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Abstract

Saving rates are simulated in order to measuredi@ange in age structure influences
saving in the economy. There is controversial amglortant empirical issue on how
much change in age structure can account for afis@gmt change in saving rates. Several
empirical studies find that saving rates changetsutbially as population age structure
changes. Some studies find that change in popuolage structure has modest effects on
aggregate saving rates. This paper replicates #tkeadology used by Deaton and
Paxson (2000) to simulate saving rates in Thail@®hton and Paxson method does not
explicitly include intergenerational transfers. 3 piaper contributes to taking into
account intergenerational transfers, using the MWRccount methodology (Mason et
al. forthcoming), to simulate saving rates. Simediasaving rates from Deaton and
Paxson model are then compared with results usiagpi and Lee (2006) model. The
main finding, based on both methods, shows thatgd@ age structure influences
saving rates in Thailand before 1985. Howeverydfé85 change in saving rates are not
due to change in age structure but some otherasetrahd.
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1. Introduction

Changes in population age structure influence garates. The conventional lifecycle
saving hypothesis implies that the elderly heargly on dis-saving to support their
consumption during retirement periods. If this mladeorrect, saving rates will decline
as population ages. Recent econometric studiespgravaled evidence for this
possibility. However, there are controversial amgortant empirical issues concerning
how much change in age structure can accountd$agraficant change in saving rates.
Several empirical studies, based on the analysagi@fegate cross-national panel data,
show that saving rates change substantially (iggiHs and Williamson 1997; Kelly and
Schmidt 1996) as population age structure charigger groups of studies, based on
disaggregated measures of saving rates using seasignal family income expenditure
surveys, and historical and projected populatian stgucture conclude that change in
population age structure has modest effects oreggtg saving rates (i.e. Deaton and
Paxson 2000; Lee et al. 2000).

One possible resolution for this empirical contmsyes to include intergenerational
transfers with lifecycle saving to measure changeswving rates due to population
aging. Recent empirical studies by Mason et al.gdreet al. forthcoming;
www.ntaccounts.org) in the “National Transfer Fl&acounts” show that
intergenerational transfers are substantial anartapt for providing support for the
elderly. This paper sheds light on measuring totwelk&ent change in age structure can
account for an important change in saving ratdagusie National Transfer Flow

Accounts methodology.

Two different models are used in this paper toneste how changes in age structure
affect saving rates. The major difference betwéese two models is how age profiles of
saving are modeled. The first model follows thedifcle hypothesis, relying on the
empirical framework developed by Deaton and PaXx2600). This model is based on
the assumption that age profiles of consumptioniacaime are fixed for all cohorts,
resulting in the fixed age profiles of saving. ®ezond model follows the simulation



model, outlined by Mason and Lee (2006). The sitmiamodel by Mason and Lee
shows that intergenerational transfers could atfeetievels of consumption and asset

holdings, resulting in different age specific savmtes by different cohorts.

Thailand is used as a case study to assess howaral@nge in population age structure
is associated with a change saving rates. Duriag#st few decades the proportion of
the working ages in Thailand increased substaptidibwever, the favorable
demographic structure of high proportion of workaggs is about to dissipate. Continual
decline in fertility and mortality as well as arciease in life expectancy leads to
population aging. The proportion of the elderlyesa$5 and older, in Thailand increased
from 3 percent in 1950 to 6 percent in 2000. Everugh the proportion of the elderly in
Thailand is lower than in many countries, the spafgabpulation aging is high. The

proportion of the elderly is expected to increas@1 percent by 2050 (UN 2005)

The results of my study based on the Deaton anddPaxiodel and the Mason and Lee
model show that change in age structure affectmgastes in Thailand. However, the
magnitude of the change in saving rates that iscgs®d with the change in population
age structure is different. Both models also shmat population aging leads to a decline
in saving rates. Further, there are possibilitied & saving rate may not decline much
despite population aging. Both the Deaton and Raxrsadel and Mason and Lee model

predict that high economic growth could prevenawargy rate from dropping severely.

This paper is organized as follows. In sectiorh2,literature on the effects of
demographic changes, economic growth and transfesaving is reviewed. Section 3
presents data used for the estimation. In sectisaving rates are simulated based on
Deaton and Paxson (2000)’s and Mason and Lee (20@@del. Section 5 concludes the

study.

! Please note that there is uncertainty about thegalation projections by the UN. See Lee (20031 pp-
180) for a discussion.



2. Literature Review

There is a large body of literature that invesiegate effects of population age structure
on saving rates. Most studies based on the lifedygpothesis of saving show that
changes in age structure and economic growth inflee saving rates. However, few
studies include intergenerational transfers widtlcle saving to measure the effect of
change in age structure on saving rates. This shallydes comprehensive measures of
transfers from both the family and the public setdameasure the effect of change in

population age structure on saving rates.

Most studies that discuss the effects of demogcagiinges on saving are based on the
lifecycle hypothesis of saving, developed by Moidigi and Brumberg (1954). Assuming
a perfect annuity market and no bequests, indiVgdefzoose an optimal consumption
path subject to the constraint that the presentevaf lifetime consumption cannot
exceed the present value of lifetime earning amceatiassets. The major assumption for
this model is that the shape of the lifetime pdtbamsumption is independent of the
shape of the expected path of income. Based olifebgcle hypothesis, rational forward
looking individuals will not consume more in ongipd than another period.

Individuals’ income may increase with age untiliinduals reach the retirement age and
earn no income. Individuals save some fractiorheirtincome when they earn more than
they consume during working ages in order to dieesghen they earn no income during
retirement. Thus, consumption by the elderly dassnecessarily decline with income
because the elderly can dis-save or run down assetgpport consumption during the

elderly years.

The lifecycle model predicts that both demograamd productivity growth will

generate savings. There will be no net savingeretonomy as a whole if there is neither
of these. Given population growth, there are mangng people than old people. Total
saving by young people offset total dis-saving laypeople, leading to positive net
saving in the whole economy. Similarly, produciniirowth allows younger workers to
be richer than an older generation at the sameleaying to a larger level of saving than



that of older generation. Thus, there exists pasitiet saving in the whole economy.
Based on this prediction, population aging is lkiel lower net saving because the share

of the elderly, who dis-save, increases relativeadking ages, who save.

There are several studies on how the lifecycle thgmis is used to explain the effects of
the change in age structure on saving. Many matelgalso used to predict saving rates.
There are two general ways that the lifecycle maglaked to study the effects of age

structure on aggregate saving.

One approach is highly aggregative, using crosematpanel data, and depends on
estimating a saving model that includes one or mueasures of age structure. There are
many examples: Leff (1969), Mason (1987, 1988)oBicet al. (2003), Higgins and
Williamson (1997) and Kelly and Schmidt (1996). Mstudies find that population

aging (or slow population growth) will lead to lomgaving rates. A recent study by
Kinugasa and Mason (2006) raises the possibildy shving rates may not decline with

aging if increases in life expectancy have a sidffitty strong effect.

The second approach, and the one that is emphadsezedis more disaggregated and
relies on simulation. The authors of this approagblicitly model the age profile of
saving (or consumption and income). Age specificrgarates are then aggregated using
a historical or projected population age structardetermine the household or national
saving rates. Two different approaches are useeéfining the age profile. One uses the
household as the unit of analysis and construciilgs by the age of household head
(Paxson 1996; Deaton and Paxson 1997; 2000; JappdlModigliani 2003; Attanasio
1998). The other approach uses the individual @sitiit of analysis and constructs the
age profile of the individual (Deaton and Paxso@@@®Demery and Duck 2006; Mason
and Lee 2006). Further, some simulation studieg need on consumer theory, such as
the lifecycle model, to determine the age proffisaving. Cutler et al. (1990) use the
Ramsey Model. Lee et al. (2003) and Attanasio (1838 the lifecycle model.



Even though lifecycle hypothesis is important teatde the relationship between age
structure and saving, it does not present a corepsbe view of the support systems.
Apart from saving, intergenerational transferslarge and important mechanisms used
to support consumption by children and the eldd?Bople make transfers when they are
productive, and receive transfers when they eamel@r no income. Combining
transfers with lifecycle saving is necessary tolaxpthe effect of change in age structure
on saving rates. Population aging leads to morddng for the working ages to provide
larger transfers to the elderly because the sHareeelderly who receive transfers
increases, whereas the share of working ages dscliine working ages have fewer
resources available to save, resulting in a deatirsaving rates. Overlooking the
importance of transfers may mislead the measureofesaving by people in different

age groups and the effect of change in age steiciuisaving.

The contribution of this paper is to apply the noelh by Deaton and Paxson (2000) with
comprehensive measures of intergenerational tremeftimated using the National
Transfer Flow Accounts methodology to measure &fetchange in age structure on
saving rates in Thailand. Further, this paper caegaaving rates based on the
simulation model from Deaton and Paxson with thesdnom Mason and Lee. The key
distinguishing features of the simulation modekstae ways in which the age profiles of
saving are modeled. The first model is based o#won and Paxson model, assuming
individuals rely only on dis-saving without transfeéo support consumption during the
retirement period. Age specific saving rates, messfrom age profiles of consumption
and income using repeated cross-sectional suraegdixed for all cohorts. The unit of
analysis of this model is at the household levegiresented by the age of a household
head. The second model is based on the simulatomiehlby Mason and Lee, assuming
individuals rely on reallocations through assets tnansfers received from younger ages
to support their consumption during the retirenqeriod. Saving or asset accumulation
by different cohorts allows individuals in diffetezohorts to vary their consumption,

resulting in different age profiles of saving a@@®riods. In addition, the unit of



measurement in the Mason and Lee model is at theidual level rather than at the

household level.

In summary, the lifecycle hypothesis is a fundarakinamework to explain how changes
in age structure and economic growth affect savags. Lifecycle hypothesis is
important; however, it does not take into accontgngenerational transfers. Change in
age structure affects transfers from working ag#sch could affect saving rates. Thus,
overlooking the importance of transfers could nadléhe measurement of how change in

age structure can account for change in saving.rate

3. Data

There are three sources of data used to estimategsates: household income and
expenditure surveys, national income accounts, lptipn estimates and projections by
age. First, the household income and expenditureegs of Thailand called the Socio-
economic Survey (SES) are used to estimate agigsrof consumption, earning, and
other sources of income. There are eleven roundarggys used in this paper, starting
from the year 1981 and every two years from 1988420he SES is operated under the
direction of the National Statistical Office Fidldvision. The survey provides

information at the household level, such as housledxpenditures and income, and at
the individual level, such as education level age af household members. There are, on
average, 75,906 individuals from 20,763 househwidsviewed in each survey year.
Data from each survey include 91 cohorts, or aivilduals aged 0 to age group 90 and
older. The total includes 115 cohorts (i.e. bortwleen 1890 and 2004) who are observed
for up to 24 years each (i.e. cohorts born in 1&&lobserved until aged 23 in 2004). The
data for cohorts in each survey are then poolestionate age and cohort effects in
consumption and income. A descriptive summary efdilwrveys is shown in Table 1.
Second, the national income accounts of Thailaaduaed to control the aggregates from
the surveys as well as the aggregates from othargment documents. The National
income account is the macroeconomic depiction @fnédtional income cycle, which

measures the flows of five main institutional unitat are resident in the economy, i.e.



Table 1: Summary of Mean Statistics from Surveys, Real Prices

Survey Household Characteristics
Years | Age of Consumption (Baht/Month) No. of Household
Head Education Health Total Households Size
(years) (persons)
1981 44.4 66.5 127.3 3,757.8 11,894 4.4
1986 45.0 76.4 141.9 4,027.6 10,889 4.1
1988 455 53.0 135.7 3,699.9 11,017 3.9
1990 46.3 78.6 181.4 4,938.7 13,162 4.0
1992 46.2 112.2 221.5 6,167.7 13,432 3.7
1994 47.2 134.8 260.6 6,761.2 25,176 3.7
1996 47.8 165.9 331.2 7,936.7 25,069 3.6
1998 48.1 241.4 233.7 8,937.6 23,515 3.7
2000 48.5 244.8 261.5 8,473.2 24,705 35
2002 48.6 252.5 249.3 9,496.9 34,735 3.4
2004 49.7 263.8 262.1 10,809.3 34,803 3.3
Mean 47.04 153.62 218.75 6,818.77 20,763.4 3.77
Survey Individuals Characteristics
Years Age of Income (Baht/Month) No. of
Individuals Wage Farm Non-farm Property Observations
(years)
1981 25.8 345.0 153.2 244.1 14.7 52,004
1986 27.2 422.2 134.3 227.7 14.6 45,072
1988 27.5 335.8 212.3 140.7 13.7 42,843
1990 28.3 516.4 253.8 217.9 15.2 52,879
1992 28.9 766.0 264.5 313.8 35.8 50,309
1994 30.2 936.0 272.2 402.3 26.6 93,735
1996 30.8 1,220.4 401.7 529.5 40.0 90,133
1998 31.2 1,411.0 429.6 602.0 65.9 85,891
2000 325 1,471.2 362.0 595.9 46.4 87,231
2002 325 1,677.5 439.3 736.9 51.6 118,550
2004 33.6 1,922.4 515.1 805.0 51.7 116,317
Mean 29.87 1,002.19 312,55 437.77 34.20 75,905.8

Source: Author’s calculation based onSEsS 1981-2004

non-financial corporations, financial corporatiogeyernment units (including social
security funds), non-profit institutions servinguseholds and households. The national
income of Thailand is compiled by the National AgebDivision at the National
Economic and Social Development Board (NESDB). methodology used to compile
the national account of Thailand follows the Systdmlational Accounts (SNA) 1993
(UN 1993). Third, population estimates and progatsiby age are used from the United



Nations (UN 2005). Data for population projectiamsto 2300 are based on the
assumption that total fertility rates (TFR) are stamt at 1.85 throughout the projection
periods. Migration is included in the projectiormp@lation projections also consider the
epidemic of HIV/AIDS in Thailand to forecast moitgl Between 2005 and 2050, life
expectancy at birth for men and women is assumétttease from 68.5 and 75.0 years
to 76.6 and 81.6 years.

The following presents empirical strategy useddistruct the National Transfer Flow
Accounts for Thailand. Details for the estimatioathods are described in Chawla
(2008). There are mainly three steps requiredtimase components for the NT Flow

Accounts.

The first step is to estimate consumption by irdlinal. Surveys and government
documents do not directly report consumption afrtdésidual level. Individual's
consumption for both private and public consumptian be estimated, distinguishing
education, health, and otfiePer capita private education consumption is egéthusing
a regression model. The household consumptionwfadtbn is regressed on the number
of household members in each age group enrolledhnol. The coefficients from the
regression equation are used as weights to allbcateehold education consumption to
enrolled members. Per capita private health conoms estimated relying on
information on per capita private health consumptio2002, which is the only survey
year that reports health consumption by age of eaainber. Household health
consumption for other survey years is regresseiti®per capita private health
consumption in 2002 weighted by the number of hbakemembers in each age group,

allowing that there is the systematic relationdfepiveen age and health expenditure by

2 The estimation method for consumption used is plaiper is different from the one by Deaton and
Paxson (2000). Deaton and Paxson estimate consamgitthe individual level using a regression model
by regressing household consumption on the numfdadividuals of each age group in the household,
with age running from 0 to 99, without a constarte coefficients from the equation measure theageer
consumption of people in each age group. Their ateih simple; however, it does not take into actadin
the different types of consumption needs by peoptifferent age groups. For example, children ligua
consume large education, and the elderly consumkhheare. In addition, coefficients from the reggien
may be negative for some age groups.



age in a polynomial model. In addition, a dummyifatividuals at age O is added to the
health consumption equation in order to capturectfagacteristic of a high level of health
consumption by newborns and cost of delivery. Téborns are usually subject to high
mortality than nearby age groups, which could leekigher health consumption. Per
capita private consumption of other goods is eggchassuming that children consume
less than adults and the consumption is allocatéadividuals in the household by using
an equivalence scale that gives more weight totsthéin childrefi Public education
consumption is allocated to students by using agd-education-level specific
enrollment rates, assuming that the cost per stud@eies across primary, secondary, or
tertiary education levels, but does not vary bywagkin the education level. Public
sector health consumption consists of expenditur@dblic hospitals and various public
health programs. Age profile of public hospitaldas private health consumption age
profile. Other public sector health consumption patlic consumption of other goods
and services are allocated on a per capita basis.

The second step is to estimate income by individiizre are labor income, asset
income, net public transfers received and net gittansfers received. Some sources of
income are reported directly in the SES at theviddial level. For example, earnings and
a labor share of entrepreneurial income measuce labome; property income and other
non-labor income measure asset income. Based oarMasl. (forthcoming),

individuals receive labor income, but only housdhwads receive asset income. Net
public transfers received is the difference betwaemefits individuals receive through
the government (i.e. public consumption, sociaugechbenefits and other public cash
transfers) and taxes or other contributions indigid made through the government. Net
private transfers received include net transfeteéen households (inter-household
transfers) and net transfers within householdsgihbusehold transfers). Inter-household
transfers can be tabulated directly from the sudegg, and they are assumed to flow

between household heads. For intra-household #endfousehold members who

% For more detail of the estimation of private cangtion of other goods and services please refer to
http://www.schemearts.com/proj/nta/web/nta/showidoents/Flow%20Account%20Methods#H-84r1w3
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consume more than their “disposable income” receitra-household transfers from
those who consume less than their “disposable ietoBisposable income is defined as
labor income plus net public cash transfers (cafbwis less taxes) plus net inter-
household transfers. If a household has total disiple income of all members combined
more than total private consumption of all memlwensibined, the surplus is transferred
to the household head and saved. On the other Handdpusehold has total disposable
income less than total private consumption, thesebald head makes additional intra-
household transfers to finance this deficit by gsasset income, dis-saving or by
acquiring debt. Intra-household transfers to suppamsumption are financed by
imposing a household specific flat-rate tax on eaeimber’s surplus income. Within the
household, each member is taxed at the same taeaX rate does not vary by age.

Please refer to Mason et al. (forthcoming) and ww&ccounts.org for more details.

The third step is to adjust consumption and incestamated from the surveys to match
with the aggregate private consumption and diffesenrces of income reported in the
national income accounts. Thus, saving rates etahia this paper can be used to
compare with the aggregate national saving rafgsted in the national income

accounts.

The results shown in Figure 1 present per capmswmption and income by age and by
cohort, for every fourth cohort. Please note thatihcome described here includes labor
income, asset income and net transfers received hath the public and private sectors.

The left panel shows cross-sectional income anduwoption by age from 1981 to 2004.
The shape of the cross-sectional age profiles wdwmption does not change much over
time, whereas the shape of the cross-section agiegrof income fluctuate around
working and retirement ages. The changes in incamenainly caused by the decline in
asset income after the economic crisis in 1997ld@m do not work or earn asset
income. The major source of income for childrenes private and public transfers

received. Consumption by adults and the eldertgtiser stable for most survey years. In

11



contrast, cross-sectional income for most surveys/show that income increases with
age during the working ages before declining afteund ages 60 and older. The decline

in income is mainly due to the decline in labor asdet income as individuals are older.

The right panel shows income and consumption bypitofihe cohorts are shown every
fourth cohort. For example, the first line in Figuk is income and consumption for a
cohort born in 1996 observed until aged 8 in 2@Bd;last line is a cohort born in 1906
observed from aged 80 in 1986 until aged 90 androfd1996. The results show that
most cohorts observed during working ages recdeeh income with age. For
example, real income for those born in 1970 in@dax the rate of 17 percent per year
between the ages of 16 and 34. However, as cofpants older, the rate of growth is less,
falling with age and eventually becoming negatf@ensumption by cohort is not so
much different from one cohort to another as olesgtia income by cohort. Consumption
by younger cohort steeply increases with age. Gupsion by older cohorts increases

but less steeply than younger cohorts.

12
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Figure 1: Per Capita Consumption and Income by Age and by Cohort, Thailand, Real Prices (2004 Prices)
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4 Population Aging and Saving Rates
In this section, the effects of population agingsaming rates of Thailand are simulated

using the models developed by Deaton and Paxs@®)2thd Mason and Lee (2006).

4.1 Deaton and Paxson Model

Specification

Saving rates can be simulated using the age puadfiltcome and consumption.
However, age profiles of individual income and aangtion cannot be simulated
directly using cross-sectional surveys if age effece confounded with cohort effects.
For example, older people come from an earlier dopldiich may have different
experiences and resources. Given continual techmalloprogress, older cohorts are
lifecycle poorer than younger cohorts. Thus, itmportant to distinguish age and cohort

effects in consumption and income in order to mesasaving rates.

Consumption over the lifecycle, for any individudlorn at daté and observed at age

(i.e., at datd+a), follows an age profile of consumptidifa) , age effect, and lifetime
resource®V, , cohort effect. The shape of the age profile of consumptionxisdifor alll

cohorts, assuming there are no changes in tastesrarentives to postpone
consumption. The level of the age profile is setif@gime resources. Thus, consumption
Ciab IS given by

Car = Ti (@)W, 1
Then, the logarithm of consumption can be expreasdatie sum of an age profile and a
fixed lifetime wealth component:

In(c,,) =In f.(a) +In(W,) . 2
There are no panel data for Thailand that can tirsstikidual consumption trajectory
overtime to measure age and cohort effects. Repheabdss-sectional surveys can be used
to measure consumption by cohort. Some individoelg be observed only once in
survey; however, the sample from the same birtlodak observed in a later survey.

Thus, consumption can be tracked of a represeatatimnple of individuals of the same

14



cohort. This can be done by taking averages ofterqua across all individuals of the

same cohort at the same age, then equation 2 csimolag as:

Inc, =In f(a)+InW,, 3

where the lines over the variables denote meansexample, for a birth cohort born in
1950 observed at age 40 in 1990, the average tbgadf consumption is the sum of the
age effect (that of age 40) and a cohort effeett (¢ persons born in 1950). Equation 3
can be obtained by regressing the average of gagitbm of consumption for those born
in b and observed ip+a on a set of age and cohort dumrfijés.,

Inc=D?g, +D°, +u_, 4
wherelnc is a stacked vector of log consumption with eletmeonrresponding to each

cohort in each yeaD?®is a matrix of age dummy arid® is a matrix of cohort dummy.

The coefficientsf, andy, are the age effects and the cohort effectonsumption, and

Uc is sampling error.

Similarly, income profiles retain a characterigirofile that does not change shape across
cohorts and they are determined by lifetime resesir¢aking averages of the logarithm

of income can be decomposed into age and cohextsffi.e.,
Iny=D*B,+D°, +u,, 5
where 5, andy, are the age effects and the cohort effects innm&c@ndyy, is sampling

error.

If consumption is close to income, the ratio ofisguo income is approximately equal to
the difference between Equation 5 and EquatiorhénT saving ratio can be decomposed
into age and cohort effects, i.e.,

* The regression includes the constant term and ainepage and one cohort. Year effects are inclinded
the regression model. However, the year effectd seme adjustment to avoid the multicolinearity
problem with age and cohort. The adjustment mefbtbolws Deaton (1997) by restricting the year effec

to sum to zero and orthogonal to time trend.
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s/y=iny-inc=D*(8,-£)+D°(y,-y.)+(u,-u) 6
Assuming bequests are zero or an unchanging fraofibfetime wealth, the level of the
saving will be the same for all cohorts. In additithe lifecycle hypothesis assumes the
lifetime consumption exhausts lifetime resourcésus the cohort effects in income and
consumption will be the same. Consequently, eqod&iwill have only age effects,
which can be rewritten as:

sly=D*B,-B.)+(u,-u,) 7
Saving rates from the lifecycle hypothesis arenestied by dividing total saving, the
difference between total income and total consuonmptdy total income. Total income is
the sum of the product of population by age andcettponential of the age effects of
income by age. Similarly, total consumption is skien of the product of population by
age and the exponential of the age effects of sopion by age. Consequently, the

aggregate saving ratios in any given year can loeleded as:

. D 1.1+ 9)?[exp(B,, )~ expB,. )]
vy D> n.A+g)exp@B,) °

wheres andy are aggregate saving and aggregate incgpas the number of people
ageda at timet, B, and S, are respectively the age effects in the logarithcome and

consumption profileg] is the growth rate of per capita income.

Empirical Results

Cohort effects in log consumption, log income a@melsaving ratio are shown in Figure 2
in the two right panels, and the correspondingedfgets are shown in the two left
panels. Cohorts are defined by age of individua®d04, which show the movement
from the later-born cohorts from the left to theliea-born cohorts to the right. The
earlier born cohorts are poorer over their lifetim@ding to a decline in cohort effects for
both income and consumption from left to right. o age effects, income increases

®> However, at any period, consumption may not equ@me. Borrowing and lending make up the
difference between consumption and income at ariggheassuming that capital markets are sufficientl

developed to allow people to borrow against futnoceme.
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steeply until around ages 55-60, then consumptioreases more steeply than income.
The more interesting finding is on the age effeétsonsumption. Age effects of
consumption in Thailand continually increase wigie aThat consumption is growing is
inconsistent with the prediction by the lifecychgpbthesis. Attanasio and Weber (1995),
using the household model, finds that consumptiothb age of head could be hump
shaped because of changes in household composifovever, in the individual model
age effects of consumption are assumed to benflduei lifecycle hypothesis. There are
important studies that explain the age effectsoosamption. For example, Carroll
(1994) and Deaton (1992) explain that consumptiacks income because of

precautionary saving incentive and liquidity coastt.

That consumption among older ages increases megplgtthan income is also
interesting. An increase in consumption by the ®ydeould be influenced by the income
of others, not their own, because of intergenenatitransfers, which supports the Mason
and Lee model. The results of downward sloping doéffects and upward sloping age
effects of logarithm income and logarithm consumptre similar to what Paxson
(1996) found for Thailand, using the ages of hoofkheads instead of individuals.
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Figure 2: Ageand Cohort Effects, Log Income, L og Consumption and Saving Rates, Thailand
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The lower left panel shows that the age profilsafing has a hump shape, suggesting
the important relationship between age structutesawving rates. The results show that
people save more as they are older until they raemind age 50. People start to dis-save
at around age 62. The lower right panel showsadblabrt effects of saving are upward
sloping. Cohort effects of saving are upward slggecause more recently born people
in Thailand are consuming a larger share of tlifetiine resources. The finding here
contradicts to the lifecycle hypothesis, which asss that bequests are zero or a fixed
fraction of lifetime resources. There are some ipd#gges for the upward sloping cohort
effects of saving. People in Thailand at all agaugs may decide that it is less important
to save, so that all cohorts, at all ages, slowlgréase their saving ratios over time. The
other possibility is that people in Thailand at ggar cohorts may plan to bequeath less
than the older cohorts. In contrast to Thailandatbe and Paxson (2000) find that cohort
effects of saving in Taiwan are downward slopimgli¢ating younger cohorts save more

than older cohorts.

The lifecycle hypothesis cannot explain what catiseshanges in saving behavior
across cohorts; however, the results can be adjbstéorcing the age effects and cohort
effects in both income and consumption regressidsetthe sanfeConsequently, the
cohort effects of saving ratios are eliminated. Tdslts shown in Figure 3 restrict
cohort effects of consumption and income to betidah Saving ratios have a hump

shape and they are negative for young adults andltrerly.

® The method involves using the simultaneous regmeder log consumption and log income on ages and
cohorts, constraining cohort effect from log incoregression to be equal to cohort effect from log
consumption regression for each cohort.
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Figure 3: Age Effectsin Log Income, L og Consumption and Saving Rateswith Restricted Cohort
Effects
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Finally, the effects of demographic changes oneggfe saving rates can be simulated
using the age distribution of population in Thaddrom 1950 to 2005. Consumption and
income at each age for each cohort is the produifetme wealth of cohort members
and the exponents of the age effects in Figuren8.cbhort-specific lifetime wealth

terms are assumed to grow from year to year ahsataot rate of 6.0 percent, which is
close to the average economic growth rate of Thdiuring 1981-2004, the period of
the surveys used in the simulation. The estimatsnlts show how age structure affects
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saving rates. Please note that the analysis daesplain how saving rates change due
to short-term fluctuations, such as income shocksd the economic crisis in 1997-
1998.

Figure 4 shows the predicted saving rasesd actual national saving rates. The simulated
saving rates were stable around 20 percent ofmatincome during 1950-1975. There
was not much change in saving rates because tler¢éavge consumption by children
due to high child dependency rates, leaving fewusses available for saving. Then,
saving rates increased after 1975, which is theg@evhen total fertility rates started to
decline, leading to a smaller share of children atatger share of working ages. These
calculations show that if lifecycle hypothesisiisrally implemented, the lifecycle model
could explain the increase in saving rates in Bmailbefore 1985. The simulated results
fit actual saving rates, which show that there masecular trend during the period.
However, it may not explain the fluctuation in sayrates after 1985. There is a study
showing that the decline in saving rates duringldte 1990s is caused by high spending
in durable goods, import luxury goods and increasmnsumer debt during the period
(Pootrakool et al. 2005). This paper shows thatalge increase in saving observed in
Thailand, or many other East Asian countries, natybe caused by change in age
structure as described by Higgins and Williamsd@9{) and Kelly and Schmidt (1996).

In contrast, the lifecycle hypothesis implementgdieaton and Paxson show that
change in saving rates was not mainly due to changge structure or economic growth,
but due to a secular trend. In addition, the reghiat change in saving rates is not mainly
due to change in age structure as described hifebgcle hypothesis are consistent with
what Deaton and Paxson (2000) found for Taiwan.

" Coefficients of income and consumption estimatechfthe regression are adjusted to match with the
aggregate control for income and consumption inytkee 2000. This is implemented by adding a coristan
value to the coefficients to allow the sum of theduct between the exponential of the coefficients
(average of the logarithm of consumption and incoamal population by age to equal aggregate
consumption and income reported in the nationalnme accounts.
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Figure 4: Saving Rate Projections. Deaton and Paxson M odel
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Saving rates of Thailand can be forecast usingtipeilation projections from the UN
and the age effects of consumption and income shioWwigure 3. The results of future
saving rates vary owing to different assumptionutlper capita income growth. Each
cohort is assumed to have new wealth effects dtileetochange in per capita income
growth from 6 percent to other levels at the ygI@ It is also assumed that everyone
will know immediately that the change is permanéigure 5 presents the changes in
saving rates when per capita income growth raeed qercent, 3 percent and 6 percent.
The results show that saving rates will increasefshort period of time. An increase in
saving rates could be from an increase in the stfaiee working ages as predicted by
the lifecycle hypothesis. After increasing for @slperiod, saving rates are predicted to
decline. The decline in saving rates is predicteble rapid with the scenario of slow
economic growth. The slow economic growth providieler ages with relatively more
lifetime wealth than younger ages. Thus, slow eatng@rowth will increase the share of
dis-saving by elderly relatives to saving by wotkages. On the other hand, if the

economy of Thailand can maintain its growth atghHevel, population aging is not
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likely to affect saving rates much. For exampl&gegian economic growth rate at 6
percent per year, saving rates in 2050 are pretltoteecline about 4 percent from the
peak in 2020.

Figure5: Saving Rate Projectionswith Different Growth Rates, Thailand
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4.2 Mason and Lee Model

Soecification

There are a few steps used to simulate saving. relbesfirst step is to simulate aggregate
lifecycle wealth from the consumption and laboroime age profiles. Aggregate lifecycle
wealth is the wealth that adults must hold, asoagyrin a given period in order to
achieve a given path of consumption and labor irecorer the remainder of their
collective existence. The aggregate demand fortivel@ipends on the future trajectories
of consumption and labor income. The shapes ofesestional age profiles of
consumption and labor income are assumed to bé &rd shifting upwards over time.
The labor income profile is assumed to shift at s@xogenously specified rate of

technological progress. The consumption profilétslat endogenous rates, depending on
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technological progress, population age structine shape of consumption and labor
income profile and public policy. Given the traj@st of labor income, the aggregate
lifecycle wealth of all adults of agein yeart, W(a,t),can be calculated for any
consumption trajectory as the difference betweerptiesent value of consumption and
the present value of labor income of all adultsrdkie remainder of their lives. Let PV[]
be the present value operator. Then,

W(a,t) = PV[C(a,t)] - PV[Y(a1)] 9
whereC(a,t) andY(a,t) are vectors of current and future consumption amceat and

future labor income, respectively, for the cohdragea in yeart®.

The second step is to calculate different formwedlth. Wealth can be held in three
forms: assetsA), child transfer wealthTf) and pension transfer wealfRy). Assets are,
for example, funded pensions, private savings apital stock. Child transfer wealth is
the present value of the net costs of supportinigrem through the family or the public
sector. Child transfer wealth can be estimateth@aptesent value of the gap between
consumption and labor income by children. Chilechsfar wealth is negative. Pension
transfer wealth is the present value of the netstiexs that the elderly receive from the
working ages, such as familial old age transfengayras-you-go pensions. Adults at a
given point in time decide how much assets andstesuwealth they need to hold in order
to achieve their lifecycle path that lifetime congtion does not exceed lifetime labor
income. Either assets or pension transfer wealttbeaused to support future
consumption when it is greater than future incoRtem the perspective of the
individual, they are equivalent. However, from gespective of the macroeconomy,
pension transfer wealth and assets are not the. &yraccumulating more assets, higher
levels of aggregate consumption can be sustaingeeifuture. Assets combined with
pension transfer wealth, called pension wealth=(A+T), are used to support old age
consumption. A different fraction of pension traersivealth to total pension wealth may

affect asset accumulation and the aggregate corisamipvel. Following Mason and

8 Averages age profiles of consumption and incommfeleven survey years during 1981-2004 are used to
measure aggregate lifecycle wealth. The consumptimhproduction profiles are scaled so that whew th
are applied with population in 2000, they matchhvéiggregate consumption and labor income from the
National Transfer Flow Account in 2000.

24



Lee (2006), the ratio of assets to pension wealdssumed to be constant and assets can
only be held by adults. Thus, at a given poinirmethow much yearadults demand for
assets to support old age consumption dependswmiuch they expect to receive
transfers from their children, or pension transfenlth. Consequently, assets for year
adults at a given point in time can be simulated essidual between aggregate wealth

and transfer wealth, i.eA(t) =W(t) - T, (t) - T, (t) . Further, assets accumulated by year

adults increase when current labor income exce@dsrt consumption and adults

receive returns to assets, i.&(t +1) = (1+r)At)+Y ({)-C (), where r is rate of return

to assets.

The final step is to solve for consumption. Aggtegaonsumption during each period is
determined by several variables, such as the tehatsets, interest rate and population
age structure. The simulation strategy is to stdvehe trajectory of assets and
consumption at the steady state level, and thernognijackward recursion to the present
and historical periods. There are important anassary assumptions to describe
variables at the steady state level. Populati@sssimed to achieve stability and the
model reaches steady state at some point in tkendisiture, which is assumed to be at
the year 2300. Consumption per effective numbeootumer as well as assets is
assumed to grow at the same rate as productiviler@Ghese assumptions, aggregate
consumption and assets can be solved in steadyystat and years thereafter. Provided
that consumption and assets in all subsequentdseaie@ known, consumption, assets and
lifecycle wealth in the year before the steadyestain be solved.

There are some major differences between simulatiotels by Mason and Lee and
Deaton and Paxson. First, saving behavior of admitsthe elderly in Mason and Lee
model can be changed, whereas that in Deaton atsbR# constant. For example, the
decline in the number of children allows adultatocumulate more assets, leading to a
higher consumption and/or saving; an increasderekpectancy leads to lower
consumption at all ages and higher saving. Sedbed is a strong altruism motive
included in the Mason and Lee model. The Masonlazedmodel includes

intergenerational transfers to simulate asset aatation, whereas the Deaton and
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Paxson model does not take into account interggaered transfers. Adult people make

transfers to the elderly to ensure the elderlyroamtain their living standard.

Based on Mason and Lee (2006), there are necesssuynptions for the simulation.
Discount rate is assumed at 3 percent. Depreciatitens assumed at 3 percent. The
international real rate of return on assets israsslat 6 percent, declining linearly to a a
steady-state rate of interest at 4.42 percent @®2Broductivity growth rate is 1.5
percent. In addition, there are some importantragsions, relating to how individuals
accumulate lifetime wealth. The assumptions of themtcumulation are used based on
the National Transfer Flow Account for Thailand2@04. Child transfer wealth is
simulated assuming two-thirds of child costs inildral are financed by familial
transfers and one-third by public transfers. Pensiansfer wealth is simulated assuming
the old age support systems in Thailand are basedgets at 64 percent and pension

transfer wealth at 36 percent.

Empirical Results

Figure 4-6 shows wealth\(), assetsA) and transfer wealthT{ relative to labor income

(Y1) during 1950-2100. Between 1950 and 2000, assetedased steeply from about 1.5
to about 5 times of labor income. An increase se&sduring this period is associated
with an increase in the support rdtiBeople during productive ages accumulate assets t
prepare for their old age consumption. Thus, aresse in people at these ages leads to
an increase in assets. Wealth during this perioggative due to greater negative
transfer wealth than assets. After the year 206€kta do not increase as steeply as the
previous periods. Even though assets do not ineraag further, assets remain at a much

higher level.

° Mason and Lee (2006) define support ratio as &ffattive number of producers divided by total
effective number of consumers, which can be measpsimming the product of population by age and
per capita age profile of production and consunmptithis method takes into account of different
productivity and consumption needs by people ifediint age groups, instead of using broad populatio
age groups, such as those ages 20-64 divided dyptmpulation, to estimate support ratio.

26



Figure 6: Aggregate Demand for Wealth and Its Components, Thailand, 1950-2100
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Simulated national saving rates are compared \wéhattual net national saving rates of
Thailand as shown in Figure 7. The simulation msssthow that saving rates reach the
peak at around 27 percent of national income betv880 and 1985. High saving rates
during this period contributed to a steep increasessets as shown in Figure 6. The
simulation results explain the relationship betwaga structure and saving rates well
before 1985. These findings are similar to the $ed results based on the Deaton and
Paxson model. Both the Mason and Lee model anBéla¢on and Paxson model show
that change in age structure in Thailand had neffects on change in saving rates
before 1985. Then, simulated saving rates graddaktyine, whereas actual saving rates
remained at a high level during the 1990s and ef00s. Similar to findings based on
the Deaton and Paxson model, change in age steuctthailand after 1985 did not
affect change in saving rates much. In contragtngh in saving rates during these
periods was mainly due to a secular trend. Furthessed on the simulation, the saving
rates decline to about 5 percent around 2050, wikiebout 80 percent lower than the
peak during 1980-1985.
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Figure 7. Saving Rate Projections. Mason and Lee M odel
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Results based on the Mason and Lee simulation nsbasV that even though population
aging leads to a decline in saving rates, assetglper income increase and remain at a
high level in the future period. These findingangsThailand’s data, are consistent with
the results by Mason and Lee (2006) using Taiwdata. An increase in assets allows

individuals to earn a higher asset income, whichlmmused to support a higher level of

consumption.

5. Conclusions
Population aging leads to a decline in saving ratesvever, the effects of population
aging on saving rates are not so severe. Thetgvarmodels used to simulate saving

rates under different assumptions about how agdes@f saving are modeled.

The first method, using the Deaton and Paxson (R€igulation model, assumes the age
profiles of saving are fixed for all cohorts. Sayitean be decomposed into age and cohort
effects. Age effects of saving in Thailand showuabp shape. People save less during
young working ages than old working ages, then theysave when they retire. The
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cohort effects show that younger cohorts in Thailsave less than older cohorts. Using
population estimates and projections, saving reaesbe simulated. The results based on
the Deaton and Paxson model show that saving irafEzailand increased after 1975,
which corresponds to the period when the fertilities in Thailand declined and the
share of the working ages increased. Simulatedhgaates would increase until 2020
before declining slowly with an increase in thershaf the elderly. The simulated saving

rates would decline more rapidly if the economiovgh is slow.

The second method, using Mason and Lee (2006)'slatian model, assumes the saving
age profiles may vary for all cohorts. The resshsw that simulated saving rates
increased during the period when the effective nemolb producers relative to effective
number of consumers was high. Then, simulated gaaites decline when assets
increase slowly. Even though, population aging $eada decline in saving rates,
population aging leads to higher assets and ass&hie in the economy, allowing people

to consume at higher level of consumption.

This paper finds that simulated saving rates baseabth the Deaton and Paxson model
and the Mason and Lee model show similar effectdahge in age structure on change
in saving rates in Thailand. Change in age stredtuiThailand had major effects on
change in saving rates before 1985. However, 4886 changes in saving rates were
mainly due to secular trends rather than changgénstructure. The major difference
between these two models is on the level of siradlaaving rates for the future.
Simulated saving rates based on the Deaton ancbRPaxsdel would not change much
with population aging. In contrast, simulated sgwates based on the Mason and Lee

model would decline significantly with populatiogiag.
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APPENDIX

Mathematical Explanation for Mason and L ee (2006) Simulation M odel

This section presents how saving rates are sintulageng Mason and Lee (2006) model.
This part is drawn substantively from Mason and (28906). First, simulation methods
for lifecycle wealth and its components, which assets, child transfer wealth and
pension transfer wealth, are presented. Thens#uton describes how to solve for
consumption at the steady state level.

Aggregate lifecycle wealth
Aggregate lifecycle wealth of all adults of agen yeart, W(a,t), is the combined
lifecycle wealth of all adults of agein yeart. It is equal to the present value of the
consumption less the present value of the labammecof those adults over the remainder
of their lives. Let PV[] be the present value opera Then,

W(at) = PV[C(at)] - PV[Y(& 1)] 1)
whereC(a,t) andY(a,t) are vectors of current and future consumption amceat and

future labor income, respectively, for the cohdragea in yeart.

The effect of age on earnings is captured in thecg¥e number of producerk)(where:
L(a,t) = y(a)P(at)

L(t) = f L(a,t), @)

andP(a,t) is the population agealat timet, w is the oldest age achieved ap() is an

age-specific, time-invariant vector of coefficiemgasuring age variation in labor

income. Similarly, the effective number of consusn@!) is:
N(a,t) = ¢(a)P(a,t)

N = N(@t) @)

where ¢{a) is an age-specific, time-invariant vector of cogéfnts measuring relative

levels by age of cross-sectional consumption.

30



Total labor income in yedris determined by the total number of effectivequeers and
the level of labor productivity as measured byl#ir productivity index.y(t).
Likewise, total consumption in years determined by the total number of effective
consumers and the level of consumption as measyrédte consumption index(t) :

Y(t) = y(OL()

C(t) =T()N() @

The rate of growth of labor productivityg( ) is exogenous and constant so that:
y(t+x) =y(t)G,(X) ®)
whereG, (x) = (1+g,)". The rate of growth of the consumption index wéry over

time and is endogenously determined. The consomptidex can be represented as an
annual series of endogenously determined growésrat
Tt +x) = G, (t, xS ()
x-1 6
G.(t,x) = |_(l(1+ 9.t +2) (©)

where g, (t + z) is the rate of growth in the consumption indexassn yeat+z and

t+z+1.

These general rules can be applied to yeaults to determine their labor income and
consumption over their remaining adult years aeagck, their wealth in year Let
NTOT(t,x) denote the number of effective consumers in feawho were adults in year
t. Similarly, LTOT(t,x) denotes the number of effective producers in yeawho were
adults in yeat, wherea, is the age of adulthood:

NTOT (t,x) = i N(a,t +Xx)

a=ay+Xx

(7)

LTOT(t,x) = > L(at+x).
a=ag+tx

In a closed population NTOT and LTOT would depenty®@n survival rates, but in an

open population they will include migrants who watkllts in yeat.

The labor income of yedradults at aga > ap + t in yeart+Xxis:
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Y(a,t+x)=y(t+x)L(a,t +x) (8)
and consumption by yeéadults in yeat+xis:

C(a,t+x)=C(t+x)N(a,t +Xx). 9)
The present value in yeaof the current and future lifetime consumption biaults is

given by:
PVC(t) = E(t)ai0 D(X)G, (x,t)NTOT (t, x), (10)

and the present value in ydaf the current and future lifetime production dfaults is

given by:

PVY(t) = V(t)aio D(X)G, ()LTOT ,X), (11)

x=0
where D(x) is the discount factofl+ d)™". Substituting into equation (1), the lifecycle
wealth of all adults in yedris:
w—8
W(t) =T(t) Y D(X)G, (x,t)NTOT (¢, x)

wgﬂ (12)
~¥(t) > D(X)G, (X)LTOT (t, x).

x=0

Components of Wealth
Lifecycle wealth in yeat for the cohort comes in three forms: assajstansfer wealth

associated with childrearind () and pension transfer wealtf(), i.e.,
W(at) = Ala,t)+T, (a,t)+T, (at). (13)
Pension wealth is defined &4, (a,t) = A(a,t) + T, (a,t), i.e., assets plus pension transfer

wealth.

Assets can be negative, but by assumption thepilyrbe held by adults. Aggregate

assets in yedrare calculated by summing over all adult cohorts:
At) =D A(at) (14)
a=ag

Summing transfer wealth variables over all aduéisag
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At) + T, (1) =W, () =W(t) — T, (1) (15)
whereT, (t) is pension transfer wealtfi, (t) is child transfer wealth, and/, (t) is

pension lifecycle wealth equal to the sum of asaetspension transfer wealth.

The relative size of pension transfer wealth iswagl by 7(t) =T, (t)/W,(t) and the

relative size of child transfer wealth Qy(t) =T, (t)/W(t) . Substituting into equation

(15) and rearranging terms gives the total asgetdudts in year t and, because only

adults hold assets, aggregate assets intyear
At) = @-7@)(1-7, €)W (). (16)

In the analysis presented here, pension transfaypo(t) , is assumed to be exogenous.

The following explains how to simulate child tragsivealth, pension transfer wealth and
assets. Next, the solutions to estimate assets@rslimption at the steady state level are
described. Then, the methods to simulate assetsuomtion and other variables at years

before steady state using backward recursion asepted.

Child Transfer Wealth

The cost of children to yeaadults also depends on their share of the cosikilofren in
future periods. By assumption all of tb@rent costs of children are born exclusively by
yeart adults. Yeat adults are responsible only for a portion of thstof children in
subsequent years, because some portion of theafadtddren is shifted to persons who

become adults after yetar

The model distinguishes two ways in which childts@ge financed: familial transfers
and public transfers. Adult parents are assuméedo the cost of familial transfers.
Public transfers are financed through a proportitaraon labor income. The relative

mix of these two mechanisms is an exogenously ohéteid policy variable.

The cost of all children agein yeart+xis:
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COST (z,t +x) =Y (z,t +x)—-C(z,t +x)

=Y(t)G, (¥L(zt+x)-C)G, (t,X)N(z,t+X) z<ag, (7

A fraction of the cost of children of agen yeart+x is financed through transfers by year
t adults; the remainder is financed through trasdigrpersons who became adults

between yearandt+x. Let TAX, (zt,x) be the share of child costs paid by year

adults. Then, child transfer wealth in ye&or yeart adults is:

T (1) = aio D(x)afTAX (z2t,xX)COST(z,t+X) (18)

z=0

Substituting for COST from equation (17) yields:

T (t) = V(t)aio D(X)G, () KLTOT(t,X) —E(t)&io D(X)G, (t, ) KNTOT(t,X)

a,-1
KLTOT (t,x) = > TAX,(zt,X)L(z,t +X) (19)
z=0
a-1
KNTOT (t,x) = > TAX,(z t, X)N(zt +X)
z=0
where KLTOT (t, x) is the total number of children in yearx dependent on yeamadults
measured in equivalent production units and in yeaand KNTOT (t, x) is the total

number of children in yeadtx dependent on yeamladults measured in equivalent

consumption units.

Tax burden of yearadultsdepends on whether child costs are financed thrpughc or
private (familial) transfer programs. Mason ane lassume that the shares of public and

private transfers are constant and exogenousthey/,are a matter of public policy. Let
the familial share be" and the public share be-1". Then the share of cost paid by
yeart adults is a weighted sum of the taxes paid thrautgmilial transfer system and
the taxes paid through a public transfer systeam, i.

TAX, (z,t,X) = 7' TAX/ (z,t,X) + A-7" TAX 2 (z t X) (20)
where TAX (z,t,x) is the share of child costs paid by yeadults under a familial
transfer system an@AX/?(z,t,x) is the share of child costs paid by yeadults under a

public transfer system.
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All public transfers to children are assumed tdibanced by a proportional tax on labor
income. Thus,

TAX? (z,t,x) = Zw: Y(@t+x)/Y, t+x) (22)

a=ay+x
whereY,(t +x) = Z:zavY(a,t +X) is the total labor income of all in ye@arx.

The tax share of yeamdults is in year+x is their share of labor income in yaax.
Note that the public tax share is independent @ftpe of the childz. Henceforth, the z
argument can be dropped.

Mason and Lee assume that familial transfers aeyméed by parentage. If Ef,X)
equal the proportion of those aged z with parentstifers) agea, + x or older in year
t+X, then

TAX, (z,t,X) = F(z,t,x) (22)

where F is calculated using the distribution oftsrto women:

AGEM
> B(at+x-2)

F(zt,x) =222 forx >z (23)
> B(at+x-2)

a=a,
=1 forx< z.

and B(a,t + x— z) is births to women aged a in yaax-z. Children who are& years or

older are all the offspring of yeaadults (mothers) and hence F has a value of £ Th
value of F declines to zero aincreases. (Note that F can be representedwasadn of

t andx-z It isn’t really three dimensional.)

Substituting into equation (20), the share of yesdults is:

TAX, (zt,X)=T'F(z,t,x)+ (1-1") Zw: Y@t+x)N, t+x) (24)
a=gy+x

Substituting into equation (19) yields child tragrsivealth for year adults. Note that the

tax shares devoted to childrearing are determiredenously by population age

35



structure, fertility, the age profile of earningal-exogenous factors. Thus, in the
determination of child transfer costs, the onlyagehous variable is the vector of the
consumption index. Child transfer wealth is edoal
w—ay w—8y
T (t) = ¥(t) D D(X)G, (XY)KLTOT(t,x) = T(t) > D(X)G, (t, )KNTOT(t,X)  (25)
x=0 x=0
where KLTOT(t,x) and KNTOT(t,x) are the effective numbers of child producers and

consumers, respectively, in yaaix for which yeart adults are financially responsible.

Lifecycle Pension Wealth: W, (t)

Pension wealth is equal to lifecycle wealth les&ddinansfer wealth. Combining the
results from equations (12) and (25) and rearranggrms yields:

W (t) = a(t)aff D(X)G, (t, ) (NTOT (t, x) + KNTOT(t,X))
= (26)
-y(t) Zaf D(X)G, (X) (LTOT (t, x) + KLTOT(t,X)).

Lifecycle pension wealth is the discounted presahie of current and future
consumption by year t adults and their dependeidren less the present value of
current and future production by year t adults @@k dependent children.

Assets

Total assets are governed by the lifecycle accogntist described, but also by a
macroeconomic constraint: the change in assats ére period to the next must equal
saving during the period. Mason and Lee assuniefis&ts are measured at the
beginning and that consumption and labor incomeuacat the endf the period and,
hence:

@A+r)At)+Y(@1)-C(t)= At +1). (27)
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Seady-state Results
In steady-state, assets grow at the same rat¢shéatoor incomeg, . Substituting
1+ g, )A(t) for A(t+1), substituting for income and consumptiand rearranging terms

assets in steady state must satisfy:

AP) =- _19 [S(t) N(t) ~ % 1) () ] (28)

From the analysis of the lifecycle the relationgbghween assets and lifecycle pension

wealth is governed by exogenously specified pensamsfer policy:
A(tY) =1 - 7(t) W(1), (29)
whereW, (t) is given in equation (26). Combining the macrd bfecycle conditions,

and noting that the growth rate of the consumpitiolex must equal the growth rate of

the production index in steady-state, the conswmptidex in steady-state must satisfy:

_lg [EEINE) -X8) KO ] —€ 1) W Y. (30)

Rearranging terms yields:

ct) _ L(f*)[
y(t)  N(¥)

wherew, (t*) is the ratio of lifecycle pension wealth to cutribor income.

=gy )L-TEW, () ], (31)

Equation (40) tells us the level of consumptiort ttean be sustained in steady-state given
any level of labor productivity. Age-structure éehines the steady-state consumption
ratio through two multiplicative factors — the eoamc support ratio and a second factor

that captures the influence of age structure @tyitle pension wealth and, hence, assets.

Backward Recursion

The backward recursion solution computes the coptomindex and, hence, all other
variables in period-1 conditional on the values in peribd The steady-state values are
known. Hence, we can begin in peribdsolve for period*-1, and recursively solve for
all periodst.
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From lifecycle accounting, assets in peridddepend on pension policy and lifecycle

wealth in yeat-1. From equations (26) and (29):

At-1)=ct-1)(1- r)af‘f D (X)G, ¢ — 1x \NTOT ¢ - 1x + KNTOT(t - 1x))
- (32)
-y(t-1)(1- r)zao D (X)G, (X)(LTOT ¢ - 1,x )+ KLTOT(t - 1X)) .

Pension policy may vary with year, but here we drtapsimplify notation. The right-

hand-side variables include consumption in yegrconsumption in yearand

subsequent years, and labor income terms intyeand later. Only the consumption

terms in yeat-1 are unknown and must be solved for. These atigiisshed in:
At-1)=c(t-1)@-7)N¢-1D (0)

+(1- r)aio D(X)T(t —1+x)(NTOT ¢ - 1,x )+ KNTOT(t - 1x)) (33)

-y(t-1)(1- r)of‘j D (x)G, (x)(LTOT (t — 1,x)+ KLTOT(t - 1x))

From macro-accounting, we know that:

A +St-DNE-1)-y - 1L ¢ - 1)
1+r '

At -1) = (34)

This gives us two equations in two unknowns, assedsthe consumption index in period
t-1. Substituting foA(t-1) yields:

Tt-DA-7NEt-1D (0)y+ (-7 f)f D &F (- B x NTOT ¢~ 1x } KNTOT(t - X))

-y(t-1)(1- r)wf D (X)G, (x)(LTOT ¢t - 1,x )+ KLTOT(t - 1x)) (35)

_A(t) +c(t —1)X:N t-D-yt-1Lt-2
B 1+r

Multiplying both sides byl+r and rearranging terms yields:
CE-LN(E-1)((@-7)A+r D (0> 3

= Alt) - (1+r)(1- r)aio D (X)C (t — 1+ x)(NTOT ¢ — 1x )+ KNTOT(t - 1X)) (36)

x=1

+y(t —1)(1+r)(1- r)af D (X)G, X)(LTOT ¢ - 1x )+ KLTOT(t - 1x)) -y (- 1L (- 1

x=0

Further algebra gives the consumption index-ftr
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Alt)-(@+r)(1- r)af‘j D (X)C (t — 1+ x)(NTOT ¢ — 1x )+ KNTOT(t - 1X))

x=1

+y(t —1){(1+ r)(l- r)af‘f D x)G, ®)(LTOT ¢ - 1x )+ KLTOT(t - 1) - L (- 1)}

ct-1= N(t-1)(@A-7)+r)D(©0)- 3

(37)

Assets in periodt1 can be calculated using either equation (33) aatgn (34).
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