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ABSTRACT

It has been a fervently discussed that the govenimay not be able to collect enough tax revendasmce its
enlarging welfare expenditure arising from the dedhaf increasing elders in an aging economy and cingent
pay-as-you-go pension system may also encountaietafy problem in the future. This paper investigathe impacts of
population aging in Taiwan and analyzes the effe€tsocial security reforms with multi-period ovegsping generation
(OLG) model. The simulation results indicate thapplation aging may not necessarily leads to aatiou in GDP,
as long as the economy maintains a constant stofa@chnological progress. Three social securifgrra programs
proposed in this paper, two on national healthraisce (NHI) and one joint reform on pension and NiHtlicate that
proper reforms improve financial soundness of thead security system. Moreover, the joint reforragram has a more

prominent effect on the improvement of the sustailitg of the NHI program and government budgehsta
KEYWORDS: National Health Insurance, Overlapping Generatiard®, Population Aging, Social Security Reforms
1. INTRODUCTION

The global economic development in the past certagyresulted in higher living standard, bettersatat health,
and longevity of peoples. However, along with thece of economic development, there is a gradualodeaphic
transition characterized by a declining in fenilitate and crude death rate. Decreasing fertilitgf Eengthening of life
expectancy are the two major forces that contriboteurrent aging phenomena in most industrial engas and some

newly developed economies like Taiwan.

Population aging is “the process by which olderniitthals become a proportionally larger share & total
population.” It is a predominant demographic issue for the igesl economies, newly developed economies, ané som
developing economies as well. The demographic djcwmf population aging challenge the existing semionomic
institutions, lead to future labor shortage, inseeduture health care demands, and change the sitiopoof goods
market? Furthermore, declining working-age population wbnbt only alter the labor market composition Hebaffect
the decisions of households on wealth allocatidis Dn-going demographic transition is an unavdiel@nd irreversible
phenomenon of the human society in th& Zentury. The increasing elderly dependency rasulting from population
aging implies that there would be an increasindiporof people claiming pension benefit, whereathatsame time there
would be a relatively smaller portion of workingogpée paying income taxes and making contributiothtopension fund.
Given the current pay-as-you-go (PAYG) pensionaystthis demographic transition raises concerrhenstistainability

of future pension system. Furthermore, with shrigksize of tax payers due to population aging,gbeernment may

! United NationsWorld Population Ageing: 1950-2050, p.1. Available at
http://www.un.org/esa/population/publications/wadging19502050/.
2 For example, resources used in producing babyesaduld turn to the production of walking stick.
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10 Nai-Wen Chang & Yuan-Ho Hsu

have to raise tax rate in order to keep its butbgtncedOne may expect that tgpaymeniand pension contribution for
the future generations would increasethe result of demographic ac. In order to maintain the sustainability of pems

system and government budgetary stance, it woultebessary to call for system refor

This paper airm to analyze the impact of population a¢ on the social secuy systems, especially the N
system in Taiwanln order to accomplish this goehis paper incorporates the universal, compulsatjonal healtt
insurance system into the modElgure 1 illustratesa comprehensive structure of thdel in this stud In the model
there are four sectorshqusehold, firms, government, and social securifistesr) interact in two markets
(good market and factor markebouseholds supply capital and labor to the factarket whereas firmsire factor to
produce goods for sale in the goods market. Houdsetearn incomes from factors sold in the factorketand use it t
buy goods and services in the goods market. Govamhiollects taxes, pension premium and NHI premitom both
households and firms (the employeasid makes transfer payms to both sectordn addition, the government as soc

security provider also provides commensurate shartéee pension fund and NHI fu
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Figure 1: Model Structure and Economic Circular Flow Diagram

This paper employs overlapping generation modelGPto analyze the effect of population aging orvate
saving and consumption, national health insuragstem, and the pension syst¢A major contribution of current paper
the incorporation HNHI in the OLG model and uses it to explore thac-term impacts of population aging on the mi
economy. Though ost existing papers focus on the investigationngpdcts of population aging on pension sy,
this paper extends existiniferature by introducing NHI system to the socgdcurity system and investigates
correlation with population aging. The dynamic gaheequilibrium OLG model will becalibrated and solved with
historical data from Taiwan. The resulhen serve as baseliseenarios with which scenarios frcvarious counterfactual
policy reforms are compare@he counterfactual policy simulations would foars measures of pension system reis

and NHI reforms which wilbe discussed in Sectior

Impact Factor (JCC): 3.1936 NAAS Rating 3.17



Social Security Reforms in Aging Economy 11

The reminder of this paper is as followings: Settbsurveys related literatures on demographiccagimd its
macroeconomic impacts. Section 3 illustrates thelehased for this paper. Section 4 presents aralisgs simulation
results of this study. Section 5 sums up majorifigsl and discusses policy implications drawing frira simulation

experiments in this study.
2. LITERATURE REVIEWS

The World Health Organization (WHO) states thatdlieis a cumulative state, to be promoted througtite in
order to ensure that the full benefits are enjayddter years. Good health is vital to maintaineaoeptable quality of life
in older individuals and to ensure the continuedtibutions of older persons to sociefyThis definition illustrates the
relationship between aging and health. It stresat good health status is the key to maintain gqodlity of life.
Physical health is the most important asset fopfeand good health is a pre-requisite for hapfey Health insurance
coverage provides economic security to accidergalth expenditures, especially for the elders wéreetbecome frail as
age increased. Various studies explores the roldMedicare and other health insurances on saving ratictement
behaviors of the elders, whereas some others igaéstthe effects of pension system on the eltitzsind the economy.

This section reviews related studies on these specs.

The aging demographic dynamic causes huge incri@agension payments, affects intergenerational theal
distribution and resources allocation. The sushility of fiscal budget and pension system in aringgsociety with
pay-as-you-go system would face difficult time givhat the working age population, the contributfrsax and pension
fund, has been shrinking due to population agingmbgraphic aging transition has raised the coneerrfiscal

sustainability and pension system vulnerabilitgiaging economy.

Horioka et al. (2010) analyze the impacts of population agingsawing in East Asia, especially for Japan and
China. The main conclusion of this paper is thapyation aging will cause decline in national saviyet may not leads
to disastrous outcomes because not all countrieaggel simultaneously. Though many literaturesrtcltiat population
aging would have an adverse effect on saving inldhg term, some others would held an opposite .viénwugasa and
Mason (2006) argues that population aging may poessarily lowers saving rate if life expectanoylgmged. Kulishet
al. (2010) analyze aging, retirement, and saving gugianeral equilibrium overlapping generation modéie study
introduces endogenous retirement decision to th& @hodel and concludes that the economy converges new
equilibrium with higher capital intensity as lifegectancy prolonged. However, in the transitioriqués, capital intensity

falls in short run whenever there is improved pbgkhealth state associated with rising longeuvity.

Regarding pension system reform in the aging ecgnearious studies focus on the vulnerability ohgien
system and welfare effect of pension reform. Koffilet al. (1999) analyze the distributional effects of sbsecurity in a
computable general equilibrium model with overlaygpipeneration structure. The study concludes thaatzation of
social security could improve long-run living stand; however, it takes time for the economy to eehithis gain and,
in the transition process, there is welfare logstifi@ transition generation. Vogel al. (2013) investigate the effect of
pension reform on human capital formation and welfaf the households. This study indicates thahopss has only
relative mild effect whereas endogenous human aafpitmation combined with extension of the retimhage has strong

effect.

3 WHO (1999). “Men Ageing and Health: Achieving Hisadicross the Life Span.” p. 10. Available at
http://whglibdoc.who.int/hg/2001/WHO_NMH_NPH_01.8fBua=1
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12 Nai-Wen Chang & Yuan-Ho Hsu

With respect to population aging and health caneeesdliture, the life-cycle medical expenditure pecedithat
medical expenditure increases with ages. In a ws@enational health insurance system, populatgingaresults in an
increasing number of elders whose health experdituexpected to be enlarged as times go on. hi&ein the pension

system, sooner or later the NHI program would entenfinancial deficiency problem.
Therefore, NHI reform is another imperative issuam aging economy.

Breyeret al. (2010) investigate the influence of aging on Headire and health expenditure. The authors conclude
that the rise in longevity leads to further demé&dmedical care, which demands further expansfosooial and medical
components care for the elderly. Wetnal. (2012) examine the effects population transitiod &olume-intensity to the
growth of health care cost in Taiwan. The autharsctude that an annual 4.49% increase in nomindicakexpenditure

can be ascribed to contribution of health caretidgh (2.43%) and population aging (1.68%).

It is well recognized that aging is one of the mdartors that contribute to the increase in mddizgenditure.
Ensuring sufficient income for the old age is intpat to the elders’ life quality and health corditi Kotlikoff (1986)
explores the correlation between health expenditared precautionary savings in America. The stushycluides that,
assuming that individuals are self-insured, unaemaalth expenditures would lead to 1/3 increassaving. Chowt al.
(2003) investigate the association of national theahsurance and saving behavior in Taiwan and lodec that
comprehensive health insurance can reduce undgrtam future out-of-pocket medical expenditures dmmhce the
precautionary motive of saving. The empirical resiffom this study indicate that the compulsoryioral health
insurance program in Taiwan results in a reduatibgsaving by an average of 8.6-13.7%, with thedatgeduction comes
from the least saving households. Naatchil. (2009) investigates saving for the retired simmdeple and conclude that out-
of-pocket medical expenses rise quickly with bogie @and permanent income, so that the motive to sadeiven by
expected expensive medical expenditure in therlaite of life. Rogowski and Karoly (2000) investem the role of
health insurance in the retirement decisions oéiolglorkers and find that access to post-retirerheatth insurance has a
large effect on retirement. French and Jones (26idkes empirical analysis of the effects of emplgyrevided health
insurance, Medicare, and Social Security on retmnehavior. The empirical results suggests thedibare is important
for understanding retirement behavior and that tas#y and saving are both important for underdiag the labor

supply responses to Medicare.

Recent rising trend in medical costs has casteddthibdt on the efficiency of the NHI program in pmting
health of the people. Chehal. (2006) evaluate the effect of Taiwan’s NHI pragran improving the elders’ health care
and health status. They use longitudinal survew dat analyze the causality and conclude that TdsvaitHl has
significantly increased the utilization of out-matt and in-patient care for the elderly and loweime. Population aging
together with rapid rising in medical cost also tcdsubt on the sustainability of the NHI, Medicam, other
comprehensive health insurance programs. Manyesualso call for reforms on the health insuranogmmms. Hsu and
Yamada (2013) investigate the impact of populaigmg on the universal health insurance (UHI) progin Japan and
discuss the effects of potential reform policielsey construct a general equilibrium life-cycle miadenhich the effect of
aging on microeconomic and macroeconomic behaviassburden and welfare effect are incorporatece Tésearch
concludes that, given the current demographic pfigje, it would be indispensable for the Japaneseigment to levy
higher labor income tax to finance enlarging futimsurance benefit. A reform which increases lalbb@mome tax is

undesirable because it discourages labor supplyHinreform by increasing copayment and tax refasim increasing

Impact Factor (JCC): 3.1936 NAAS Ratj 3.17



Social Security Reforms in Aging Economy 13

consumption tax, or both, would be more desirdldlereover, the insurance benefits reform and tagrrefwould improve
the welfare of future generation. Other similardéts with Japanese economy as research object,asuthutoet al.
(2012), and lhoret al. (2011), have proposed reform in social security/ar tax system.

3. THE MODEL

Samuelson (1958) and Diamond (1965) presented itmegr work on OLG model. Since then OLG model is
widely applied in demographic transition issue. ®aomad with demographic transition, an OLG model begnused to
analyze business cycle fluctuation, policy appiaratpublic debt, and so on. With the assumptiat the households live
for finite time, OLG can be used to investigate dyaamic effect of demographic transition. This grapses OLG model
in the analysis of the impacts of population agimgmacroeconomic performance of Taiwan. The mad¢his paper is
built on a multi-period OLG with structure as ttatAuerbach and Kotlikoff (1987) on demographicnsgion, social

security, and economic activities.

Since young students in Taiwan graduate from celksgage 22 and start working thereafter, this papsumes
that new generation enter the economy at biologigal of 22, which corresponds to generation j=thénOLG model.
Everyone retires at physical age 65, correspondinggeneration j=44 and dies at age 80, correspgntbnj=59.
The economy consists of 59 generations that aretdérby j=1, 2,....., 59 and at any point of timeréhare 59 generations
coexist. It is further assumed that there is nerggnerational borrowing and lending. All housebatibke best allocation
of their lifetime wealth, given that life expectanie known to every individual. There is no bequestive in the model.

Each individual is rational and perfectly foresighis closed-economy model.

The model consists of four sectors: householdsisfithe government, and social security systemceTaee two
markets, factor market and good market, in whichsetolds, firms, and the government interact. suages no private
insurance markets; people choose only health insarprovided by the government as insurance ingmntfor accidental
health events. The government is responsible fonimidtering the public pension and NHI systems. aldition,

the government, as a social security provider, adakes fund contribution to these two social welfsystems.
3.1 Demographics
The economy is populated by overlapping generatfandividuals. A generation is represented by ecffic age.

The economy consists of 59 generations of diffeagiets at any point of time. The growth rate of wewort isn, , , which

is also the population growth rate of the econorfy) (Let R denotes number of people living in time t, sodggregate
number of people at time t is given as:
R=@n R, @)

One can also obtain aggregate population by sumaprejl generations at time t. That is:

59
d2P=R, 3.2)

j=1

where j is the index of individual generation.
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14 Nai-Wen Chang & Yuan-Ho Hsu

3.2 The Households

Assume thathte household maximis its expected lifetime utilityThere is no uncertainty regarding -length.
While working, each household supplies a fixed amiaf labor inelastically fc which she earns the market wage
finance current consumption, saving tax payments. Thipaper introduces medical expenditure into the maeael
treats it as part diousehold consumpti. That is, the household has two forms of consumptonsumption for gener
consumer goodsc) and consumption of medical servicam). A minimum level ofmedical expenditure is necessity
each individual so that one keeps good ‘healthivtok and consumeThe NHI programin Taiwan requires that each
household to pag constant copayment on each visit of clinicsis paper takes thisopayment as the cessary minimum

medical consumptiofor each househao. The expected lifetime utility of a representati@isehold is given |

j+58

EQU))= 2B V(e m,), (3.3)

wheref} derotes subjective discount fact;is the consumption of generatipat time t and 1, is the minimum
level of medical expenditure of genera j at time t.

Because it's difficult to measure medical expenditdor people across ages, this paper uses pudl
age-specified perapita medical expenditure data from NHI repontepresent the medical expenditure of a typicalqre
at a specific age. Lety; denote the medical expenditures ™ generation at time # denote copayment ratio of medir
expenditure, and”m; is the amount of copayment for generation j at timénstantaneous utility of the househc

v(c,, my), isa function of total consumptit ¢;; of households, which can be written as

[Cj,t + mej,t]l_g
1-6

v(c;,,m;) = : (3.4)

where ] denotes intertemporal elasticity of substitutiondonsumption

There are two cohorts in the economy: the workigg generation and the retired. An individual in Wigrking
ages supplies inelastically his labor to obtain evaggome. The working gerations have to pay various taxes, incluc

interest income tax, consumption tax, and income ttzey also made premium contribution to the gowegnt pensiol

system and national health insurance. The tax fatésterest income, consumption, and wincome are T, ,T,. , and
T, , respectively. People make premium contributiothtopension system at reT;, and to the NHI a T,.

In the compulsory NHI system each individual is uiegd to contributea premium which is a portio

vm (0 <oy, <1), of the individual’s income. The insurance piam for a workini-age generation is shared by the wor

employer, and the government together at the shafe T,,, w, and ky, respectiely; where Tjp+ © + kyn =1.

For the retired, the insurance premium is collettaskd on the amount of pension beronereceived.

Each household works until physical age 65, coording to generation 44 the OLG model. A retiree of
generationj is eligible to receive pension benefj; at time t. The discounted intertemporal budget tairgs for the

household is given by

Impact Factor (JCC): 3.1936 NAAS Rating 3.17
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ST+ HE- T I T, - T~ T,0,)W, &1+ 0
ST -1, + ST+ -1, ¢9
=S @I, + ST

=1 t= j=1 t=

[L+1-T1)] "] Wm,,

where W; ¢ denotes the wage rate per effective labor of géioeraat time t;7; denotes interest rate at time;

is the efficiency index of workingge labor at™ generationg is the rate of technology progress &g (1+g) represents

technology augmented labor efficiency which illagés human capital formation implicit tt‘m is the lump sum transfer

from the government to househol&quation (3.5) represents the household’s lifetimelget constraint; that i

total lifetime income equals to total lifetime expigure.

The household’s saving is assumed to held in gowent bonds or lending to the firms for investmi
Household's saving which is not held in bonds is gbarce of injection to national capital stock. Fiee ™ generation

during its working time, its &&t which is used in capital formation can be enitas;

K =(Q-1,-T,-T,0,)w, & (1+g)-¥m,
-(@+1.)c,—d;, for j =1, (3.6)
K =[1+@-1)rkk ,+@-1, -1, -T,0,)W, € (1+9)
-¥m,, -(Q+1)c; +[1+(1-T1)r]d;,,—d

it

for 2< j<44, (3.7)

K. =[1+@-1)rk ,+(Q-1,0,)b, —¥m, - (1+1.)C,
+[1+(1-71)r]d, ,—-d;, for 45< j <59, (3.8)
k=0 for j =59 (3.9

where Rj: is physical asset of generation j at the end oioper; d;; is bonds held by this generation at tim
This paper assumes that all bonds mature in onefgeaach period. The amount of bonds held by dexisehold is th
average of bonds held; that iﬂj,t = d_t = Dt/R . Working generations accumulatssets by saving. When j=

the new born generation accumulates asset onlistnet wage income and receives no interest indoone bond holding
(equation 3.6). Equation (3.7) is the assets détetion for workin¢age generations \ereas (3.8) is for the retired
generations that are still alive. Since this passumes that people doesn’t have bequest motitbas the last perd

of lifetime the net asset would equal to zero (¢équa3.9)

The problem of the household is tcaximize lifetime utility subject to the int-temporal budget constraint.

The firstorder necessary condition for this problem canhmews in the following inte-temporal Euler equatic

(Cj ot l-lij ,t)_g :M(C]‘ 1t l'Iij 1_1)_97 (3.10)

B
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16 Nai-Wen Chang & Yuan-Ho Hsu
The Euler equation determines optimal consumptitmice over time, so that one derives optimal congion

path of the households from equation (3..

3.3 Firms

The production is assumeduse a Coblouglas type, constant return to scale technolaggny point of time
firm employs labor Nand capital Kin the perfectly competitive factor markets andsploibth factors into productio

The production function is:

F(K”NE) - AEK:{N:_&’ (311)

Where A, istotal factor productivitya denotes capital's share of outpht;is the aggregate number of lab

employed by firm; Kis the aggregate capital stock. This paper asstimag¢sotal factor productivityd;, grows at rate of

g which is also the rate of technical progress ingb@nomy
In the production sectorirfn is assumed to be a profit maximizer. Firm'sfjirfunction is given as: IK,N,) -

W(1+ @V IN, - r(15)K, where WV, is the portion of national health insurance premithmt the employer i

responsible for each dollar of wage bill pe

The firstorder condition for profit maximization yields edigms for factor price:

1+wu, W =1-a)A KIN, (3.12)
(L-7,)r, =0AK N -4, (3.13)

where @ denotes portion of national health insurance premtitat employers are responsible to share bas:

wages paid to the worke(,W, ); 5&: is depreciation rate fdf;. According to Taiwan’s NHI system, employers haw

shae certain portion of social security premium. Téligred amount is an extra to wage and is regasiedcktra costs fc

employers.
3.4 The Government

The government sector consists of two parts: argém®vernment sector, and a social security sysin the
general sector, the government provides servicdhagublic and collects taxes to finance its exiitere. In nationa

income accounting, government expenditure inclugesernment consumption, investment, and transfgmeat.
This paper useS; to denote government consumption and investmerdredifure on infrastructure, altl’t denotes lump

sum transfer to the household. Such lump sum tamstludes unemployment insurance, -income housing allowance,

etc.

The social security system consists of the pensystem and universal health insurance programhdmensior

systemjy;; denotes per capita pension benefits received ngestof generation j at time t, which is definet

Impact Factor (JCC): 3.1936 NAAS Rating 3.17
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1 44
bj,t :p(ﬂzwj,tej (1+9)), (3.14)
=1

wherep is income replacement ratio. Equation (3.14) stitesamount of pension benefits is income replace
ratio multiplied by the individual's mean effectiveages during working periods. This paper assuimasthe amount ¢
pension benefit is fixed in el period after retirement. Since only the retiraes eligible to draw pension bene
so that pension income for tHégeneration is

0 for j=1,2,..44
bjt = (3.15)

Bys 14 45 for j =45,46,...59

This paper doesn't consider moral hazard and advemrsblem in the national health insurance (NHBgpam.
Define ¥ as the copayment rate, th(1 — ¥)m;, is per capita medical costs covered by NHI acramsemations

Intuitively, the aggegate medical coverage by NHI (I) is
59
ME, = (1-W)> P.m, (1+9), (3.16)
1

The government finances its expenditures througlestaThere are thr types of taxes: capital income |,

wage income tagxand consumption tax, with tax re T4, Ty, andT., respectivels There are two sources of

contributions to the social security system, thaspgen contribution and the health insurance premiuim the pensio

system, all working generations are required tdrdmute to the public pension at r T; with respect to wage incomes.

This paper assumes thatice pension system becomes deficiency, the gowsrnis responsible to offset the imbalal
(£4). The budget for the pension syster
44 44 59
1D Powe+9)+K Y P we (1+g)+e =3 P b, (3.17)
j=1 j=1 45

The first term on the lettranc-side of (3.17) is the pension premium drawn frongeva@arners and the secc
term represents corresponding contribution fromgbeernment, wittxs the ratio that the government is responsible

andzs+ k=1,
In the compulsory NHI program, both workers and kExwygrs are required to make mandatory prem

contribution based on workers’ wage at ra Ty, and o respectively. In addition, ¢ government has to make

corresponding share,) of contribution to the insurance premium. Whemdhe system is imbalance, government is

responsible to make an offsd}; , to balance it. The budget constraint for the N

44

ME, = (@ +T,+K,)U,> P we L+g)+7, (3.18)
=1

The budget constraint for the governmer

www.iaset.us editor@iaset.us



18 Nai-Wen Chang & Yuan-Ho Hsu

59 44 59
Gt +Ksz Pj,tbj,t +Kmumz Pj,th,tej (1+ g)+z Pj;trt teE T (1+ r )Dt—l
45 1 1

44 59

=7, P.w,&(1+9)+7 > P rk +7.C + D, (3.19)
1 1

= TWVVtNt + Z-th + Z-cCt + Dt '

where ks and x,, denote governmercoverage ratio for the public pension and healturance respectivel
This paper assumes that the government financesldfieiencies in social security by issuing -period debt.D; is

government bonds outstanding ateit, which is issued to cover the deficiency i $bcial security syster
3.5 The Equilibrium Condition

The aggregate consumpti@in the economy can be presented by

2.C.Py = (3.20)

The sum of labor supply is equal to aggregate derfamabor. Labor market equilibrium is given

2.6.P = (3.21)

The cajtal market equilibrium in time t is

2K Py = (3.22)
2.d;P, = (3.23)
S =K, +D, (3.24)

whereS in (3.24) is aggregate saving in the economy. BEqndB8.22) and (3.23) illustrates aggregate capitel

aggregate bonds outstanding in the economy respc

The equilibrium condition in economy i

Y = AKINS
C +[K. —(1-9)K,]+G,
Cl +Sl +Tl '

(3.25)

where Y} is the aggregate outp

4. MODEL CALIBRATION AND SIMULATIONS

Given the model discussed in Section 3, this ppmperforms model calibration to mimic steadgteteconom:
for Taiwan based on data in 2012. Figu-1 illustrates parameters used in this study. Tlipep conducts dynac
simulations for years 2012 to 2112, given the @fianedium variant population projecti made by the National
Development Council of Taiwaf.he effects avarious counterfactual policy reforms will be diseed and the resultir
effects on the economy will beompared to thescenarios otbaseline simulation. This paper uses Matlab in rh

estimation and simulations.
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4 .1Data and Parameterization

This paper assumes that the economy is at itglisiteady-state at year2012 and allows a 100-ye@ogpfor the
transition to the new steady-state. Each agemtanrodel has a prototype life-cycle age-earnindjlprand life-cycle age-
specified per capita medical expenditure. Thedifele age-earning profile has been estimated wétisgnal income tax

datd in 2012 and a similar health expenditure proféei estimated based on the NHI data.

In the OLG model, households start lifetime caraerage 1 (j=1), corresponding to physical age of 22
All households retire at mandatory retirement af€j644) and survive up to age 80 (j=59). An indival's wage income
is assumed to correspond to his productivity, waggroductivity is subject to knowledge and expereaccumulated in
working life. The representative household’s lifieti labor income is a hump-shaped curve. That igjdinidual’s income
is low at the early stage of career and then iraegradually at the early middle-age as experiaccemulated; his labor
income, commensurate with his productivity, readiessummit around the late middle-age and themsstia decline as
mandatory retirement is approaching. This papersnalizes the representative household’s lifetimeome with the
income Figure at age 22 (generation j=1), so tlahiergs at various ages is indexed with that ofibginning year.
A similar transformation has also been made tosggsified medical expenditure. The life-cycle lakéiciency profile

(i.e., the synonym for age-earning profile) and gegrita medical expenditures profile are estimatetbllowings:
6=1.1671+0.2973}-0.005023] (4.1)
m=1.461192-0.0523317j+0.0030384; 4.2)

wherej denotes generatign Figure 2 shows that the hump-shaped life-cycle-@ayning profile peaks around
j=30 (physical age 52). The age-medical-expendifungfile is a hyperbola, which indicates that headtxpenditure
accelerates at the latter years (Figure 3).

0 5 10 15 20 25 30 35 40 45

Data source:Authors’ Estimation

Figure 2: Labor Efficiency Profile

4 Available athttp://www.fia.gov.tw/public/Attachment/341911357Xls
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0 16 2‘0 3‘0 4‘0 5‘0 60
Data Source:Authors’ Estimation

Figure 3: Per Capita Medical Expenditure Profile

Household’s intertemporal elasticity of substitatifor consumption) is set at 0.25 as in Auerbach (1987).
Following Changet al. (2005), this paper sets time discount facfrat 0.97. The depreciation rate is set to 0.04 dha
nearly in line with empirical data in Taiwan. Alixes rates are assumed to be fixed at the 201B.|&able 1 reports the
parameters values used in model estimation.

Table 1: Parameter Values Setting

Parameter Description Value

a Capital's share of output 0.33
B Time discount factor 0.97

0 Depreciate rate 0.04

d Technical progress rate 0.017
D Pension-income replacement ratio 0.465
0 Inter-temporal elasticity of substitution for congotion 0.25

T, Tax rate for capital tax 0.14

T, Consumption tax rate 0.05

T, Income tax rate 0.135

T, Worker’s public pension contribution rate 0.1p
T, Worker’'s NHI premium contribution rate 0.3
Q) Firm’'s share of health insurance premium 0.6
kS Government's share of public pension premium 0|6
K., Government's share of health insurance premium 0.1

=7
3

Ratio of labor income that is subject to NHI premiaharge| 0.0491

4.2 SIMULATION ANALYSIS

4.2.1 Baseline Scenarios

This paper uses parameters listed in Table 1 ofefremlution and calibration. The solution of thedabserves as
baseline and the baseline scenarios will be cordpavith that of other policy simulation outcomes. eTipolicy
experiments in this study include medical healturmance reform and a joint reform of pension andlica insurance.
Figure 4 illustrates the scenarios of eight key nm@conomic variables of the baseline results. THaGDP, per capita

consumption, per capita saving, capital-labor ratiension payment, NHI coverage, wage rate, arg ghtreturn on
capital.
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Productivity growth due taethnological progrescan offset part ofhe adverse effect shrinking labor force on
output and income resulting fropopulatior aging.With the assumed 0.017 annual technologic growtid, the baseline
simulation indicateshat aggregate output (GDP) can still keep growiag a certair periods of time. However,
due to shrinking workingge population, the growth in GDP would graduathgaate in the long run. Per capita sa\
and consumption show in@sing trend as GDP increased. In the factor marketge rate shows an increasing tren
labor becomes scarce, whereas rate of return oiataeclines as savings increased in the aginghaog. With
demographic agingaggregate labor decreases fi than capital stock does, so that capahler ratio shows an increasi

trend. Capitalabor ratio correlates negatively with rate of ra of capitaland positively with wage rat

Aggregate pension payments increases as popukagiog evolves. Agegate medical health insurance cover
increases at the first instance and then falls #ithdeclined total population. From tperspectiv of the households,
aging leads to higher persomakdical expenditu; however, on the macro aspesppulationaging leads to a decline in
aggregate medical expenditunace total population starts to dec. The scenario of aggregate NHI coverage is

interactiveoutcome of individual aging and aggregate demodcapansition

’i;ﬁ 120 140 180 180 200 200 120, 140 160 180 200
GDP Capital-Labor Ratio
00 120 140 160 180 200 N; 120 i 160, 180 2
Per Capita Saving Per Capita Consumptior
900 - 1600
T00 1400
3&9 3 120 140 160 180 20 M'l 120 140 160 180 200
Aggregate Pension Paymel Aggregate Medical Insurance Coverac
o5 75 Tia 0 0 El 000355 0 o 160 0 200
Wage Rate Rate of Return

Data source:Prepared by the Authors

Figure 4: Scenarios of Baseline Simulation
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4.2.2 National Health Insurance Reforms

This section discusses the effects of nationalthéasurance reform in an aging economy. This papeducts
two alternate reforms and investigates its effewmisthe economy. The reforms schemas are: (1) amése in the

copayment rate, and (2) an increase in the insarpremium contribution by the private sector.

We first discuss the change in the copayment fateording to National Health Insurance Act in Tany&ach
beneficiary of the NHI is responsible for a smadttpn of the medical cost for each use of theriasae. Current effective
copayment rate is 0.364Suppose that the insurance authority demandse cdithe copayment rate by 15%, from 0.364

to 0.4. Figure 5 illustrates the effects of thisiggoreform.

Raising copayment ratio has the effects of increpgier capita saving and decreasing per capitauogutson.
As per capita saving increases, so does capiteak.s@ther things being equal, increasing capitatisteads to increase in
GDP. This effect can be understood by examinatfadhe households’ optimization behavior. The optic@sumption in
households’ utility function is the sum of consuiopton medical services plus consumption on goodsreon-medical
services (Equation 3.10). Consumption of medicalise is specified as a necessary minimum experelthat is required
to maintain “good” health of the individual. The aumt of copayment is that “minimum” necessity whishdeducted
from the “optimal” aggregate consumption to obttia level of consumption on goods and non-mediealises. Thus,
a rise in the copayment rate implies that, at gilexel of aggregate consumption, the costs of theximum” medical
service have been raised so that the consumptiagoods and non-medical services has to be loweth®mther hand,
the NHI outlay which is the aggregate medical iasge coverage would be lower with the raise in goypnt.
Other things being equal, the increase in copayrhastthe effect of improving the financial statdigree NHI system.
However, given the unchanged NHI premium contritruytia rise in the copayment rate means that thedrs pay the
same premium yet receive less benefit. As a resudidical coverage to premium ratio decreased aadirtburers’

welfare has deteriorated.

Furthermore, raising copayment rate has the effeotducing personal in-pocket income and may plemnote
the incentive for precautionary saving. Rising gopant means that people have to prepare more eubaket money for
the medical service in the future, so that peoplaulds save more for uncertain medical payment in filgire.
This provides partial explanation for the rising papita saving, comparing to that of the basedicenario. In the factor
markets the increase in copayment also has noteedfects on raising wage rate and discouragirig od return on

capital.

To improve financial soundness of the NHI systengther possible reform proposition would be theéase in
the private premium payment. Current NHI premiunTaiwan is shared among household, firm, and themgunent with
the share of 30%, 60%, and 10%, respectively. Siocsehold is the beneficiary of the NHI prograine, proposed reform
is to increase the share of the beneficiary andaesithe shares of the other two contributors. Bhdlhe premium shares
among household, firm, and the government chang®%, 40% and 20%. Figure 6 illustrates the outceoenarios of

this reform.

The simulation results indicates that aggregate icabdnsurance coverage doesn’t change in thisrmefo

because this reform only changes the sources dirfgnnot the outlay. This reform reduces the ptemsghare of the firm

5 Available athttp://www.mohw.gov.tw/cht/DOS/Statistic.aspx?ft liso=312&fod_list no=4534
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from 60% to 40%, which has reduced firm’s indirkdior costs, so that labor demand increases. Isedelabor demand
bids up the wage rate. On the labor supply sideseased premium share reduces laborers’ net wagenia which
stimulates per capita saving. However, this refgieilds little effect on per capita consumption. Her, this reform
improves the medical coverage to contribution ratibich implies an improvement of the medical Heafisurance

welfare.
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Figure 5: Increasing Copayment Rate to 0.4
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Figure 6: Effect of Contribution Ratio Change in the NHI Premium
4.2.3 Joint Reform of Pension and NHI Systems

So far, this paper has conducted two simulationlyara for the NHI program. In this final simulation
we consider a joint reform in the pension and Nydtem Again, this reform aims at increasing finahsbundness of the
current social security system. The reform expeninpeoposes a deferment of retirement age by tvassydrom 65 to 67,

and an increase in NHI copayment rate by 15%, @d364 to 0.4. Figure 7 shows the effects of thisrra.

This joint policy reform increases saving and cp#tock, so that scenario of GDP performs betian tthat
without reforms, or that with NHI reform only. Irpise that GDP has been increased, per capita cqiganmhas been
lower than that in the baseline simulation, thotigh difference is not much significant. The refdmas positive effect in

improving wage rate whereas has adverse impachienof return on capital. One noticeable outcoméhisf integrated

Impact Factor (JCC): 3.1936 NAAS Ratj 3.17



Social Security Reforms in Aging Economy 25

reform is that it significantly improves the finaalcstrength of government revenue and reduceseggtg NHI insurance
coverage and thus improves financial soundnegseofiHI system.
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Figure 7: Postponing Retirement Age and Rising in NI Copayment Rate
5. CONCLUSIONS

This paper investigates the effect of social ségweform of the aging society in Taiwan by a miyplériod
overlapping generation (OLG) model. The model agsuponstant growth of technology in the productentor and in
medical service industry. In the labor market a keos income is commensurate with his productivithereas the
productivity is related to his age on the lifetierizon. As a result, the typical age-earning peoif an agent is
hump-shaped. In the medical service market, theiremap data indicates that per capita medical exjitere is also
correlated to the patient’s age on the lifetimeizuor.
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The major contribution of current paper is the adtiction of age-specified, life-cycle income anddioal
expenditure profiles of the representative indiaidio the conventional OLG model framework to amalyhe effects of

population aging on social security system.

The demographic transition in an aging economydeaada shrinking portion of economic active pogolatand
an increase in the elderly dependency ratio. It hasn fervently discussed that, without reformimg tcurrent
pay-as-you-go (PAYG) pension system and tax systeath government sector and the pension system guay
bankruptcy. It is afraid that, given the shrinkimgprking-age population which is the source of tdeamcome,
the government may not be able to collect enoughet@enue to finance its enlarging welfare expamditarising from the
demand of increasing elders. Moreover, given tloeeasing imbalance between the contributors andflogaries of the

current PAYG system, it is also argued that the BA¢nsion system may also encounter deficiencyl@moin the future.

Concerning the potential impacts of population ggin Taiwanese economy, this paper first uses tt® @odel
to investigate the effects of population aging oajan macroeconomic economic variables in Taiwane BHaseline
simulation results indicate that, although popolataging reduces the size of working-age populadiot the source of
labor supply, it may not necessarily leads to aicédn in GDP growth if the economy can maintaiooastant stream of
technological progress. The increased GDP tramsslgteincrease in per capita saving and consumptiothe aging
economy. It is also noticed that population agihgrges the relative prices in the factor marketkexs’ wage shows an
increasing trend with the transition of populatiging whereas the rate of return on capital dispkay ever decreasing
trend. As to the social security system, populataging causes an ever increasing pension paymemiever,
NHI coverage increases moderately with the demdicadynamic at the first couple decades and theslirsss as

aggregate population decreased.

This paper has conducts three policy reforms amgpenes the outcomes with the scenarios in the inaselodel.
The reforms in the NHI program propose an incréasee copayment ratio and a change in the relathares of premium
contribution among household, firm and governmdttese two reforms stress that the household shiogigd more
financial responsibility for the NHI system, basmdthe beneficiary-pays principle. Comparing tHenm results with that
of the baseline scenarios, both policy reform leadsgher level of GDP and per capita savings lhdticed that change in
copayment rate has significant effect in reduchgdutlay of the NHI program whereas an increasedividual premium
share doesn't yield obvious effect in altering tN&ll outlay. However, increase in copayment reduossdical

coverage-contribution ratio whereas increase imprm share increase medical coverage-contribuadio.r

The last simulation experiment of this paper presoa joint reform in the pension system by postppni
mandatory retirement age by two years and an isergathe effective copayment rate by 15%. Compgattie simulation
results of this experiment with that of previoussnwe notice that all reforms would lead to bgtenformance in GDP,
increased per capita saving, and relative chandeachor prices in favor of labor income. Howevéiistjoint reform has

more prominent effect in improving the sustainapitif the NHI program and financial soundness ofegoment budget.
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