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Abstract

This paper constructs a two-sector general-equilibrium overlapping-generations
model with endogenous fertility and education choices to investigate the impacts of
aging in a developing economy, corresponding tax financing approaches and popula-
tion policies. We focus on those developing economies with low fertility and rapid
population aging. The existence of a large informal sector in developing economies is
particularly characterized in the model. We find that population aging may enlarge the
formal sector and benefit economic development although it increases the fiscal bur-
den in a developing economy. Related policy reforms to alleviate tax burden and their
welfare implications across generations along the transitions are further discussed. We
find that a policy reform that aims to increase fertility by reducing child-rearing cost
will be beneficial only in the short run. By contrast, a policy that subsidizes the ed-
ucational cost of children will encourage the accumulation of human capital, enlarge
the formal sector, and reduce the tax burden. It benefits both current and future gener-
ations, except skilled workers in the first few decades if no compensation is provided.
We further find that without considering the informal sector in developing countries,
the policy suggestion will be significantly biased.
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1 Introduction

Population aging and corresponding fiscal challenges hérected global attention. In
contrast to the common impression that aging is an issueinmgveloped countries, it is
actually becoming an issue in many developing countriesn éor those with much lower
income levels, because of a sharp fertility decline and senebed life expectancy observed
in recent decadé’s. This paper aims to investigate the issue of rapid aging irelogv
ing economies with a focus on fiscal and population policiEse analysis is challenging
because of the existence of a large informal sector in dpir@lceconomies, which is usu-
ally not considered in studies that target developed cmsmttOur approach is to develop
a two-sector general-equilibrium overlapping-generaionodel for a structural analysis.
We incorporate endogenous choices on fertility, educatieastment, and labor allocation
between formal and informal sectors in the theoretical &aork? We calibrate the model
to a real economy, quantitatively explore the impacts ofggand assess related taxation
and population policies. Welfare implications across gati@ns along with the transitions
of policy reforms in particular are discussed.

Table 1 presents the fertility and life expectancy betwe@d0land 2014 in selected
countries with various income levels. In 1960, the totdilfgr rates (TFRs) in developing
countries were in general above 6, and the life expectamtiegth were below 60 years
(some even below 50 years), whereas in developed coungrigs the U.S., Japan, Ger-
many, and France), TFRs were relatively low, and their lifpestancies were above 65
years. However, the TFRs and life expectancies of thesetiwesinregardless of income
level, seem to be in a trend of convergence. In 2014, the TFRisese countries were
generally at around 2 or lower, and the life expectanciegwaftrabove 70 years. The only
exception is Myanmar, whose life expectancy was shorter that of other countries but
still largely improved by 23 years from 42.7 years in 1960bl&a2 further provides the
average TFRs for countries classified into three incomepgg@ccording to the report in
Lee et al. (2014). The average TFR in middle-income devetppbuntries was already
below the replacement level during 2005-2810.

To illustrate the trend clearly, Figure 1 shows that the TFREe developing countries

1For example, Vietnam and Myanmar, as shown in Table 1.
2The informal sector is defined as an underground economyhichreconomic activities are performed by

companies or agents not officially registered with the goremt. Incomes earned in the informal sector are

not taxed by the government, and workers are not protectdékeoabor law.
3There were 53 economies included in this income group ($4a$12,735). The income group classifi-
cation is based on the criteria of World Bank in 2014.



Table 1: Total Fertility Rate and Life Expectancy by Incona/él (1960 v.s. 2014)

TFR Life expectancy GDP per capita*

Country 1960 2014 1960 2014 (in 2010 USY$)
U.S. 3.7 1.9 6938 78.9 50,728
Japan 2.0 14 67.7 83.6 46,519
Germany 2.4 14 66.8 78.6 44,878
France 2.9 20 66.6 79.3 41,204
Korea 6.2 1.2 530 82.2 26,901
Taiwan 5.6 12 623 79.8 21,782
Brazil 6.2 1.8 542 74.4 11,705
Malaysia 6.2 1.9 595 74.7 10,512
Mexico 6.8 22 57.1 76.7 9,403
China 5.8 16 434 75.8 6,108
Thailand 6.1 15 547 74.4 5,636
Vietham 6.3 20 591 75.6 1,596
Myanmar 6.1 22 427 65.9 1,230

Source: World Bank. *GDP per capita in 2014

rapidly declined from around 6 to around 2 within 30 to 50 gearhe sharp decrease in
fertility implies that the percentage of labor force willrstk rapidly (and the share of the
elderly will go up rapidly) in the near future.

In addition, the extended longevity implies an increasiegnend on social welfare.
Medical care for the elderly is one of the most importantéssiwan old individual’s annual
medical expenditures are two to six times more than a youdigidual's* The increase in
elderly care with a decline in the share of working-age paipoh due to the low fertility is
expected to soon bring a fiscal challenge in developing ciasnt

Unlike in developed countries, a common feature in devalpmiountries is the exis-
tence of a large informal sector that further worsens thalfigpmblem caused by aging.
Figure 2 presents ratios of informal employment to total-agriculture employment in
selected developing countries in 2009. The informal empleyt ratios were even higher
than 70% in several countries, such as India, IndonesiagBay, and the Philippin€sThe

4See the report in Hsu, Huang, and Yupho (2015) about medigenelitures for the elderly based on the

data in Japan, Taiwan, Thailand, and the US during 20032007
5The informal employment ratio in Turkey, whose income lavak the highest among the middle income



Table 2: Total Fertility Rate during 2005-10

Lower income &£$4125)
Some selected countries

Group average India Indonesia Philippines  Vietham
4.03 2.66 2.50 3.27 1.89

Upper-middle income ($4125-12735)
Some selected countries

Group average Brazil China Mexico Thailand
2.09 1.90 1.63 2.37 1.49

High income £&$12735)
Some selected countries

Group average Australia Japan UK U
1.65 1.89 1.34 1.88 2.06
Source: Lee et al. (2014) and United Nations.

Note: There were 82 economies in the lower-income groupcb8amies in
the upper-middle-income group and 80 economies in the imigbme group.

Figure 1: Total Fertility Rate 1960-2010

Total Fertility Rate
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Source: World Development Indicators (WDI), World Bank.



Figure 2: Informal Employment Share (non-agriculture, 200
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ratio could be even higher (generally higher than 50%) ifagecultural sector is included.
Informal incomes are difficult to monitor, thereby furth@nstraining the government’s
ability to collect tax to finance extra costs. Besley and ##r1$2014) documented that in-
come taxes contribute less to total tax revenue when an eggainformal sector is larg.
Gordon and Li (2009) also documented that consumption asdlstion taxes are more im-
portant for government revenue than income taxes in dewgjamuntries with large infor-
mal sectors, while high-income countries’ major governimemenue comes from income
taxes! Furthermore, in the data (World Bank), we observe that ties@f consumption
tax revenue to GDP are similar across OECD, high-, middled, law-income countrie$.
However, the ratios of income tax revenue to GDP in high4imeamr OECD countries are
50% higher than that in low- and middle-income countries. (ideveloping countries).
This feature indicates that the ability of governments inetigping economies to collect

countries, can be treated as the lower bound at 30%.
6Using data from 75 countries around 2000, Besley and Pesfsmm a negative correlation between share

of income taxes in tax revenue and size of informal econongu(€ 7 in the article).

"Please refer to Table 1 in Gordon and Li (2009).

8Consumption tax here includes taxes on goods and servicksxqort/import duties. Keen (2008) has
reported that VAT from imports is a major part of total VAT ewes in developing countries and suggested
that both formal and informal sectors in developing co@striequire imported intermediate goods for their
productions.

9Detailed information is provided in Appendix A.



income taxes is significantly constrained. By contrast,abidity of consumption tax col-
lection in developing countries is not different from thaidieveloped countries.

To capture the features of rapid aging and the existenceiof@mal sector in develop-
ing countries, we develop a two-sector general equilibraverlapping generations model,
in which individuals endogenously allocate labor/assetpifal) between the formal and
informal sectors. The government has three tax tools torgenés revenue, namely, labor
income, capital income, and consumption taxes, and it ishlst to monitor labor/capital
incomes from the informal sector. We simply assume that wopsion tax is not con-
strained by the existence of an informal sector on the bdisiee@bove empirical findings.
In addition, we assume that frictions and institutionatatisons exist in the labor market.
The assumption allows us to have informal workers in eguilih with a large wage gap
between formal and informal workers, as found in empiritadies. Furthermore, we endo-
genize individuals’ fertility and education decisions Isulcat the quantity—quality tradeoff
of children is taken into account when we evaluate poteptalulation policy reforms.

Quantitative exercises, including steady state compasisaad transitional analysis, are
provided to deliver clear policy and welfare implication®ur strategy is that we estab-
lish the theoretical model to present a representativelolgvigy economy as a benchmark.
Thailand in the 2000s is selected because: (1) Thailandxgpesienced a dramatic demo-
graphic transition. As Figure 3 shows, the old-age dependeatio of Thailand was below
10% in the 1980s but is expected to increase rapidly to mane 80%, and (2) the ratio of
workers in the informal sector of Thailand is large and statil62% to 64%3°

On the basis of the benchmark model, quantitative impagi®pfilation aging are first
explored. We assume that the government will adjust tass tatdalance its budget in re-
sponse to the reduction in the population share of workatsvere social insurance expen-
ditures caused by population aging. Simulations with a#téve financing tools, including
consumption, labor, and capital income taxes, are perfdrme

Although the tax burden is likely to increase (consumptiax rate will increase by 8
percentage points in our baseline aging scenario), we finmdyag not entirely detrimen-
tal to economic development. The extended longevity regunore savings and makes
educational investment in children attractive, therebgrioning both physical and human
capital accumulations. The increased skilled labor erkathe formal sector and allows the
allocation of more resources to the formal sector, theraeilproving aggregate production
efficiency. The informal sector shrinks accordingly. Theatése relationship between hu-
man capital and the size of the informal sector is consistéttt empirical findings in the

10pjease see Appendix B for more information.



Figure 3: Old-age Dependency Ratio
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literaturel! Our analysis further suggests that using labor income taapital income tax
alone will not be feasible to finance the extra cost of agingahee labor and capital will
escape to the informal sector if the corresponding tax mesight?

Under the baseline scenario of aging, we evaluate two typpspulation policy. We
first study a policy reform, which provides a subsidy for gahehild-rearing cost to en-
courage fertility, such as Child Allowance in Japan or Clkehefit in the UK We find
that this policy is costly, and its effect on fertility is sthim a reasonable subsidy range.
In the long run, however, the policy will have a negative efffen economic development.

11n the literature, the informal sector is usually charaest by small firm sizes, unskilled jobs, low wages,
and loose government regulations. The experience of indlisation, skill upgrading, urbanization, and
the shrinkage of the informal sector usually come togetisere, for example, Marcouiller, de Castilla, and

Woodruff (1997), Ranis and Stewart (1999), Gibson (2005, A.ki (2007).
12\\e assume that the social security or pension system isffuityed because these social welfare programs

are usually underdeveloped in developing countries. Tomrethe government does not need to finance the
cost with its revenue. For countries with unfunded pensimtesns, the cost of aging in our analysis could be

interpreted as a lower bound.
13gimilar payment schemes to help families to have childrengemerally observed in major developed

economies, as well as in newly industrialized economieh ssKorea, Singapore, and Taiwan.



Both human capital (measured by skilled-labor share) anydiphl capital levels are low-
ered under the child-allowance policy reform because s subsidy distorts the relative
price between having skilled and unskilled children andrtiative price between having
children and savings. In particular, it encourages houddsheith lower education (low
income) to have more children without providing higher eation to their children, but it
is not effective in improving fertility for households witligher education (high income).
Along with the transition of this policy reform, we find th&igt current generation (when the
policy is implemented) enjoys child allowance with a pesitivelfare gain, but the benefit
will be offset by worse economic outcomes, thereby hurtirtgrie generations.

We then alternatively consider a policy that subsidizetdodm’s educational cost, for
example, tuition subsidy/waiver and government-sporsatadent loans. Although the
population age structure is not improved, the policy enages educational investment,
and the consequence of having additional skilled workdegges the formal sector, thereby
improving aggregate production efficiency. We find that ttevjsion of education subsidy,
rather than a pure child allowance, in the long run can heblléwiate the extra tax burden
caused by population aging because of the expansion of thbase. Our transitional
analysis shows that skilled laborers will suffer in the fisty decades because of more
competition, whereas unskilled laborers will benefit. N#weless, some redistribution (to
compensate the skilled laborers) is possible to make emergappy in the short run. In the
long run, both skilled and unskilled laborers enjoy welfgeéns because of the improved
economic development.

We also find that the existence of a large informal sector oirtant for policy impli-
cations. If the informal sector is not taken into accoungntlthe above education policy
reform will not reduce the tax burden and will instead causerge welfare loss for the
skilled workers in the long run. The difference comes from #ffect of reallocation of
resources between the informal and formal sectors.

Our work integrates a few separate bodies of literaturest,Fihe theoretical model
of this paper builds on the literature that explores qugntjtiality tradeoff of children,
demographic change, and economic growth. This model warepied by Becker (1960),
and follow-up studies have attempted to link fertility arahtbgraphic changes to economic
growth based on the mechanism of quantity—quality tradeoffh as Becker, Murphy and
Tamura (1990), Galor and Weil (1996), Zhang (1997), Doe@k@4), Doepke and Zilibotti
(2005), and Liao (2011). These studies typically focus andhrly stage of economic
development with the demographic transition from high te fertility and emphasize the
importance of human capital accumulation for growth. Thipgr focuses on developing



economies in a stage of low fertility and facing incomingléages of aging. We take into
account both physical and human capital accumulations bog that the existence of a
large informal sector is crucial for policy design.

Second, this paper sheds light on understanding the intiplicaof the informal sector
on optimal taxation and fiscal policy. Most studies in therliture target developed coun-
tries. The following are some exceptions: Pefialosa andoMsky (2005) studied optimal
taxation on labor and capital incomes in a standard growttaineith the addition of an
informal sector; Jung and Tran (2012) discussed the pategifiects of the extension of
social security to informal workers in developing courgrte reduce the poverty problem
for the elderly. To complement the literature on policy deswith an informal sector, we
further explore the implications of aging for fiscal and plggion policies in developing
countries by allowing endogenous fertility and educatiam@ices.

With regard to population policy, Lee et al. (2014) conddctestudy similar to ours
and suggested that fertility rates should be even lowernmeslow-fertility countries, such
as Brazil and Thailand, to improve living standards and fiboadens. Their focus is on
optimal fertility rates for each country given current ptgiion age structures and fiscal
conditions with a wide-ranging international comparisofhey did not directly discuss
specific policy issues. We particularly focus on populaggmg in developing economies,
which have experienced sharp demographic changes, ahéfuxnsider the existence of
a large informal sector. In addition, we characterize tlet jfertility/education decisions
in the model such that we are able to asses alternative gapufzolicies.

The rest of this paper is organized as follows: In Section canstruct a two-sector
general-equilibrium overlapping-generations model. &teilibrium features of the frame-
work are explained. Section 3 describes the parametertiselalibration for the bench-
mark economy. In Section 4, we perform quantitative analgsid present the results.
Section 5 concludes this paper.

2 The Model

We develop a two-sector general-equilibrium overlappiegerations model with endoge-
nous fertility and education choices. Individuals alsoag®wlabor allocation between for-
mal and informal sectors. The life cycle is characterizedhpge stages: childhood, young
adulthood, and old adulthood. A child relies on parents (gpadults) without making

any decisions. Parents care for their children, and theyendiakisions on the number of
children, education investment in children, and their oalok allocation and savings. Old



adults are assumed to be retired. They consume their owngsaand pay for medical care.
Human capital is modeled in a discrete way such that childrdrbecome skilled work-
ers if parents invest in their education; otherwise, chifdwill become unskilled workers.
Physical capital is freely mobile between the formal andrimfal sectors. Skilled labor is
necessary for production in the formal sector, but it is iglubstitutable by the unskilled
labor in the informal sector. We assume that frictions arstitutional distortions exist in
the labor market such that labor mobility between the twaaseds constrained. The set-
tings are important to capture some labor market featuraswie observe from the data:
wage rates in the informal sector are much lower than thosleeiriormal sector; and the
informal employment share is lardé.

2.1 Demographics

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

N = N°+ NY + N°.

Population dynamics are determined by endogenous fertibices and exogenous sur-
vival rates. Total number of children is determined by théliy decisions of young adults.
n denotes the average fertility per young adit.is then given by:

N® = nNY.

We assume that children survive to young adulthood with baisiity 71°, and young adults
survive to old adulthood with a probability. Therefore, the population of young adults in
the next period\Y’ = n°N¢, and the old population in the next peridbl® = /NY.

2.2 Education Investment and Human Capital Accumulation

Human capital is modeled discretely with two levels: skil{g) and unskilled ). If parents
decide to invest in their children’s education on top of theib level with a cost = g, then
their children will become skilled workers in the next pekioBy contrast, children who
do not receive higher education (with= 0) will become unskilled workersN{ denotes
the population of skilled young adults, ahg is the population of unskilled young adults.
The young population can be expressed\By= N + N¥. According to the setting, human

14We use the data of Household Socio-Economic Survey (HSBB) Thailand to illustrate the labor market
features in developing economies with a large informal@eé&tlease see Appendix C for more details.
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capital accumulation is represented by an increase in thygoptiion of skilled young adults
to total young adultsNg /NY).

2.3 Production and Labor Market

Two production sectors, namely, formal and informal sext@roduce one type of final
goods. We use superscriptto denote variables in the formal sector and supersgript
those in the informal sector. In both sectors, perfectly petitive firms use physical cap-
ital (K), skilled labor (s), and unskilled laborl{,) as inputs to produce the final goods.
However, the degree of substitution between skilled lanorunskilled labor varies across
sectors. They are perfectly substitutable in the inforneata although an efficiency dif-
ference may exist, which is governed by the paramgterhe production technologies are
summarized as follows:

YT = ATKT) (L) (L) 1)

Y= A(KHM(nLs+LE)», )
whereY  andY* are outputs in the formal and informal sectors, respegtivel andA* are
the total factor productivity (TFP) in the formal and infaahsector, respectivelya,, as
andas are income shares of physical capital, skilled labor, arskilled labor in the formal

sector, respectivelyyy andys, are income shares of physical capital and total labor in the
informal sector, respectively. The total outpuof the economy is then given by:

Y=Y +¥X (3)

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

wi = Al (Ko (L% (L)%, (4)
Wl = Al (K% (L)L) ©)
ws = YA (KM (nLs+ L)%Y (6)
W = YR (KA (LS L, 7)

As we describe in Appendix C and later in Section 3, the datavdarge wage gaps be-
tween skilled and unskilled workers (which is significarilyger in the formal sector) and

11



between formal and informal worket2. To capture the wage patterns, we introduce two
market imperfections in the model. First, market fricti@xsst such that at any time point,
a maximum probability of job matching exists in the formalrked 6, for typed workers.
Therefore, even if all typéindividuals would like to work in the formal sector, a framti
(1- 9_.) of the typet labor will have to be allocated in the informal sector. Setahe
formal sector is subject to more government regulationsdotiteon to income taxes. For
example, the minimum wage regulation in the formal sectdirpsevent the wage rates in
the two sectors from converging. We assume the institutidiséortions mainly affect un-
skilled workers because the skilled wage rate is higher thaminimum wage. Therefore,
we assume a distortiox,, which further enlarges the unskilled wage gap betweendbrm
and informal sectors in addition to the tax effect:

(1— )W = Xawy, (8)

whereTt, is the tax rate on formal labor income.

2.4 Government

The government taxes consumption, labor income, and taptame with ratestc, 1.,
and 1, respectively. The government cannot monitor labor andtalapcome from the
informal sector. As discussed in the introduction, we asstimat the government is not
constrained on consumption tax collectin.

The government runs a public medical care program and cevéection w of total
medical expenditurell. The public medical expendituidg is given by:

A budget balance is required to be maintained in each pefibd.budget constraint for the
government is given by:

G+Mg:Tc+TL+TK, (9)
15According to the HSES data of Thailand, the wage rates in theéafshould be able to present:
f
2 24 Ei —14;
Wu WU
Wy
wioowg T

181n our model, consumption tax includes value-added tax@dYMmport/export duties, and other indi-
rect taxes. The assumption implies that consumptions aeel taither directly or indirectly and are thus less
avoidable.

12



whereG denotes total non-medical government expenditures (het afher government
revenues).

2.5 Individual's Problem

A young adult with a skill type = {s,u} cares about her/his own lifetime consumption
(current consumption}/ and consumption at old ag&) and his children, and make deci-
sions on amount of current consumption, assets in the foanthinformal sectorsa{’ and
a’) carried to the old age, number of childrem)( and education investment in children
(e).

Each young adult is endowed with one unit of time. Raisingillawosts a fractionp
of a young adult’s time. The rest of the time can be supplidditor markets for earnings.
Individuals also choose the allocation of labor betweerfoheal/informal sectorsg de-
notes the fraction of labor supplied to the formal sector @ in the informal sector}’ In
their old age, individuals use the savings from when theyevedérworking age to pay for
consumption and out-of-pocket medical expenditifes w)nt.

The individual’s maximization problem can be expresseHlg\is:

V, = max {u(d)) + Bru(c?) + yn ¢ [mnV]]}, (10)
{da" .’ m.e.6}

subject to

(1+T10)d + (8 +8) +an = (1— en)[6 (1 - )W + (1 8)w;
1+ 1) = [1+ (12— 1)r "a” + [1+ )&’ — (1- w)nt;

j=s ifeg=¢ j=u ifg=0;

0<6<8;

whereV/ is a child's lifetime value given the skill levgl= {s,u}; rf” andr¥ are capital
return rates in the formal and the informal sectors, regpgt We assume a perfect annu-
ity market in the economy to prevent accidental bequestausscsome young individuals
do not survive to the next period. A young adult, who hoidg; annuity assets in each
sector will receivg(1+ (1 — 1 )r’)a next period if she/he survives. In addition, education
investment is discreteg = {0, e}, and all children are identical and receive the saria

17The model period is 30 years. Thus, the setting implies tidividuals work in both sectors during their
lifetime. We take this simple setting to show that at a timepaa fraction of workers work in the formal
sectors and the rest are in the informal sector within eachagtbn level. In addition, we observed that people
switch jobs between the formal and informal sectors in thta.da

13



the family. 6 represents the maximum fraction of the working-age pemaghich a type-
individual successfully finds jobs in the formal sector duenarket frictions.

2.6 Equilibrium Features
2.6.1 Individual Optimal Decision Rules

e Asset holdings/savingak’ anda’):
Intuitively, an individual will only hold the asset with adtier rate of return. The
optimal rule of asset holdings is:

Uy =B+ (1-T)r"ug,  if (- >r"; (11)
uc}’:B(l—’_rX/)Uciﬂ/, if rX/2 (1—TK)rf’; (12)

Whereuciy and Ugo are marginal utilities of consumption at young adulthood ah
old adulthood, respectively. Capital moves freely betwien sectors in equilib-
rium.Thus, after-tax capital returns from the two sectotstie equal(1— 1 )rf =
r* =r. Therefore, individuals are indifferent between the tweets.

e Labor allocation @):
Similarly, an individual will supply labor to a sector witthigher wage rate only if no
mobility constraints and distortions exist. Thereforegduilibrium, (1— n_)wif =W
if the mobility constraint is not binding < 5, If the constraint is binding, then
6 =6 and(1— 1 )w > w18

As mentioned, the formal wage rate is significantly highemtlthe informal wage
rates in the data. Institutional distortions affect skillworkers least (zero in the
model); thus, we require the mobility constraint for skdlleorkers to be binding,
6s = 65, such that the model can generate a sufficient wage gap.

With regard to the allocation of unskilled labor, Equati@) fias to be satisfied in
equilibrium. Together with Equations (5), (7) and the labmarket clearing condi-
tions (15) to (18), we can have

r’(l_e_s)ls-i-lu

b= (1+B)l,

(13)

Xy f_ Y N L L
whereB = (1_;3?0)’;/ Y =Xy =X 5= & andl, = &y

1870 be consistent with data, the model parameters are setvenq1 — n_)wif < w from happening.

14



o Fertility (n;):
The first-order condition with respect t® in the individual’s problem can be ex-
pressed as follows:

Yoy
1+ 1¢

W(l—e)(m) oVj = ( HolB(l-tw +(1-a)w]+e}.  (14)

The left-hand side of Equation (14) is the marginal benefihafing an additional
child. Onthe right-hand side is the marginal cost of havingdditional child. Given
the decision of, the young individual chooses the number of children suahttie
marginal benefit is equal to the marginal cost.

e Education investment in childrem]:
g is a discrete choice; thus, the optimal decision depends taohwof Vi(g = €)
andVi(eg = 0) is greater. In addition, because we require the skilled watgs to be
always higher than the unskilled wage rates in both formdliaformal sectorsv(/é >
wi andwg > w), education investment is relatively cheaper for skilleatkers. If
unskilled workers choose to invest in children’s educaifgne, = €) > Vy(e, =
0)), then for skilled workersys(es = €) < Vs(es = 0) will be impossible, and the
only possibility is that they also choose the positive etinoainvestment & = €).
However, in this case, the economy will only have skilled keos after the initial
period. If unskilled workers always choose not to investigit children’s education,
then even all skilled workers choose to invest in educati@mtause the number of
skilled children per family will be less than the number ofkitled children per
family; thus, the skilled labor share will eventually conye to zero.

The only feasible equilibrium, in which both skilled and kiled workers exist, is
that skilled parents always invest in children’s educatimhereas some unskilled
parents invest in education and the others do not. This iondimplies that, in
equilibrium, unskilled parents are indifferent betweevesting and not investing in
children’s educationy, (e, = €) = Vu(e, = 0). Furthermore, an impossible situation
is for both types of parents to be indifferent on educationiacds. The proof is
provided in Appendix D.

2.6.2 Markets Clearing Conditions

e Labor markets
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LI = 65(1— ong)NY; (15)
Ls = (1—65)(1— ong)NE; (16)
L = 6u{Ausl1— ONyj(e,=)] + (L= Aus)[1 — PNy (,—0) T ND; (17)
L= (1—6u){Aus[1— PNyj(e,—g) + (1= Aus)[1— (PnU\(aJ:O)]}Na/- (18)

Lif andL are aggregate typietabor in the formal and informal sectors, respectively.
In Equations (17) and (18)\,s represents the fraction of unskilled workers who in-
vest in children’s educatiore( = €) and have skilled children, ang,—g denotes
the number of children per parent for them. Similarly,q,—o) denotes the number
of children per parent for unskilled workers without edimainvestment. A unigue
Aus €Xist such that, in equilibrium, unskilled workers are ffetient between the ed-
ucation choices.

Capital markets:

No mobility constraint on physical capital exists. Thus tho-arbitrage condition
must hold:(1—1¢ )rf = rX. Therefore, the equilibrium capital allocation betwees th
two sectors is given by:

QAT (L) (L)%
WA(NLEF L)%

(Kf)lfal

(" )

= (l— TK)

3 Parameter Selection and the Benchmark Economy

As mentioned in the introduction, Thailand is selected apaasentative developing econ-
omy for our quantitative analysis because it currently haerg low fertility rate and a large
informal sector. The model is calibrated to match data frdrailand during 2000-2012 as
a benchmark. Based on the benchmark economy, quantitai@hesgs on aging and related
policy experiments are performed in the next section.

3.1 Parameters

Our parameter selection strategy includes two steps: 1 gm@mrameters are identified di-
rectly from data or empirical findings, and 2) others arelbrated such that some moments
in the benchmark economy match the counterparts in the dethle 3 summarizes the

parameters for indentification/calibration.
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The model period is 30 years. According to the estimate ofif\Development Indica-
tors (WDI, World Bank), the life expectancy at birth for Tlaaid during 2010-2012 is 74.1.
The survival probability from childhood to young adulthomtlis close to one, and we set
it at one in the model. The survival probability from youngitidood to old adulthood?
is set at 0.47 such that the life expectancy at birth in theehisd’4.1. Medical expenditure
per old adulimis set at 0.077 to match the ratio of total medical expenelgto GDP equal
to 5.5% in Thailand during 2007—2010 according to WDI.

Four preference parameters exigt: o, €, andy. The annual discount factor is 0.951
to match the annual capital-output ratio of 1.9 in 2632y is set to 0.227 so that the
total fertility rate is 1.54° o ande are jointly calibrated with other parameters. They are
discussed later.

Two types of costs are associated with children: childingatime costg and educa-
tional coste. In the model, skilled worker is defined as a worker with anocation level
equal to or above high (secondary) school. The report fraar\ttional Statistical Office
of Thailand suggested that the cost of raising a child ugil 24 (net of the labor income
earned by children) was approximately 1.156 million bah2@®4. To be consistent with
our model, we use 0.867 million baht (1.15618/24) to represent the cost of having a
child until graduation from high school. It is roughly 24.386the average earnings (30
years). Thereforeg is set at 0.243. The educational cost is assumed to be piameairt
to the skilled wage ratee = @ws. The proportiong; is chosen to be 0.089 such that the
ratio of skilled workers to total workers is 17% (average 01@-2012Y! This calibration
method implies thag is net after the current government’s educational subsidgHildren
in Thailand. Policy experiments on educational subsidyeati®n 4.2 can be interpreted as
subsidies on top of the current level.

The government collects consumption, capital income anorlancome taxes with tax
ratestc, Tk and 1., respectively. They are set such that the ratios of totalrésenues
collected from each tax tool to GDP match the data: 9%, 4%,2%dor consumption,
capital income, and labor income taxes, respectf&lgonsumption tax revenue includes
revenues from VAT, sales taxes on goods and service and ifepport duties; capital in-
come tax revenue is represented by revenues from cooperate; iand labor income tax
revenue is approximated by revenues from taxes on indivearaings. Thusic = 12.1%,

T« = 11.4% andt_ = 10.9%. With regard to the public medical care coveragef total

1930urce: National Statistical Office, Thailand

2050urce: World Population Prospects, United Nations Pojpni@ivision.
2150urce: National Statistical Office, Thailand

2250urce: Revenue Department, Ministry of Finance of Thailan
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medical, we calculate the average ratio of public healttergfures to total health expen-

ditures based on WDI. We find thatis approximately 85% in Thailand during 2007-2010.
We assume that skilled workers are not affected by instibati distortions, such as the
minimum wage regulation. Given that skilled wage in the infal sector is much lower
than that in the formal sector, we assume that the mobilibstaint on skilled workers is
binding in equilibrium (i.e.fs = 6_5). Thus, the proportion of skilled workers in the formal

sector among total skilled workers is given by:
i =

=S — 6,

L (20)

This finding implies thabs (the maximum probability of finding jobs in the formal sector
during the lifetime for skilled workers) can be identified the formal employment share
of total skilled labor in the data. According to the 2011-2®%m the National Statistical
Office of Thailand, we se@_S for skilled workers at 70%.

We assume that the institutional distortion is the majotdiafor the unskilled wage
gap and the constraint for unskilled Worké?bsis the same aQ_s at 70% but not currently
binding. The institutional distortion on the unskilled tabmarketsX, is chosen to be
1.514 to match the wage gap of unskilled workers betweenattmadl and informal sectors
wﬂ/w{j = 1.7 (from HSES of Thailand and the authors’ calculatiéh).

The rest of the parameters in the production side are TFPstbfdectorsA’ and AY),
three income shares in the formal secwy, (a2, andas), two income shares in the informal
sector {1 andy), and the labor efficiency of skilled workers in the inforrsattor §). The
TFP of the formal sector is normalized to be 10, and the TFR®irtformal sector is set
at 4.283 such that the relative output rati6‘(Y ) is 0.52 as estimated by the National
Statistics Office of Thailand. The capital income share m fibrmal sector; is set at
0.67 as the data in 2012, (andaz = 1— a1 — o), Y1 (andy, = 1— y1) and two altruism
parameterse andg, are jointly calibrated such that the following targetsifrthe data are
matched:

o the skill premium in the formal sector is 2.w£(/wﬂ =2.4);
e the ratio of skilled workers to total workerkd/L) is 17%;

o the ratio of skilled parents’ TFR to unskilled parents’ TFR;0

23Currently, only 30% unskilled workers belong in the formet®r. This setting allows the sizes of formal
and informal sectors to change in response to economic/gi&pbic/policy changes.
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e the proportion of unskilled workers in the formal secltr;ﬁr/Lu =032

As a result,az = 0.182 (a2 = 0.148) y1 = 0.616 (), = 0.384), 0 = 0.525, ands = 0.51.

In addition, the labor efficiency in the informal sectgris set at 1.4 such that the skill
premium in the informal sectavi/w = 1.4. All targets and data moments are summarized
in Table 4.

24The targets are based on HSES and aggregate data from tlm&latatistical Office of Thailand. The
relative TFR of skilled to unskilled parents is adopted fritve US data reported in Doepke (2004) We do not
have direct data for Thailand. However, the relative TFR iian (Bangkok) to rural (the south) parents is
roughly 0.7. A large fraction of unskilled workers is stilgsent in Bangkok although most of workers in rural
areas are unskilled, 0.7 must be an upper bound for the dkiliekilled TFR ratio. We think 0.5 is reasonable
choice as a calibration target.
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Table 3: Parameters

Parameters Value Source / Target
Survival rate and medical expenditure

w 0.470 match life expectaney74.1

m 0.077 matchM /Y = 5.5%
Preference

B 0.951 match/Y =1.9

o 0.525 jointly calibrated

€ 0.510 jointly calibrated

1] 0.227 match TFR 1.54
Labor markets and productions

Xy 1.514 matctw! /Wi =1.7

65 0.700 identified from data

Q_U 0.700 same a§5

Af 10  normalization

A 4.283 match*/Y" =0.52

a 0.670 identified from data

ar 0.148 jointly calibrated

as 0.182 1-a1—0a>

Vi 0.616 jointly calibrated

Vo 0.384 1-w

n 1.400 matchw?/w =1.4
Costs of children

@ 0.089 matchgs/L =0.17

(0] 0.243 identified from data
Government

Tc 12.1% matcﬁI'C/Y = 9%

T 10.9% matcﬁI'L/Y =2%

K 11.4% matchlk /Y = 4%

w 85% identified from data
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Table 4: Calibration Targets for Benchmark Economy

Target moment Model Data
Life expectancy 741 74.1
Ratio of total medical exp. to outp@i /Y) 0.055 0.055
Average TFR 1540 1.54
Skilled/Unskilled TFR ratio 0.500 0.5
Capital-output ratigK /Y) 1.900 1.9
Informal/Formal output ratigY*/Y ") 0.520 0.52
Formal employment share of unskilled Iab{hﬂ/Lu) 0.300 0.3
Share of skilled labor among totéls/L) 0.170 0.17
Skill premium in the formal sectqué /Wﬂ) 2.396 2.4
Formal/Informal wage gap for unskilled Iab(wﬂ/wxu) 1.700 1.7
Skill premium in the informal sectgws /W) 1.400 14
Ratio of consumption tax revenue to outpii /Y) 0.090 0.09
Ratio of capital tax revenue to outp{iik /Y) 0.040 0.04
Ratio of labor tax revenue to outp(,_ /Y) 0.020 0.02
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3.2 Benchmark Economy

We summarize the main features of the benchmark economw/zeid in Table 5.

e Low fertility

The average TFRis low as in the data (1.54), and it is maintyridauted by unskilled
parents. The TFR of skilled parents is below one (0.8).

e Large informal sector and low human capital

In addition, a large informal sector exists; the output frtme informal sector is
approximately half that produced in the formal sector. Moer, 63.2% of workers
work in the informal sector, whereas only 36.8% of workeesiarthe formal sector.
Furthermore, the level of human capital, which is measuyeithé fraction of skilled
workers out of total workers, is as low as 17%.

o Informal sector is unskilled labor oriented and less produdive

The majority (70%) of skilled workers are allocated in thenfial sector, but only 30%
of unskilled workers are employed in the formal sector. Tlagevgap between the
formal and informal sectors for unskilled workers is 1.7@ doilower productivity in
the informal sector and institutional distortions (e.fe tminimum wage regulation
in the formal sector). Compared with the wage gap for ureskillvorkers, that for
skilled workers is larger at 2.91 mainly because the infdiseator is unskilled labor
oriented and the value added by a skilled worker in the infdrsector is low. By
contrast, skilled labor is a necessary input factor in then&d sector. Given the
existence of market frictions, the model captures the featuthe data that skilled
workers tend to have low wages when they work in the inforneata. A related
feature is that the skill premium (measure by skilled/ultsttiwage ratiows/wy) is
much larger in the formal sector despite a minimum wage reqent for unskilled
labor.

e Consumption tax is a major means of tax revenue

Consumption tax contributes 60% of the total tax revenulerbenchmark economy.
The ratio of non-medical government expenditures to ougpapproximately 10.3%.

The government also pays 85% of total medical expenditunestiaus the ratio of

public medical expenditures to output is 4.7%.
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Table 5: Features of the Benchmark Economy

Description Notation Value
Life expectancy and fertility
Life expectancy 74.1*
TFR of skilled Ns 0.834
TFR of unskilled (e=¢) Nyje—g 0.804
TFR of unskilled e=0) Nye=0 1.832
Average (weighted) TFR 1.540%
Skilled/Unskilled TFR ratio 0.500*
Production
Capital-output ratio K/Y 1.900*
Informal/Formal output ratio YX/Yf 0.520*
Allocation of workers
Formal employment share (total) (Lé + LS)/L 0.368
Formal employment share (skilled) L;/LS 0.700*
Formal employment share (unskilled) LL/Lu 0.300*
Skilled worker share (total) Ls/L 0.170*
Wage inequality
Formal/Informal wage gap (skilled) we /WS 2.910
Formal/Informal wage gap (unskilled) wf, JW 1.700*
Skill premium in the formal sector wé/wﬂ 2.396*
Skill premium in the informal sector WS /W 1.400*
Government
Ratio of consumption tax revenue to outpulc/Y 0.090*
Ratio of capital tax revenue to output Tc/Y 0.040*
Ratio of labor tax revenue to output /Y 0.020*
Ratio of non-medical gov't exp. to output G/Y 0.103
Ratio of public medical exp. to output Mg/Y 0.047
Ratio of total medical exp. to output M/Y 0.055*

Note: “*" denotes that the data moment is a calibration targe
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4 Population Aging and Public Policy

On the basis of the benchmark economy, we first study the pattémpacts of population
aging. We also examine government financial tools, inclgidinonsumption tax, capital
income tax and labor income tax, for the extra costs due talptipn aging. Furthermore,
two popular types of population policies are evaluated: lasisly for general child-rearing
cost and a subsidy for children’s education cost.

4.1 Impacts of Aging and Feasible Taxation Arrangement
4.1.1 Aging

To study the impacts of aging, two main changes in the bendhe@onomy are consid-
ered: an increase in the life expectancy and the correspgridcrease in the aggregate
medical expenditures. All other model parameters remaahanged. We assume the life
expectancy will increase from the current 74 to 80 as fotedam 2055 (WDI). As the
population ages, medical expenditures increase accdydiegause the elderly need more
medical care. Figure 4 plots the ratio of total medical exiiteme to GDP ¥ /Y) in Thai-
land during 1995-2014. On the basis of the time series dadijrst use a simple linear
regression to forecast thé/Y ratio in 2055, which is 129° The average life expectancy
was 80 and the averad/Y ratio was 12.3% among OECD countries in 2014. The simple
forecast is consistent with the aging phenomenon obsenv&€ECD countries. Therefore,
we assume that the ratio of aggregate medical expendituhe toutput will increase from
5.5% in the benchmark to 12% when the life expectancy bec@@ess our basic aging
scenario.

The aging scenario is solved as a new steady state (whickesrthht the population age
structure becomes stable when it reaches 2055 by assumpliba ratio of non-medical
government expenditures to the output is assumed the sathatas the benchmark econ-
omy. We first consider that labor income tax is used to finamte eosts and ensure a
balanced government budget in the aging economy. Alteatssumptions with capital
income tax financing and consumption tax financing are inya&std for comparison.

To ensure the economy transits to the new steady state, weuterthe transition path
starting from a steady state as in the benchmark, and atdagrithe life expectancy and

25Thailand implemented an universal health insurance (Uijesn in 2001. After the UHI reform, the
pattern of medical expenditure could differ from the pattprior to the UHI reform. If we only use the data
during 2002—-2014 to forecast the/Y ratio, it becomes 13%, which is slightly higher than the faist based
on a longer time series.
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Figure 4: Ratio of Medical Expenditure to GDP in Thailand

%
v

1995 2000 2005 2010

Source: National Statistical Office, Thailand

the aggregate medical expenditure increase to the 2055.|&e require the government
to balance its budget every period and assume that the est¢ed iurden caused by aging
is financed by taxes. Other parameters remain unchanged.e¥yetiack of the economy
until it converges to a new steady state. With perfect fgtgsiindividuals respond to the
changes atp in advance. Figure 5 plots the transition path for the skillorker share
(Ls/L), the formal-worker shareL{ /L), and the relative output ratio of informal sector to
the formal sectorY(*/Y ') if consumption tax is used to balance the government budget
Our simulation result suggests that, unfortunately, bloghabor income tax and capital
income tax fail to sustain equilibrium in the aging socie@nly the consumption tax is
sustainable, but a significant increase in the tax rate igined} Table 6 summarizes the
results. Labor and capital may switch to the informal setdaavoid high taxes; thus, the
marginal tax revenue will be negative when the tax rate edcaseme critical point. As
a result, no sustainable equilibrium is found. The consionptax is the only feasible
financing tool. Its tax rate increases significantly from 1i%he benchmark to 20.5%.
Nevertheless, aging is not entirely bad news for the devwgdopconomy. The main
effects of population aging on the economy are summarizddllasvs: First, individuals
need more savings for longer retirement and medical experdi As a result, the capital—
output ratio increases from 1.9 in the benchmark to arouBdSecond, the requirement of
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Figure 5: Transition Path for Aging
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more savings crowds out children. The average TFR declimes 1.54 to around 1.45.

Third, the longer life expectancy and the requirement ofergavings make education
investment in children valuable. Thus, an increase in hucagital stock is observed. The
share of skilled workers to total workers increases from iI7%he benchmark to 20% in

the aging economy. Fourth, the increases in both physichhaman capital stocks enlarge
the capacity of the formal sector. The labor employmentérftiimal sector increases from
36.8% to around 48.5% under the consumption tax financingnseh The output ratio of

the informal sector to the formal sector shrinks from 52%hia benchmark to 30% in the
aging economy. In sum, the accumulations of physical andamuoapital and enlarged
formal sector caused by population aging benefit econonowt.

An alternative scenario with a small increase in the medioat, in which all the three
tax financing schemes are feasible, is also discussed inndppé&. In this case, the con-
sumption tax is the best financing scheme because it reauktss distortion of the factor
allocation between the formal and informal sectors and é&ldor consumption smoothing
over the life cycle in an aging economy.

Pefnalosa and Turnovsky (2005) discussed optimal allmcdtetween labor and capital
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Table 6: Financing Population Aging

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
Y*/YT ratio 52.0% - 29.9%
Skill premium (e /wi)) 2.396 - 2.832

taxes in a growth model with an informal sector and suggesiatithe capital tax rate
should be at least as high as the labor tax rate. The main misoh&ehind the result is the
tax distortion on factor allocation between formal and infal sectors. Although optimal
taxation is not the focus of this paper, we further find thaidistortion will lead to a failure
of financing extra public expenditures caused by aging, andumption tax is preferred in
a developing economy with a large informal sector. The figdinconsistent with the fact
that the share of income taxes in total tax revenue is nedatiorrelated with the size of
the informal sector (see Figure 7 in Besley and Persson,)2014

4.2 Population Policy

On the basis of the above aging economy with consumptiongdikeamain financing tool
(denoted as a baseline aging scenario), we evaluate twdgodppes of population policy.
The first is a policy of reducing child-rearing cost throudtfild allowance or tax return
to encourage fertility, which is commonly observed in depeld countries. For example,
the Japanese government provides a monthly child allowah@®,000 yen per child to
each household. The second is a policy reform of provididagisly for children’s educa-
tional costs. For example, public schools with subsidizétion fees, tuition waiver for
low-income families, and government-sponsored studearidare common in developed
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countries.

4.2.1 Subsidy on General Child-Rearing Cost

We first study the child-allowance type policy, which aimsetwcourage fertility. Table 7
presents the results with various subsidies (measured riogmage of total child-rearing
cost per child). Except the subsidy policy, all the econdd@mographic features are the
same as those in the baseline economy. We still assume ¢hgotlernment will use con-
sumption tax to finance the cost of the subsidy. Correspgndamsumption tax rates for
each subsidy are also reported in the table.

We find that this policy is costly and has a relatively smaléef with a reasonable
subsidy although it indeed improves the TFR and populatge structure. For example,
to increase the TFR to 2.1 (the fourth column of Table 7), plukcy requires a significant
amount of subsidy; consumption tax has to increase by 3@&ptage points to 50% from
20% in the baseline (the first column), which is not finangialhd politically feasible. If
the subsidy is not significantly large (the second columnadfld@ 7), that is, the current
child allowance in Japan, approximately 300 USD per childyear, then the effect would
be negligible.

In the long run, the policy will have a negative effect on emmit development. Both
human capital (measured by skilled-labor share) and palysapital (represented by capital
output ratio) levels decrease under the child-allowandieyp¢see columns 2—6 in Table 7)
because this type subsidy distorts the relative price mtvaving skilled and unskilled
children and the relative price between having children sendngs. In particular, it en-
courages households with lower education (lower incomdijaie more children without
providing higher education, but it is not effective in impirg the fertility for households
with higher education (high income).

Our finding is consistent with the recent empirical study tapdj (2010), which exam-
ined the effects of child allowance and other family benefitd aim to encourage fertility
in 16 Western European countries. Kalwij found that thoseilfaprograms had positive
but insignificant effects on fertility.

The above analysis focuses on the long-term effects. Thusirther understand the
welfare implications of the policy reform across generadiowe also conduct a transition
analysis. We use the case with 15% child-rearing cost sylasidn example for illustration.
The model economy is simulated from an initial steady statéha baseline economy in
Table 7. In period 0, the child allowance policy reform is iempented permanently, and
the corresponding extra government expenditure is finabgetbnsumption tax. Others
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Table 7: Subsidy for Child-rearing Cost

Baseline Policy of child-rearing subsidy

Subsidy 0% 5% 10% 15% 20%
TFR 15 1.6 1.9 2.1 25
Old—-young ratio 92.3% 81.5% 71.5% 62.4% 54.2%
Consumption tax 205% 27.5% 36.9% 50.3% 70.0%

Capital—output ratio 2.256 2.144 2.037 1.938 1.846
Skilled-labor share 20.3% 18.5% 16.6% 14.8% 13.2%
Formal-labor share 494% 433% 37.6% 325% 28.0%
Y*/Yf ratio 29.9% 385% 49.1% 62.3% 78.1%

remain unchanged. We keep tracking the transition untiett@omy eventually converges
to a new steady state as shown in the fourth column in Tableyaré6 plots the patterns of
the skilled-worker share, the formal-worker share, andrdéitetive output ratio along with
the transition path. Welfare is represented by the ex dfetintie expected utility of young
individuals when they start to be active in the model. Welfehanges are measured by
the certainty consumption equivalent variation (CEV) ofigg individuals in each period
compared with the same individuals in an economy without pwlicy change (i.e. the
initial steady state). The patterns of CEV of each type ofviddals in each period are
shown in Figure 7.

We find that, when the policy reform is implemented, the gaten in period O (a
30-year period) enjoys welfare improvement. However, theelfit will be offset by worse
economic outcomes and will eventually hurt future generatiin the long run.

Table 8 provides detailed information of some key variablgzeriods before and after
the implementation of the child allowance. We can obsenre ith period 1, when the
additional children born in period 0 without higher edueatgrow up, most of them end up
working in the informal sector, thereby enlarging the sifz¢he informal sector, crowding
out input factors in the formal sector, and reducing the egate productivity. The output
per capita becomes lower. Thus, the tax rate has to increasaldnce the government
budget. Therefore, a tax hike and a significant decline idaselare observed from period
1.

The negative impacts look large in our simulation resultdose we assume all other
things remain unchanged and the period is 30 years. Thedkdbor share continuously
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Figure 6: Transition Path for a Reform of 15% Child-rearingpSdy
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declines for 30 years, which amounts to a large gap from tkelip@ economy without the
policy change. If we assume a constant two-percent anngaégate productivity growth,
then the economy with the policy change will still grow altigh the growth rate will be
significantly lower than the baseline economy without thicgoThe child allowance pol-
icy will hurt the long-term economic development becausaé# capital, which is crucial
for growth in a modern economy, is generally under-estabtisin developing countries.

Table 9 shows some indexes of human capital in selected aimatland developing
countries. The first column is the ratio of population witlyhér education (secondary
and above) among the total population with age 25+ in 201@wdpproximates the cur-
rent stock of human capital. The second column presentsrdss gchool enrollment rate
for tertiary education, which measures the flow of humanteagiccumulation. In both
columns, we observe significant gaps between developedemaibging countries.

An additional factor that affects economic growth in depéhg countries is the infor-
mal sector. This issue is not a concern in developed coustiitieis important for developing
economies because their informal sectors are large (aks¢eds total employment) and
is less skilled-labor intensive and productive than thenfarsectors. A low skilled labor
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Figure 7:

Welfare Changes for a Reform of 15% Child-rearingsidy
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Table 8: Transition Path for a Reform of 15% Child-rearindpSdy

Transition Period -2 -1 0 1 2 3
Consumption tax, 20.6% 20.6% 225% 31.1% 31.6% 39.2%
Average TFR 1451 1.465 1.908 1.887 2.004 2.004
Skilled-worker share 203% 20.3% 21.1% 13.0% 181% 13.7%
Formal-worker share 49.4% 49.3% 51.6% 31.7% 41.8% 31.9%
Capital—output ratio 2256 2259 2278 2286 2.102 2.115
Y*/Y' ratio 29.9% 30.0% 275% 61.3% 41.1% 62.3%
Skill premium (we /w)) 2.832 2.835 2859 2852 2642  2.649
A welfare (skilled CEV) 0.0% -0.1% 0.7% -4.7% -21.4% -24.0%
A welfare (unskilledCEV,) 0.0% -0.1% 0.8% -10.9% -19.0% -24.4%
A welfare (averageZEV) 0.0% -01% 08% -9.8% -19.4% -24.3%

Note: The shock of 15% child-rearing subsidy occurs at pe@iggermanently. The extra cost due to the
subsidy is financed by consumption tax. The welfare changesampared with the baseline reported in

Table 8.
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Table 9: Human Capital Index

Educational attainment School enroliment

Fraction of upper Tertiary
secondary and above (gross rate %)
Country  among age 25+ (%), 2010 2011-2013
U.S. 87.1 93.3
Japan 80.6 61.3
Germany 81.1 61.1
France 61.9 60.1
Malaysia 50.9 35.9
China 22.3 27.4
Thailand 27.3 51.9
Vietham 25.7 24.9
Myanmar NA 13.9

Source: World Bank.

share will shrink the formal sector and lead to a decline éndbgregate output. As a result,
in the long run, this child allowance policy will reduce thi@ency of resource allocation
and worsen the fiscal burden caused by population agingugthds short-term effect is
positive.

4.2.2 Subsidy for Children’s Educational Cost

We then alternatively consider a policy that subsidizeklofm’s educational cost, such as,
tuition waiver for low-income families and government-spored student loans.

On the basis of the baseline economy, experiments with wargalditional subsidies
(10% to 30%) of children’s educational cost are conductea: fWgt study its long-term
effect, and each experiment is solved as a new steady sttiter @arameters are the same
as in the baseline economy. The results are summarized ia Tab

The subsidy for children’s educational cost does not im@ribre population age struc-
ture. The old—young ratio (ratio of age 60+ to age 30—60) énereases slightly as the
subsidy increases because education investment becdatesehg cheap. Therefore, more
unskilled parents start to invest in education of theirdigih and reduce the number of
children. As a result, the share of skilled workers amongl twbrkers increases from 20%
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Table 10: Subsidy for Children’s Educational Cost

Baseline Policy with educational subsidy
Subsidy 0% 10% 20% 25% 26% 30%
TFR 1.45 1.42 1.39 1.38 1.38 1.37
Old—young ratio 92.3% 94.2% 96.2% 97.2% 97.3% 97.5%
Consumption tax 205% 17.8% 15.1% 13.8% 13.8% 14.0%

Capital—output ratio 2.256 2249 2241 2237 2236 2.226
Skilled-worker share  20.3% 23.3% 26.8% 28.7% 29.1% 30.2%
Formal-worker share  49.4% 56.6% 64.9% 69.6% 70.0% 70.0%
Y*/Yf ratio 29.9% 22.8% 16.5% 13.6% 13.3% 13.3%

in the baseline, for example, to 26% in the experiment withbZlibsidy.

Although the population age structure is not improved, tigh Bupply of skilled work-
ers enlarges the formal sector and allows more input fattoflew into the formal sector,
thereby improving the aggregate production efficiency. ffaetion of formal workers in-
creases up to 70%. The informal output ratio reduces accordingly.

We find that the provision of education subsidy, rather thaara child allowance, in
the long run can help alleviate the extra tax burden causgubpylation aging because the
larger formal sector increases the aggregate productwityoutput/consumption, thereby
enlarging the tax base and reducing the consumption tax rate

However, the fiscal alleviation has a limit. We conduct anesipent by varying the
extent of education subsidy to examine corresponding t&xat@anges. Figure 8 shows a
V-shape relationship between level of subsidy and consompax rate. The lowest tax
rate is at 13.8% with a corresponding additional 26% edonatubsidy. Beyond this level
of subsidy, the consumption tax rate starts to increase.|¥geeamine the welfare, which
is represented by young individuals’ ex ante expectedifetutility, under each subsidy
policy. Figure 9 presents the relationship between levadfcation subsidy and change

in welfare measured by CEV compared with the baseline ecgnétatterns of CEV for
skilled workers CEV;), unskilled workersCEV,), and the whole economy (social average,
CEVayg are displayed, and we observe an inverse-V relationslap dblivers the same

26The formal-worker share stops at 70% because we assumeishener of labor market friction for both

skilled and unskilled workers. Average probabilities offfirg jobs in the formal sector without policy distor-
tion (6s and 8, respectively) are both at 70%.
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Figure 8: Tax Burden and Subsidy of Educational Cost
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Figure 9: Welfare and Education Subsidy
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implication for the optimal level of subsidy as shown in thg tate patterns.

To study the welfare implication across generations, asttian analysis is conducted.
We use an additional subsidy of 25% children’s educationat as an example. We sim-
ulate the economy from an initial steady state as in the lm@sshown in Table 10. In
period 0, an additional educational subsidy is implemepthanently. We still use con-
sumption tax to ensure a balanced government budget. Q#haesn unchanged. We keep
tracking the economy until it converges to a new steady.statiele 11 summarizes the tran-
sition path two periods before and three periods after thieypionplication (i.e., period 0).
Figure 10 plots the transition paths of the skilled-workieare (s/L), the formal-worker
share /L), and the relative informal output rati¥{/Y ). Welfare changes by skill type
(skilled, unskilled, and social average) and by generatiom in each period are shown in
Figure 11.

In contrast to our findings on the child-allowance type pglimur transition analysis
shows that in first few decades after the policy is implenabritee skilled workers will suf-
fer because of more competition, whereas the unskilledr lafibbenefit with the subsidy
for children’s educational cost and less competition inlétmr market. Nevertheless, the
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Table 11: Transition Path of an Education Policy Reform

Transition Period -2 -1 0 1 2 3
Life expectancy 80.1 80.1 80.1 80.1 80.1 80.1
Medical exp/GDP 12% 12% 12% 12% 12% 12%
Consumption tax, 20.6% 20.6% 22.2% 16.6% 16.5% 15.5%
Average TFR 1.454 1477 1430 1431 1416 1.406

Skilled-worker share 20.3% 20.3% 19.2% 31.2% 27.7% 28.7%
Formal-worker share 49.4% 49.3% 46.9% 70.0% 65.8% 68.2%
Capital—output ratio 2256 2.258 2.262 2.108 2.170 2.177
Y*/Y T ratio 29.9% 30.0% 33.0% 13.6% 16.0% 14.5%

Skill premium(ws /wi)) 2.832 2.834 2.837 2584 2738 2.747
Note: The shock of 25% education subsidy occurs at periodrthaeently. The extra cost due to
education subsidy is financed by consumption tax. The wetfaanges are compared with the baseline
reported in Table 10.

Figure 10: Transition Path of an Education Policy Reform
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Figure 11: Welfare Changes by Generations of an EducatibayHeform
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aggregate change in social welfare is always positivegthyeimdicating some redistribu-
tion (to compensate the skilled labor) is possible to maley@ne happy with the policy
reform in the short run. In the long run, both the skilled amdkilled enjoy certain wel-
fare improvements because of a better economic developfaiet period 5 in 11). This
policy encourages educational investment in children enmatdves the level of human cap-
ital (skilled labor share) that enlarges the formal sedttence, the aggregate productivity
increases (see the increasing patterrissof andL’ /L in Figure 10). As a result, the econ-
omy’s aggregate output (per capita) increases and aveaagautden decreases, thereby
resulting in welfare gains. The welfare gains can be susthimthe long run because of the
improved economic development, although the populatic siucture does not change
significantly.

4.3 Role of the Informal Sector

This paper models an informal sector to capture the existehtarge informal economies
in developing countries. To provide a comparison and shewadle of the informal sector,
we remove the informal sector from the benchmark model anttbrne analysis, including
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Table 12: Role of the Informal Sector

With informal sector No informal sector
Aging Edu. policy Aging Edu. policy
(baseline) reform (baseline) reform
Consumption tax, 20.5% 13.8% 21.9% 21.4%
Average TFR 1.451 1.379 1.419 1.446
Skilled-worker share 20.3% 28.7% 22.9% 26.6%
Capital-output ratio 2.256 2.237 2.358 2.338
Change in - 22.9% - 2.1%
output per capita
Skill premium 2.832 2.820 2.755 2.253
(change) - (-0.4%) - (-18.2%)
A welfare (skilled CEVy) - 5.3% - -10.8%
A welfare (unskilledCEV,) - 16.5% - 8.3%
A welfare (average;EV) - 14.4% - 4.3%

the baseline aging scenario and the education subsidyypdible 12 presents the result.
The first column is the baseline aging scenario, as showreitagt column of Table 6, and

the second column is the policy reform with an additional 2&#cation subsidy, as shown
in Table 10. Columns three and four show the results of cofauteial experiments without

the informal sector corresponding to those in the first twiaroms.

The policy implication is significantly different with thexistence of a large informal
sector. In our original analysis, the education policy nefawill largely reduce the tax
burden and improve welfare for all types of workers in theglonn. By contrast, without
the informal sector, the education policy reform does ndtice the tax burden significantly
(from 21.9% to 21.4%) and causes a large welfare loss fdedkitorkers (roughly 18% of
their lifetime consumption) in the long run.

The difference comes from the fact that the reallocationesburces from the infor-
mal sector to the formal sector improves the aggregate ptimuefficiency and generates
significant economic benefits. The formal sector is mordeskilabor intensive; thus, an in-
crease in skilled labor supply enlarges the formal sectdrisahuces resource reallocation,
which that is not an advantage in an economy without the inébisector.
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5 Conclusions

This paper explores the impacts of population aging andsasseelated population policies
with a focus on developing economies. We emphasize theréesatifi low fertility and rapid
aging in many middle-income and some low-income developtmnomies. Furthermore,
a distinct feature in developing economies, namely, thetemce of a large informal sector,
which is unskilled labor intensive, is taken into accounte @énstruct an overlapping-
generations model to capture these features and performcastl analysis.

Our quantitative results suggest that population aginge(eled longevity) is not en-
tirely detrimental to a developing economy although it ireg® a heavier fiscal burden. It
may benefit economic development; increased savings arch&alu investment in chil-
dren in an aging society are observed. Furthermore, ineseiasphysical/human capital
enlarge the formal sector and shrink the informal sectarety allowing resources to be
allocated efficiently and improving the aggregate proditgti The negative relationship
between human capital accumulation and the size of thenv#bsector is consistent with
the empirical findings.

On the basis of the aging scenario, we first study a populanlgatipn policy among
developed countries, which provides a subsidy for gendriéd-cearing cost to encourage
fertility, such as Child Allowance in Japan or Child Benefitthe UK. We find that this
policy is costly, and the effect on fertility is small with aasonable subsidy range. In
the long run, however, the policy will have a negative effatteconomic development. It
encourages households with lower education (lower incaomledve more children without
providing higher education to their children, but it is néfeetive in improving the fertility
for households with higher education (high income). Aloritinvthe transition of this policy
reform, we find that the current generation (when the pokdyniplemented) enjoy the child
allowance with a positive welfare gain, but the benefit wdldifset by the worse economic
outcomes, and future generations will be hurt.

We also study an alternative policy that subsidizes childreducational cost, such as
tuition subsidy/waiver and government-sponsored stulemts. Although the population
age structure is not improved, the policy encourages eduedtinvestment, and the resul-
tant increase in skilled workers enlarges the formal setttereby improving the aggregate
production efficiency. It also helps alleviate the extraltaxden caused by population ag-
ing because of the expansion of tax base. Our transitiorallysin indicates that some
additional redistribution (to compensate skilled workésgossible to improve everyone’s
welfare in the short run. In the long run, both skilled andkilied workers enjoy welfare
gains because of the improved economic development.
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We alsofind thatthe existenceof alargeinformal sectorplaysanimportantrole. If the
informal sectoris not takeninto accountthenthe aboveeducationpolicy reformwill not
reducethe tax burdenandwill insteadcausea largewelfarelossfor the skilled workersin
thelong run. Thedifferencecomesfrom the effect of reallocatiorof resourcebetweerthe
informal and formal sectors.

Economic/markestructuresn developingcountriesare different from thosein devel-
oped countriesin many perspectivesThus, a policy suggestionmight be misleadingif
somerelatedfeaturesof developingcountriesare not consideredn the analysis.In this
paperwe showthatgiventhelargeinformal sectorandlow humancapitaldevelopmentn
developing countries, the policy suggestiondeviatesfrom those commonly taken in
developedcoun-tries.Other features,such as high rural/urbaninequality and immature
financial market,are worth carefulconsiderationsn relatedpolicy analyseghatfocuson
developingeconomies.
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Appendix

A. Consumption and income tax revenues: a comparison betwaaleveloped
and developing countries

We present various types of tax revenues to GDP ratios d@®§—2014 in countries of
three categories, namely, OECD, high income, and low andilmithcome, in Table 13.
The first column is the ratio of total tax revenue to GDP, theoad column is the ratio of
income tax revenue to GDP, and the last column is the ratimon$emption tax revenue
to GDP. Income tax revenue includes taxes on labor/capitaime of individuals and on
profits of firms. 2’ Consumption tax includes taxes on goods, services, andhattenal
trade?® We observe that the ratios of consumption tax revenue to @DiRé third column
of Table 13) are similar across OECD, high-, middle- and loeeme countries (in a small
range of 7.6%—7.8%). However, the ratios of income tax regetlo GDP (in the second
column) in high-income or OECD countries are 50% higher thase in low- and middle-
income countries (i.e., developing countries) (6% vs. 4%).

Table 13: Tax revenue 2009-2014 (% of GDP)

Country group Totaltax Income tax Consumption tax
OECD 14.6 6.2 7.8

High income 14.4 6.2 7.6

Low and middle income 12.6 41 7.8

Source: World Development Indicators, World Bank, and axrghcalculation.
According to the classification of World Bank, high incom@18 GNI per capita was
$12,236 or more; low and middle income: 2016 GNI per capita $&2,235 or less.

B. Informal employment in Thailand

The ratio of workers in the informal sector of Thailand igkuand stable. Figure 12 plots
the ratios of informal employment in Thailand for 2007—20T8e ratio fluctuated between
62%—64%.

27Based on the definition of World Bank, income tax includeg$asn income, profits, and capital gains are
levied on the actual or presumptive net income of individuah the profits of corporations and enterprises,
and on capital gains, whether realized or not, on land, #&sjrand other assets.

28Taxes on goods and services include general sales and énrmoVAT. Trade taxes include import duties,
export duties, profits of export or import monopolies, exad®profits, and exchange taxes.
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Figure 12: Ratio of Informal Employment (Thailand)
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Source: National Statistical Office, Thailand

C: Features of labor market in developing economies

We use the data of HSES from Thailand to illustrate the labanket features in developing
economies with a large informal sector. Skilled workerstamse, whose education level
is high school or above (i.e., schooling year$2). The main features are summarized as
follows:

1. Approximately 70% of skilled workers work in the formalcser, while more than
70% of unskilled workers work in the informal sector.

2. Skilled workers usually stay in the informal sector ldsmtone year. The panel data
of HSES indicates that for skilled workers who are currenttyking in the informal
sector, only approximately 10% of them will stay in the imf@al sector after one
year. By contrast, the probability that unskilled worken#l wontinue to stay in the
informal sector after one year is higher than 789 his fact suggests that, for skilled
workers, having a job in the informal sector is more like apenary arrangement.
They tend to switch to the formal sector quickly.

3. When a skilled worker is employed in the informal sectat/lhis wage from the
informal sector is very likely to be lower (with a 90% problékiof having a wage

29see the employment transitions between formal and infoseetors in the appendix of Hsu, Huang, and
Yupho (2015).
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in the bottom 40% of total skilled workers). The pattern i$ oloserved for unskilled
workers.

4. The skill premium in the formal sector is around 2.4, witis relatively smaller in
the informal sector (approximately 1.4). A wage gap betwieemal and informal
sectors also exists. For unskilled workers, the wage gapdsst the two sectors is
approximately 1.7.

The facts above indicate that skilled workers in the infdresator are likely to be tem-
porary, underpaid, and easy to be replaced with unskilledkeve. Our model is designed
to capture these features and described in Section 2.

D: Proof — Only one type of individuals can be indifferent on @lucation deci-
sions

A young adult’s maximization problem is given by:

1-o0 g1l-0 N\ 1-¢
max {Ciy—JrBrR/C' +w<§> Vj}
1j

1-0 1-0
subject to
(1+10)d = [BL-)w +(1- 8w —E—fa +a]
1+10) = [A+@A-1)r"a’ +@+r)al — (1—wm

whereE; = Rjni(g), which is the total expenditure on children (a functioregf
A young adult is indifferent between investing and not ifivesin children’s education
if the following condition holds:

Ei 1-¢ Ei 1-¢
o(5) w=u(z) w

The above is rewritten to obtain the following equation:

Vs <P.5>“
SsS_ (1S 21
Vo \Py 1)

where



On the right-hand side, the relative price for educatiowiigaa skilled child) is given by:

P glB(1— 1w + (1 6w 0161 1w + (1 6wy’

The relative price for having an unskilled child is given by:

P @[0s(1— )W + (1— Bw2] +& 1 e
_>> =1+ ;

Pu @By (1— 1 )wi + (1 6y)wy P[Ou(1— T )W+ (1 B)wy]

Pos _ 01—t )W+ (1 B)W +& e
- f

The condition%j < % holds if and only if
Bs(1— 1 )W + (1— B)WE > 6,(1— T)W] + (1 — 6,)W.. (22)
Note that,

Bs(1— T )W, + (1— Bs) W
> Bs(1—T1)W + (1—6s)
> 6u(1— )W + (1— 6,)wW.

C%(

With the assumptions thaté > WS, (1- TL)WS > wy, andwi > w¥, the last inequality holds

if 85> 6,. Therefore, if6; > 6, then Equation (22) holds. A skilled child is relatively
cheaper for skilled parents than for unskilled pare§;155,< %. Only one type of parents

will be indifferent between investing and not investing hildren’s education.
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E: Alternative aging scenario — Lower cost

Table 14 provides the simulated results for an alternatiemario: the life expectancy goes
up to 80.1, and th& /Y ratio slightly increases to 6.3% such that each tax finantng
is feasible. Using labor income tax as the financing tool veiluce the return of educa-
tion because the majority of skilled workers is allocatedhea formal sector. Therefore,
compared with other financing tools, the share of skilledkes to total workers does not
increase considerably (to 18.4%) when population aginghenfied by the labor income
tax. Financing by capital income tax does not distort lallocation directly, but it reduces
the capital return in the formal sector. This condition wbirdirectly decrease the wage
rates in the formal sector because of changes in capitalaktio. Financing by consump-
tion tax results in the highest level of human capital stoekause it does not distort the
labor allocation between the two sectors.

Table 14 also reposts changes in welfare, measured by CEWp&@ed with the case
of the labor income tax financing scheme, the other two talstae better because labor
income tax is collected only from young adults who are wagkim the formal sector and
because it also distorts labor allocation. By contrastjtaamcome tax is collected from
old adults whose assets are invested in the formal secterdiBtortion on labor allocation
for young adults is indirect and small. Thus, welfare istdligimproved. Consumption tax
is collected from all adults and no distortion exists in thkedr market. Thus, the welfare
improvement obtained by this scheme is the greatest.
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Table 14:

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 taxrg 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
Y*/YT ratio 52.0% 39.1% 37.3% 31.1%
Skill premium @ /wi)) 2.396 2.630 2.650 2.804
A welfare (skilled CEW) - Baseline 2.9% 6.9%

A welfare (unskilledCE\,) - Baseline 3.1% 4.2%

A welfare (averageé;EV) - Baseline 3.0% 4.6%
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