals alsoas®labor allocation between for-
mal and informal sectors. The life-cycle is characterizethibee stages — childhood, young
adulthood and old adulthood. A child relies on parents (goadults) without making any
decisions. Parents care about children. They make desisiothe number of children, ed-
ucation investment on children, their own labor supply andrgys. Old adults are assumed
to be retired. They consume their own savings and pay meeigeinditures. Human cap-
ital is modeled in a discrete way that children will becomélest labor if parents invest
on education; otherwise, children will be unskilled laborbor and capital allocations be-
tween formal and informal sectors are recognized. Cagitakily mobile between the two
sectors. In the labor market of developing countries, te&ists a large wage gap between
the two sectors and the informal employment share is relgtiarge. Thus, we consider
frictions on the labor market to prevent completely free eroent between formal and in-
formal sectors. In the equilibrium, both voluntary and nahuntary informal employments
exist.

2.1 Features of the Labor Market in Developing Countries

To model the labor market in developing countries with adairformal sector, we take
Thailand as an example. Skilled workers are defined as thbesereducation level is high
school or above (schooling yeard 2). The main features of Thailand’s labor employment



are summarized as follows.

1. About 70% of skilled workers are working in the formal sgctvhile more than 70%
of unskilled workers are in the informal sector.

2. Skilled workers usually stay in the informal sector ldsant one year. The panel
data of Household Social-Economic Survey (HSES) indictita for those skilled
workers who are currently working in the informal sectorlyoabout 10% of them
will stay in the informal sector after one year. In contrésé probability of unskilled
workers to stay in the informal sector after one year is highan 70%* The fact
suggests that, for skilled workers, having an job in infdrisector is more like a
temporary arrangement. They tend to switch back to fornzbse quickly.

3. When a skilled worker switches to the informal sector,wige from the informal
sector is very likely to be lower (with a probability of 90%Hhave a wage in the bot-
tom 40% of total skilled workers). The pattern is not obsdrfar unskilled workers.

4. The skill premium in the formal sector is around 2.4, witiis relatively smaller in
the informal sector (about 1.4). The wage gap between foamdlinformal sectors
also exists. For unskilled workers, the wage gap betweetwhisectors is about 1.7.

Based on the facts observed above, we construct labor nfadteins and distortions
in our model in order to capture the skill premiums and wagasdzetween formal and
informal sectors.

2.2 Demographics

Total populationN at a time point consists of the population of childiéfy young adults
NY and old adults\®:

N = N®+ NY+ N°.

Population dynamics are determined by endogenous fertifibices and exogenous sur-
vival rates. Total number of children is determined by thiélfy decisions of young adults.
Denoten to be the average fertility per young adud¢ is then given by:

NC = nNY.

3Data are from Household Social-Economic Survey (HSES)i National Statistics Office.
4See the employment transitions between formal and infoseetiors in the appendix of Hsu, Huang and

Yupho (2015).



By assumption, all children can survive to the young adwthfor sure. Thus, the popu-
lation of young adult next period Y = N€. Furthermore, we assume that young adults
survive to the old adulthood with the probability. Therefore, the old population next
period becomebl® = /NY.

2.3 Education Investment and Human Capital Accumulation

In the framework, human capital is assumed to be discretiledKs) and unskilled ().
Parents make decisions on children education level. Eucatvestment costs. If par-
ents decide to do investment on children’s education on tdpecfundamental level, their
children will become skilled workers. In contrast, childrerho do not receive higher ed-
ucation will become unskilled workers in the young adulithobl? is employed to denote
the population of skilled young adults ai is the population of unskilled young adults.
The population identity implies that¥ = NY + N¥. According to the setting, human capital
accumulation is represented by the increase in the propoofiskilled young adults to total
young adults i /NY).

2.4 Government

The government taxes on consumption, labor income andatapibme with the ratec, 1
and 1k, respectively. The total tax revenue is the sum of conswnptixTc, labor income
tax T. and capital income ta¥x. By assumption, the government cannot monitor the labor
income and the capital income in the informal sector. Thassrévenues of labor income
and capital income are only collected from the formal sector

The government runs a public medical care program for alhdldts as a social welfare
system. It covers a fractiow of total medical expendituré. Then, the public medical
expenditureVy is given by:

The government is required to maintain a balanced budgeadh period. The budget
constraint for the government is given by:

Mg+G:Tc+TL+TK, (l)

whereG is other government expenditures.
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2.5 Production and Labor Market

There exists one final goods but two production sectors: dband informal sectors. We
use superscript to denote variables in the formal sector and supersgript the informal
sector. In both sectors, there are perfectly competitivadiusing physical capitaK(),
skilled workers ) and unskilled workerd.(,) as inputs to produce the final goods. The two
sectors employ a standard constant return to scale produtchnology. The production
functions are summarized as follows:

Y= ATKD) A (L)% (L)), ()
YX¥ = AKX+ LX), )

whereY ™ andY* are output in the formal and informal sector, respectivily.and A are
the total factor productivity (TFP) in the formal and infaahrsector, respectivelyas, as

andas are income shares of physical capital, skilled labor andlilled labor in the formal
sector.y; andys are income shares of physical capital and total labor inrfamal sector.
The total outputy of the economy is then given by:

Y=Y 4+¥X (4)

According to the features of labor market described in $ac8.1, the wage of skilled
workers in the informal sector tends to be lower. For skillemtkers, having a job in the
informal sector is more like a temporary arrangement. These we assume skilled and
unskilled workers are substitutable in the informal secttye labor efficiency; is included
to capture the existence of skill premium in the informalteec

Without distortion, firms’ profit maximization in the two gecs imply that:

wl = o AT (K)o (L)% (L)% (5)
w) = asAT (K)o (L)% (L)%, (6)
wE = NypA (KA (nLs+ L)%Y (7)
W) = A (K (nLS+ LYt (8)

However, as we describe in Section 2.1, there exists a wagbeaween formal and infor-
mal sectors. It could be due to the institutional distodion the labor market. For example,
the minimum wage regulation and the requirement on empisgensored insurance cov-
erage for employee in the formal sector. To capture the nynit,sve assume there are
distortions on wage in the labor market and the distortioagiy affect unskilled workers.

11



Therefore, the wage gap of unskilled workers is created bydthtortionX, such that the
wage gap of unskilled workers between formal and informelas is given by:

(1- TL)WE,
W

=X 9)

2.6 Individual’'s Problem

A young adult with skill leveli = {s,u} cares about his current consumptk:?’r,\ his con-
sumption at old age” and how his children will be in the next period. Thereforeparyg
adult allocates his disposable income on his current copgam asset holdings in formal
and informal sectorsa{’ anda¥) and total education investment on his children.

Each young adult is assumed to be endowed with one unit of tiRedsing a child
costs a fractiorp of a young adult’s time. Then, he can supply the rest of timhédabor
market. Assume that he allocates the fracttbiof his rest time to the formal sector. The
time he works in the informal sector is-16; of his rest time. Therefore, a young adult’s
income consists of labor income from both sectors.

When a young adult survives to the old adulthood, he consumseswn savings and
capital income from both sectors. At old age, he has to payptbportion of medical
expendituren that is not covered by public medical care program.

To summarize, a young adult chooses current consumptiamgsa the number of
childrenn;j, education investment and the proportion of labor suppthénformal sector to
maximize his lifetime utility. j represents children’s skill leve],= {s,u}. The maximiza-
tion problem can be expressed as follows:

Vi = ‘max {u(c)+Bru(c) + yn; fni; Vi1, (10)
{d.a"a nij.e.6}
subject to
(1+ 1) + (3 + &) +anj = (1— onij)[B(1— )W +(1—6)wS;  (11)
(1+10)c! = [1+ (1 1)r "Ja" + [1+ |8 — (1 — o) (12)
j=s ifeg=¢€ j=u,if g =0;
0< 6 <8;

wherer " andr” are capital returns in the formal and the informal sectaspectively. We
assume there is a perfect annuity market in each sector. Agyadult, who holdsnyaif’
annuity (as savings) in the formal sector, will receflet (1 — TK)rf’)aif’ next period if he
survives. Similarly, the asset holding$a)’ in the informal sector will deliver a payment of

12



(1+r¥)a’ next period if he survives. Furthermore, education cossisrdte g = {0, e}. If
parents pay the cost the child will become skilled worker next period. Finally,capture
the features of non-voluntary informal workers, we assuheet exists a labor mobility
constrainté, to represent the employment capacity of sectowWhen the labor mobility
constraint is not binding, a young adult can freely allodasavorking time between formal
and informal sectors. Otherwise, he will be forced to workaason-voluntary worker in
one sector.

2.7 Equilibrium Features
2.7.1 Individual Optimal Decision Rules

e Savings & andaX):
Asset holdings can be used in both formal and informal sectotuitively, an indi-
vidual will hold the asset that gains a higher rate of retlitme optimal asset holdings
are determined by the following equations:

Uy =B(L+(1-1)r e, if 1-n)r" >r¥; (13)
Uy = B(L+1")e, if ¥ > (1—1)r"; (14)

whereuciy andue are marginal utility of consumption at young adulthood andla
adulthood, respectively. Because there is no distortioisraobility constraints in
the capital market, in equilibrium after-tax capital gafiren the two sectors must be
the same(1— 1¢)r"" = r¥. Thus, an individual is indifferent between the two assets.
To be simple, we useto denote the after-tax rate of return in equilibrium:

r=1-t)rf =rx (15)

e Labor allocation @):
Intuitively, an individual will supply labor to a sector \ita higher return. The
marginal return of one additional labor supply in the infafnsector isw. The
after-tax marginal return of labor i€l — rL)wif in the formal sector. Therefore, in
equilibrium, (1— rL)wif =w‘and 0< 6 < 1 if there is no mobility constraint or the
constraint is not binding in the labor market. If the constré binding, 8, = 67.

As we observed in the data, when a skilled worker works in ttierinal sector,
his wage is very likely to be lower. This implies that the nlitypiconstraint on
skilled workers must be binding. Otherwise, in equilibriufh— TL)W_I, = W5, which

13



contradicts to the data feature. Therefore, in the quainttanalysis that we provide
in this paper, we require the mobility constraint on skilearkers is bindingfs = 9_5
Besides, there are distortioXg > 1 on the unskilled labor market such that the wage
gap between formal and informal sector for unskilled waskexists in equilibrium,
as shown in equation (9).

o Fertility (njj):
The first order condition with respect g implies the following equation:

W)V = () (OB - ww + (1- 8w e} (16)

The left-hand side of equation (16) is the marginal benefthafing an additional
child. On the right-hand side is the marginal cost of havingadditional child. A
young adult chooses the number of children until the maldienefit is equal to the
marginal cost.

e Education investment on childreg)
In one family, children are indifferent except educatioveistment. Thus, children in
the same family should be all skilled or all unskilled. Stdland unskilled children
will not live in the same family. Besides, in our quantitatianalysis, we focus on
an equilibrium that both skilled and unskilled workers &xisthe economy. It can
be shown that the only feasible equilibrium is that skilledemts always invest on
children’s education, while some unskilled parents makecation investment and
others do not. Thus, in equilibrium, only unskilled pareate indifferent between
investing and not investing on children’s education. Ifigpossible for both types of
parents to satisfy the indifference condition. The detiésprovided in Appendix A.

2.7.2 Markets Clearing Conditions

e Market clearing condition for skilled workers:
The mobility constraint on skilled workers is binding. Thtise proportion of skilled
workers working in the formal sector is given by:
Ls

=6 (17)

e Market clearing condition for unskilled workers:
By assumption, there exists a distortignon the unskilled labor market to create the
wage gap between formal and informal sectors. Substitutiagginal products of

14



labor to the definition of distortion in equation (9) and gsthe facts thaL_I, = Bl
LY = (1— 65)Ls, L{ = 6.L, andLy = (1— 6,)Ly, the proportion of unskilled workers
working in the formal sector is then given by:

N(1—6s)ls+y

R 4e

_ _Xunpy f_Y! Y L L
whereB = U ¥ = 5. ¥ =, Is = i andlu = &

e Market clearing condition for physical capital:
Because there is no mobility constraint on capital markapital market clearing
implies a no-arbitrage condition(1 — 1 )rf = rX. Therefore, the optimal capital
allocation between the two sectors is given by:

K' (g g QA (KD a(Le) (L)
K Ty A(K R (s e

(19)

3 Calibration and the Benchmark Economy

As mentioned in the introduction, Thailand has a relatively fertility but a large share

of informal employment. Therefore, Thailand is selecte@ aspresentative economy for
our quantitative analysis. The model described in Section @librated to match data
from Thailand during 2000-2012. Then the calibrated econdsrused as a benchmark
economy. Based on the benchmark economy, quantitativgsas@nd policy experiments
are performed in the next section.

3.1 Parameters

The model economy is calibrated as a steady state. The medets 30 years. Table
2 summarizes the parameters for calibration. Accordingecestimate in World Develop-
ment Indicators (WDI), the life expectancy at birth for Tlaad during 2010-2012 is 74.1.
In our model, children survive to the young adulthood foresuil herefore, the survival
rate for young adults? is 0.47 such that the life expectancy at birth is matched. ibééd
expenditure per old aduthis set at 0.0767 to match the ratio of total medical expenglitu
to output 55%, which is reported by WDI for Thailand during 2007-2010.

There are four preference parametefis:o, € and . The annual discount factor is
0.951 to match capital-output ratio 1.9 in 2012is set to be 0.227 so that the total fertility
rate 1.54 is matchedr ande are jointly calibrated. They are discussed later.

15



There are two costs associated with children: child-reatime costg and education
costq@. In the calibration, skilled worker is defined as a workerhmain education level
equal to or above high (secondary) school. The report frarNational Statistical Office
of Thailand suggested that the cost of raising a child ugi 24 (net of the labor income
earned by children) was about 1.156 million Thai baht in 2002 be consistent with our
model, we use 0.867 million baht (1.156 18/24) to represent the cost until graduation
from high school. It is about 24.3% of the average earnin@syéars) in 2004. Therefore,
@ is set at 0.243.¢ is chosen to be 0.089 to match the ratio of skilled workerstal t
workers 17% (average of 2010-12).

The government collects three taxes;, 1« and1.. They are set so as to match the
ratios of total revenues collected from consumption tax BiPGCcapital income tax to GDP
and labor income tax to GDP are 9%, 4% and 2%, respectivelye,H®nsumption tax
refers to VAT, duties and sales taxes; capital income taxdperate tax; labor income tax
is individual income tax. Thuge = 12.1%, 7x = 11.4% andr_ = 10.9%. The government
runs a public medical care program for all old adults as eas@alfare system. It covers the
fraction w of total medical expenditure. According to the report of Wibke average ratio
of public health expenditure to total health expenditurabsut 85% in Thailand during
2007-2010. Thus, we set = 85%.

There are two parameters for distortions and capacity canstin the labor market.
The distortions on unskilled labor mark& is chosen to be 1.514 in order to match the
wage gap of unskilled workers between the formal and infd)ﬂaetorswﬂ/w’lj =17. The
capacity constraint on skilled worke(% is 0.7 from data.

The rest parameters in the production side are two PERIOdAY), three income shares
in the formal sectord1, a, andasz), two income shares in the informal sectgr éndy,) and
the labor efficiency in the informal sectan). The TFP in the formal sector is normalized
to be 10. Then, the TFP in the informal sector is set at 4.288 that the relative output
ratio (Y*/Y) is 0.52. The income share of physical capital in the forneatar a; is set
at 0.67. With the skill premium and the ratio of skilled workén the formal sector, we
can computexz. We know that the skill premium in the formal sector is 2.4rthermore,
the ratio of skilled workers to total worker&d/L) is 17%. We believe that the fraction
of skilled workers in the formal sectot,é/(L_I, + Lf,), should be higher than that in the
informal sector. If the fraction is 0.2, the income share p$killed labor in the formal
sector should be equal to 0.20. If the fraction is 0@5is 0.183. If the fraction is 0.3y3 is
0.1627. Here we setz = 0.182 to obtain a better calibrated results. Therefapes 0.148.
The labor efficiency in the informal sectgris set at 1.4 to matchi/wy = 1.4. The last

16



two parameters argy and y» in the informal sector. In the calibrationy,, o and ¢ are
jointly calibrated to match the ratio of skilled parents’R o unskilled parents’ TFR 0.5,
the proportion of unskilled workers working in the formattw Lf,/Lu = 0.3 and the skill
premium in the formal sectoné/wﬂ = 24. Thus,;, = 0.616, 0 = 0.525 ande = 0.51.
Finally, y» is 0.384. All targets and data moments are summarized ire bl

3.2 Benchmark Economy

The benchmark economy is calibrated to the data from Thaithming 2000-2012. Table
4 provides the macroeconomic features of the benchmarkoempn In the benchmark
economy, the total fertility rate is mainly contributed byskilled parents with unskilled
children. Other parents prefer less than one child. In audithe relative TFR implies that
the number of children that skilled parents want is only & bbthe amount that unskilled
parents choose.

On the production side, the output from the informal sedaliout a half of that pro-
duced in the formal sector. Besides, about 63.2% of workerkwn the informal sector,
while only 36.8% of workers in the formal sector. The resaltiose to the ratio of the
informal employment presented in Figure 4. Our benchmadaey captures the main
features that there exists a large informal sector in deuedpcountries. Furthermore, the
level of human capital accumulation, the fraction of skillorkers as a percentage of to-
tal workers, is 17% in the benchmark economy. Since we asshatehe labor mobility
constraint on skilled workers is binding, only 70% of skillerorkers work in the formal
sector.

Compared with unskilled workers, the wage gap between thedband informal sec-
tors for skilled workers is relatively large, about 2.91.eMiage gap for unskilled workers
is 1.70. This captures the feature in the data that skilleckeys tend to obtain a lower
wage when they work in the informal sector. In addition, thil premium in the formal
sector (2.396) is also larger than that in the informal 3gdt@00). These results imply that
skilled workers working in the informal sector more like te bon-voluntary. Once they
have a chance, skilled workers will switch back to the forseaitor.

Other government expenditure is solved so that the govarhmeaintains balanced
budget every period. In the benchmark economy, the ratish&fragovernment expenditure
to output is about 10.3%. In the next section, we will kees tfaitio and assume it is
unchanged when the experiments are solved. Finally, bas®dli data, the ratio of total
medical expenditure to output is 5.5%. The public medicaé gaogram for old adults

5Data sources will be added later.
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Table 2: Parameters

Parameters

Value

Source / Target

Survival rate and medical expenditure

match life expectaney74.1
matchiM /Y = 5.5%

matchK /Y = 1.9
jointly calibrated
jointly calibrated
match TFR 1.54

matcfwﬂ/w’lj =17
computed from data
preset
normalization
matchy*/Y ' =0.52
computed from data
computed by 4 a1 — a3
computed from data
jointly calibrated
computed by 4 y
matchwi/w = 1.4

match.g/L = 0.17
computed from data

matchlc/Y = 9%
matchr, /Y = 2%
matchlk /Y = 4%

w 0.470
m 0.077
Preference
B 0.951
o 0.525
€ 0.510
W 0.227
Labor markets and productions
Xy 1.514
Os 0.700
64 0.700
A' 10
AX 4.283
o 0.670
as 0.148
a3 0.182
Vi 0.616
Vo 0.384
n 1.400
Costs of children
(0% 0.089
[0} 0.243
Government
c 12.1%
. 10.9%
K 11.4%
W 85%

computed from data
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Table 3: Calibration Targets for Benchmark Economy

Target moment Model Data
Life expectancy 741 74.1
Ratio of total medical exp to outpgM /Y) 0.055 0.055
Average TFR 1.540 1.54
Relative TFR (skilled/unskilled) 0.500 0.5
Capital-output ratidK /Y) 1.900 1.9
Relative outpu(Y*/Y ") 0.520 0.52
Share of unskilled in the formal sect(, = LL/LU) 0.300 0.3
Share of skilled labor to total lab@Ls/L) 0.170 0.17
Skill premium in the formal sectqrwé/wﬂ) 2.396 2.4
Wage gap for unskilled Iabc(wf,/vv{j) 1.700 1.7
Skill premium in the informal sectamws/wy)) 1.400 14
Ratio of consumption tax to outp(lc/Y) 0.090 0.09
Ratio of capital tax to outpufTk /Y) 0.040 0.04
Ratio of labor tax to outpufT; /Y) 0.020 0.02

19



covers 85% of total medical expenditure. Thus, the ratioutflip medical expenditure to
output is roughly equal to 4.7%.
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Table 4: Calibrated Results for the Benchmark Economy

Description Notation Value
Life Expectancy and fertility
Life expectancy 74.1*
Fertility of typess Nes 0.834
Fertility of typeus Nus 0.804
Fertility of typeuu Nuy 1.832
Average (weighted) TFR 1.540*
Relative TFR (skilled/unskilled) 0.500*
Production
Capital-output ratio K/Y 1.900*
Relative output Yx¥/yYt 0.520*
Allocation of workers
Share of workers in the formal sector (Lé + LS)/L 0.368
Share of skilled workers in the formal sector Lé/Ls 0.700**
Share of unskilled workers in the formal sectol:lf]/Lu 0.300*
Share of skilled workers to total workers Ls/L 0.170*
Relative wages
Wage gap for skilled workers wi JATTA 2.910
Wage gap for unskilled workers Wf,/vvxu 1.700*
Skill premium in the formal sector Wé/wf, 2.396*
Skill premium in the informal sector WS /W 1.400*
Government
Ratio of consumption tax to output Tc/Y 0.090*
Ratio of capital tax to output Tc /Y 0.040*
Ratio of labor tax to output /Y 0.020*
Ratio of other Gov't exp to output G/Y 0.103
Medical expenditure
Ratio of public medical exp to output Mg/Y 0.047
Ratio of total medical exp to output M/Y 0.055*

Note: “*” represents the moment is our calibration targét’ tienotes

the moment is preset.
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4 Policy Experiments

Based on the benchmark economy, we start with the scenapomflation aging. Three
financial tools, consumption tax, capital income tax anaiabcome tax, are considered
to finance the increase in medical expenditure due to papnlaiging. Then, based on
the results of population aging, two population policies discussed: a subsidy on child-
rearing cost and a subsidy on education cost.

4.1 Impacts of Population Aging and Feasible Taxation Arralgement

To study the impacts of aging, we mainly consider changirgpgarameters together in the
benchmark economy: increases in life expectancy and tloeafabtal medical expenditure
to GDP M/Y). Other parameters remain unchanged. Two scenarios anesdesd. First,
the life expectancy increases from 74.1 to 80.1, as foreddst WDI in 2055 and the ratio
of total medical expenditure to GDP mildly increases frois to 63%° Second, the life
expectancy goes up to 80.1 with a rapid increase in the ratiotal medical expenditures
to GDP, from 55% to a forecasted value 12%. Figure 5 plots the ratio of totdlical
expenditure to GDP in Thailand during 1995-2014. Based eriithe series data, the ratio
is forecasted by a simple linear regression. Then the fetedavalue is 12%.

Each scenario is solved as a new steady state. Using theofatither government
expenditure to output in the benchmark economy, we first aberlincome tax as the
financing tool to ensure balanced budget in the aging econAitgrnative tax tools, capital
income tax and consumption tax, are also investigated fopaoison.

Table 5 provides the simulated results for the first scenahie life expectancy goes
up to 80.1 and théV/Y ratio increases to 6.3%. The main effects of population ggin
are summarized as follows. First, population aging impies people live longer and face
higher medical expenditure. Therefore, individuals regjmore savings for their retirement
life. As a result, the capital-output ratio goes up from h3he benchmark economy to
around 2.2 in all cases. Second, increased savings crowchddten. The average TFR

5When the life expectancy reached 80 in Japan of 1995, theoftbtal medical expenditure to GDP was
6.9%. However, if we consider.8% for the experiments, there is no equilibrium becausedhkeate cannot
sustain (financed by labor income tax and capital income Ebgrefore, we consider®% in the first scenario.

"Thailand implemented an universal health insurance (Uli}esn in 2001. When the UHI system is
implemented, the pattern of medical expenditure could fferdint. To consider this, we also use the data
during 2002-2014 to forecast the ratio. The forecasted adtiotal medical expenditure to GDP becomes 13%.
Since the average life expectancy of OECD countries was 8Qlanaveragdl/Y ratio in OECD countries
was 12.3% in 2014, we choose 12% to be the second scenario.
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Figure 5: Ratio of Medical Expenditure to GDP in Thailand
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Source: The Thai National Statistical office

declines from 1.54 to around 1.47-1.50. Third, longer lifel &he higher requirement of
savings make the education investment in children moreatsddu Thus, an increase in
human capital stock is observed. The share of skilled wert@total workers increases
from 17% in the benchmark to 18.4%-20.1%. Using labor incdaxeas the financing

tool will reduce the return of education because the mgjofiskilled workers is allocated

in the formal sector. Therefore, compared with other finagdools, the share of skilled
workers to total workers slightly increase (to 18.4%) whepudation aging is financed
by the labor income tax. Financing by capital income tax dudistort labor allocation

directly, but it reduces the capital return in the formalteecT his would indirectly decrease
the wage rates in the formal sector because of changes iralkkgtior ratio. Financing by

consumption tax results in a highest level of human capitalkssince it does not distort
the labor allocation between the two sectors. Fourth, theeases in both physical and
human capital stocks enlarge the capacity of the formabse@the labor employment in

the formal sector increases from 36.8% to 42.5% under thwr kalx financing scheme. It
goes up to around 48.5% under the consumption tax financhegrse. Finally, the capacity
of the formal sector increases, so the informal sector kbrifThe output ratio between
informal and formal sectors becomes smaller, from 52% inbgrechmark to 31% when

using consumption tax as the financing tool.
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Table 5 also provides changes in welfare, measured by cqimamequivalent varia-
tion (CEV). Compared with the case that financing by labopine tax, using the other
two tax tools are both better off. This is because labor ire¢ax is only collected from
young adults who are working in the formal sector. This alsbodt on labor allocation.
In contrast, capital income tax is collected from old adult®se assets are invested in the
formal sector. The distortion on labor allocation for youadplts is indirect and smaller.
Thus, welfare is slight improved. Since consumption taxalected from all adults and
there is no distortion on the labor market, the welfare inapnoent is the largest one.

Although we start with scenario 1, it is not likely to be thauation that Thailand will
face in 2055 because Thailand’s total medical expenditu@DP ratio has gone up rapidly
and reached over 6% since 2012. Scenario 2 is exactly whathad in OECD countries
and will be more likely to occur in Thailand. Because thexrafitotal medical expenditure
to GDP goes up a lot, a significant increase in tax revenueqgined in this scenario.
Table 6 summarizes the results. Unfortunately, both laboorne tax and capital income
tax fail to sustain an equilibrium. Because labor and chpiay switch to the informal
sector to avoid high taxes, the marginal tax revenue by @sing one unit of tax rate will
be negative when it reaches some critical point. As a resaliequilibrium is found. In
scenario 2, consumption tax is the only feasible financim. tét increase from 12% in
the benchmark economy to 20.5%. Other impacts of populatgng on the economy in
scenario 2 are similar to that in scenario 1.

4.2 Population Policies — Improving Labor Quantity or Quality?

Based on the second scenario that using the consumptiors the éinancing tool, we fur-
ther explore if additional population policies are able nmprove the welfare in an aging
society. Two population policies are considered. Firstawme at an increase in TFR to rep-
resent an improvement on population quantity. Alternatieelucation subsidy is discussed
to provide an experiment on improving the quality of popiolat

4.2.1 Improving Labor Quantity

We first study a subsidy on the child-rearing cost to encaufadility. The results are pre-
sented in Table 7. The baseline is the scenario with populaiing and using consumption
tax as a financing tool, which is reported in Table 6. In thesbas, life expectancy is 80.1
and the ratio of total medical expenditure to GDP is 12%. TR the baseline is 1.54.
Based on the baseline, we conduct experiments with the gggumthat the TFR increases
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Table 5: Financing Population Aging: Scenario 1

Financing tools

Benchmark Labortax Capitaltax Cons. tax
Life expectancy 74.1 80.1 80.1 80.1
Medical exp/GDP 5.5% 6.3% 6.3% 6.3%
Labor taxt_ 10.9% 13.1% 10.9% 10.9%
Capital taxtk 11.4% 11.4% 12.6% 11.4%
Consumption taxc 12.1% 12.1% 12.1% 12.2%
Average TFR 1.540 1.500 1.490 1.466
Skilled-worker share 17.0% 18.4% 19.1% 20.1%
Formal-worker share 36.8% 42.5% 44.2% 48.5%
Capital-output ratio 1.900 2.216 2.229 2.233
Yy /Y ratio 52.0% 39.1% 37.3% 31.1%
Skill premium @ /wi)) 2.396 2.630 2.650 2.804
A welfare (skilled CEVs) - Baseline 2.9% 6.9%
A welfare (unskilledCEW,) - Baseline 3.1% 4.2%
A welfare (averageCEV) - Baseline 3.0% 4.6%
Table 6: Financing Population Aging: Scenario 2
Financing tools
Benchmark Labor/Capitaltaxes Cons. tax

Life expectancy 74.1 80.1 80.1

Medical exp/GDP 5.5% 12% 12%

Labor taxt 10.9% - 10.9%

Capital taxtk 11.4% - 11.4%

Consumption taxc 12.1% - 20.5%

Average TFR 1.54 No equilibrium 1.451

Skilled-worker share 17.0% 20.3%

Formal-worker share 36.8% 49.4%

Capital-output ratio 1.900 2.256

Yy/Ys ratio 52.0% - 29.9%

Skill premium @ /wi)) 2.396 - 2.832
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to a higher level, from 1.6 to 2.5. The government providdssilies on child-rearing cost
to encourage fertility to the target level. Others remaichamged and are fixed at the
baseline level.

The results suggest that the encouragement to TFR with aidyubn child-rearing
cost indeed increases the amount of labor force and imprtreeage structure. The old-
age dependency ratio sharply declines as the TFR goes upevdgwhe policy lows the
level of human capital stock in the economy. It is becauset, fthe subsidy on child-
rearing cost makes education investment relatively mopersive. Second, an subsidy
on child-rearing cost mainly encourages the fertility okiled parents having unskilled
children. Therefore, the share of skilled workers to totatkers declines from 20.3% to
13.2%. Furthermore, the increase in fertility also crowdsthe accumulation of physical
capital. The capital-output ratio declines from 2.256 ®46.as TFR increases. The share
of workers working in the informal sector goes up accordingTherefore, the relative
output (informal to formal) increases to 78%.

In a summary, under the policy of aiming at TFR, although theant of labor force and
age structure are improved, the policy eventually hurtssttenomy. Because the subsidy
requires more tax revenue, the government has to raise timuegption tax to a higher
level. Then education and physical investment are both dedvwout. The formal sector is
shrinking and the government collects fewer tax revenues the formal sector. Thus, the
policy does not help to alleviate the tax burden caused bylptipn aging. Everyone in
the economy is worse off with the implementation of the polic

4.2.2 Improving Labor Quality

The alternative policy is the government provides subsidie education cost of children.
Based on the baseline, experiments with 10% to 30% subsidgatation cost are con-
ducted. Others are fixed at the baseline level. The resdtstanmarized in Table 8.

In contrast to the subsidy on child-rearing cost, the sybsideducation cost does not
improve the age structure of the economy. The old-age demeydatio increases as the
subsidy on education cost increases. However, due to theatdoal subsidy, education
investment becomes relatively cheaper. More unskilledmtarstart to invest education on
their children. Therefore, the share of skilled workersataltworkers goes up from 20.3%
in the baseline to 30.2% in the experiment with 30% subsidythermore, parents adjust
the number of children they want in response to the educatisubsidy (quantity-quality
trade-off), so the crowding out effect on physical capigahot large. Capital-output ratio
slightly declines from 2.256 to 2.226. With more physicagpital and skilled workers, the
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Table 7: Improving Labor Quantity (TFR) — Subsidy on Chi&hring Cost

Baseline Policy of child-rearing subsidy
TFR 1.5 1.6 1.9 2.1 25
Old-age dependency ratio 92.3% 815% 71.5% 62.4% 54.2%
Consumption tax 205% 275% 36.9% 50.3% 70.0%
Capital-output ratio 2.256 2.144 2.037 1.938 1.846
Skilled-worker share 20.3% 18.5% 16.6% 14.8% 13.2%
Formal-worker share 49.4% 43.3% 37.6% 325% 28.0%
Yx/Ys ratio 29.9% 38.5% 49.1% 62.3% 78.1%
A welfare (skilled CEVs) - -15.1% -28.9% -41.5% -53.0%
A welfare (unskilledCEV,) - -13.5% -25.9% -37.5% -48.4%
A welfare (averageCEV) - -13.8% -26.5% -38.3% -49.3%

Table 8: Improving Labor Quality — Subsidy on Education Cost

Baseline Policy of education subsidy
Subsidy 0% 10% 20% 25% 26% 30%
Old-age dependency ratio 92.33% 94.24% 96.21% 97.19% D.297.46%
Consumption tax 20.55% 17.76% 15.09% 13.82% 13.76% 14.00%
Capital-output ratio 2.256 2.249 2.241 2.237 2.236 2.226
Skilled-worker share 20.32% 23.29% 26.76% 28.72% 29.05%.2230
Formal-worker share 49.42% 56.56% 64.93% 69.64% 70.00%00%0.
Yx/Y; ratio 29.92% 22.81% 16.46% 13.56% 13.34% 13.31%
A welfare (skilled CEVs) - 2.09% 4.23% 528% 4.79% 1.17%
A welfare (unskilledCEV,) - 5.69% 12.55% 16.51% 16.68% 15.78%
A welfare (averageZEV) - 5.02% 11.00% 14.43% 14.48% 13.07%
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Figure 6: Tax Burden and Policy of Education Subsidy
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Welfare change (%)

Figure 7: Welfare Changes and Policy of Education Subsidy
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labor employment in the formal sector goes up, from 49.4%086 % The relative output
(informal to formal) is getting lower.

Because of the subsidy on education cost, the scale of theafeector becomes larger.
It becomes easier for the government to collect tax revefragsthe formal sector. There-
fore, even in the experiment with the subsidy of 30%, the aonion tax rate (14%) is still
lower than the baseline (20.6%). To conclude, we find thaptiiey of education subsidy
can help to alleviate the tax burden caused by populatiamagi

The subsidy itself requires an additional tax revenue todfleated. We find that there
exists a critical level. Beyond the critical level, it mighdt be worth to provide a higher
level of subsidy. Figure 6 shows a V-shape relationship eetwevel of education subsidy
and the consumption tax rate. The lowest tax rate is abo88d &ith an education subsidy
of 26%. Beyond the level of 26% subsidy, the consumption && goes up again. In
terms of welfare changes, Figure 7 presents the relatipagidtween the level of education
subsidy and welfare changes for skilled worke&lg&Ys), unskilled workers@EV,) and the
whole economy (social averageEVag). The figure suggests that the welfare improvement
of the social average is the largest at the 26% subsidy. Hude toff determines that the
optimal subsidy on education could be at the 26% subsidy liregperiments.

5 Conclusion

This paper explores the feasible taxation arrangement apdlgtion policies in a devel-
oping economy with a trend of population aging. The factsouf fertility and rapid pop-
ulation aging in many middle income developing economiestaken into consideration.
Furthermore, a distinct feature in developing economiégxisided: the existence of a large
informal sector. A three-period overlapping generatiomslat is constructed to capture the
above features.

The quantitative analysis suggests that labor income tdxcapital income tax are not
feasible to finance the extra cost caused by population agidgveloping countries in the
future. This is mainly because of the existence of the lanf@rinal sector. Factor inputs
may switch from the formal to the informal sector if tax bunds high. Consumption tax
is the only feasible financing tool. We also find that popolataging makes education
investment more attractive and thus leads to a higher ldvbuman capital stock. The
capacity of the formal sector also increases.

Two alternative population policies are also provided. fihdings show that the policy

8The formal-worker share stops at 70% because we setda@thd 6, at 70%.
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aiming to increase fertility by subsidizing on child-resyicost indeed improves the age
structure of the aging economy. However, the policy disttré relative price of skilled and
unskilled children. Asset holdings are also crowded outhgyttigher fertility. Eventually,
the policy hurts the formal sector and does not help to atevihe tax burden. In contrast,
the policy that subsidizing on education investment impsothe level of human capital
stock and enlarge the formal sector. It may alleviate thdotaen. In terms of welfare, we
find that there exists welfare improvement when the poli@t gubsidizing on education
investment is adopted. The numerical experiments alsoestiglyat a 26% subsidy could
be an optimal subsidy rate.

Population aging in developing countries might not be saip@stic. Population aging
results in a high old-age dependency ratio and a heavy talebuHowever, it also leads to
higher savings and makes education investment more valuablshown in this paper, with
appropriate population policies, the tax burden can beiatie and welfare improvement is
possible.
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Appendix A: Proof for The Indifference Condition

A young adult’s maximization problem is given by:

1-0 /1-0
¢

Ciy Ei 1-¢
max {1_a+3“/1—a+"’<ﬁj> VJ}

subject to

1+1)¢ = [BL- 1w +(1-e)w|—E—a +a]
1+r)d = L+@-1)rfa’ + @+r)a — (1w

whereE; = Rjn;.
A young adult is indifferent between having skilled or utigki children if the follow-

ing condition holds:
Ei )18 ( Ei >l£
— Vs = — Vu.
o(g) v-u(g) w

Rewrite to obtain the following equation:

Vs P.s>1‘f
S (s 20
Vu (F’.u (20)
where
Rs = gla(l-tw +(1-e)w]+e
Ru = 0lB(L-T)w +(1-6)w
On the right-hand side, the relative price for a skilled ypadult is given by:

Po _ g6l )we +(1- 6w e e

Pu  @[6s(1— 10)We + (1— By @[6s(1— WS + (1— Bg)wy]

the relative price for an unskilled young adult is given by:

Ps  @6(1—tO)W+(1—6)W] +& L &
_2 =14+ :

P @[6u(1— r)wi + (1— 6wy @[6u(1— )Wy + (1 — 6,)wy]

The conditionfs < £= holds if and only if

Bs(1— T )W 4 (1— B)WE > 6,(1— T)W], + (1 — 6,)W].. (21)
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Note that,

Bs(1— T )W + (1 — 6w
> Bs(1—T1 )W)+ (1—65)
> 6u(1— )W + (1— 6y)wW.

C%(

With the assumptions that > w{, (1— 1 )wj, > ws andws > wy, the last inequality holds
if 65> 6. Therefore, if6s > 6,, equation (21) holds. A skilled child is relatively cheaper

for skilled parents than for unskilled paren%, < %. Only one type of parents will be
indifferent between having skilled or unskilled children.
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