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Abdract

We andyze seedy date and out of-steady-date effects of the trangtion in adult longevity on the nationd saving
rale usng hidoricd detaand internationd pand data. Therisein adult life expectancy hesalargeand
datigticdly sgnificant effect on aggregate saving. The effects have been especidly pronouncedin East Asa
because its mortdity trangtion was very rgpid. Gainsin life expectancy are much more important then
dedlinesin child dependency. Population aging may not leed to lower saving ratesin the future if life

expectancy and the duration of retirement continue to increese.
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1.INTRODUCTION

One of the mogt sdient features of modern economic development is the increese in wedth and capital.
Inthe US for example, the gross non-resderttid capital stock grew a 4.1 percent per annum as compared with
annua GDP growth of 3.6 percent between 1820 and 1992. The expearience of the UK was quite Smilar,
whilein Japen over ashorter period, 1890 to 1992, the annud rate of growth of capitd excesded the annud rate
of growth of GDP by 1.4%. Theretio of the gross non+esidentia capitd gock to GDPincressed morethen
fourfad, from 0.71 to 3.02. (Maddison 1995). The extraordinary growth in wedth and capita was repested,
in amore condersed form, in the Nemy Indugtridizing Economies. High rates of saving and investmernt in
South Koreg, Tawan, Singgpore, and saverd other Asan countries have led to rgpid capitd degpening.

Why did this occur? The demand side undoubtedly played an mportant role. Technologicd
innovation led to new and better equipment and machinery. Structurd change led to indudtridization and the
growth of the manufacturing and sarvice sectors with accompanying investment. The possibility explored in
this study, however, istha the modern risein wedth was driven in large part by an important supply Sde factor
—the increase in adult life expectancy.

The proportion of adult lifelived after age 60 began to incresse sedly in the West in the late 19"
Century. In other parts of the world incresses began much later —in the midde of the 20™ Century.
Retirement emerged as a dgnificant fegture of the lifecyde cregting a powerful saving incartive.  Indtitutiond
responses, the emergence of funded employmeant -based pension plans therise of the commerdd finandd
savice sttar, the cregtion of tax incentives, and, in some countries, the establishment of funded public
retirement sysems reinforced the effects of inareased longevity. Other responses, [@aticularly the cregtion of
trandfer-based public penson programsin Latin America, Europe, and to alesser extent in Jgpan and the US,
undoubtedly undermined the incentive effects of alonger life goan.

That rigng life expectancy leadsto higher savingisnot anew idea. Y aari’s (1965) semind work



established themicro-leve theoreticd foundation.  Since then other scholars have explored the aggregete
effects usng Seedy-dtate modds and smulaion andyss (Lee, Mason et d. 2003)  Previous empirical work
Upports the existence of an important link between saving and life expectancy (Y aari 1965; Davies 1981,
Zilchaand Fiedman 1985; Kuehlwein 1993; Leung 1994; BorschSupan 1996; Schieber and Shoven 1996
Bloom, Canning & d. 2003; Kageyama 2003).

Thetheoreticd andlyss destribed briefly in Section 2 employs an overlgpping generations modd
which extends previous work to adynamic context. A unique implication of the modd is that the aggregete
saving rate is influenced by both the leve and the rate of change of adullt life expectancy. Given the current
levd of mortdity, countries experiencing rgpid mortdity trangtionswill have higher saving rates The
underlying logic behind this reult is Sraghtforward. If argpid mortdity trangtion country is playing
catch-up, the wedth required to support alonger retirement must be accumulated over ashorter period of time
Thus saving rates mugt be devated during the catch-up period.

The empiricad andlysis rdlies on two different goproaches. Section 3 tekes an higtorical perspective by
looking a datafor seven countries for which we can track saving and mortdity trendsover dl or asubstantia
pat of the entire demaogrgphic trandtion. In the sub-group of Western countries; adullt life expectancy changed
very dowly or nat & al until the midde or end of the 19" Century.  Therediter, life expectancy changeda a
pace that waas remarkably congtant and varied little from one country to the next. The sub-group of Adan
countries began thar mortdity trandtions later, went through a catchrup period when adult longevity increassd
rgpidly, fdlowed by aperiod of seedy increase a arate smilar to thet found in the West.

The difference in the demographic trangtions between the West and Eagt ASa offers auseful opportunity
to compare the implications of our theoretical modd with the experiences of these two groups of countries
Some of theidiosyncratic feetures of the saving trends are not explained by our modd, but thereis broad

condgency. Theinarease in adult mortdity was accompanied by arise in aggregate saving rates in most



countries Rgpid mortdlity trangtion was dearly acoompanied by devated saving rates

In Section 4, we esimate the saving modd using aggregete cross nationd daia. The evidence is
conggtent and robugt in its support of the hypathesisthat an increasein old-age survivd leedsto higher saving
raes In a aub-sample consigting of Western and Eagt ASan countries; the rate of increasein old-age surviva
a0 has a padtive efect on saving. In other parts of the devdoping world, however, we do nat find evidence
thet the rate of changein dld-age survivd hes an effect on saving. Why different petterns perdd isan issue
requiring further exploration and some possihilities are discussad below.

Two additiond features of the andyds are important. Frst, severd recent sudies condude that changes
in age Sructure, epecidly the dedline in the youth dependency ratio, accounted for high saving retes espedidly
in Eagt Ada (Kdley and Schmidt 1996; Higgins and Williamson 1997).  Simulation sudies (Leg Mason et dl.
2000; 20015 2001b) and empiricd work based on household sunvey data (Deston and Paxson, 2000) escribe a
ubgantidly lessimportant role for age sructure. The empiricd andysis presented here offers some
recondliation of these views  Once we contral for adult life expectancy and itsrete of change, the youth
dependency ratio has a smdler effect then previoudy esimated. The dedine in youth dependency accounts
for about one-quarter of the increase in saving ratesin Eagt Ada, while changesin adult surviva account for
about three quarters of the increese

Second, while some studies condude that population aging will leed to subgtantia dedinesin aggregete
saving rates we do nat find thisto bethe case. So long as adult surviva continuesto rise-asit hasfor many
decades— population aging will not drive saving rateslower.

2. THETHEORY'

Changesin adult surviva influence aggregete saving in two ways in the lifecyde modd employed here

Fird, there is a benaviord efect. The expected duration of retirement rises as the surviva rate incresses

Thus, individudswill consume less and save more during their working yearsin order to support more expected



years of consumption and gregter ds-saving during retirement. Second, there is a compositiond effect as
increeses in the adult surviva rate leed to an inareese in the share of retirees in the aduit population. Given thet
retirees are saving a alower rate than workers, the compositiond effect of anincreese in adult survivd isto
reduce aggregete saving.

The net effect on saving is conddered in geedy-date and in dynamic stings We summarize the
dynamicsin two ways firgt, by conddering the effect of aone-time increase in survivd and, second, by
conddering the effect of continuing increasss in aurviva.  Conddering these dterndtives brings a dearer
undergtanding of how themortdity trandtion —asit is actudly evolving —will influence aggregate saving rates

Thebehaviord and compositiond effects of adult mortdity areandyzed using atwoperiodoverlgoping
generdions modd. The advantege of this goproach is its rdaive Smplicity. A disadvantege is its neglect of
another important demographic change —the chengesin youth dependency driven by trendsin fertility and child
mortdity. Previous theoretica work has dreedy explored the effects of the number of children on svingina
continuous-age, Seedy-dateframework (Mason 1937) and in adynamic OLG framework (Higgins 1994).
Theempiricd andyss presanted bd ow condders the effects of youth dependency relying onthe Higgins OLG
modd. Thisdlowsadmpler and more focused theoreticd andyd's here on changesin adult mortdity.

Congder apopulation condgiing of two generations of adults Each person lives for up totwo periods—the
firg period as aworking, prime-age aduit and the second period asareiree All individuds survive their
working period, and gaurviveto the end of their retirement period. The remaining members of the population
(1-q) diea theend o thefird period of life. Inthe OL G framework g isthe probaility of reaching retirement
age, the expected yearslived during retirement, and theretio of retirement yearsto working yearsfor the average
member of the population.”  Individualscannot foresee whether they will survive, but they know the value of g
for the population. Cogless annuiities are available 0 thet individuds protect themsdves againg longevity risk

by purchasing an annuity. Individuas know theinterest rete thet the annuity will pay.



The conaumer’s optimization problem istomaximize lifetime utility, assuming congant rdative risk
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isconaumption whileaprime ageadutand  G,+4 isconsumption while dderly; d is the discount factor,
Oefined asd=1/(1+ ?), where ? isthe disoount rate 1/?isthe intertempord dadticity of subdtitution; 1., isthe
interest rate; A islabor-augmenting technology; and w;isthewage per unit of efective labor.

Kinugasa (2004) showsthat the per capitasavings of prime ageadults and retiress are
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where ? , is theshare inwageincome of saving by primeage aduits. An increese in the adult survivd rete
has an unambiguous postive effect on ? and, hence, on per cgpitasaving by prime age adults An increese
in the adult survivd rate has an unambiguous negative effect on per capta saving by retirees. The response of
the combined saving of workers and retiress to changesin surviva depends on additiond fegtures of the
macro-economy to which we now turn.

Gross domedtic product () is produced by a Cobb-Douglas production function with labor-augmenting
technologicdl gromth, e, Y =K/ L*' ,where f istheshareof capitd inGDP, 0 <f <1. LFANis
the aggregatelabor supply messured in effidency units Ny, isthe populaion of primeage aduitsand A;isthe
techndlogy index.  The gowthrate of the populaion of primeage aduits from timet-1totime tisn-1 and,
hence, N, =n N, ,. Thetechnologica growth retefromtimet-1totimetisg-1 Hence, the relaionship
between the totd lifetime labor income of prime-age adults and pensonersis given by
W, AN =WAN,, /gn. Usnglower caselettersto represent quantities per unit of effective
worker, output per effectiveworker is y, = k! and the capital-output retiois k! **. The depreciation rate
(x ) isasumed to be condart; hence, dgrediation as ashare of GDPis X K! 2.
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Totd gross national saving isthe sum of the saving of adults (S, ), the sving of thedderly (S, ad

depreciation (K). Dividing by Y, yidds the gross nationd saving rate & timert:

S o1 )R (k) - V(G k) —— XK @
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Theterm (1- f) istheshareof labor incomein GNP, Y (g ,k;) issaving by current workersasashare

of current labor income, -Y(qt_l,lg_l)i issaving by current retirees as ashare of current labor income,
g:n

t

and xk!'" is deprediation as ashare of current GNP.
(8 Seady-gateraed growth dfects
Thegeady-dategross nationd saving raeis
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where the * supersript denotes equilibrium vdues. Standard and wel-known implications of the lifecyde
modd (Modigliani and Brumberg 1954) fallow directly from equation (3). Fird, the net sving rateis zero if the
economy isnot growing (gn=1). If the economy is not growing, the lifetime earnings of retirees and workers
aeequd and, hence the disssaving by retirees will exactly baance the saving by workers. Second, the partid
effect of anincreasein the GDP growth rateis equd to the meen age of eaming less the meen age of
conaumption, asin the varigble rate-of-growth model (Mason (1981, 1988) and Fry andMason (1982)).  As
shown in Kinugasa, ? isthe difference between the mean ages of consumption and earning™

Animportart issue to daify a thispoint isthet the effect of the rete of growth of the population of
children, nat induded in the theoreticad modd, will be vary different then therate of growth of the population of
prime age adults. If the child populaion is growing rapidly, workers will be supporting many children and,
hence, saving will be depressed.  The effects of child dependency are adequatdly addressed in the current
literature (Mason 1988 Higgins 1994). The effects of child dependency are discussad more thoroughly and

edimated below.



(b) The dfect of adultsurviva in Steedy-dateandin trangtion
The dfect of changesin adult surviva on saving depends on whether or not the capitdl- Iabor raioand
interest ratesare endogenous. 1N aamdl open economy, the equilibrium capitatlabor retio and interest rates
are determined by globd economic conditions. A rise in domestic saving —and factorsthet influencethe
savingrate —will have no effect on domegtic investment nor on domestic interes rates. In adaosad economy,
however, saving and invesment are equd and the rate of interest is endogenoudy determined by the interplay of
the supply of capitd by households and the demand for capitd by firms The effect on saving of anincreesein

adult aurvivd in each of these environments is conddered in tum.

(i) Savingina smdl open economy

Theeffect of an increasein adult survivd on the Seady sate saving ratein asmdl open economy depends
on the rate of growth of income. If the economy is growing, gn>1, the steady date saving raterises with adult
aurviva. In an economy with negative economic growth, the steady date saving rate dedlines with an increese
in adult survival. The steedy state saving rate given by equation (3) holdswith k™ exogenoudy determined.
Anincresse in aduit survivd leedsto arisein the share of labor income saved by prime age adlits i.e,
Y "/ 1q" >0, but the dis-saving by retiress increases, aswell. In agrowing economy, the increese in
saving by prime age adults dominates the dedine in saving by retirees and the aggregate saving raie rises with
adult surviva. Inadedining economy, the dedinein saving by retirees dominates and the aggregeate saving
rate dedines s adult survival rises

The response of saving ratesin adynamic context is more complex.  The current saving rateisincressing
in the rate of GDP growth during the previous period, g, , because in an economy with rgpid apgregete
economic growth during the preceding period the Sze of current workers, meesured interms of totd lifetime
earnings, will be large rdative to current retirees. The effect of the rate of economic growth will depend on

adult surviva or, to be maore precise on the expected duration of retirement of those who are currently working.
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In a dynamic context, however, adult survivd is dso changing. Congder asmdl open econamy thet isin
equilibrium, but experiencesan increase inthesurviva rae in periodt. Prime age aduits respond by increesing
thelr saving rates while saving by retiressis unaffected. The aggregate saving rate must risein period t. The
trangtory increese in saving isindependant of the rate of economic growth gn.  Inperiod t+1, ds-saving by
retirees rise and the aggregete saving rate dedines. In the aosence of further chengesin survivd, anew
equilibrium saving rateis established in period t+1. - Asshown aove, the new eqilibrium dependsontherate
of economic growth. In agrowing economy, it will be higher then the saving rate in period t1, but lower then

thesaving ratein period t.

(i) Savingina closad economy

In adosad economy, an increesein the saving rate leeds to gregter investment, capitd degpening, more
rapid growth in wages, and adedinein the interest rate. The supply of capitd followsdirectly from the saving
modd presented above, because the capitd gock in period t+1isequd to tatd saving by prime ageadultsin
peiodt Expressad ascaoitd per effective worker, the supply of capitd in yeer t+1 depends on thewage per

effective worker in year t, the share of that wage thet is saved by prime age adults, and therate of growth:

oy =TI =8 0. 9). @

where S, isthesupply function of capitl. The effect of theinterest rete on the supply of capitd is ambiguous”
Thewageisequd to themargind product of aneffectiveworker, W, = f (k) - k f'(k) andisincressing
incapitdl per effectiveworker. An increese in the survivd rate leeds to an increese in the share of labor income
saved by prime-age adults and, hence, capitd per effective worker and the supply of capitdl.

The demand for capitd, D, isgoverned by the margina condition thet the cost of capitl equasthe net
reun,ie, I, = f'(k,;)- X. Thaf’<0impliesthet thedemand curveisdowrward doping. The

demand for capitd is independent of the survivd rate



Theeffect of anincreaseinthe surviva rate fromq'to ¢ in period 1 is traced in Figure 1. The demand
curve, DD, is undffected. Workersin period 1 increese their saving because in period 2 they expect to live
longer and, perhaps, because they expeet lower interest rates to depress the rate of return on annuities Thus,
thesupply curve, SS shiftsto theright in period 2. Thisleadsto arisein capitd per worker and wages for the
new generation of workers. As a reault, the saving function shifts further to the right, in pert, because of the
expected further dedinein interest rates. The process continues until anew equilibrium is established.” Unless
thededineininterest ratesleads to a substantia reduction in saving by prime age adults—a possihility not bom
out by empirical research —an increase in adult survivd in period tleeds to capita degpening.

[Fgurel about here]

The effect of survivd on aggregate saving is reedily inferred from its effect on capita per effective worker.
Inadosed economy, saving is equd to invesment. Gross ndiond saving isthe sum of changesin assat
holdings of prime age adults and the dderly and deprediation, o that S=Si¢+ St Ki= S — S+ K. Gross

invesmentisgivenby I,= Ku; —(1-"7K, Thenaiona svingreteis

& 0 .
%: ggt+lnt+1 Kk:i - 1+x +k(l f : (5)
t € (4]
Insteady state, the rdaionship smplifies to:
g%sg =(gn- 1+x)k™* (6

From ingpection of equetion (6) an increase in the equilibrium cgpitd-1abor ratio and, hence, the capitdl- output
ratio (k™" ), leeds to an increese in the enilibrium net saving rete ((gn - )k ) inagrowing economy.
The gross saving rate increesss if the depredidion rete plusthe rate of growth is poditive

During trandtion, asis dear from equation (5), thesaving rateis devated above the equilibrium leve
depending on therate of capital despening (k.. / k, ). Aswith the open economy case, aoneshat incressein

the survivd rateleadsto alarge incresse in the saving rate for one generation followed by adedinein the saving



raeto ageady-date levd as anew equilibrium is established. 1N an economy with pogtive labor-augmenting
growth, the net saving rate will be higher then in theinitid eguilibrium, but lower than during the trangition
period.

(c) Simuldion results

Foure2 compares thesmulated saving ratesina amdl open economy and adosed economy produced by
anincreasein aduit surviva from 04 inyeer t-1to 05inyear t” Theinitid impact is large in both cases The
regponse is somewha muted in the dasad economy because the dedinesiin interest rates leed to reduced saving
rates among prime-age adults. A new equilibrium is established in period t+1 in the open economy, but the
adjusment ismore gradud in the dosed economy as destribed above. The equilibrium saving rate in the
dosed economy is greater then in the open economy, because of capital degpening in the dosed economy.
Higher net sving isrequired to sugtain ahigher capitd-output ratio.  Greater depreciation leedsto anincreese
in gross saving beyond theincrease in net saving.

[Fgure2 gbout herd]

One would not be likdy to obsarve the smulated saving paths shown in Figure 2. Adult survivd rates
trend upward & ardaivdy condant ratein many countries —as we will show bdow. Fgure 3 presants
dmulated saving rates assuming thet adult surviva increases by 0.1 per period garting from 04 inyeert-1
Otherwise, parameters areidenticd to those employed in the Smulations presanted in Hgure 2. The onset of
adult mortdlity dedine leedsto asecular risein saving rates that continues as long as adult surviva rates continue
to increese. Saving rates gppeer to be vary nearly linear in adult surviva dter period t-1 in the open exonomy
caseand dter period t in the dasad economy case

[Figure3 about herg



3. HISTORICAL PERSPECTIVESON OLD-AGE SURVIVAL AND SAVING

The modern mortdity trangtion began in the West. Early gains were concentrated a young ages but by
1900 dd-age survivd rateswere risng steedily in Siveden, the United Kingdom, Itay, and the US—the four
Western countrieswe examine bdow. The mortdity trangtion began much later outsde of the West. The
three Asian populaionsfor which we haverdatively complete hitorical data —Jgpen, Taiwen, and India—did
not experience significant gainsin old-age srviva until the midde of the 20" Century. When the mortality
trangtion begen, however, it was vary rgpid asthese ASan countries caught or, in the case of Jgpan, surpassed
the West.

Higaricd mortdlity trandtions are of greet interest here because of their implications for long-run trendsin
nationd saving rates. Previous empirical resserch —and the andlyd's presanted in Section 4 —rdies on deta thet
cove arddivdy smdl partion of the mortdity trangtion. Thisis unfortunate given the long-term natureof the
processes under congderaion. The diginctive experiences of Asaand the West, however, provide an
opportunity to assess longterm effects of mortdity change on saving.

We begin with an examination of the mortdity transtions of seven countries. The mogt widdy avalable
meeaures, life expectancy a hirth and the crude degth rate, areingppropriate because, early inthe mortdity
trandtion, they are driven by changesin infant and child mortdity. Whether the resultant increese in child
dependency observed in many countries affected the accumulation of wedth is an issue congdered below.
Theemphass a this point however, is on adult mortdity.

Themessure of mortdity used hereand intheworld pend andysis is the expectedyearslived during
old-age rdative to the expected years lived during the working yeers: This messuresin vary direct fashion
how mortdity dedline influences the expected duration of retirement rdtive to the expected number of working
years. |t diretly mesaures the influence of mortdity on populaion age sructure. 1t dso reflects mortdity

change thet occurs et any adult ege. Ages 30 and 60 are used to ddlineste the working ages (30-59) and theold
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ages (60+). This choice may be puzzing to same, but it is besed on recent empiricd edimates of the economic
lifecydeinasmdl group of developing and industridized countries thet find thet individuas do nat begin to
produce as much as they consume until their late twernties and thet by ther Etefiftiesor early xtiesthey are
consuming more then they are producing (Lee, Lee et d. 2005). Thus, individuds are only beginning to save
toward retirement in their thirties and later and are beginning to rely on accumulated wedlth beginning & about
ae 60"

Insix of thecountries—dl but India—we are e to condruct an dd-age survivd index (q), dsousdin
Saction 4" The old-age surviva index is the expected yearslived after age 60 per expected year lived
between the ages of 30 and 60 given the age Spedific degth rates during the year of observation. Thevadueof g
ranges from lessthan 0.2 expected years lived after age 60 per expected yeer lived between the agesof 30 and
60in Tawan circa 1900 to dose to 0.8 in current day Japen.

Historical datafor Sweden dlow usto trace the transition in dld-age surviva from themid -18" Century.
The250 years of data.can be described remarkably well as congsting of apretrangtion period duringwhich
old-age saurvivd was virtudly stagnant and atrangition period during which old-age surviva increesad steedily.
In 1751 adults could expect to live dout onethird of ayear dter age 60 for every year lived betwean the ages of
30 and 60. Between 1761 and 1876 the dld-age survivd index increesed & an annud rate of only 0.0006.
Between 1876 and 2001 the dld-age surviva index increased four timesasrapidly - & an anud rate of 0.0026.
Allowing for three short -run mortality crises—faminein 1772-73, the Finnish War in 1808-09, and the Spanish
flu epidemic of 1918 —apiece-wise linear regression with one bresk{point a 1876 explains 93 percent of the
variance in adult mortality (Table 1)

[Table 1about herg
Thedld-age survivd trangtions of the three ather Western countries can be characterized in equdly Smple

fashion. For the United Kingdom, dld-age surviva increesed a an annud rate of 0.0009 between 1841 and



1900 and & arate of 0.0024 between 1900 and 1998, with 96 percent of the variance explained by the
piecewise linear modd with asngle bregk point. The available data for Ity and the United Sates do not
extend into the pre-trangtion period.  Old -age survivd in Ity from 1872 to 2000 and in the United States from
1900 to 2001 can be explaned as consdting of asingle trangtion period with dd-age surviva incressing by
0.0029 years per year in Itdy and by 0.0033 years per year in the United Sates

Thet the gainsin these four countries have been remarkably constant during the 20" Century hes important
—and unfortunate — implications for testing the dynamic saving modd.  In the aosence of time saries vaiation
intherate a which dd-age surviva isincreesing, esimates of the effect of therate of changein old-agesurviva
will depend entirdy on crosscountry differences Even though there are amdl year-to-year fluctuationsand
ingances of more Sgnificant fluctuations, eg., theflu gpidemic of 1918, short-term fluctuations may havelittle
or no effect on longterm expectations. In our modd, it is longterm expectations that matter. To add to the
difficulties, the crossnationd differences among the four Western countries are guite modest. The higorica
experience of the West is useful, however, to the extent that we explore the effect on saving of the shift from
pretrangtion to trangtion. We return to thisissue bdow.

The mortdity experience in Eagt ASais quite didindtive judging from the rdaively complete datafor
Japan and Taiwan. Ther pretrandtion periodslasted until much later, but were followed by asgnificant
catch-up period diring which old-age surviva increesed quite rgpidly. Having dasad the mortdity gep with
the Wes, the gainsin adult mortdity have dowed. Recert mortdity gainsin Tawan are smilar to those found
in the West while Jgpan continues to experience larger gainsin dd-age survivd (Teble 1).

Indian life expectancy a age 30 dso increased very gradudly until 1951, For the next forty years
subgtantia gains were achieved. The 1990s saw amarked dow -down.  The pettern is Smilar to thet found in
Japan and Tawean dthough direct comparison is not possible

Towhet extent are the saving trendsin these seven countries conggtent with the predictions of our saving
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modd? Three implications of the modd can be examined. Frd, prior to the trangtion indd-age survivd,
saving rates would have been rdativdy low. Second, condant increeses in dd-age surviva during the
trangition would have produced relatively condant increesesin saving rates. Third, East ASan countrieswould
have experienced rdaivey devated saving rates during their period of rapid trandtion. Of course, these
petterns would condgtently emerge only if the trends in dld-age survivd dominated amyriad of other potentialy
important factors

Fird, were pretrangtion saving rates low? Edimates for five pretrangtion populaions are avalable and
presented in Table 2. In dl cases, the pretrangtion saving rates are low as compared with the saving retesthat
followed, but the UK saving rate during pretrandtionisonly dightly lessthan itstrandtion saving rateand
Tawan's pretrandtion saving rateis quite high as compared with the other countries

[Table 2about herd

Seoond, are saving and dld-age surviva corrdated? The cbsarved saving rates are plotted againgt the
obsarved surviva vauesin Figure 4for esch of the countries™  The US stands out as an exogption with a
negative Smple corrdation between saving rates and old-agesurviva.  Inthe United Kingdom, the positive
corrdation is modest (0.37). In the other five countries, the corrdaion between the two variables ranges from
0.64 upward.

[Figure 4 aoout here]

With the exception of Sweden, the corrdation between g and saving disgppears or tums negative a higher
aurvivd raes The theoreticd modd offers two possible explanaions for this phenomenon. Oreistha a
dowdown in therate of changein mortdity, as occurred in Japan and in Taiwan, would cause saving réesto
drop bdow theregresson lines: A sacond isthat adedine in the rate of economic growth would have a
smilar effect. Inditutiond chenge — epedidly the adoption of pay-as-you go penson programs —loomslarge

asapotentid explanation.
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Thethird question iswhether rgpid chengesin surviva rates (olbserved modly in the countries of Eagt ASd)
were assodiated with higher ssving rales. As asmple andytic device we compare the countries at three
benchmark old-agesurvivd rates—0.4, 05,and 0.6 —obsarved for the six countriesfor which we havevaues
(Fgureb). Thereisadear podtive assodaion between the nationd saving rate and the change in the dld-age
aurvivd rates over the subsequent decade. The Smple corrdation between the variablesrangesfrom 058 to
0.72. The effedts are essentidly identicd for g equd to 04 and 0.5 and somewha attenuated for 0.6. Thee
results provide modest but congistent support for the dynamic modd of adult survivd and saving.

[Figure 5about herg
4. ANALY SSOF WORLD PANEL. DATA1965-1999

Edimates of nationd saving rates, life expectancy & hrth, and other variddles thet may influence saving are
available for 76 countriesin 1965-69 increesing to 94 countriesin 199599 In this section we present
andysis of nationd saving rates employing these data. Using the world pand deta offers edvantages over the
higoricd andyds Frg, we can move to amultivariate framework that explicitly incorporates the role of other
factorsin determining nationd saving rates. Second, we can explore whether the Western/Eagt Asan
diginctionsdravniin the higtorica andysis can be generdized to ather countries of theworld. Therearedso
disadvantages thet are discussed below.

(8 Modd speification

Theempiricd modd incorporates the two effects of old-age surviva derived from the OLG modd
presented in Section 21 the geady-date effect, which interacts with the rate of economic growth, and the
trandtory effect, which depends on therate & which dld-age surviva is increesng. A lineer gpproximation of
the OLG modd impliesthet both the steedy-state effect (b, ) and the transitory effect (b, ) are posiivein
eguetion (7):

(S/Y)t =b,+b,q Wgr,t +b,Da, + b; DI, %Y,

gt

+b,Y,

grt

+b,PRI, +e, @



where SY is the nationdl saving rate, gisthe old-age surviv index, Y, isthe growth rate of GDP, ? gis the
changeinthe dld-age survivd index during the previousfive year period, D1 is the youth dependency ratio, and
PRI isthe rdative price of investiment goods, and subscript tmeansyear t

The basc empirica modd incorporates three other saving determinants that have been explored in
previous dudies Thefird is the effect of youth dependency. As youth dependency varies over the
demographic trandtion, aggregete saving can beinfluenced in avariety of ways of which two seem paticularly
important. Hret, an increese in the numier of children may have adirect effect on current household
conaumption because of the cogts of additiond children. The direction of the effect will depend, however, on
whether or not adedinein the number of children is assodiaed with adedinein totd consumption by children.
If the price of children rdaive to adultsisrigng and the demand for childrenis priceindagtic, expenditureson
children will increase as the number of children dedines In thisinstance, youth dependency would have a
positive effect on saving. If the demand for childrenis price dastic or if the number of children is changing for
reesons unrdaed to changesin rdative prices, youth dependency will have anegative effect on saving (Mason
1987).

Changesinyouth dependency may dso influence saving because children provide old-age support ather
through familid support sysems or through public pension and hedth care sysems. To the extent thet
children are seen as a subdtitute for pension assets, youth dependency will have a negative effet on saving.
Thespedification of the youthdependency effect fallowsthe variable rate-d-growth (VRG) modd (Fry and
Mason 1982, Mason 1981, 1987 Kdley and Schmidt 1999.

The second effect induded in the basc modd isthe rate- d- growth effect, thet is afedture of the OLG
modd presanted in Section 2 and lifecyde saving modds in generd (Modigliani and Brumberg 1954). Inan
economy experiencing more rgpid GDP growth, the lifetime earnings of young cohorts are gredter rdlativetothe

lifetime earnings of dlder coharts To the extent thet lifecyde saving is used to shift resources from younger to



older ages, sving is concentrated among younger coharts Hence, the rate of growth effect istypicaly
pasitive, but can in prindiple be negative®  The effect of GDP growth is variable, equd
tob,q, + b,;D1, + b, , because the dd-age surviva rate and the youth dependency ratio influence the
life-cyde profile of consumption. The coefficient (3, has no economic interpretation in islation and, hence,
may be podtive or negative depending on the effects of gand DL

The third determinant induded in the empiricl modd isthe rddive price of invesment goods (PRI)
fallowing Taylor (1995) and Higgins and Williamson (1997).  ThePR captures the effect of changing interest
raes Anincreeseintheinteres rate will leed to an increase or decreasein saving by prime-age adults and by the
el derly depending on the rdative strengtts of the subdtitution and wedlth effecs. Thus theeffect of the PRI an
the nationd saving raleisan empiricd issue

A potertidly important extenson of the modd, considered below, dlowsfor atranstory youth
dependency effects following Higgins (1994) and Williamson and Higgins (2001). A drop in youth
Oependency would induce prime age adults to save more during their working years in anticipetion thet they
would rdy less on familid or public transfers during their retirement years: Current retirees would be
uneffected asthey are Smply dissaving the (amdl) assets they accumulated in the expectation thet they would
be supported by the many children they choseto bear. Hence, aggregate saving would rise gegply. In the
next period, however, the higher saving by the new generation of prime age adults would be offsgt by the higher
dis-saving by the new generation of retirees Hence, saving would dedine from the transitory pesk to a
Seady-date peek that would be higher then saving in period t, but lower thensavinginperiod t+1.  Jdt asis
the casefor survivad, the saving rate wiould depend on the current leve of youth dependency and itsrete of
chage

(b) Vaiddes, definitions the sample and estimation methods

Except as noted bdow, dl verigbles aretaken directly from or congructed using detafrom the World



Development Indicators (WDI 2003). The saving rete ( S/, ) isthe average gross nationd saving ratefor the
fiveyear period ttot+4 The rae of growth of incomeis measured by the growth rate of red GDP during the
precedingfiveyear period The rdtive price of invesment goods ( PRI, ) isteken directly from the Penn
World Teble (PWT) and isthe average vaue for the period ttot+4. The youth dependency retio ( D1, ) isthe
raio of the population 0-14 to the population 1564.

The dd-agesurviva index(q) isthe ratio of expected years lived &fter age 60 (T, to expected years lived
between ages 30 and 60 (T, - Ty, ) given contemporaneous age-specific deeth rates. T, totel number of
yearslived dter age X is a dandard life table vadue  Lifetablesare nat available for many countriesin many
years. Hence, fe expectancy a birth from the World Deve opment Indicetors (World Bank 2003) wereussd
in conjunction with Coale-Demeny mod life tebles (Coale and Demeny 1983) to construct estimates of o™
The changein the dd-age surviva index isthe average incresse over the preceding five-year paiod, ie,

Do, =q; - G.s-

Thefull sample conggs of 566 observationsfor 76 countriesin 1965-69 increasing to 94 countriesin
199599 Edimeates for Western and East Asan countries and for Other Deveoping Countriesare presented
spaady. Becausethenaiond saving rates may affect economic growth, previous empiricd sudieshave
reied on twostage least quares (2SL.S) method to ded with the endogenety problem. We fallow sandard
practice and presant both ordinary leest squares(OLS) and 29.S edimates  OLSesimatesareaussful
complement to 29 S estimatesfor two ressons. Frg, the rate of economic growth is for the five-year period
preceding the saving rate rather than a contemporaneousmeesure. . Thismay mitigete, dthough not diminate,
the endogendty problem.  Second, it isdifficult to find srong ingruments for economic growthandusng
wesk ingruments often does more harm than good (Bound et dl., 1995).

For thefirg sage varidbleswefallow Higgins and Williamson (1997) and use the lagged vdues of the

nationd investment rete, the labor force growth rate, the price of investment goods, the consumer priceindex,



red GDP per worker, red GDP per capita, and amessure of openness. The rationde for induding the
investment rate and the labor force growth rate follows directly from the neadassicd growthmodd.  The
price variables are induded to capture the effects of inflation on productivity growth.  Per capitaincome
meeaures are employed to incorporate the possible effects of convergence. Openness influences economic
growth by cregting a more competitive economic environment. Al edimates indude year and regiond
dummies aswel. Beow we report theresults of an over-identifying restriction test useful to judge the overdl
exogendty of the indruments  We dsouse a Haugmen test to essesswhether the OLS and 29 S esimaes are
gatidicaly diginguisheble
(©) Realits
Edimates of the basc modd, equation (7), arepresentedin Table 3  OLSand 29 Sedimatesarebath
presented and they are gengrdly Smilar. Theindrument vaidblesin the firgt Sageregresson are jaintly
sgnificant & the one percent levd indl cases  The Hauaman test impliesthat the GDP growth rateis
potentialy endogenous For the non-Western/non-East Asa sample, the overidentifying restriction test
indicates that we cannat rgect the hypothesisthat the insruments for economic growth areentirdly exogenous
But the other samples do nat pass the overidentifying restriction test, and thus parameters etimates are
influenced to some extent by the endogeneity problem.  The OLSand 29L_S paraneter edimates differ
subgtantidly in megnitude asis evident in Table 3. Theguditative resUltsare Smilar, however, and for the
seke of brevity wewill limit our discussontothe 29.S realits
[Table 3about herd
Old-agesurvivd consgently hasalarge, satisticaly sgnificant postive effect on nationd saving ratiesfor
thefull ssmpleand for thetwo subsamples The change in surviva has a satidicdly significant postive
effect on netiond saving in the West/Eagt Ada (W/EA) sample but nat in the other sub-sample. The youth

dependency effect isnat datidicaly sgnificant for thefull sample or for thetwo subsamples  The effect of



PRI has alarge postive effect in the W/EA and aamdler negative effect dsawhere, but the effects are only
margindly sgnificant. The rate of growth effect evaduated a the mean vaue of gand D 1is condgently
positive with avaue thet rangesfrom 1.4 in W/EA to 0.75 inthe nont W/EA sample. Theregiond dumny
varidblesare gatidicdly sgnificant — postive for Eagt Adaand negdive for the nonWest, non-Eagt Adan
countries. Thus, important regiond differences in saving rates remain &fter contralling for demographic
characteridics

In andysistha is summarized only briefly here, we explored two other issues.  Firet, we reesimatedthe
modds presanted in Table 3 to capture any transitory effects of youth degpendency on saving by induding the
changein theyouth dependency ratio.  Wedidnot find asgnificant trangtory effect of youth dependency; nor
did theindusion of the changein youth dependency have any important effect on other aspects of the etimates
Old-age surviva haes agtrong positive effect in dl etimates; the changein dld-age aurvivd has a posttive effect
in W/EA but not dsewhere. The effects of other variables are Smilar to thase reported in Table 3.

Second, we investigated the possibility thet the effect of demographic variables depended on whether the
economy was open or dosed. Asshownin Hgures 2 and 3, openness influencesthe short-teem and long-term
effects of increased aurvivd in ardaively complex fashion.  Hence, the andysSswasrepeated (8) by
b-dividing the sampleinto countriesthat were rdatively open and thosethat were rddivey dased; or (b) by
interacting the demographic varidbleswith ameesure of openness. Openness was messured using the
Chinn-Ito (2005)de jure messure of financid openness. We found no dtidicaly significant evidencetha the
effects of demogrgphic variables were influenced by the degree of openness

Two agpects of the resultswarant empheds  Frd, the reults imply that the demographic trangtion
has had an important effect on aggregete saving rales. Two different kinds of exerdises show thisto bethe
caee Thefird exadseisto cdculae thet share of the actud incresse in saving rates in Eagt ASaare explaned

by demogrgphic variables. We find that demographic varidbles explain about hdf of the actud increesein



saving raesin Eagt Ada Although subgtantid, the estimated effects are smdler that found in recert aggregete
andysss Inthe sudies by Higgins and Williamson and Kdley and Schmidt changesin age sructure explain
virtudly dl of theincreesein saving ratesin Eagt Ada (Kdley and Schmick 1996; Higgins and Williamson
1997). Heretheage sructure effects are of smilar magnitude to those found by Deatan and Paxson, whilethe
effects of longevity would be part of the cohort effect in the Degton and Paxson andyss (Deaton and Paxson
2000). Thesereaultsbridge the ggp, to some extent, between the large effects found in- aggregate levd andyses
and the much smdler effectsf ound inmicrolevd andyses

The second exercise uses UN projections project saving rates. Projections for the West and East Ada
dlowing only the old-age survival raio to change are presented in Figure 6. Projections dlowing baoth the
old-age survivd ratio and the youth dependency ratio to vary, while holding al other varidbles condart, are
presented in Hgure 7.

[Figure 6gbout herg]
[Figure 7&bout herg]

The combined effect of the risein aduit mortdity and the dedinein youth dependency istoincressethe
aggregate saving rate between 1955-60 and 2045 by 14.6 percentage pointsin East Ada, by 8.6 percentege
paintsin the West, and by 114 percentage pointsin the remaining countries based on the 29 S edimates
Improvementsin adult mortdlity accounted for alittle more than three quarters of theincreesein each region
while the dedine in the youth dependency ratio acoounted for alittle less then one quarter of the incresse

The second important feeture of the resuitsis the implication for populaion aging and aggregate saving.
Thereiswidespread concern, though limited empiricd support, that population aging will leed to adedinein
aggregate saving rales. The empiricd resuilts presanted here do nat support that condusion. If dld-age
aurvivd rates continue to increese, asiswiddy expected, our empiricd resultsimply thet saving rateswill

continueto rise. Thisempiricd finding is consgtent with the Lee, Mason and Miller (2003) Smulationsand
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uggests that economic growth may nat dow as much with populaion aging asis anticipeted in some quarters
5.RESERVATIONS

An important unanswered question in this andyssis why no dynamic effect of dd-age survivd isfoundin
the nonW/EA sample One possihility is thet drawbecks with the world pand deta are repondble Thefirst
limitation of the dtaiisits rdatively short time frame. For mogt economic andysisthirty years of dataare
more than adeguiate, but thirty yearsis only the length of asingle generdion. In asense, we haveasngle
obsarvation of the OLG modd presanted in Section 2. The population of prime age adults'workers of 1965 is
the old-age population of 1995.

A second difficulty, discussad in Section 3, isthat the 1965-99 period may not be well-suited to testing our
theoreticd saving modd. The countries of the West enjoyed Similar and rdaively condant increasesin
old-age survivd; hence, andlyzing variation across countries or acrosstimeis unlikdy to shed much light onthe
role of increesesin old-age survivd.  The Adan experience may be morefertile ground to andlyze as uggested
in Section 3. What about the rest of the deveoping world? Until the mid- 1980s the gainsin life expectancy
were rdaive condant acrosstheworld. That the smple corrdation between life expectancy a hirth for the
firg half of the 1960s and the second half of the 1960s wias 0.997 for the 176 countriesfor which the UN reports
esimates illusrates the point.

Two groups of countries experienced significant departuresfrom their historical trends beginning inthe
mid-1980s primearily because of two important events —the bresk-up of the Soviet empire and the emergence of
the HIV/AIDS epidemic in sub-Saharan Africa. Regiond conflicts dso played ardle in the Middle Eagt and
Africa If the ssving modd s gpplicable to these mortdlity crises, saving rates should have dedined.
Evidence on this paint is limited, but Gregory et d. (1999) condude thet therise of mortdlity ratesamong
middle-aged Russan men depressed their saving retes

A third and rdaed issue is thet the meesures of mortdity in the internationd pand detaare not idedl.



Although egimates of life expectancy a birth are reported by the World Bank, these vaues are often besed on
vay incomplete information. We rdly on modd life tables to trandform life expectancy at hirth into the old-age
aurviva raio described in the previous section. Whether thisis gppropriatein dl drcumdances and, in
paticular, isrdiable under savere mortdity crisesis a question to which we do nat have a sttisfactory answer.
Moreover, the messure of the spead of mortdity dedlineisfor fiveyear periods It may be that expectations
about increeses in dd-age surviva evolve much more domy.  Perhaps even gener aion length changesin
old-age surviva —ameasure more consistent with our theoretical modd — would be more gppropricte

Itisnot our intention to Suggest that asence of adynamic effect in the non-W/EA sample must surdly be
thefault of the datarather then the modd. More fundamentd explanations are possble Higher saving retes
are not the only possible regponse to an inarease in the number of yearslived & dd age. One posshility is thet
conaumption & old age may dedine. Ancther is thetthe dderly may chooseto increase their labor force
participation, athough the oppositeisthe case as an empiricd matter with the recent exception of the US anda
few other countries.  Still another response is thet trander sygems, ether public or familid, may expand to
mext the neads of a growing dderly population. Further work on these topics is dearly nesded. ™

6. CONCLUSIONS

Thisisnat the firg paper to condude thet the increased duration of life could leed to higher saving rates
At theindividua or househald levd, it is dbvious that higher saving rates are alikely regponseto an increesad
duration of retirement. The effect on aggregate saving is more complex, however, because there are both
behaviord regponses and age composition dfects a play. An important contribution of this paper is to show
thet the aggregate saving rate depends on both the levd and the rate & which adult surviva is incresaing.

The empiricd resUts provide strong and condstent evidence that an increasein the portion of adult life
lived a old ages leads to an increese in saving rates. This finding halds for dl samples and pedifications

Thehigoricd evidence suggests and theinternationd pand deta confirmsthet the increase in adult surviva was



amgor impetusto therisein thewedth of many netions.

The evidencefor the dynamic effect, i.e, the effect of therate of changein dld-age survivd, is more fragile
When andysisis confined to the West/Eagt Asasamplewefind agaiticaly significant effect. Moreover, the
long run higorica petterns availeble for countries from Eagt Adaand the West are condgent with the dynamic
effect. In other parts of the contemporary developing world, however, we do nat find any support for a
dynamic effedt.

There are two additiond important implications of the empiricd andyss  Thefirg istha the
demographic trangtion had astrong positive effect on aggregete saving rates, but thet mogt of the effect wasa
regponse to improvements in old-age survivad rather than to changes in youth dependency.  This result may
help to reconcile the divergent findings of sudies based on the analys's of aggregate dataand household survey
data The second important implication is thet population aging will not leed to adedine in saving rates
Any compaostiond effects assodated with population aging are outweighed by the behaviord effects of

continued incresses in longevity.



Endnotes

' Theoreticd results are summarized here. More detls are available in Kinugesa, 2004,

" The interpretation of ¢ becomes importart in the empirica andlysis
" In thismodd, the meen age of consumplionis (¢, +24,,,.,)/(c,, + GC,,.,) ad themean ageof
eanngis 1

" In the Smulation resuits presented below we assume that an increeeiin the interest rate leads to gregter
sving. Quditative resuits hold unless an increese in interet rates have a large negdtive effect on saving —a
possihility not supported by empirical evidence  For details see Kinugasa 2004.

v Theeconomy convergesin anon-osdillatory pettern to the Seedy Sate under plausble perameter vdues
See Kinugasa (2004) for detalls

¥ The parameters for the smulation model have been chosen with an eye to maintaining congistency with
previous Sudies, eg., Baro and Sda-FMartin (1995) and Higgins (1994).  Productivity growth and the rete of
population growth are both st to 1.5% per year. The population growth rate for the world for 1820-1998 was
somewhat dower a 1.0% per year (Maddison 1995). For the 1950-2000, the popul ation growth rate was
somewhat fagter a 1.75% per year (United Nations Population Divison 2005) We assume thet the
intertempord dadticity of consumption is 1.3, fallowing Higgins. Thisis an important parameter in the dossd
economy modd because it impliesthet ahigher interest ratewill leed to amodest increese in saving rates. We
have usad a disoount rate of 0.02 per annum as have Barro and Sda-i-Martin as compared with adiscount rate
of 0.025in Higgins given our view that alow discount rate is more congistert with obsarved agerofiles of
conaumption thet are rddively flat in most countries.  We use dandard vaues for the depreciation rate (5%0)

and thedadticity of output with respect to capitd (1/3) —the sameva ues used by Barro and Sda-i-Martinand



Higgins We part compeny with Higgins by assuming that a generation length is 30 years rather then 25.
Thisassumption is basad on recent eimates of the economic lifecyde showing thet a generation length of 30
yearsisamore redigtic representation (Leg Leeet d. 2005).

VI Life tables used in the andlysis here, and in other studies, are period tables based on current agespexific
mortdity rates. Thus, they describe the mortdity experience of a synthetic cohort thet livesitslife ubject to
current mortdity conditions. Using cohort spedific life tables would conform more dasdy to the theoretical
modd. Projected cohort life tables are not generdly available, but they could be condtructed using projected
age-goedific aurvivd ratesfrom the UN, for example: Given the Smple methods used to project life
expectancy, it seems doubitful that projected values contain additiond information beyond thet dreedy captured
by the two meesures of surviva induded in our andyss

Y In Indiawe andlyze life expectancy a age 30, which is highly correlated with the old-age survival inde.

" The bresk points were assigned visudly. A more preceiterative gpproach would improve the fit of
the piecewise lineer gpproximations, but the andys's presented below would not be affected in any important
way.

* Inthe regression andysisin Figure 4, we checked the trend Sttionaity of the variables by Augmented
Dickey-Fuller test and find that some varidbles are not trend Sationary.

* In our world pandl data, dl varibles are averages for the subsequent five- year period. So, saving ratein

1965 is cdaulated asthe meen of saving rates from 1965 to 1969 and avarigdlein 1995 isthe meen of the
variablefrom 199510 1999,

' The effect of opennessiis explored bdow.

Xl The saving mechanism can be used to shift consumption to younger ages, by accumulating credit card
dett, for example, but condraints on indebtedness limit the importance of these transactions

V' SeeKinugasa (2004) for additiond details.  TheCodle-Demeny Modd L ife Table is an approdmation
thet does nat fit certaincountries verywell, eg., countrieswith unusudly high rates of mortdlity at prime adut

aes



" Our theoretical modd and empiricd andysis assume that demand side of capitd isimplicit. T herefore,

theframework is moregppropriate for capacity-constrained economies than demandcongtrained economies.
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Table 1. Structural Changes of the Old-Age Survival Index

United United
Sweden Kingdom Italy States Japan Taiwan India
1751 1841 1872- 1900- 1801 1906- 1831
2002 1998 2000 2001 2001 2002 1997
t 1876 190C 1947 1940 1951
to 1989 1983 1989
t 00006~ 00009 00029 00033 00010 00004 0.0392
(0.0001) (0.0001) (0.0001) (0.0002) (0.0002) (0.0010) (0.0232)
(ttod: 0002 00024 00065~ 00056 03457
(0.0001) (0.0001) (0.0004) (0.0011) (0.0599)
(t-t5)d> 00014 -00024  -0.307%
(0.0007) (0.0003) (0.1568)
Dm1773  -00231 00004 01231
(0.0027) (0.0023)
Dm1808  -0.1625
(0.0063)
Dm1918 0.0
(0.0040)
Constant 02869 03205 02518 02245 0.325¢ 02860 227958
(0.0080) (0.0049) (0.0053) (0.0195) (0.0104) (0.0322) (0.8454)
Adjusted
R’ 0.9251 0.9587 09471 0.9585 0.9872 0.9944 0.9628
N 252 158 129 48 59 43 20
Pvalue 0.0000 0.0000 0.0000 0.0000 0.0000
D.W. 0.5765 0.7026 0.397 0.0958 03897 03651 0.0338

Note Dependent variables are adult survival index except for India. The dependent variable for India is life

expectancy at age 30. The equation q, = b0 + blt + bzdl(t- tl) + b3d2(t - t2) +e is estimated, where

dy =lifts gy and 0 otherwise, and d,=1if t 3 t, and O otherwise. Dm1773is a dummy variable equal to 1 for

year 1773. Dm1808, Dm1918 are defined in similar fashion N is number of observations. “P-value” is thep-
value of F-test for the null hypothesisthat3;, 3, and [k are al zero. D.W. is Durbin-Watson statistics. The low
Durbin-Watson statistics imply serial correlation. The augmented Dickey-Fuller test indicates that some

variables are not trend stationary.



Table 2Mean National Saving Rates in Pre-Transition and Transition Periods.

United United

Sweden  Kingdom Ity States Japan Tawan  Indid
Pre 1751- 1841- 1891- 1906- 1900
transtion 1875 1899 <1872 <1900 1947 1939 1950
Survival
rate 031 0.34 na na 0.35 0.24 24.0
Saving
rate 7.3 11.6 na na 15.7 22.1 6.9

1876- 1900 1872- 1900 1947- 1940- 1951-
Trangtion 2000 1998 2000 2001 2000 1999 1997
Survival
rae 0.53 0.49 047 0.57 0.60 0.54 37.7
Saving
rete 16.6 13 17.7 17.7 32.6 26.1 17.7

Note Life expectancy at age 30 is presented instead of survival ratein India.



Table 3 Estimated Saving Equation with Old-Age Surviva Index and Y outh Dependency

(1) Whole World (2) West and East Asia (3) Non-West, Non East Asia
oLS 25LS oLS 25.S oLS 2SLS
Yy 82055 ~  14.8399 83714 = 148129~ 91327 157251
(1.8606) (2.6660) (3.7148) (3.5266) (1.9979) (2.9857)
dq 0.8615 0.5104 17954 7 18115 03284 -0.2538
(0.5266) (0.5752) (0.8192) (0.8519) (0.5962) (0.6823)
D 1*Yqr 0.7461 0.9319 30012 7" -1.7057 0.4379 1.0155
(0.7639) (0.9345) (1.1164) (1.1246) (0.9871) (1.2978)
Yor 372714 77 65027 T -2.9073 64603~ -36892 ©  -68701
(1.3526) (1.9655) (2.4628) (2.3958) (15577) (2.4026)
PRI 00053~ -0.0028 00422 © 00350 00084~ -0.0064
(0.0032) (0.0036) (0.0207) (0.0212) (0.0035) (0.0036)
y70 0.0100 0.0075 0.0093 0.0105 0.0069 0.0026
(0.0181) (0.0184) (0.0161) (0.0159) (0.0251) (0.0253)
y75 -0.0175 -0.0253 00280 °  -0.0250 -0.0261 -0.0373
(0.0166) (0.0176) (0.0159) (0.0159) (0.0233) (0.0241)
y80 -0.0253 -0.0290 -0.0280 -0.0167 00433~ -0.0543
(0.0165) (0.0188) (0.0198) (0.0238) (0.0222) (0.0234)
y85 -0.0031 -0.0013 0.0001 0.0184 -0.0272 -0.0345
(0.0163) (0.0218) (0.0173) (0.0207) (0.0226) (0.0272)
y90 -0.0102 -0.0185 00340 ©  -0.0255 -0.0258 -0.0398
(0.0161) (0.0197) (0.0175) (0.0191) (0.0225) (0.0257)
y95 -0.0009 -0.0086 -0.0039 0.0196 -0.0339 -0.0598 "~
(0.0168) (0.0235) (0.0197) (0.0231) (0.0235) (0.0285)
EastAsa 00312 = 00189 01073 " 00855
(0.0137) (0.0175) (0.0165) (0.0202)
Other 01190 7 -00015
Countries ~ (0.0093) (0.0125)
Constant 01775 " 01487 7 01544 " 01267 00758~ 0.0855
(0.0161) (0.0245) (0.0247) (0.0306) (0.0205) (0.0305)
N 566 566 189 189 377 377
Adiusted R 0.4357 0.3945 0.4191 0.3848 0.1275 0.0852
Pvalues, Yc  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Pvalues,
year 0.2800 0.1160 0.0125 0.0006 0.2261 0.0954
dummies
Yq Effet  0.7203 1.1739 0.6967 1.4105 0.6177 0.7543
ﬁavua;iin 0.0000 0.0037 0.0000

Note The dependent variable is the national saving rate.

g Adult survival index, Yy : GDP grow th rate, D 1. young dependency rate, ?q: change in the adult survival rate,
PRI: price of investment goods, yXX dummy variables for year XX, N: number of observation. “ P-value, Ygr "
is the p-value of Ftest of the null hypothesis that the both coefficients of g-Y and D1-Yy are zero. “ Pvalue,
year dummies” isthe p-value of Ftest of the null hypothesis that all the year dummies are zero.* Yy, Effect” is
the partial effect of an increase in GDP growth. “P-value Hausman” is the p-value of Hausman test for the null

hypothesis that economic growth rate is exogenous.



*** denotes significant at 1 % level, **denotes significant at 5 % level, and * denotes significant at 10 % level.

Figures in parentheses are standard errors.
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Appendix Detalls of the Overlgoping Generdions Modd

Individudls live a most for two periods. With probebility  1- g, they diea theend of period 1 and with
probebility g, a the end of period 2. The probahilities are known but individuals have no information about their
own survivad.  Theconsume’s optimization problem isto maximize lifetime utility, assuming congtant relative

1q
Cl,t +d
1-q

1q
G

rikaverdon, V, = q, 1 , giventhelifetime budget condraint. Consumption & age 1inperiod

tis g andc,. isconsumption & age 2 during period t+1; disthe discount factor, defined as d=1/( 1+ ), where ?
isthe discount rete; and 1/? isthe intertempord dadticity of subdtitution.  Prime-age aduits of eage 1 eamn Aw, Ais
labor-augmenting technol ogy and w; iswage per unit of effective labor. Consumers divide their earnings between
current consumption and saving for dld age, o thet:

Ce 8¢ =AW, AD
where s isthe saving of primeage adults Elderly adults are retired and consume whet they saved while young.
Insurance againgt longevity risk isavailadbdle. An annuity is purchasad a the begnning of age 1. If insurance
compeanies are rik neutrd and annuity markets are perfedt, therate of retumn to survivorsis[(1+1...Yq], where ry,.;
is the risklessinteres rete on saving. Thereturn to annuities is[( 1+r..4)/q. InthisStuation, returnsto insurance are

greater than aregular note. Thus, individuals save only in the form of insuranceand consume:

1+r,
Corna =—q‘ LSy, - A2
It

From (A.1) and (A.2), thelifetime budget congtraint of theindividuds & age 1is

— 0,
V\{A_C‘+—C‘+. (A'?’)
1t l+ rt+1 2,t+1
Thecorresponding Lagrangian is:
— Cnl-? CZ,t+ll-? _ 7& 9 _ O
L= 1- ?+dqt 1.2 'ch,t+—1+ rHlCz,m A\th'

where ?isaLagrangian multiplier. Firg order conditionsare
Al



L

4= =¢ 9-1=0 4
e, e A9
mw _ ; q _
=d 9. t | =0 .
e 0 Ter, o
L. _G _ 6
T“ - Cl,t 1+ rt+l C2,t+l+ AW O (A )
Subsiituting (A.4) and (A.5) into eguation yidds
[1+qd?(1+1,,,) 5]
| = t t+l .
Aqwtq (A 7)
Subdtituting back for ?yidds
. - (1': rt+1) a AWIJ_ (A8)
A +(L+r,)"
Gy = el A (A9)

G +(L+r,) T
From the budget condraintsin equations (A. 1) and (A.2) and equaions (A.8 and (A.9), wecan cdculaesaving
by prime age adults (s, Jand the dderly (s,). Saving by prime age adultsis:

_qd"Aw (A.10

=Y = - =
AN e

where ?  is theshare of wageincome saved by primeage aduits. The dderly consume assetsaccumulated while

working plusinterest income from the annuity.  Butthe returnontheannuity is partt of ther income,

s, =%- 195, ,- 6, =-5,,. Savingof theederyis
e " a

q-ldQLA-l\M—l (A]J.)

=- =-Y = I FE
St S 1AM qt_ld;+(1+ rt)u

Equaions (A.10) ad (A.11) coaregpond to equations (1) inthetext. From eguation (A.11), theeffect of an

increese in the aurvivd rate & time t onthe share of wage income saved by prime-ege adults is

A2



14 01 FERN 2 . a1
Y, :dq gq‘dq +(@+g,,) 7 Y- qd® _ de(l+r,,)"
a1 82

= >0.
- n - 1 a1 a2
T Gdbeaen )P Gadfeaen)®

Thus, anincressein aurviva rate incressesthe share of saving by prime-age adults
Gross domestic product (Y?) is produced by a Cobb-Douglas production function with labor-augmenting

technologica growth, i.e, Y, =K/ L*" ,where f isthesharedf capitd inGDP, 0<f <1. L, =AN,, is
the aggregatelabor supply messured in effidency units Ny is the population of primeageadutsand A:is the
technology index.  The population growth rete per generationis n, - 1 and,hence, N, =n N,,_,. The
technological growth rate per generdtionis g, - 1. Hence, the relationship between the totd lifetime labor
incomeof prime-age adultsand pendonersisgivenby  w_, A N, ., =W AN,/ gn,. Usnglower case
|etters to represent quantities per unit of effective worker, output per effectiveworker is y, = ki andthe
capitakoutput ratiois k! . The deprediation rate (x ) isassumed to be condart; hence, depreciation asashare
of GDPis xk! ™.

Totd gross ndiond saving isthe sum of thesaving of adults (S,), the saving of thedderly (S,) and

depreciation (K. Dividing by Y, yidds the gross ndiond saving rete & time t:

i: - X - LO 1-f
v 1 f)gY(qt,k[) Y(q_l,kt_l)gtnl ;+xk[ . (A.12

This eguation corresponads to equietion (2) inthetext. Theterm (1- f ) isthe share of labor incomein GNP,

Y, (q.k) issaving by curent workersas ashare of current labor income, - Y (g, k._;) 1
n

gtt

issaving by
current retirees asashare of current labor income, and  x I<[1‘f is deprecidtion as a share of current GNP.

Thegeady-dategross nationd saving raeis

ae§9 =@1-f)Y (q*,k*)g’g”' 12+xk*l-f (A.13)
&Y e 9N g

wherethe* superscript denates equilibrium vaues Thiseguiation correspondsto equation (3) inthetext.

A3



Inagmdl open economy, capitd is pafectly mabile. Residentscan borrow and lend in the intemationd
capitd market a theworld interest rate. The assumption of asmal open economy impliesthat the country is
auffidently amdl not to influence theworld interest rate. According to the arbitrage condition, the margind product
of domestic capitdl isequdl to theworld interest rate; thus, f k' - x = I, - Thecepital stock per effective
worker is

= aeg—f Oﬁ (A.24)
kt - rW't +X E . .

The aggregate capitd dock isgiven by K=AN k. Equation (A.14) implies that capitd per effective worker is
determined soldly by the world interest rate and the parameters of the production process Therate of growth of the
|abor foroe does nat affect k, nor doesthe survivd rae affect k..

In the absence of internationd capitd flows, domedic saving equasinvestment.  Grossnationd savingisthe
um of changesin asset haldings of prime age adults and the dderly and deprediation, 0 that S= S+ S K,
=S,;— S+ K, Grossinvestmeat isgiven by 1= Ky, —(1— 7K, Because sving isequd to invesment, S, =
Ke1. Thesaving of theyoungisequd to the capitd stock in the next period. Thus, the supply of capitd is:

Kia =S =5, N, - A.5)
Notingthat K1 =Aw 1N 141K 1, 6quaion  (A. 15 can be rewritten as

= Y0 QWK

Q1M - S(rHl’ W(kt )'qt)’ (A. 16)

where Sdenates the supply of capitd per unit of effective labor. Equation (A. 16) correpondsto equiation (4) inthe
text.

Here, asamtter of conveniencewesst O;and ? & W, =1+ qd® (1+r.,,)* ,and
C,=qd?(1+r,,)* ,where O isthe shere of labor income consmed in prime age and ? O is the shere saved
by pimeageadults sotha Y =C W . Fomegudion (A.16) thefollowing equationisobtained:

(&-F)C, (@ (K )K! =Ky G MW (G 1 (K,,)) - (A.17)
A4



If thesurvivd rateis condant, capitd per effective worker will gpproach the steedy date

. _éa-1)C( . r &)
ki =a P .18
& oW, rK) 4 A1)

wherek and ' denote capitd per unit of effective labor and the surviva ratein steedy state respectively.
Assuming variables other than capitd per effectiveworker & timestand t+ 1 are condant in equation (A. 17),the
relationship between k.and k., is described as

dkt+1 — (l_ f)f '(kt)ctvvt-l . (Alg)
dk( (14 +[gt+lnt+lkt+l - (1' f )f (k( )] (lJ;.)CIV\/I'1[1+ f I(kt+1)' X]-lf "(kt+1)

Ineguation (A.19), gK:.iissaving and(1- f )f (k,)iseaming per prime age adult & time t. Because saving isless
then eaming, g uiNuike 1< (1- f )f (). Notethat f”<0and thet 0<? O*<1 hold.

Subditutingeguetion (A.18) into equaion (A.19), the numerator of the right hand Sde of equaion (A.19

reducestof gn insteadysate Thus, o<%k:1<1 issatisfied a least around the Steedy State unlessthe

intertempord dadticity of subditution (1/7) ismuch lessthen 1. If 0<%k:1 <1hddsinequdion (A.19)the

seady daeisdable Als, if the intetempord dadticity of subdiitution is much lessthen 1, it is possble that the

denominator of equation (A.19) is negative For smplicity, we assume thet 0<%k:1 <1hdds in other words

the economy converges in a nonroscllatory pettern.
SQupposethe aurvivd rateis condant in seedy date Then indeedy Sate, the equilibrium of the capita
make ineguation (A.17) isgivenby:
(- F)C(@, r ()K" =K' g ,r(k)). A2
Cdculaingtotd differentidsof both Sdesof equation (A. 20) and smplifying the resuits yid ds the following

expression of the rdaionship between capitd per effective worker and the survivd rate

A5



L WL+ f (k) -xTT[(L- KT - K gn
dg gn+[gnk - (- F)f (K)IECW 1+ f(K) - X *f (k) - CW H(L-F)F (k')

(A.20)

Equetion (A.18) ad 0<%k:1 <1 imply that the denominator of eguietion (A.21) is postive Because saving of

prime age aduitsis lessthan wageincome, (1- f )k - k" gn> 0 holds so that the numeratar is o positive

Therefore, EL*>O holds
q

Consder the effect of an antidipated one-time increesein life expectancy @ timet and assumethat g taysa
q in subsequent periods In equation (A.17), assuming that dl variables other than k.,,and g, are congtant, we can

characterize the rdaionship between the changes of gand k., as.

dk., _ W[+ (k) - xR KT - KyGan] Az
dqt Gl +[gt+1nl+lkt+1 - (1' f )f (k[ )] (Lq"-)CtV\/t'l[l+ f '(k[+1)' X]_lf “(kt+1)

Thedenominetor of theright hend Sde of equation (A.22) isequd to thet of equation (A.19). Weassumethat

0< d(i:l < 1holds sothet the denominator of equation (A.22) is postive Aswe discussedebove, (1- f )k™ is

wege eaning & time t, and k..,gnisthe saving per prime age adult. Because saving of the young does nat
exceedeamning, (1- f)k" - K.,0.4M., >0, thenumerator is positive and %{50 holds.

A gregter survival rete brings capital despening (k /g >0). If the GDPgrowth rateis grester then the
deprecation rate, the saving rateincresses. If GDPisgrowing a arae less then the rate of deprediation, anincresse
in  hesanegative effect on the saving rate.

Gross nationd saving isthe sum of changesin asst holdings of prime age adults and the dderly and
depreciation, sothat S=S+ S+ K= S— i+ K, Grossinvesment isgiven by = Ky —(1—2K,. GDPis

expressedas Y, =K' (AN, )" . Therefore, nationd saving rateis caculated as:

A.6



i = g?Egtﬂntﬂ Kﬂ - 14X Sk[l_f . (A2
Yo é K, 2

Equation (A.23) corresponds to equdion (5) in the text. Insteady state, the rdaionship amplifies to:

E%Sg =(gn- L+x)k™ A2
Equation (A.24) coregponds to equdion (6) in the text.

Theeffect of the nationd saving rate of aonetime, anticipated increase of the survivd rate

isﬂ(% ) _ 9r+k{{1+1 d(;‘fc{l >0. An anticipated increase in the survival rate & time t leeds to ahigher rationdl
It

sving rae Attime t, saving by primeage adultsincreasss which causes an increesein k... The supply of capita

increeses and the saving rate increeses The effect of an increesein the survivd rete & time ton the nationd saving

é L. N
teattime t+1is 10 ) = v gg n Fee Kurg Zq gy e,
R e ¢k ki g g Ta

where0 < ¥k.,,/ Tk, <1 ad 9k, /g, >0 hold. For plausible parameter values this expresson is negative.
Thesaving & time t+ 1isthe difference between thewedth a time t++2 andt+1. Anincreesein gqinduces capitd
degpening a time t+1, but the wedlth of the previous period and deprediaion aredso higher then attimet. Thenet
increesein wedth a timet+1 islessthan thet a timet. In adosad economy, the survivd ratea time t dso
influencesthe saving rete at time t+ 2 Thisgandsin contradt to the case of amdl open economy. The survivd rate

a time t hesanegative effecton the saving rate after time t+2!
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k.., / 1q, >0 hald, therefore, in the right hand side of this equetion, the velue ingde the brecket is negative for
plausible parameters, sothet the saving rate a time t has anegative effect on the saving rete é time t+ 2 Inthe

sameway, the effects of the survivd rate a time t on the saving rate efter time t+ 2can be derived. g, hesanegdive

effect on the saving rate efter time t+2
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