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Abstract

This dissertation developed a two-sector general-eqiuhboverlapping generations
(OLG) model with endogenous fertility and education chsidé&/e considered an emerg-
ing economy with a large informal sector and a trend of ramidypation aging. In the
model, individuals also choose to allocate labor betweemd&band informal sector. We
used Thailand as an example for the quantitative analyssuse of its dramatic decline
in fertility to below the replacement rate. Moreover, rolygb0% of its workers are in
the informal sector, and it has recently developed publitsym and the universal-health
insurance systems. We quantitatively investigated theaatgpof aging and assessed the
population and fiscal policies by their effects on econongidgrmance and social wel-
fare. We also discussed population and fiscal policies oatit@x in an aging economy
with informal employment. Our study found that while chitdle subsidies (subsidies on
time cost and lump-sum child allowances) do encouragdifgrind improve age struc-
ture, they worsen the already low human-capital level antiduacial welfare in the long
run, which possibly slows economic growth. Furthermoreg donsumption tax were
available, we found that it was the best tax tool for agingecoy, as it causes fewer dis-
tortions of labor allocation, saving, and education inwestt. We also found that capital
income tax should not be zero in an economy with a large indbsBctor. Even if the
informal sector does not exist, a labor tax still distorts tfecision of education invest-
ment and indicates the necessity of a positive capital irectam. We found that reducing
pay-as-you-go government pension can be a welfare imprentifithe government con-
sidered fiscal burdens and capital crowding out among a ygengration. Finally, we
found that if the government could improve its tax-collentsystem and be able to tax
the informal sector, it could reduce the labor income-tag.rdloreover, there would be
less relocation between the formal and informal sector. &vesited the fiscal experi-
ment by assuming that the government could collect 100% tdatevenue to ensure the

robustness of the results. We found that the consumptiowaastill the best tax tool.
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CHAPTER 1

Introduction

In this chapter, we first highlight the motivation and pollzgckground of the studies
in this dissertation. Then, we provide our research obje@nd discuss the methodology
used in this dissertation, as well as the representativgufantitative analysis. Finally, we

briefly talk about the organization of this dissertation.

1.1 Motivation

This dissertation investigates fiscal and population pedich an emerging economy with
a large informal sector and a trend of rapid population agiwpulation aging has been
observed in the developed world, and it is expected to happarmore rapid speed in
many developing countries soénAccording to the population forecasts made by the
United Nations, the global elderly population (60+) willidde to 2 billion in 2050, and
80% of them will be from developing countries. Moreover, ontrast to past decades,
fertility rates have declined sharply in many developingrioies. Lee, Mason, and mem-
bers of the NTA Network (2014) have studied population podicross countries and have
shown that the average total fertility rate (TFR) in uppeddle-income countries was al-
ready below replacement, about 2.1 births per woman for 802610. Table 1-1 presents
average TFRs for countries from three income groups andtselsample countriés.
TFRs in some middle-income countries are even lower thagethothe United States.
Low fertility worsens the problem of population aging andpires that parents cannot
expect much support from children in their retirement. Efi@re, international organiza-
tions keep encouraging developing countries to estabtislaksecurity programs, such

as public-pension and universal health-insurance systemsaintain the standard of life

1See United Nations (2013), page 13.
2Income groups are based on World Bank classification for 20hdre are 82 economies in the lower-
income group, 53 economies in the upper-middle-income @&retBnomies in the high-income.



for the elderly. Many developing countries are also movimthis direction (e.g., Brazil,
China, India, Mexico, Thailand, and Vietham).

However, from the experience of developed countries, ih&lenging to sustain such
social programs in the presence of population aging bedaaese will be fewer tax pay-
ers, more pension/social-welfare receivers, and high&sad medical care. Even worse,
the speed of aging is expected to be faster in those middt@ve developing countries,
which will be encountering the aging problem soon.

In addition, the large rate of informal employmen40%) in emerging economies is a
differing feature from developed economies and furthesst@amns governments’ abilities
to collect income taxes in order to sustain social-secymgrams and maintain fiscal
balance. Figure 1-1 presents the estimation of ratios @&l employment to total
employment in the non-agriculture sector for some seleetadrging economies from
the International Labor Organization. Turkey, which hashighest income level among
middle-income countries, is shown at lower bound of 30%, sexkral countries have
an informal employment ratio higher than 70%. The ratio Wéleven higher (generally
greater than 50%) if the agricultural sector is includedwieer, the implications of the

large informal sector on fiscal and population policies ardully studied in the literature.

1.2 Policy Background

1.2.1 Population Policy

Population aging has been observed in the developed woddt B expected to happen at
a more rapid speed in many developing countries soon (UNiggns, 2013). Mortality
decline, followed by fertility reduction, trigger the pre&s of demographic transition and
population aging (Kalemli-Ozcan, Ryder,& Weil, 2000). Mastudies have observed
fertility reduction below replacement rates in many coi@stin Europe and East Asia
(Goldstein, Sobotka, & Jasilioniene, 2009). Moreover,egithe current low fertility

rates in many developed and developing countries, ecom®naalized it is worth rein-



vestigating the demographic transition and populatiorcgdiecause there are significant
challenges in terms of economic development and growthtiliBers related to three
channels, which are physical capital, human capital actation, and dependency ratio
(Doepke, 2004). Mortality decline is beyond human contiterefore, efforts have been
made to find any possible avenues for increasing fertilityga

China reconsidered changing its one-child policy, whick baen in place for more
than 30 years, to a two-child policy since it began to obsarvaging society. By 2030,
people aged over 65 will make up a quarter of the populatitas policy was introduced
by the communist party to control a high birth rate (four drein per family) and stabilize
food and water consumptiénMoreover, many developed countries have already started
population policies to increase fertility; for examplen&apore introduced a baby bonus
scheme in 2001, which includes a monetary gift and a Childewelopment Account
(CDA) for a new child. The monetary gift is a policy designedeincourage parents to
have more children. The government will give 8,000 Singamwllars for the first and
second children and then 10,000 Singapore dollars for ihedhd subsequent childrén
The CDA is a special savings account where the governmehimailch a parents con-
tribution until the child is 6 years old. Canada also prosida allowance for newborn
children. The government gives 8,000 Canadian dollars @inild after birth.

In Thailand, the Thai government provides an educationidybfee basic education
from primary school to senior high school; however, a clatgcsubsidy is still uncertain.
In 2015, the Thai government introduced a childcare subgrdyect for the first time.
The project mainly help women who are likely to give birthweeén October 1, 2015,
and September 30, 2016 by providing them 400 baht per month2fononths, with the
conditions that they must earn less than 3,000 baht per namtltannot access to any

social supports

3see:http://www.independent.co.uk/life-style/healtid-families/health-news/chinas-one-child-policy-
to-change-in-the-new-year-9028601.html

4see:http://app.msf.gov.sg/Policies/Strong-and-8tiaimilies/Supporting-Families/Baby-Bonus-
Scheme

Ssee:http://www.nationmultimedia.com/national/Bt4@@onth-subsidy-for-poor-mothers-from-
Octobe-30265231.html



1.2.2 Fiscal Policy

According to the encouraging reports form the internati@nganization for developing
countries, which guides the establishment of social-scprograms, such as public
pensions and health-insurance system, to maintain théyyoélife for the elderly. In
general, social programs are costly, especially amondgéotility-rate countries, as they
have a smaller of young population who will be able to pay saxed bear the social-
subsidy costs for a larger number of elderly people. Theeetbere are many studies try
to find alternative tax tools, such as consumption tax andalapcome tax for financing
excess social-security costs and reducing fiscal burdem &rbigh level of labor income
tax.

Japan is also currently concerned about low birth rates digheold-age dependency
ratio. With high aging-related expenditure pressures@laoith public debt, the govern-
ment decided to raise its consumption to finance the excess absocial welfare, which
is linked to its aging structure. The consumption tax (st&swas slated to be increased
from 5% to 8% by April 2014 and will be increased further to 10%April 2017. In
Thailand, there have been some discussions about incgetignsales tax from 7% to
10%; however, the government concerned that the actionsteN down the economy
as well as increase inflation. Thailands official sales tag aetually 10%, but it was
reduced to 7% after the 1997 crisis.

The topic of public pensions is also widely discussed in geohthe long-term fi-
nancial viability of the government pension system for gidpeople (Lindbeck & Pers-
son, 2003) as well as the optimal pension replacement rat®lloroglu, Imrohoroglu &
Joines, 1995). The United Kingdom’s government has souglswo finance the cost of
its pension, which is forecasted to hit over 8% of economipouby 2060. Therefore,
a new British pension system, with a higher flat-rate statesiom (a flat-rate payment of
144 pounds a week), was introduced in 2016. Workers need o atdeast 35 years to

receive full pensions, which is five years longer than theiptes requiremerst

Ssee:http://uk.reuters.com/article/uk-pension-sasdbgtain-idUKLNE92101G20130319



According to the 2014 Pension Stainability Index compilgdibianz Asset Manage-
ment, Thailand got the lowest Retirement Income Adequat4)R The index indicated
the difficulty that the elderly face in maintaining theiritig standards. Moreover, with
a high rate of poverty in Thailand, the government needsdwige more social welfare,
which eventually leads to a higher fiscal burden. Therefibwe public pension system is
suggested to be reformed to deal with the rapid demograpiaicges, fertility reduction

and longer life expectancy.

1.3 Research Objective

Considering the significance of population aging, this elisgion attempts to study the
impacts of population and fiscal policy on increasing faytilsocial welfare, and fiscal
burdens. First, developing countries used to spend efborteducing fertility in the past
decades. The literature that examined demographic chamgesconomic growth also
discussed the benefit of fertility reduction in the earlygstof development, because it
lowers the dependency ratio and increases education ineatt However, given the
current low fertility rates in many developing countriesjsi worth reinvestigating the
population policy. We particularly focus on whether pagiencouraging fertility, such
as subsidies based on the number of children or educatiometp the aging economy.
Second, we investigate fiscal burdens and tax policies irgarga@conomy with the
presence of increased informal employment, which reptesgrituation that middle-
income emerging economies are facing now or will face in g fluture. We would like
to understand the impact of aging on governments’ fiscahloalagiven the challenges of
a shrinking labor force and a large informal sector. Therayement of taxation among
consumption, labor income, and capital income will be patérly discussed in response

to the conventional issues in the public-finance and maorawuic literature, including

see:http://www.nationmultimedia.com/business/Tmaltadvised-to-raise-retirement-age-
30273718.html
8For example, Becker, Murphy and Tamura (1990), Galor and {4/896).



optimal taxation of factor incomes (e.g., capital/labon)l #he adoption of a consumption
tax to replace income tax. The former issue was raised byaguevious studies, which

found that capital income should not be taxed in the long’rie latter issue is from

proposals to replace the complicated income-tax systemanfiat consumption ta¥®

Regarding the fiscal burden, the pension program for elderestly. Therefore, we
would like to investigate a possible pension reform for tik@egnment to maintain its
budget and provide better social welfare. This issue is ioeet by several previous
studies that investigated potential social security refoincluding privatization and a
fully funded systent?!

We also would like to discover the role of the informal seaod study its implica-
tions regarding fiscal policies. The income of workers initifermal sector is generally
not taxed, and a higher income-tax rate might push laboefoto switch from formal
positions to informal positions, which can worsens the govent’s fiscal condition and

likely lowers aggregate productivity.

1.4 Methodology and Target

For the above purposes, we adopted a structural approactesetbped a two-sector
general equilibrium overlapping generations model witdagenous fertility and edu-
cation choices. In the model, individuals choose to alledabor between formal and
informal sectors. The life cycle is characterized by thtages: child, young adult, and
old adult. In the model, parents (young adults) care fordchit and decide how many
children to have, how to invest in children’s educationjrtiogvn labor supply, and con-

sumption/savings. Human-capital accumulation is modeleal discrete way, in which

children will become skilled laborers if parents invest lneit education. We assume

labor-market friction that cause voluntary and involuptaformal employment to exist.

9See, for example, Chamley (1985, 1986), Judd (1985, 1986)lacas (1990)
10A summary can be found in Correia (2010)
llsee, for example, Conesa and Krueger (1998), Fuster, Immghoand Imrohoroglu (2007), Kitao
(2014)



We intend to provide both qualitative and quantitative gs@$. We use Thailand as a
representative to set up a benchmark economy and perforntitize exercises. Thai-
land was selected for the following reasons:

(1) It has experienced a dramatic transition in fertilitgrfgpared to developed countries).
Its TFR has declined from above 6 in the 1960s to below 2 ctiyreand its old-age de-
pendency ratio is expected to experience a sharp increabe imext few decades to a
level close to Japan’s and higher than those in France andrtibed States (Figure 1-2).
(2) The informal sector comprises a stable 60% of the woddd@Figure 1-3).

(3) Thailand has recently developed public-pension andensal health-insurance sys-

tems.

1.5 Organization

This dissertation proceeds as follows. In chapter 2, weflprieview the literature on
demographic transition and previous studies of populadiwh fiscal policy in terms of
aging. Then, we provide the contribution of this disseotatiln chapter 3, we guantita-
tively investigate the impacts of aging in a developing dopim terms of fiscal burden
and human-capital accumulation. Also, we discuss some latpuol policies, such as
time-cost subsidy, child allowance, and education subsgidsearch of a better policy for
fertility stimulation. In chapter 4, we investigate a bett@x tool to finance the excess
social-security cost of elders. We also investigate sesgalirity reform and a counter-
factual experiment in the informal sector. In chapter 5, wesarize the results and
provide some policy implications for a broader perspectivmally, we briefly mention

the potential directions for future studies.



1.A Main Table

Table 1-1: Average Total Fertility Rate 2005-2010

Lower income &$4125)
Average India  Indonesia Philippines Vietnam

4.03 2.66 2.50 3.27 1.89
Upper-middle income ($4125-12735)
Average  Brazil China Mexico  Thailand
2.09 1.90 1.63 2.37 1.49
High income $12735)
Average Australia  Japan UK us
1.65 1.89 1.34 1.88 2.06

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



1.B Main Figures

Figure 1-1: Informal Employment Share (non-agricultur820
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Figure 1-2: Demographic change (selected developed aredageng countries)
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Figure 1-3: Ratio of informal employment (Thailand)
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CHAPTER 2

Literature Review

This chapter will briefly review the general literature omaegraphic transition. Then,
we concisely review the literature associated with popargpolicy and fiscal policies in
aging economies, respectively. Finally, we highlight tleatcibutions of each study in

this dissertation.

2.1 Overview of Demographic Transition

Demographic transition is known as a discussion of the obsiig human-population
structure (Teitelbaum, 1975). Mortality decline, folladvby fertility reduction, trigger

the process of demographic transition and population agf@emli-Ozcan, Ryder,&

Weil, 2000). This phenomenon has important implicationsefconomic growth. Lee
(2003) found that the transition began in Europe around 1#80re spreading through
many other countries. Forecasts project a 50-fold increasige elderly population by
2100. On the other hand, there will be a mere five-fold ine@ashe number of children.

Therefore, the old-age dependency ratio will rise by a faotd 0.

2.1.1 Mortality

The mortality decline began due to the public-health andica¢dmprovements, espe-
cially the development of vaccines in the late 18th centwlyich played a major role
in preventing contagious and infectious diseases and ldddlining mortality in Europe
(Lee, 2003). Another reason for increased life expectarayimprovements in nutrition,
which increased immune systems’ abilities to resist dese4Riley, 2001). Moreover,
Soares (2001) also emphasized the improvement of the nhquimeess and people’s
ability to adhere to a more nutritious diet because of highesmes as the major factors

for mortality decline.

11



2.1.2 Fertility

As life expectancy has lengthened, there has been a sigttiflbange in fertility patterns,
which reveal not only a fall in birth rates but also a growiegdency to put off having
children (Blackburn & Cipriani, 2002). Coale and Watkin®886) observed that in the
late 1800s, marital fertility began to decline in most Ewap countries; this trend spread
throughout the rest of the world during the post-transaigueriod. In order to sustain
the standard living costs of old age, people may no longet vzahave many children,
different from the early 1800s. Instead of investing in dteh, young adults save for

retirement, which leads to fertility reduction and evelifjuexacerbates population aging.

2.2 Population and Fiscal Policy

2.2.1 Quality-quantity trade-off framework

The theoretical framework in this dissertation builds ¢erhture that studies the quantity-
guality trade-off of fertility choice, demographic changad economic growth. The con-
cept was pioneered by Backer (1960), who introduced enangethoices of fertility and
education investment in children. Following studies, sasBecker, Murphy and Tamura
(1990), Doepke (2004), Doepke and Zilibotti (2005), Galod &Veil (1996), and Liao
(2011), have linked fertility, demographic change, andnecoic growth based on the
mechanism of the quantity-quality trade-off. These stsitipically focused on the early
stage of economic development, with a demographic tramsitom high fertility to low
fertility. However, our dissertation studies developirmgpreomies in a post-stage of de-
velopment with low fertility. Precisely, parents may prd@ihigher education investment
if they have fewer children (Tamura, 2006). Therefore, parexperience a trade-off to
find the optimum number of children and level of educatiorestment (Kalemli-Ozcan,

2003).

12



2.2.2 Population policy

Regarding population policy, Lee et al.’s (2014) study isstremilar to this dissertation.
They used a static model, given current population strestand fiscal conditions, to
investigate optimal fertility rated in 40 economies. Thewrid that to improve living
standards/fiscal burdens, the fertility rates should ba ém&er in some countries, even
though their current fertility rates are already below agpgiment rates, such as in Brazil
and Thailand. They assumed that fertility was exogenoustgrchined and focused on
the current situation without touching future demographianges. We developed a richer
model that allow endogenous fertility choices and took iataount the demographic
dynamics. Therefore, we are able to assess alternativdgimpupolicies and examine
their effects on fertility, human-capital developmentyderun economic performance,
and social welfare.

There are other studies regarding population policy. B2£08) suggested that child-
care policies can be used to facilitate the employment oherstand enhance the devel-
opment of young children. Oguro, Oshioa, and Takahata (Ridd@stigated how edu-
cation subsidies, childcare allowances, and family alluves affected economic growth
and income distribution. Childcare and family allowan@sng with education subsidies
helped boost economic growth and reduced income inequdlitgng (1997) suggested

that child benefits increase fertility and decrease humpitata

13



2.2.3 Fiscal policy

This dissertation also sheds light on understanding thédigatmpn of informal employ-

ment on optimal taxation and fiscal policies. There are fewliss that consider informal
employment, since most studies target developed counkifessv exceptions include Pe-
nalosaa and Turnovsky (2005), who studied optimal taxatiolabor and capital incomes
in a standard growth model with the existence of an inforreat@. They also suggested
a positive capital-income tax. Dekle (2004) studied agind te social-security system
in Japan and suggested that the benefits of the currenteetteould be funded by an
increased consumption tax. There are many existing lusezatthat investigate pension
reform (partial pension subsidy or privatization) to makeial security sustainable for
the aging: Conesa and Krueger (1998), Fuster, Imrohoraglurarohoroglu (2007), and

Kitao (2014). Jung and Tran (2012) studied the potenti&ot$f of the extension of so-
cial security to informal workers in developing countriesréduce the poverty problem
for the elderly. We extend this literature to further disctise implications of aging and
population policy in developing countries by allowing egdaous fertility and education

choices.

14



2.3 Contribution

This dissertation contributes to the existing literatuve,extend an assessment of popu-
lation and fiscal policy on developing countries with a trefidapid population aging.

First, it contributes to the literature studying demogiaghange and economic growth.
We extend the models of Doepke (2004), Doepke and Ziliba@0D6), and Liao (2011,
2013) to incorporate the informal sector and fiscal polioiesaxation arrangements. The
unique feature of developing countries, different fromealeped countries, is the exis-
tence of the informal sector. There are few studies focusedabth the aging problem in
developing countries and the issues of the informal sector.

The second contribution of this dissertation is to offer muative analyses on the
impacts of aging and population policy in developing coiastrLee et al. (2014) provided
a cross-country analysis on fertility and population ppli€hey used a static model and
focused on current demographic and fiscal structures. Whaeiuconsider the trend of
aging and investigate more realistic population policighn a dynamic framework.

The third contribution of this dissertation is providing etter understanding on the
design of fiscal policy in developing countries, taking iatwount the large informal sec-
tor. There are few studies in the literature consideringnogittaxation and fiscal policy
among developing countries, since most of studies targetioleed countries. Turnovsky
and Basher (2009) developed a two-sector model for devejoguntries to determine
the ability of a government to increase tax revenue with tiesgnce of the informal sec-
tor. We further consider population aging, human-capitastment, and fertility choices

in an OLG framework.

15



CHAPTER 3

Population Policy in a Developing Economy with Aging

This chapter discusses the impacts of population policy @pufation aging. Over
the past few years, many studies on demographic change andraic growth have dis-
cussed the benefit of fertility reduction in early stagesaafr®mmic development because
it lowers the dependency ratio and increases investmeeioationt> However, given
the current low fertility rates in many developing coundrié is worth reinvestigating the
population policy. We particularly focus on whether paigiencouraging fertility, such
as subsidies for the number of children a family has, chité,car education, can help an
aging economy.

We will first discuss the impacts of population aging and hbe government can
manage the costs of aging. Then, we introduce three diffgr@pulation policies that
may increase fertility: (a) a subsidy on the time cost fotctcheéaring, since most coun-
tries ensure at least three months of paid leave for moteacty as a Government-Paid
Maternity Leave (GPML) program in Singapéfe(b) a lump-sum subsidy on each child,
such as the childbirth and childcare lump-sum grant in Japahbaby-bonus scheme in
Australia; and (c) a subsidy on children’s educational £o§tur study found that while
childcare subsidies (subsidies on time cost and lump-suich&lfowances) do encourage
fertility and improve age structure, they worsen the alydaty human-capital level and

hurt social welfare in the long run, which possibly slowsremmic growth.

12For example, Becker, Murphy and Tamura (1990), Galor and {4/896).

BAccording to the current rules implemented by the Singagokernment, working mothers, including
self-employed, are entitled to 16 weeks of Government-phiternity Leave at the birth of their Singapore
Citizen child. Please see the details: https://www.egitigov.sg/Topics/Pages/Maternity-leave-How-to-

apply.aspx.

16



In this chapter, we develop a two-sector general equilibrawerlapping generations
(OLG) model with endogenous fertility and education cheitmeprovide a structural anal-
ysis. We also model the informal sector to represent ther ladaoket in developing coun-
tries; thus, individuals also choose labor allocation leemformal and informal sectors
in the model. We further use Thailand as a representativeaidrration and quantitative
analysis. Thailand has experienced a dramatic transitigeriility; the TFR has declined
from above 6 in 1960s to below the replacement rate today. oldv@ge dependency
ratio is also expected to increase sharply in the comingdiecaTherefore, it is very
important for Thailand to start considering which policygisod for the upcoming trend

of population aging to help improve the low fertility rate.

3.1 The Model

The human life cycle is characterized by three stages: ,cjildng adult, and old adult.

A child relies on parents without making any decisions. R&éyoung adults) care for
their children and make decisions on the number of childodmae, the investment they
make in their children’s education, their own labor supghd consumptions/savings. Old
adults retire and use their savings and pension benefit®fmumnption and medical care.
Human-capital accumulation is modeled in a discrete waytd@mn will become skilled

laborers if parents invest in their education. Labor allmre between formal and infor-
mal sectors are endogenized and both voluntary and inaryiriformal employments

are modeled. We assume that the total factor productivigP(Tdiffers between the two
sectors and that there exists some friction (constraimyenting completely free move-
ment between formal and informal sectors to match (a) thgelarage gap between the

two sectors and (b) the large informal-labor employmentesiradeveloping countries.

17



3.1.1 Demographics

Total populatiorN at a given time consists of the population of childM) young adults

NY, and old adultN®°:

N = NC+NY 4 N°. (1)

Population dynamics are determined by fertility choicexl@genous) and survival rates
(exogenous) in the model. The total number of children i®meined by the fertility
decisions made by current young adults. bedenote the average fertility per young

adult,N° can be expressed by:

NE = nNY. )

We assume that young adults can survive to old age with a pilithar?. Therefore, the

old population next periotl® = /NY.

3.1.2 Education Investment and Human-Capital Development

If parents invest in children’s education beyond a fundamldavel (with a cosg), chil-
dren will become skilled laborers. Children who receivehieigeducation do not become
unskilled laborers when they become young adults. Weé\§jge denote the population of
skilled young adults antl} to denote the population of unskilled young adults. Human-
capital development is represented by the increase in tiweafeskilled labor to the total

labor force Ng/NY).
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3.1.3 Production and Labor Market

There are two production sectors - the formal sector andnmdb sector and one type
of final goods in this economy. We use superscfigb denote variables in the formal
sector and superscripto denote variables in the informal sector. We assume tHaxitim
sectors, competitive firms operate a standard constannr&discale (CRS) production
technology using three input factors, physical capkg| €killed labor [Ls), and unskilled
labor (L), to produce the final goods.

The production function is given by:

Y= ANKD ML) (L)) 3)

Y¥ = AKX (Lg) 2 (L)% 4)
The total production is determined by the production frorthtsector:
Y=Y 4vX (5)

To capture the existence of both voluntary and involuntafgrimal workers, we as-
sume there are constraints on labor mobility for both typlekloor moving from the
informal sector to the formal sector due to market frictiansl/or policy distortions (e.g.,

minimum-wage regulation in the formal sector).
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3.1.4 Government

We assume that the government taxes consumption, labom@cand capital income
with ratestc, 1., and 1k, respectively. Thus, total government tax revenue is a sum o
revenues from the consumption tak), labor income taxT_), and capital income tax
(Tk). The government uses total revenue to finance public heafthexpenditures\g)
and other public expenditure§). The government cannot monitor/tax the labor income
from the informal sector. We assume that the financial inglustin the formal sector,
and therefore, the total capital income is monitored andddyy the government.

The public medical care system covers a fractioof total household medical expen-

diture,M. The government medical expendituvig:

Mg = wM. (6)

The government is required to maintain budget balance gverpd. The budget

constraint for the government is given by:

Mg+G=Tc+ T+ Tk. (7)

3.1.5 Individual’s Problem

Each young adult is endowed one unit of time. Child-rearictiyaies cost a fraction of
the parent’s total time per childj. The rest of the parent’s tim@ — @) can be supplied
to labor markets for earnings in the formal and/or inforneaiters. We assume that during
their lifetimes, individuals experience working in bottcs®s, and to some extent, they
can decide the allocation of working time between the twémsecTo capture the features
of involuntary informal workers and institutional distanis on the labor markets (e.qg.,
minimum-wage regulation in the formal sector), we adoptestaiced form constraint on

labor mobility: an upper bound of labor allocated in the fatrsector.
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An young adult with skill levei = {s u} chooses current consumptioh assets to
carry to old ages], number of childrem;, education investmerg = {0,e} and propor-
tion of formal labor suppl\g; to maximize her lifetime utility. We assume period utility

function is a constant relative risk aversion utility fuioct

C}/l—o

u(d) = 1o (8)

o/ Cp/l_a

oy _
O<o«l1 (20)

The problem can be defined and expressed by the following\ahction:
V=  max {u(d)) + Bru(c) + g V(T }, (11)
{cf.d.ni.e.6)
subject to

(L+10)q] + '3 +an = (1— on)[6/(1— 1w + (1 - 6)w; (12)
(1+1c)? =1+ (1—1)r'a — (1— w)n; (13)
j=s ifg=¢€ j=uifg=0 (14)
0< 6 <6; (15)

wherew? is the wage rate for sectgr 6 is the proportion of total working time allocated
in the formal sectorp is medical expenditures in old age. We assume perfect gnnuit
The young adult paysa] for the annuity (as savings) and receivés-r’)a’ next period

if she/he survives. We assume educational cost is a funcfiskilled wage in the formal

sectore = (pswé.
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3.1.6 Equilibrium Features

We focus on an equilibrium in which both skilled and unsklliorkers exist with an
upward intergenerational mobility: Skilled parents alwayest in children’s education,
and some unskilled parents invest in education while ottiensot. Thus, in this equilib-

rium, unskilled parents are indifferent about investingheir children’s education:

ng.té . Vu;.k_o
PRt PRITE

(16)

whereVse—gis the value of a skilled parent who chooses to invest on imifd education
(so his/her children will become skilled labor),

Vue—o is is the value of a unskilled parent who chooses not to inmesthildren’s educa-
tion (so his/her children will become unskilled labor),

Ps= ¢[6(1— TL)Wif + (1—- 6)w'] +eis the total cost for having an educated child, and

Pu=9[6(1- TL)Wif + (1— 6)w] is the total cost for an un-(low-)educated child.

Optimal decision rules are determined as follows:

e Savingsfga): An adult needs to trade off between today consumption atutd
consumption. Thus, the optimal decision is a marginaltytdf today consumption

equals to a marginal utility of tomorrow consumption (oldls#t period).
Uy :B(l—l—(l—TK)r/)UCo/ (17)

e Fertility (number of children): To satisfy the optimal nuertof children, it implies

a marginal utility of children equals to a marginal cost spiag on raising a child.
W(L—&) () "V = ue{p[B(1- )W +(1—8)W] +a} (18)
Wherewif is the formal sector wage rate amgl is the informal sector wage rate
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e Formal labor supply:

if not binding

I-m)w =w5 6<86 (19)
if binding

1-m)w >w; 6=6 (20)

Given the big wage gap between formal and informal sectoissnbt possible if none

of the formal labor supply constraints are binding. Henlcete are two possible cases:

e Case 1: unskilled binding; skilled not binding
Skilled:

(-rwl = 6< b,

AT(K")™ap(LE) % L(L)
A (K (L)e T
Ld AT(K") M aa(Ls)%2(LE)°
:>LX =(1-1) Ax(KX>V1y2(L)S()W(L>

=(1-1)

Unskilled: 6, = Gu

e Case 2: both binding> 6, = Gu andfs = 95

This is not a preferred case because voluntary informal @rsrédo not exist.

In this dissertation we focus on case 1 for all the analysis.
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3.2 Parameter Selection and Benchmark Economy

As we mentioned in the introduction, we selected Thailand eepresentative economy
for quantitative analysis. We set up parameters by calitgaiur model to match Thai-
land’s demographics and some key economic variables in200€uding fertility, life
expectancy, skilled-labor share, capital-output rabonfal-employment ratio, and skill-
unskilled wage ratio in the formal sector. We used the caléd model as a benchmark

and performed quantitative experiments based on it.

3.2.1 Parameters

Table 3-1 summarizes the parameters used to calibrate tiehimark in a steady state.
We assumed one period in the model is 30 years. In the catihratve chose? = 0.47

to match life expectancy at birth in 2012 (74.18) Preference parameters for the first
steady state were chosen as follows. We chose the annualdisiactor to be 0.9517
to match the capital-output ratio (1.90) in 2622 We followed Liao (2011), using

= 0.5 to match relative consumption at its peak to middle agech is the age of 40.
The elasticity of altruism with respect to the number of dteh, & was 0.5¢ The final
preference parameter was the altruism coefficigntyVe made it equal 0.234 so that we
could match the TFR (1.54Y.

In terms of informal employment and production parametgesfocused on the case
that unskilled labor in the formal sector is bindir@% 0.3). On the other hand, skilled
laborers have more freedom to work in either the formal aynimfal sector. Therefore, the
probability that skilled labor work in formal sector and galpor income tax is unbinding.
We assume the skilled labor in the formal sector is not bignc@ =1). In the formal

sector, we targete® = 6.5 to match the fraction of time of skilled workers in therfal

14Estimated by the Population Division of the United NatiorepBrtment of Economic and Social Affairs
of the United Nations Secretariat.

15Beta is 0.2265 (Beta = Annual discount fac®r

8Estimated by Liao (2011) about 5 percent of children havemisreducated at or above the college
level in 1975; Data source: Macroeconomics Database, DGBA&cutive Yuan, Taiwan in 1975.

1"Data source: United Nations Population Division. World Bation Prospects.
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sectorfs. Additionally, in the production sector, we pinned downto be 0.67,a to

be 0.09 andx3 to be 0.24 from the total labor per capita income in the forseitor.
Moreover, for the informal sectoss, \» and s are also required. We assume capital
income share in the informal sector is equal to the formatsda; = y1)!8. Then, to get

¥ andys, we needed to match the average income share between tha forchinformal
sectors, which was 3.3.

There are two costs associated with children: time apsafd education time cost for
one children ¢). According to the data, the full cost (net of a child’s owhdaincome)
of raising a child from birth until age 24 was about 1.156 millBaht in 2004. So, we
get a 0.234 time cost per children from the ratio of the ampanénts need to spend on
one child to average income until high schédlTherefore, we used 0.243 as the time
cost. We chose = 0.16 to match skilled-labor share in the formal sector3a%).

In addition to the household parameters, to calibrate tinetrmark, we also consid-
ered some fiscal parameters. According to the OrganisatioBdonomic Co-operation
and Development (OECD), the component of a consumptiomtaxdes indirect tax top-
ics, such as value-added tax/goods and services tax (VATY@S excise duty rates. In
the case of Thailand, we used a 10% consumption tax rate, seali¥-added tax (VAT),
and we assumed another 3% excise duty rate. The corporateétax (CIT) in Thailand
stands at 20% on net prafitand will be applied to the tax rate on capital income. For the
labor income tax, we considered personal income tax (PIfigis a direct tax levied on
a person’s income. The progressive tax rates applicabéextdbte income range from 0%
to the maximum 35%. We chose 15% to represent labor incomia taxr calibration as
the rate is in the middle of the rangeWe found the ratio of general government expen-
diture on health per capita in 2012 was approximately 0.@Herefore, for the elderly,

the government will provide a partial subsidy of 67.5% fordical expenditures.

18we assumer; andy; are the same; however, we provided a sensitivity analygisBn
pata source: National Statistical Office, Thailand.

2Opata source: Revenue Department, Thailand

2pata source: Revenue Department, Thailand
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3.2.2 Benchmark Economy

Table 3-2 compares the real data and benchmark resultse @hetwo parts: calibrated
and non-calibrated results. In terms of calibrated resulesfound all target variables;
fertility, life expectancy, skilled-labor share, skillgbrkers in the formal economy ratio
(6s), and average income share between formal and informabrs@et/w*), were per-
fectly matched with the real data. Therefore, it can be ietpthat the model is highly
effective and can represent Thailand’s current demogcagind real economic situation
very well. Although the income inequalit)y;/wfJ was not calibrated, it turned out to be
close to the data. The model also simulated fertilityrigrwhich can be summarized as
follows: the fertility rate of skilled parentsi§) was 0.3528, the fertility rate of unskilled
parents with skilled childremn(s) was 0.2963, and the fertility rate of unskilled parents

with unskilled childrem,, was 0.9208.

3.3 Impacts of Population Aging

To study the impacts of aging, we considered that (a) lifeeetgncy is forecasted to
increase from 74 to 83 by 2065 and (b) total medical experatwill increase from
3.65% of GDP to 7.47% of GDP, which was estimated by using plgitmear regression
of medical expenditures and life-expectancy.

As a baseline, we used labor income tax to ensure fiscal liarice aging economy
(new steady state). Table 3-3 presents the results of agimgh can be summarized by
three main effects. First, people live longer in aging stiese therefore, they require more
assets to secure their retirement. People tend to increagestivings, and the capital-
output ratio increases by 18.42%. Second, we observedfisgaymti increases in labor
income tax burdens. The government needs to increase theihaiome tax from 15% to
32% to sustain social programs and other government exjpeesli Skilled laborers tend
to switch from the formal sector to the informal sector toidvaigher tax burdens. The

proportion of skilled laborers working in the formal econpdecreases by 6.1 percentage
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point. Third, parents have fewer incentives to invest indrkn’s education when the tax
rate increases, as the return on education becomes loweioune that the fertility rate
of skilled parents and the fertility rate of unskilled paewith skilled children declined
slightly from 0.353t0 0.346 and 0.296 to 0.275, respedyivEhe fertility rate of unskilled
parents with skilled children declines more, as unskillatepts receive a lower income
compared to skilled parents, but their skilled childrenchieeface a higher labor income
tax once they grow up and become skilled laborers. As a refuitreases in the labor
income tax and decreases in education investment, thed#dbor share in the formal

sector declined by 3.1 percentage point.

3.4 Population Policy — Subsidy on Childcare/Education

We considered three types of population policies to enagmifertility: time cost subsidy,

child allowance (lump-sum subsidy on each child), and etioicgubsidy.

3.4.1 Subsidy on Time Cost

Child rearing is time consuming, so we first considered acggiroviding compensation
for parents’ time cost, such as Government-Paid Materregve (GPML). For our quan-
titative experiment, our study treats the subsidy as a p&ge of time cost that parents
need to spend to raise one child. The results presentedls3abintroduce subsidy on
time cost ranging from 5% to 20%. We observed that a subsidysoacessfully stim-
ulate fertility, as it showed an increasing trend from 1.542.679 and 2.395 when we
increased child care subsidy from 5% to 20%, respectivalciBely, the fertility rate of
all types of parents (skilled parents and the unskilled marevith skilled and unskilled
children) increased. Labor income tax decreased from 310528.55% with 10% rate of
subsidy and then increased again to 31.47%. It shows thestdnieden if the government

exercises a 10% subsidy on time cost.

27



However, there are two negative effects caused by a timescdsidy, which even-
tually brings the price of unskilled children down. One ig ttrowding out effect on
saving. While our results supported the findings of previdasatures regarding using a
time-cost subsidy, we expanded the analysis in terms of@namnperformance and labor
force. The key novelty here is that, to have more childreopfpeneed to transfer their
savings to child-raising costs; children are substit@dbt savings, which is reflected in
the continuous decrease in the capital-output ratio. Agratha distortion of investment
in children’s education. We noticed that parents switcimftwaving skilled children to
unskilled children with a cheaper time cost after receiving subsidy. Therefore, the
ratio of skilled-labor share in the formal sector decreatightly from 13.87% to 13.79%
with a 5% subsidy and keeps declining to 12.82% with 20% slybsi

3.4.2 Child Allowance

Another experiment involves the government providing apesum subsidy to every
child, such as the child allowance in Japan. For our qudivitaxperiment, we as-
sumed that a lump-sum subsidy was proportional to the &dtewage of unskilled la-
borers spending their time cost for one child. The resuksgnted in table 3-5 show that
the average TFR increased from 1.512 to 1.671, and 2.348 iihgvease the proportion
of subsidy from 5% to 20%, accordingly. We observed that alfsubsidy made skilled
children very expensive in terms of time cost, since paragisived a subsidy as though
their children were unskilled children but they need to payigher time cost because
they actually had skilled children. Therefore, parents have more unskilled children,
which eventually decreases the skilled-labor share indhmdl sector even further than

the time-cost subsidy in the first policy-experiment case.
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3.4.3 Education Subsidy

As we mentioned, the time-cost subsidy has some drawbatiesefore, we considered
an education subsidy for the third policy experiment. F& tfuantitative experiment, we
assumed that the government would proportionally subsitiie cost of education from a
range of 5% to 20%. We found in table 3-6 that the educatiosigylalso raised the TFR
from 1.512to0 1.515, and 1.529 when we increased the educailmsidy from 5% to 20%,
respectively. The fertility rate of skilled parents and tesility rate of unskilled parents
with skilled children kept increasing. However, the fatyirate of unskilled parents with
unskilled children remained unchanged. We observed tieptiicy may not be a suc-
cessful policy for population stimulation, as it causesyaalslight increase in fertility
rates. Moreover, the policy also generated the highestuedelm for young people. How-
ever, there were some comparative advantages compareel ddhigr two subsidies. We
observed that the education subsidy did not crowd out sayamjthe capital-output ratio
experience nearly stable growth. Also, we found an increpsiend of the skilled-labor

share in the formal economy, which is significant for ecormdavelopment.

3.5 Conclusion

In this chapter, we discussed the impacts of populatiorcpain population aging by
developing a two-sector general equilibrium overlappiagerations model with endoge-
nous fertility and education choices. The model also capttine informal sector, which
is an important feature in developing countries. We usedldi as a representative for
calibration and quantitative analysis.

We first discussed the impact of aging by considering lifesexgncy and total medical-
expenditure increases, as forecasted for 2065. We usedah@bme tax to ensure fiscal
balance in the aging economy. We found that in the aging eognpeople needed to
save more to sustain their lifestyles after retirement. government also needed to in-

crease the labor income tax to ensure that it was possibleiotamn the social security

29



programs, which tended to cause skilled laborers to switwim the formal to the infor-
mal sector. Parents also had fewer incentives to provideatidun to their children, as the
return on education decreased.

Second, we discussed three different policies to stimdiéatity: a subsidy on time
cost (childcare subsidy), a lump-sum child allowance siipsind an education subsidy.
Comparing the three types of population subsidies, we gbdéhat the time-cost subsidy
and child allowance subsidy could successfully stimulagzage TFR. Moreover, we ob-
served a U shape pattern as labor income tax increased &g@artime-cost subsidy and
child allowance subsidy are higher than 10% rate. This isaibse a higher level of child-
care subsidy (time-cost subsidy and child allowance syp#ndreased fertility rate and
followed by a demographic structure change with a higherlvemof young generation,
who will be able to pay taxes and bear the social subsidy cosisrefore, labor income
tax decreased. On the other hand, both subsidy distort heagaital investment and
capital-output ratio, which imply a lower GDP per capita.eféfore, government needs
to increase labor tax. The conclusion is the distortionatffeut weighted the benefit of
fertility increased after 10% subsidy. Therefore, labaoime tax increased again as a
U shape after 10% subsidy. However, we found education dulvgas the best policy.
The education subsidy at least provided a small socialareimprovement; for example,
with a 10% education subsidy increased lifetime consumgiioaround 0.5%, unlike the
other two subsidies, which caused social welfare to deckiso, the education subsidy
does not encourage parents to have more unskilled childigich decrease the skilled-
labor share in the formal sector. Moreover, the old-age id@ecy ratio was not affected

by implementing the education subsidy.
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3.A Main Table

Table 3-1: Parameters

Parameters Value Source/Target
SQurvival Rates
w 0.47 life expectancy 74.18
Preference
B 0.9517 capital-output ratio 1.90
1] 0.234 a half of TFR 0.77
Informal employment and production
6 - not binding
6, 0.3 binding; datd.{ /(L + LX) = 0.3
A' 10 normalization
AX 6.5 datal! /(LS +1%) =0.726
(a1,a2,03)  (0.67,0.09,0.24) data income shares (formal sector)

(v, ¥o, ¥5)  (0.67,0.045, 0.285) w' /w* = 3.3

Child Schooling/Rearing Costs

(08 0.16

(0] 0.243
Tax Rates

Tc 10%

Tk 20%

T 15%

Government Subsidy
w 67.5%

skilled labor share 17.34%
child-rearing cost (to high school) 2004

Tax rate on consumption
Tax rate on capital income
Tax rate on labor income

public medical expenditure share
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Table 3-2: Model Benchmark

Data Model (benchmark)

Calibrated

Average TFR 1.54 1.53

Life expectancy 74 74

Skilled labor share (formal) 17% 17%

Capital-output ratio 1.90 1.90

6 (Li/Lo) 0.73 0.73

6y (Li/Ly) 0.30 0.30

wh /w 3.3 3.3

Not calibrated

wé /wi 1.79 1.83

(G/Y) I (Total Govt Exp/Y) —/11.71%  19.88% /22.34%

Nss 0.3527

Nus 0.2963

Nuu 0.9208

Average TFRs 0.71

Average TFRu 1.70

Table 3-3: Impact of Aging
Benchmark (2000s) Aging (2065)

Nss 0.353 0.346
Nus 0.296 0.275
Nuu 0.921 0.910
Average TFR 1.527 1.512
Average TFRs 0.706 0.692
Average TFRu 1.699 1.684
Life expectancy 74.1 83.1
Skilled labor share (formal) 17.0% 13.9%
wl /w 1.83 2.31
WE /WX 1.18 1.46
Capital-output ratio 1.90 2.25
Annual return on capital 8.2% 7.6%
(L /L) 0.726 0.665
Labor income tax 15.0% 31.50%
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Table 3-4: Subsidy on Time Cost

Baseline 5% Child care

10% Child care 15% Child care 20% Giale

Nes 0.346
Nus 0.275
Nuy 0.910
Average TFR 1.512
Average TFRs 0.692
Average TFRu 1.684
Skilled labor share 13.87%
we /wi 2.308
WE /W 1.46
Capital-output ratio 2.25
(LE/Lg) 0.665
Laborincome tax  31.5%
Social welfare 1.54
Welfare (skilled) 2.69
Welfare (unskilled) 1.47
Old/Young ratio 94.78%

0.384
0.302
1.010
1.679
0.768
1.871
13.79%
2.323
1.43
2.14
0.670
30.16%
1.49
CEV=-5.26%
2.60
1.42
85.22%

0.429
0.333
1.127
1.877
0.859
2.091
13.60%
2.361
1.42
2.02
0.671
29.55%
1.43
CEV=-10.99%
2.51
1.37
76.14%

0.483
0.369
1.265
2.112
0.966
2.353
13.28%
2.426
1.43
1.90
0.669
29.89%
1.36
CEV=-17.14%
241
1.30
67.55%

0.548
0.411
1.430
2.395
1.096
2.668
12.82%
2.528
1.46
1.78
0.662
31.47%
1.29
CEV=-29.70%
2.30
1.23
59.45%

Table 3-5: Child Allowance Subsidy

Baseline 5% Lump-sum 10% Lump-sum  15% Lump-sum 20% Lump-sum

Nes 0.346
Nus 0.275
Nuy 0.910
Average TFR 1.512
Average TFRs 0.692
Average TFRu 1.684
Skilled labor share 13.87%
we /wi 2.308
WE /W 1.46
Capital-output ratio 2.25
(LE/Lg) 0.665
Laborincome tax  31.5%
Social welfare 1.54
Welfare (skilled) 2.69
Welfare (unskilled) 1.47
Old/Young ratio 94.78%

0.368
0.301
1.010
1.671
0.735
1.868
13.72%
2.336
1.43
2.14
0.669
30.22%
1.49
CEV=-5.25%
2.60
1.42
85.42%

0.391
0.332
1.127
1.858
0.783
2.084
13.46%
2.389
1.42
2.03
0.671
29.64%
1.43
CEV=-10.97%
2.52
1.37
76.48%

0.417
0.368
1.265
2.081
0.834
2.342
13.07%
2.470
1.43
1901
0.669
29.94%
1.36
CEV=-17.11%
2.42
1.30
67.89%

0.447
0.410
1.430
2.348
0.891
2.654
12.54%
2.591
1.46
1.79
0.661
31.42%
1.28
CEV=-23.61%
2.30
1.23
59.90%
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Table 3-6: Education Subsidy

Baseline 5% Education 10% Education 15% Education 20% Hiduca

Nss 0.346 0.349 0.354 0.359 0.365
Nus 0.275 0.285 0.296 0.308 0.320
Nuu 0.910 0.910 0.910 0.910 0.910
Average TFR 1.512 1.515 1.519 1.524 1.529
Average TFRs 0.692 0.699 0.709 0.718 0.729
Average TFRu 1.684 1.687 1.689 1.693 1.697
Skilled labor share 13.87% 14.34% 14.85% 15.39% 15.97%
we /wi 2.308 2.219 2.131 2.043 1.955
we /wX 1.46 1.46 1.46 1.47 1.47
Capital-output ratio 2.25 2.25 2.25 2.25 2.24
(Lé /Ls) 0.665 0.666 0.666 0.667 0.668
Laborincometax  31.5% 31.62% 31.74% 31.88% 32.04%
Social welfare 1.54 1.55 1.55 1.55 1.56

CEV=0.23% CEV=0.46% CEV=0.69% CEV=0.93%
Welfare (skilled) 2.69 2.64 2.59 2.55 2.51
Welfare (unskilled) 1.47 1.48 1.48 1.48 1.49
Old/Young ratio 94.78% 94.72% 94.65% 94.57% 94.48%
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CHAPTER 4

Fiscal Policy in a Developing Economy with Aging

In this chapter, we discuss fiscal policies in a developingnty with population
aging. We will first discuss the costs of aging and altermetx tools for the government
to use to finance the costs of aging, such as a consumptiomthgagpital income tax.
Second, we study the impacts of pension reform in terms adkoelfare and capital
accumulation. Third, we discuss a counterfactual scenaran informal sector if the
government can improve its tax-collection system. Ourngtugygests that a consumption
tax is the best tax tool in an aging economy, compared to a labome tax and capital
income tax, because it distorts on labor allocation, sg\ang education investment less.
We found that a low pension-replacement rate was a good mhetltbe government
considered fiscal burdens and capital crowding out amongiag/generation. Moreover,
we observed that taxing the informal sector may reduce gayathough it would help
reduce income tax rates and increase the number of children.

According to the encouraging reports form the internationganization for develop-
ing countries, which guides the establishment of social#sy programs, such as public
pensions and health-insurance system, to maintain théyo#life for the elderly. We
realized the importance of the social-security prograntsvaould like to emphasize the
significance of the programs for retired people as they dagexypect much support from
their children for their retirement. Many developing caigd, including Thailand, are
moving in this direction.

We used a similar framework and incorporated some assungpgatended from
chapter 3. In the previous chapter, we incorporated heakbrance into the model.
However, to investigate a government’s financial burdenniraging society, a pension
system should be considered. In chapter 4, therefore, wainte a pay-as-you-go pen-
sion program as an extension of social security from cheptercapture a wider range

of government subsidies for the elderly. We also conductgdaantitative discussion re-
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garding how the government could finance the excess coswirgg.aln general, social
programs are costly, especially among low-fertility-redeintries, as they have a smaller
of young population who will be able to pay taxes and bear tlegas-subsidy costs for a

larger number of elderly people.

4.1 The Model

This chapter uses a similar framework as chapter 3; thexefee refer to some basic

structures of the model, including demographic structedeication investment, and pro-

duction function:

(1) Demographic structure (3.1.1): We still have three gatiens in our framework,

which are children, young adults, and old adults.

(2) Education investment and human-capital developmehtdB There are two types of

populations, skilled and unskilled adults, which are dateed by their education invest-

ment decided by their parents.

(3) Production function and labor market (3.1.3): We alseehtavo separate production

sectors for the formal and informal sector with a standardstamnt return to scale.
However, this chapter highlights the significance of ses&durity programs and how

the government finances the excess costs of aging; thus, w#iedogovernment con-

straints, individual’s problem, and equilibrium featusesfollows.
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4.1.1 Government

In this chapter, the government uses total revenue to finaotenly public health-care
expendituresNlg) and other public expenditureG) but also public pensiorP; equation
9). The government still cannot monitor/tax the labor inednom the informal sector.

The government runs a pay-as-you-go pension system withlacement rateq) of
registered (taxable) wage income. l8gtdenote the proportion of skilled labor allocated
in the formal sector ané, denote the proportion of unskilled labor allocated in tharfal

sector. Total pension paymeRf can be defined as
Py = P(BWELE + B L) (21)

The government is required to maintain budget balance gverpd. The budget

constraint for the government is given by:

Pg+Mg+G=Tc+ T+ Tk. (22)

4.1.2 Individual's Problem

Each young adult is endowed one unit of time. Child-rearictiydies cost a fraction of
the parent’s total time per childj. The rest of the parent’s tim@ — @) can be supplied
to labor markets for earnings in the formal and/or inforneaiters. We assume that during
their lifetimes, individuals experience working in botrcs®s, and to some extent, they
can decide the allocation of working time between the twémsecTo capture the features
of involuntary informal workers and institutional distanis on the labor markets (e.qg.,
minimum-wage regulation in the formal sector), we adoptestlaiced form constraint on

labor mobility: an upper bound of labor allocated in the fatrsector.
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An young adult with skill levei = {s u} chooses current consumptioh assets to
carry to old ages], number of childrem;, education investmerg = {0,e} and propor-
tion of formal labor suppl\g; to maximize her lifetime utility. We assume period utility

function is a constant relative risk aversion utility fuioct

C}/l—o

u(e) = 1o (23)

o/ Cp/l_a

) — 7|
O<o«l1 (25)

The problem can be defined and expressed by the following\ahction:
Vi=  max {u(d)) + Bru(c) + g V(T }, (26)
{cf.d.ni.e.6)
subject to

(14 1) + & +am = (1— on)[6(1— )W + (1— 6)W; 27)
(1+1c)c” =1+ (1—1)r')a — (1— w)m + Py;; (28)
j=s ifg=¢ j=uifg=0 (29)
0<6<8; (30)

wherew? is the wage rate for sectgr 6 is the proportion of total working time allocated
in the formal sectorp is medical expenditures in old age. We assume perfect gnnuit
The young adult paysa] for the annuity (as savings) and receivés-r’)a’ next period

if she/he survives. We assume educational cost is a funcfiskilled wage in the formal

sectore = (pswé.
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4.1.3 Equilibrium Features

We focus on an equilibrium in which both skilled and unsklliorkers exist with an
upward intergenerational mobility: Skilled parents alwayest in children’s education,
and some unskilled parents invest in education while ottiensot. Thus, in this equilib-

rium, unskilled parents are indifferent about investingheir children’s education:

Vug.té . Vu;.k_o
PRt Rt

(31)

whereVse—gis the value of a skilled parent who chooses to invest on imifd education
(so his/her children will become skilled labor),

Vue—o is is the value of a unskilled parent who chooses not to inmesthildren’s educa-
tion (so his/her children will become unskilled labor),

Ps= ¢[6(1— TL)Wif + (1—- 6)w'] +eis the total cost for having an educated child, and

Pu=9[6(1- TL)Wif + (1— 6)w] is the total cost for an un-(low-)educated child.

Optimal decision rules are determined as follows:

e Savingsfga): An adult needs to trade off between today consumption atutd
consumption. Thus, the optimal decision is a marginaltytdf today consumption

equals to a marginal utility of tomorrow consumption (oldls#t period).
Uy :B(l—l—(l—TK)r/)UCo/ (32)

e Fertility (number of children): To satisfy the optimal nuertof children, it implies

a marginal utility of children equals to a marginal cost spiag on raising a child.
YL—e)(m) "8V = ug @B (1 )W +(1-8)wW]+&} (33)
Wherewif is the formal sector wage rate amgl is the informal sector wage rate
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e Formal labor supply:

if not binding
-+ (e W —wi 6<6
if binding

-+ (e W > wi 6=

Given the big wage gap between formal and informal sectoissnbt possible if none

of the formal labor supply constraints are binding. Henlkete are two possible cases:

e Case 1: unskilled binding; skilled not binding
Skilled:

] ATKD e (L)%t (L)
;{(1—”“1“)4 R T(Lge
L my ] ATK)Tap(Ld) (L)%
L_é — {(1—T)+(1+r)p:| AX(KX)ys (LX) Y2(LY)Ys

Unskilled: 8, = 6,

e Case 2: both binding> 6, = Q_U andbs = 9_3

This is not a preferred case because voluntary informal grsréo not exist.

In this dissertation we focus on case 1 for all the analysis.
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4.2 Parameters and Benchmark

Thailand was selected as a representative economy for @untitative analysis. We set
up parameters by calibrating our model to match similarergs in chapter 3, including
fertility, life expectancy, skilled-labor share, capitaltput ratio, formal-employment ra-
tio, and skilled-unskilled wage ratio in the formal sectMe used the calibrated model as

a benchmark and performed quantitative experiments baséd o

4.2.1 Parameters

Table 4-1 summarizes the parameters used to calibrate tiehimark in a steady state.
In the calibration, most parameters were similar to the aranapter 3 (table 3-1). There
were some that were slightly different: (a) we chose the ahdiscount factor to be

0.9383 to match the capital-output ratio (1.90) in 2012. wkB)made the altruism coef-
ficient equal to 0.233 so that we could match TFR (1%4{c) in the formal sector, we
targeted®* = 6.53 to match the proportion of skilled workers in formabeamy ©s). (d)

in terms of pay-as-you-go pension benefits, we assumed émsign benefits would be
provided only for workers who paid their income tax during thiorking period, with a

25% pension-replacement rate.

4.2.2 Benchmark Economy

Table 4-2 compares the real data and benchmark resultse @hetwo parts: calibrated
and non-calibrated results. In terms of calibrated resulesfound all target variables;
fertility, life expectancy, skilled-labor share, skillegrkers in the formal economy ratio
(6s), and average income share between formal and informabrs@et/w*), were per-

fectly matched with the real data. Therefore, it can be ietpthat the model is highly
effective and can represent Thailand’s current demogcagind real economic situation

very well. Although the income inequalit;yé/w.ﬂ was not calibrated, it turned out to be

2?Data source: United Nations Population Division. World ®agion Prospects.
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close to the data. The model also stimulated fertilityrfgrwhich can be summarized as
follows: the fertility rate of skilled parents&) was 0.3547, the fertility rate of unskilled
parents with skilled childrem(s) was 0.2973, and the fertility rate of unskilled parents

with unskilled childremy, was 0.9253.

4.3 Cost of Aging and Tax Policy

We compared alternative tax tools, such as a consumpti@nthgapital income tax for fi-
nancing government expenditures in the aging economy. #Wewed that the government-
consumption-to-GDP ratio was fixed, as in the benchmark,usmed labor income tax,
consumption tax, or capital income tax to balance the gowent budget.

We used labor income tax to ensure fiscal balance in the agimgpeny. First, in an
aging society, people are required to save more assetsuegeeir retirement; therefore,
capital-output ratio increases by 14.88%. Second, we wédesignificant increases in
labor-income tax burdens, income tax rate increases fro¥h tb534%. The government
needs to increase the labor income tax to sustain sociatgreyand other government
expenditures. Skilled labors tend to switch from the forssadtor to the informal sector to
avoid higher tax burdens. Therefore, the skilled-laboreivathe formal sector declined
from 17.02% to 13.81%. Moreover, we found that the average @aRd social welfare
slightly increased from 1.533 to 1.538 and 1.38 to 1.52,aetyely.

The results in table 4-3 also present the impacts on alieenaplicies. We observed
that both consumption and capital income tax have minor atgpan the average TFR.
Fertility increased slightly from 1.533 to 1.540 and 1.5B®reover, we found three main
effects on using a consumption tax and capital income takriancing government ex-
penditures in the aging economy. First, unlike income taxfaund neither consumption
tax and capital income tax distorted human-capital investmThe skilled-labor share in
the formal sector increased from 17.02% to 17.19% and 17, 38%pectively. Second,

people tend to decrease their saving if the governmentasesethe capital income tax.
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This means that an increase in the capital income tax wilbdisavings. If the govern-
ment would like to use the capital income tax to finance theeeding costs of aging,
the tax rate needs to be increased by 6.7 percentage pamt2@86 to 26.7%. On the
other hand, if the government uses a consumption tax to taléve expenditures, we can
observe the highest capital-output ratio (2.367), sinagpjgeneed to save more money
for future consumption. Third, people can enjoy the bestataeelfare benefits if the
government finances the excess cost of aging by increasengahsumption tax. One

possibility is that all age of groups be required to pay thescmnption tax equally.

4.4 Potential Social-Security Reform

The results in table 4-4 present the potential social-welfaform. We discuss pension
reform to see whether the government can improve sociabvweeHnd the average TFR
by adjusting different pension replacement rates from 0%084. We observed that the
average TFR slightly increased according to an increadeeipénsion-replacement rate.
On the other hand, the social welfare decreased. We fouhbbtixar pension-replacement
rate or pension repayment is better because of two possittiers.

(1) Fiscal burden: The government needed to tax young péofiteance old people. With
the population declining, at some point, the number of olojppewill surpass the number
of young people. Therefore, the burden on young people tataiaisocial security will
be higher.

(2) Capital crowding out: We observed that people will rezlgaving if they realize that

they receive a higher pension, which decrease the capitplibratio.
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4.5 Role of the Informal Sector

We will first discuss a counterfactual scenario in which tbeegnment improves its tax-
collection technology, allowing the informal sector to lbedd. We demonstrate a case
in which there is a 50% probability that workers’ income i tihnformal sector will be
taxed. Table 4-5 presents the result; the labor income teredees by over 10% from
33.9% to 23.6%. Therefore, there is no benefit for workerslocate from the formal
to informal sector to avoid increased tax burdens. We oleseavsmaller distortion on
skilled-labor allocation and education investment, afleskiabor share in the formal
economy increased by 2.77%. However, the result showedatimegvelfare change, as
the government also needed to provide more pension bengfiteckeasing fiscal bur-
dens for young generations. Moreover, people reduce sasrthey rely more on the
government pension, which lowers the capital-output ratio

Table 4-6 shows the results of fiscal policy with formalimat{i.e., no informal sec-
tor). We revisited the fiscal-policy experiment again byuastg the government can
collect 100% of all tax revenue from every tax-income chanimehis case, there was no
distortion from the informal sector that we mention earlife found that the consump-
tion tax was still the best compared to the other two tax to&snilarly, even though
there was no informal sector, labor income tax showed sostertion on education in-

vestment, and capital income tax showed some distortiomang.
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4.6 Conclusion

In this chapter, we discussed the impacts of fiscal policy @pufation aging by devel-
oping a two-sector general equilibrium overlapping geti@ena model with endogenous
fertility and education choices. The model also captureditifiormal sector, which is
an important feature in developing countries. We used &hdilas a representative for
calibration and quantitative analysis. We realized thaifitance of social programs in
developing countries to maintain the quality of life for #lderly. We incorporated a pay-
as-you-go pension plan into the model to capture a wideraahgovernment subsidies.

We first discussed the impact of aging and fiscal burden oregociVe found that
there was a significant increase in income taxes to sustaialgomograms. Moreover,
when comparing the use of consumption and capital incomesttx finance to excess
costs of aging, we observed that the consumption tax wasestetéx tool in this aging
economy scenario, as it causes fewer distortions of labweation, saving, and education
investment.

Second, we discussed potential social-security reform. adjasted the pension-
replacement rate to figure out whether the government coybtdve social welfare. The
model implies that privatization of public pensions is a geay to improve social wel-
fare. A PAYG pension system mainly relying on intergradati@nsfer is not good for an
aging society. The government should encourage peoplesfzape enough savings for
themselves. However, we do not consider any risk or unceytéhat can occur if they do
not have enough saved resources. Therefore, any penstomrsifiould take this concern

into consideration.
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Third, we studied a counterfactual scenario in the inforasator if the government
could improve its tax-collection system in which there i0&bprobability that workers’
income in the informal sector will be taxed. This improvereould reduce the income
tax rate. Moreover, there was no benefit for workers to rééoram the formal to the
informal sector to avoid tax payment in this scenario. Tfogee in this scenario, we
observed a higher number of skilled-labor share. We alsgited the fiscal experiment
by assuming the government could collect 100% of all tax meeefrom every income-
tax channel to ensure the robustness of the results. Wewaastre same pattern; the

consumption tax was still the best compared to labor incomaecapital income taxes.

46



4.A Main Table

Table 4-1: New Parameters

Parameters Value Source/Target
SQurvival Rates
w 0.47 life expectancy 74.18
Preference
B 0.9528 capital-output ratio 1.9
1] 0.233 a half of TFR 0.77
Informal employment and production
6 - not binding
6, 0.3 binding; datd.{ /(L + LX) = 0.3
A' 10 normalization
AX 6.53 data ! /(L{ + LX) =0.726

(ay,02,03)  (0.67,0.09, 0.24)

data income shares (formal sector)

(y1,¥o,¥8)  (0.67,0.045, 0.285) w' /w* = 3.3

Child Schooling/Rearing Costs

(08 0.16

(0] 0.243
Tax Rates

Tc 10%

Tk 20%

T 15%

Government Subsidy
w 67.5%
p 25%

skilled labor share 17.34%
child-rearing cost (to high school) 2004

Tax rate on consumption
Tax rate on capital income
Tax rate on labor income

public medical expenditure share
pension replacement rate
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Table 4-2: New Model Benchmark

Data Model (benchmark)
Calibrated
Average TFR 1.54 1.53
Life expectancy 74 74
Skilled labor share (formal) 17% 17%
Capital-output ratio 1.90 1.91
6s (LI/L) 0.73 0.73
6y (Li/Ly) 0.30 0.30
wh /w 3.26 3.28
Not calibrated
wé /wi 1.79 1.81
(G/Y) I (Total Govt Exp/Y) —/11.71%  18.89% /22.59%
Nss 0.3547
Nus 0.2973
Nuu 0.9253
Average TFRs 0.71
Average TFRu 1.71

Table 4-3: Tax Policy

Financing tool

Fiscal Policies - Aging economy
Benchmark Labortax Consumptiontax Capétal

T 15%
Tc 10%
Tk 20%
Average TFR 1.533
Average TFRs 0.709
Average TFRu 1.706
Skilled labor share (formal) 17.02%
Wl /wX 1.16
Capital-output ratio 1.908
Annual return on capital 8.2%
Social welfare 1.38
Welfare (skilled) 2.27
Welfare (unskilled) 1.32

33.9%
10%
20%

1.538
0.705
1.714
13.81%
1.47
2.192
7.7%
1.52
2.64
1.45

15.0%
15.8%
20.0%
1.540
0.719
1.712
17.19%
1.15
2.367
7.4%
1.72
2.83
1.64

15.0%
10.0%
26.7%

1.538
0.715
1.710

17.33%

1.15
2.288
7.5%
1.70
2.79
1.62
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Table 4-4: Government Pension Reform

Baseline 0% 10% 20% 30% 40%
Nes 0.352 0.345 0.348 0.351 0.354 0.356
Nus 0.276 0.279 0.278 0.277 0.276 0.274
Nuu 0.927 0.902 0.912 0.923 0.932 0.942
Average TFR 1.538 1.499 1.515 1.531 1.546 1.561
Average TFRs 0.075 0.690 0.696 0.702 0.707 0.713
Average TFRu 1.714 1.669 1.687 1.705 1.722 1.739
Skilled labor share 13.81% 14.63% 14.30% 13.97% 13.65% 13.33%
W; /WS 1.47 1.36 1.40 1.45 1.49 1.54
Capital-output ratio 2.19 2.38 2.30 2.23 2.16 2.09
Laborincome tax 33.96% 26.64% 29.64% 32.55% 35.36% 38.08%
Social welfare 1.52 1.67 1.61 1.55 1.50 1.44
Welfare (skilled) 2.64 2.87 2.77 2.68 2.59 2.51
Welfare (unskilled) 1.45 1.59 1.53 1.48 1.43 1.38

Table 4-5: Role of Informal Sector-Income tax

Baseline Taxing informal

Average TFR
Average TFRs
Average TFRu

Skilled labor share (formal)

e /W

Capital-output ratio

Labor income tax
Social welfare

Welfare (skilled)

Welfare (unskilled)

1.538 1.752
0.705 0.705
1.714 1.971
13.81%  16.58%

1.47 1.14
2.19 2.02

33.9% 23.6%
1.52 1.45
(CEV:-8.18%)

2.64

2.44
(CEV:-14.51%)

1.38
(CEV:-9.93%)
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Table 4-6: Fiscal Policy with a Formalization

Aging economy
Financing tool

Baseline Labortax Consumptiontax Cap#alt

1l 33.9% 18.9% 15.0% 15.0%

Tc 10% 10% 16.7% 10.0%

K 20% 20% 20.0% 27.4%
Skilled labor share (formal) 13.81% 18.2% 18.4% 18.4%
Capital-output ratio 2.192 1.93 2.04 1.96
Social welfare 1.52 1.39 1.46 1.44
Welfare (skilled) 2.64 231 2.39 2.36
Welfare (unskilled) 1.45 1.33 1.39 1.37
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4.B Sensitivity Analysis

In this dissertation, the capital share of output betweeridhmal and informal section is
assumed to be the same. Therefore, we provide a sensiésitwith alternative values of
capital share in the informal sector production functiod aedo the fiscal policy exper-
iments {4, from 0.67 to 0.5 and 0.8). The results in table 4-3 (a) antttat8 (b) show
the same patterns as that in the 4.3.

Moreover, we observed that a lowgy, capital return in the informal sector will be
lower and more capital will be allocated in the formal se¢topre efficient) and so the
aggregate productivity will be higher and lead to highepaotiper capital. This improve-

ment in output/income reduces the tax burden.

Table 4-7: Tax Policy with a Lower Informal Sector Capitab®h (4 = 0.5)

Fiscal Policies - Aging economy

Financing tool Labortax Consumption tax Capital tax
T 29.60% 15.0% 15.0%
Tc 10% 14.9% 10.0%
Tk 20% 20.0% 25.9%
Average TFR 1.570 1.564 1.571
Average TFRs 0.743 0.746 0.755
Average TFRu 1.744 1.736 1.742
Skilled labor share (formal) 15.74% 18.64% 18.39%
Capital-output ratio 2.388 2.528 2.446
Social welfare 1.71 1.87 1.84
Welfare (skilled) 2.78 2.92 2.89
Welfare (unskilled) 1.64 1.79 1.76
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Table 4-8: Tax Policy with a Higher Informal Sector Capitab®e {4 = 0.8)

Fiscal Policies - Aging economy

Financing tool Labortax Consumptiontax Capital tax
1l 39.83% 15.0% 15.0%
Tc 10% 17.1% 10.0%
K 20% 20.0% 27.5%
Average TFR 1.477 1.492 1.491
Average TFRs 0.652 0.678 0.676
Average TFRu 1.650 1.663 1.662
Skilled labor share (formal) 11.98% 16.28% 16.22%
Capital-output ratio 1.904 2.138 2.057
Social welfare 1.21 1.47 1.45
Welfare (skilled) 2.35 2.63 2.59
Welfare (unskilled) 1.14 1.38 1.36
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CHAPTER 5

Conclusion

In this chapter, we first gather and summarize the main firgdiregm chapters 3 and 4.
Then, we discuss the policy implications from a broadergestve. Finally, we briefly

mention the possible directions for the further studies.

5.1 Summary of Studies

This dissertation concentrated on evaluating populatioifigcal policies in a developing
economy with aging. In particular, we first investigated ith@acts of aging on different
population policies, which were a subsidy on time cost,dhilowance, and an education
subsidy, responding to the average total fertility rateRYBtimulation. Second, we in-
vestigated the excess burdens on social-security progafimance elders by discussing
the possible alternative tax tools for fiscal balance, dofjggpension-replacement rates
for social security reform, and conducting counterfactizanarios in the informal sector.
To address these concerns, we developed a two-sector begeitdorium OLG model
with endogenous fertility and education choices. We usaldahd as an example for the
guantitative analysis because of its dramatic declinertilifg to below the replacement
rate. Moreover, roughly 60% of its workers are in the inforsgctor, and it has recently
developed public-pension and the universal-health ima@aystems. The model was
calibrated to match some key factors of the Thai economy antbgraphic variables in
2000s. We quantitatively investigated the impacts of agind assessed the population

and fiscal policies by their effects on economic performarwtsocial welfare.
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Our quantitative analysis first suggested that in an emgrgaonomy like Thailand,
if the life expectancy increases to 83, as forecasted fob2@&@d the labor income tax is
used to balance the government’s budget, the labor incoxkas to increase to 32%,
up from the current 15%. We also observed a distortion in @tilie and labor allocation
between the formal and informal sectors as a higher lab@niectax rate will lower the
return on education.

Second, in addition to aging, the time-cost subsidy andicklibwance will lead to
a worsened social-welfare level because they distort tlaive price between skilled
and unskilled labor and reduce education investmentsoudiin they successfully raise
the average TFR and improve the old-age dependency ratgtedd, we suggested an
education subsidy to improve long-run economic perforreaara welfare.

Third, we found that capital income taxes should not be zerani economy with a
large informal sector. Even if the informal sector does nadtea labor tax still distorts the
decision of education investment and indicates the ndgesisa positive capital income
tax. If a consumption tax were available, we found that it thesbest tax tool for an aging
economy. Redistribution is the main concern about usingrswmption tax to replace
income taxes in the literature. Although we do not char&dedetailed income/wealth
inequalities in this model to discuss redistribution irstaspect, a consumption tax has
a redistribution effect between young and old generatiehs;h is preferred in an aging
economy with a negative population grovéth.

Fourth, we found that reducing pay-as-you-go governmensipe can be a welfare
improvement because it generates a lower labor income taebwvhile maintaining the
capital-output ratio. However, we do not consider any riskimcertainty that can occur

if people do not have enough financial or saved resources.

23Correia (2010) shows that consumption tax also has a peefeadistribution effect over income
groups.

54



Finally, we found that if the government could improve its-tallection system and
be able to tax the informal sector, it could reduce the labooine tax rate. We observed
that doing so may reduce savings and increases the numbdildfen, which could
lead to a lower capital-output ratio. Moreover, there wdagdess relocation between the
formal and informal sectors, as there would be no benefit tamgdrom one sector to the
other. We revisited the fiscal experiment by assuming tregthvernment could collect
100% of all tax revenue from every income-tax channel to enthe robustness of the

results. We found that the consumption tax was still the taestool.
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5.2 Policy implications

This dissertation investigates the impacts of aging in &ibging country with population
and fiscal policy in chapter 3 and chapter 4, respectively.

Chapter 3 investigated population policy in a developingntoy with aging; our em-
pirical studies provided some policy implications. Firgttime cost subsidy and child
allowance can help improve the fertility rate and age-stme&c However, they lessened
both physical and human-capital investment and eventuathgased fiscal burdens and
lowered economic growth in the long run. Therefore, they matybe good policy sug-
gestions for developing countries with an already low hwoapital level.

Second, we found that the education subsidy encouragedrioapatal investment.
Therefore, if the government would like to increase theilfgrtrate without lowering
human-capital investment, the possible solution is an a&itut subsidy with some other
childcare policy.

Chapter 4 investigated fiscal policy in a developing countithh aging; our empirical
studies provided several policy implications. First, cenméing taxation, our results were
consistent with Dekle (2004), suggesting that the benefitaioent retirees should be
covered by increased consumption taxes. We found that theuoaption tax was the
best tax tool in an aging economy because it distorted orr lalbmcation, saving, and
education investment less than any other taxes. In ternabof lallocation, workers will
see no benefit in moving from the formal sector to the inforseadtor in order to avoid
paying labor income taxes.

Second, according to the experiments related with the py@nsion system, our
results imply that a privatization or a fully-funded systesti improve social welfare in an
aging economy. Since our model does not consider any incakéhat limits the ability
of saving for retirement, although we suggest that the gowent should not provide
too generous pay-as-you-go pension system with a trendoaf population aging. It is
necessary to consider associated social insurances twatemcertain living standard for

poor people in old ages.
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5.3 Future Studies

Population aging is a much broader concept than what we hagas$ed here; our stud-
ies in this dissertation suggest several possible resahrettions that deserve further
exploration in the future.

Concerning population policy, we could further exploreeastdeveloping countries
and conduct a cross-country comparison. Another possibkewould be to consider Lee
et al’s (2014) study of population policies across coestriwhich showed the optimal
fertility for three different groups classified by incomevd& which were high-income,
medium-income, and low-income countries. They observeaftimal replacement rate
to maximize per capita consumption, standard of living, #m& most beneficial gov-
ernment budgets in the long-run. However, the study did natern the aging issue.
Therefore, investigating the optimal fertility in an agiagpnomy can be an extension of
our study.

Concerning fiscal policy, a potential research directionhintroduce a social public
pension for elderly informal sector workers in developigictries. In this dissertation,
we assumed that only formal sector workers who paid taxeddvegeive social pen-
sions after they retired. However, in reality, the governtmghould show concern for
informal sector workers, as they have a higher potentialaeeHdifficulties sustaining

their lifestyles after they retire.
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