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Longevity, Grandparents Caring, and PAYG Pensions

Wei Gao, Chengliang Yan, and Fuyang Zhao

This paper presents an OLG model with endogenous grandparents caring.
We show that the increase of longevity has positive effects on grandparents
caring, which in turn increases adults’ labor supply, and reinforces the posi-
tive effect of longevity on pension benefits. Contrary to existing literature, we
find that under plausible parameter values, increasing longevity may improve
pension benefits. This indicates that population aging driven by increasing
longevity may not be a threat to the sustainability of the PAYG pension sys-
tem.
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1. INTRODUCTION

There has been an evident global trend of population aging ever since
statistics began. This trend is drawing more and more attention in recent
decades. Figure 1 demonstrates the relevant statistics from World Devel-
opment Indicators (WDI) by the World Bank. At the global level, the
proportion of people at age 65 or above has almost doubled since 1960. In
developed areas, such as Europe and North America, the proportion has
advanced to levels higher than 15%. In Asia, the aging process is even
faster, with Japan beginning to speed up in 1990s, Korea in 2000s, and
China in 2010s.

The increasing longevity is one of the main driving forces of the global
aging. Also according to the statistics from WDI in Figure 1, the life
expectancy at birth has risen by more than 10 years in developed areas and
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FIG. 1. Population aging and life expectancy (1960-2018, source: WDI database)
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more than 15 years in the whole world. This rise is even more significant in
Asia, especially in China, a country with a fifth of the world’s population.

Scholars are curious about the economic implications of population ag-
ing induced by increasing life expectancy. Besides the long lasting concern
about the consequences on economic growth (Sala-i-Martin et al., 2004;
Acemoglu and Johnson, 2007; Well, 2007; Bloom et al., 2010), more re-
cently, the literature has also concentrated on the sustainability of the
pension system (Fanti and Gori, 2008; Cipriani and Makris, 2012; Cipri-
ani, 2014). In addition, other influencing factors, such as fertility choice
(Van Groezen et al., 2003; Cremer et al., 2011) and retirement choice (Chen
and Lau, 2016; Cipriani, 2018), are extensively studied in order to better
comprehend this topic. In this paper, we introduce grandparent caring
as another influencing factor, and investigate how it would influence the
relationship between population aging and pension sustainability.

In contemporary society with a fast pace of life, parental care is not
always available, especially when parents participate in the labor mar-
ket. Child care provided by friends, neighbors or relatives are alternative
choices, among which grandparents caring is preferred the most (Whee-
lock and Jones, 2002). A variety of data and studies validate the strong
involvement of grandparents in child care. Based on National Survey of
Families and Households (NSFH) in the U.S., Guzman (2004) reports that
38% of grandfathers and 54% of grandmothers provided different forms
of child care. According to the same survey, on average, children at age
6 or below could get 23 hours of grandparents caring each week. Hank
and Buber (2009) employ the 2004 Survey of Health, Aging and Retire-
ment in Europe (SHARE2004). They find that 49% of grandfathers and
58% of grandmothers provided some kind of child care over the past 12
months, and 25% of grandfathers and 32% of grandmothers looked after
their grandchildren almost weekly or more often. In Netherlands and Den-
mark, grandparents caring is even more prevalent: 60% of grandfathers and
65% of grandmothers provided child care over the past 12 months. Feng and
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Han (2017) use the database of China Health and Retirement Longitudi-
nal Study (CHARLS), and find that 33% of retired grandfathers and 30%
of retired grandmothers looked after their grandchildren. What’s more,
grandparents caring is more prevalent than before. As an example, 20.5%
of American children ages 0-4 with employed mothers were taken care of by
their grandparents during their mothers’ work hours in 2011, while the cor-
responding proportion was only 15.9% in 1985 (Federal Interagency Forum
On Child, 2017). One important reason leading to this increasing relevance
of multigenerational bonds is increasing longevity (Bengtson, 2001).

Given the above observations, we introduce grandparents caring into the
model framework of Cipriani (2014). In the model, each individual lives
for childhood and adult period with certainty and survives to old age with
a probability. The scale of this surviving probability is an indicator of life
expectancy. Adult individuals need to take a fraction of their time off from
labor markets (or equivalently, a fraction of their income) to rear children.
Elderly individuals care about the welfare of their adult child. What’s
more, they can provide free child care, which is the novel feature of our
model. Taking a labor tax and a pay-as-you-go pension into account, indi-
viduals make usual intertemporal consumption and saving decisions, as well
as choose the optimal level of grandparents caring to achieve a balanced
tradeoff between their own utility of retirement and their descendant’s wel-
fare.

The model shows that, in the steady state, population aging due to
increasing longevity does not necessarily lead to a reduction in pension
payouts. In fact, the relationship between pensions and longevity is not
monotonic. In our model, there are three channels that longevity affects
pensions. The first is a negative effect through the old age dependency
ratio (Lindh and Malmberg, 2009; Hashimoto and Tabata, 2010). The
second one is a positive effect through wages (or “capital accumulation
effect”). When individuals expect a longer life, they tend to save more,
which results in higher capital per worker and thus higher wages (Futagami
and Nakajima, 2001; Aisa and Pueyo, 2013). The third one is a positive
effect through grandparents caring and labor supply. Grandparents caring
provided by the elderly allow young agents to devote less time to rearing
children, and more to the labor market. We find that the overall effect of
the three channels induces a U-shaped relationship between longevity and
pension benefits: initially decreasing with longevity and increasing after a
threshold level.

We further extend our model by introducing old age individuals’ bequest
to their adult children. We find that grandparent caring is still increasing
with longevity in the extended model. However, compared to the bench-
mark model, bequest from old age individuals serves as an alternative way
to increase their adult children’s disposable income, which partially offsets
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the effort of old age individuals to grandparents caring. In addition, the
U-shaped relationship between longevity and pension benefits still exists
with a similar threshold level of longevity as the benchmark model.

The literature using the OLG framework mainly focus on the first two
effects. Assuming the capital share is consistent with empirical evidence,
Fanti and Gori (2008) show that the first effect outweighs the second effect,
so the overall effect of longevity on pensions is negative. After introduc-
ing endogenous fertility decisions, Cipriani (2014) shows that increasing
in longevity reduces fertility rate and thus reinforces population aging,
which reduces pension benefits in a further step. Studies such as Aisa et
al. (2012), Cipriani (2018), Cipriani and Fioroni (2021) consider endoge-
nous retirement decisions. They propose another channel that longevity
affects pensions: increasing longevity raises old agents’ labor supply, which
could increase pensions. However, Afsa et al. (2012) also mention that
the possibility of working at old age reduces the necessity to save during
the adult period (Dedry et al., 2017), which would undermine the posi-
tive effect through capital accumulation. Besides, in Cipriani (2018), the
overall effect is positive only when longevity is very low, while in Cipriani
and Fioroni (2021), the overall effect is positive only when tax rate is suf-
ficiently low. To sum up, even if adding retirement decisions, longevity’s
effect on pensions is ambiguous: positive only under strict conditions or
still negative.

In this paper, we extend the Cipriani (2014) model by including grand-
parents caring. Different from the above studies, we find that, in the pres-
ence of grandparents caring, pensions decrease only when longevity is at
low levels and increase when longevity is relatively large. The turning point
of longevity is relatively small, implying that the latter case is more like
the reality, especially at the background of long life expectancy in con-
temporary society. Existing literature with grandparents caring are mostly
demographic, pedagogical, or sociological studies (Brandon, 2000; Arpino
and Bordone, 2014). To our knowledge, this paper is one of the few studies
that consider the economic implications of grandparents caring under the-
oretical framework. This paper contributes a new channel to understand
the effect of increasing longevity on PAYG pensions.

This paper is organized as follows: model setups are described in Section
2; Section 3 explores the effect of increasing longevity on PAYG pensions;
Section 4 extends the model by introducing bequest; Section 5 concludes.

2. THE MODEL
2.1. Individuals

We set up an OLG model, individuals live at most three periods: child-
hood, adult, and old age. In the childhood period (in period ¢ — 1), indi-
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viduals make no economic decisions. Individuals have one unit of time in
both adult period and old age period. Individuals spend time on working
in labor market and rearing children in the adult period (in period t). In-
dividuals face a probability of death at the end of the adult period, and
the probability live to the old period is 7 € (0,1). 7 is an indicator of
longevity, and higher 7 implies longer life expectancy. In the old age pe-
riod (in period ¢+ 1), individuals choose time between grandparents caring
zt+1, and retirement for leisure (1 — 2z;41). Individual can gain utility form
consumption in the adult period ¢!, consumption in the old age period
¢, 1, as well as leisure retirement in the old age period. What’s more, indi-
viduals are altruistic towards their adult children, which is defined on adult
children’s disposable income I;1; (Lambrecht et al., 2005; Kunze, 2012).
With the logarithmic utility function, individuals maximize the following
utility function:

max{lnc} + w[BIncy,; +0In(l — z41) +vInL144]}, (1)

where 8 > 0 is the discount factor, > 0 denotes the degree of preference
for leisure, v > 0 denotes the degree of altruism towards adult children’s
disposable income.

Individuals face the following budget constraints in the adult period and
the old age period respectively:

+s = (1—71)w[l — (vn — 7z /n)], (2)

1 + ’I't+1
¢y = % + Pi+1, (3)

where s; is saving, w; is wage rate, 7 is the contribution rate of social
security, v is the time cost for rearing one child, and n is the number of
children (fertility rate). And vn is the total time cost for rearing children.
Assume that there are L; adult individuals in period ¢, and the dynamic
equation for population L;y; = nL;. The number of old age individuals
in period t is mL;_1. With total grandparents caring supply 7z;L;_1, each
adult can get grandparents caring mz;L;_1/L; = wz¢/n. Therefore, (vn —
w2 /n) is the time cost for rearing children in consideration of grandparents
caring. We define [; = 1—(vn—mz;/n) as each adult’s labor supply in period
t. It is obvious that, given each old age individual’s grandparent caring
supply z¢, higher m makes more old age individuals involved in grandparents
caring, which in turn makes the adult devote more time to working in the
labor market. Following Cipriani (2014, 2018), we assume that the financial
market is perfect competitive, and the gross return to saving is (1+rpy1)/m,
and ps41 is pension benefits.
According to our model setup, the descendants’ disposable income is:

Tipr = (1= T)wega [l = (vn — 72441 /n)]. (4)
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Combining Eq. (2) and Eq. (3), we could obtain individuals’ lifetime
budget constraint:
o mCE

TPt41
_— 5
A e (5)

= (1 —71)wg[l — (vn — 7z /n)] + T

The left hand side of Eq. (5) represents the discounted consumption expen-
ditures in both adult period and old age period, and the right hand side of
Eq. (5) is the discounted life-time income, including both labor income and
pension benefits. Given the adult child’s disposable income Eq. (4), and
lifetime budget constraint Eq. (5), individuals choose consumption in both
periods, ¢/ and ¢? 1, as well as grandparents caring 2; 41, to maximizes the
utility function (1).

We construct the following Lagrange function to solve the above opti-
mization problem:

L = Inc¢/ +n[BIncf,; +0In(1 — zi11) +vIn[(1 — w1 (1 — (vn — w24 41/n))]]

TPt +1 y 7TC7?+1
+ 1—71)w(l - (vn —mz/n)) + —— —¢] — ————— y
{1~ (1 o = ) T - e

where i, is the Lagrange multiplier, and we obtain the following first-order
conditions:

oL 1

= — — ;=0 6
acy ¢l a ’ (6)
L
e B @)
ey, 4 gy 1+re
oL 0 I
— _ + =0. 8
02411 m { 1—211 (1—vn)n+ 7th+1] )

Combining Eq. (6) and Eq. (7), we obtain:
1 =B+ re41)cf. (9)
Through Eq. (8), we obtain:

ym —0(1 —vn)n

T T 1 0)

2.2. Firms

Firms employ capital and labor to produce final output, and we assume
the following Cobb-Douglas production function:

Yi = KP((1 = (vn — m2/n)) L] 2, (11)
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where Y; is total output, K; is capital stock, [1 — (vn — 7z¢/n)]L; is total
labor supply, ¢ € (0,1) and 1 —¢ € (0, 1) denotes the capital share and the
labor share respectively.

Assume the final output market is competitive, and capital stock is fully
depreciated after one period. Firms maximize the following profit function:

max{K?[(1— (vn—mz/n)) L] % — (1+7) Ky —w[(1— (vn—m2/n))Ly]}.

Denote k; = K;/[(1 — (vn—7z¢/n)) L] and y: = Y3 /[(1 — (vn — 724 /n)) Ly)
as capital per worker and output per worker respectively. The production
function Eq. (11) can be written in the intensive form y; = k;f) . Solving
firms’ optimization problem, we obtain the following first-order conditions:

1+7r = ¢k, (12)
w = (1- G)K?. (13)

2.3. Government

We assume that the government adopts the Pay-as-you-go (PAYG) social
security system and balances the following budget constraint: mp;y1Ls =
Twii1[1— (vn—mze41/n)|Liy1. Using the dynamic equation for population
Liy1/Ly = n, we derive the pension benefits:

TW 1—(vn—mz n)in
et = 11— ( 2 t+1/n)n (14)

2.4. Equilibrium
The market clearing condition for capital is:

Kt+1 = StLt' (15)

Dividing both sides of Eq. (15) by total labor in period ¢t + 1, [1 — (vn —
mzt41/m)| Li41, we derive the following dynamic equation for capital stock:

St

ko = | (16)

1— (vn —mzi41/n)n’

Substituting Eq. (9) into Eq. (5), we obtain:

. 1 TPt41
v = 1— 7wl — (vn — TPl L g
¢ = 3 { 0= Pl = n -/ + TR
Substituting Eq. (17) into Eq. (2), we obtain:
543 TPt 41
= 1- 1— (vn— - .
St 1+ ﬁﬂ_( T)wt[ (Vn WZt/n)] (1 ¥ B’”)(l + Tt+1) ( 8)
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Substituting Eq. (10), Eq. (12-14), and Eq. (18) into Eq. (16), we derive
the following dynamic equation:

N (ko [ St LY
A (N7 e R

(19)

Since the production function is neoclassical and without exogenous
technology change, the steady state can be defined as ki1 = ky = k¥,
Zt41 = 2t = 2%, pey1 = pr = p*. According to Eq. (19), we can derive the
unique, globally stable steady state capital k*:

. [ Be(l—n)(1—g)m \MO?
¢ _{[(1+ﬂ7r)¢>+7(1—¢)]n} ' (20)

From Eq. (20), we can derive dk*/dm > 0, which implies that increasing
longevity has a positive effect on steady state capital stock. Intuitively,
increasing longevity makes individuals save more to smooth consumption
during the adult period and the old age period, which in turn increase
investment and steady state capital stock.

Eq. (10) reveals that the steady state grandparents caring is:

P AT — (1 —vn)n (21)
w(y+6)
We focus our attention on the case of grandparents caring z* > 0 and adult
individuals’ time cost for rearing children vn — wz*/n > 0. These two in-
equalities reveal that the parameter values should satisfy (6 + yvn)n >
ym > 0(1—vn)n. From Eq. (21), it is easy to show that dz*/dm > 0, which
indicates that increase of longevity has a positive effect on grandparents
caring. The intuition is that, since the old individuals are concerned with
their adult children’s disposable income, with higher 7, the marginal ben-
efit of grandparents caring on adult children’s disposable income is higher,
which makes the old age individuals more willing to devote more time to
grandparents caring.

3. RESULTS

In this section, we explore how the pension benefits change with longevity.
Eq. (14) implies the steady state pension benefits as the function of
longevity:

p" = p{m wk(m)), l(m, 2% (7))} (22)
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From Eq. (22), increase of longevity can affect pensions through direct and
indirect channels. Differentiating Eq. (22) with respect to 7, we obtain:

- + o+ o+ + + + o+
D T B
dp* @ dp* Oow dk* Op* | oI* Ol* dz*

" on towor ar tor | or Tor dn (23)
—_——

+

According to Eq. (23), we can decompose the effect of longevity on pension
into three effects. The first part of the right-hand side of Eq. (23) rep-
resents the direct effect of longevity on pension, which indicates a higher
old-age dependency ratio, and thus dilutes pension benefits per pensioner.
The second part shows that longevity could increase pension through the
channel of capital stock and wage rate. Intuitively, increase of longevity im-
proves the weight of utility from consumption in the old age period, which
in turn induces individuals to save more during the adult period, and thus
increasing steady state capital stock and wage rate. These two effects have
been stressed by previous literature, such as Fanti and Gori (2008), Cipri-
ani (2014). Innovatively in this paper, the third part of right-hand side
of Eq. (23) shows that increasing longevity can improve pensions through
the channel of grandparents caring and adults’ labor supply. On the one
hand, an increase in longevity raise old age population, and thus brings
more grandparents caring providers. On the other hand, the increase in
longevity makes each old age individual devote more time to grandparents
caring. More grandparents caring reduces adult individuals’ time cost for
rearing children, and thus have positive effect on adults’ labor supply. In
comparison with Fanti and Gori (2008) and Cipriani (2014), this reinforces
the positive effect of increasing longevity on pension. Therefore, the overall
effect of longevity on pension may not be monotonic. And we summarize
the effect in the following proposition.

ProprosITION 1. When the capital-output elasticity, ¢, is smaller than
1/2, there is a U-shaped relationship between longevity and pension benefits.
And the threshold value of longevity, T satisfies

(1= 29)é+ (1 - B —vn)n
"= ot -9 - B0 - o)1 —wmy] < OV 29
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Proof.  Substituting Eq. (13), Eq. (20) and Eq. (21) into Eq. (14), we
derive the steady state pension benefits:

Bo(1 —7)(1 — @) }W“““ {w +y(1- un)n} n
[(1+Bm)é + (1= 9)In (v +0)n

p*=T(1—¢){ —
25)

Differenting Eq. (25) with respect to 7, we have:

sign { v’ } = sign{(20-1) (o4 (1—9)|(L-vm)ntdlé-tr(1—6)—B(1—6) (1—vn)nlr}.

dm
(26)
Empirical evidence reveals that the capital share is roughly one third
(Mankiw et al., 1992). And if we consider capital K under a broader con-
cept, the capital share parameter ¢ should be larger than one third. We
concentrate our analysis on the case when the capital share ¢ < 1/2 and ob-

tain the proposition. |

The above proposition implies that, for 7 < 7, we have dp*/dm < 0,
while for m > 7, we could obtain dp*/dm > 0.

We next give a numerical example. In this example, we set the value
of the discount factor 8 as 0.5. Assume that old age individuals equally
evaluate consumption and leisure, then we have v = 0.5. Assume that the
old age individuals value less in their adult children’s disposable income,
so we set 8 = 0.25. Assume that 20% of labor income is contributed to
social security, then 7 = 0.2. Assume that rearing one child costs young
age individuals 35% of their time endowment, then v = 0.35. According
to the data of the World Bank, the world-wide population growth rate is
1.21% annually since 2000. Then if setting one generation as 35 years, we
have that n = 1.0121%% = 1.5234. According to the data of the Penn-
World Table, for most countries including the United States and western
countries, the labor share of total income has been decreasing. The lasted
values of the labor share for countries listed in Figure 1 are all below 60%,
so we set ¢ as 40%.

Figure 2 illustrates the impact of increasing longevity on pension benefits.
We can see that there exists a U-shaped relationship between longevity and
pension. When longevity is less than a threshold value, increase of longevity
has a negative effect on pension. When longevity surpasses the threshold
value, longevity has a positive effect on pension. From Eq. (24), we can
calculate the threshold value of longevity, which is 0.6029. If we assume
that the childhood period is 20 years, the adult period is 35 years, and the
old age period is 35 years. The above analysis indicates that when lifetime
expectancy exceeds 20 + 35 + 35 x 0.6029 = 76.1 years old, increase of
longevity can improve pension. For countries listed in Figure 1, including
the United States and China, the life expectancies are all larger than 76.1.
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Therefore, contrary to Fanti and Gori (2008), Cipriani (2014), we find that
for parameter values of the capital share consistent with empirical evidence,
increase of longevity may not be a threat to sustainability of the PAYG

pension.

FIG. 2. Effects of increasing longevity on pension
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The critical parameter we are interested in is ¢. And we can explore
how the turning point 7 change with ¢. Figure 3 shows that the turning
point value of 7 is negatively correlated with ¢. In recent decades, there is
an evident global trend that the labor share is decreasing while the capital
share is increasing. But the capital shares are still smaller than 1/2 in
most countries, indicating that higher longevity is more likely to increase
pension benefits.

FIG. 3. Relationship between the capital share and threshold value of longevity
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4. AN EXTENSION WITH THE BEQUEST MOTIVE

In our model, the essential reason for old age individuals to provide
grandparents caring is to increase their adult children’s disposable income.
In reality, besides grandparents caring, old age individuals can leave some
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heritage to their adult children. In this section, we can extend out model
by introducing old age individuals’ bequest to their adult children.

Assume that each old age individual chooses to leave b; as bequest to
their adult children. Each adult can obtain 7bsL;—1/L; = wbs/n from his or
her parents. Therefore, individuals maximizing problem could be rewritten
as

max {In¢/ +n[BIncf, | +0In(1 — zp41) +yInLipq]},  (27)
Cfvcf+175t,2t+1,bt+1
b
st ol + s = (1= T)wg[l — (vn— w2 /n)] + 7, (28)
n
147
ciyq +mhpr/n = Tﬁ_lst + prt1, (29)

b
L1 =1 — 71w (1= [vn — mze01/n)] + 77%1. (30)

In Eq. (28) and Eq. (30), we can see that there is a new term in adults’
disposable income, which is now consist of labor income and bequest from
their parents. In Eq. (29), there is also a new term in old age individuals’
expenditure, which is now consist of old age consumption and bequest to
their children.

Solving the extended model, we can derive the steady state capital per

worker k*:
n/1 1/(¢—-1)
o= [ (L) .
[7 (W¢ 7 (31

as well as the steady state grandparents caring z*:

1+ (1 —vn)n/z
I+ (1 =7)A=d)(B+)/0

2 =1-— (32)

Both k£* and z* are increasing with longevity m. However, it is hard to
derive analytical solutions for the steady state bequest b* or pension p*.
So in Figure 4, we numerically solve b* and p* under different longevity .

Firstly in Figure 4, as in the benchmark model, grandparent caring is
increasing with longevity in the extended model. In addition, under the
same longevity, the level of grandparent caring in the extended model is
smaller than that in the benchmark model. The reason is that in the
extended model, bequest from old age individuals serves as an alternative
way to increase their adult children’s disposable income, which partially
substitute the effort of old age individual to grandparents caring.

In the second place, as we can see in Figure 4, there exists a U-shaped
relationship between longevity and bequest, with threshold value 0.6220.
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This implies that when life expectancy is smaller than 76.8, old age indi-
viduals tend to leave less bequest to their adult children under the increase
of longevity, and vise-versa.

Finally, Figure 4 also demonstrates the relationship between longevity
and pension. Same as in the benchmark model, the relationship is also a
U-shaped one in the extended model. And the threshold value of is 0.6220,
meaning that an increase of longevity has a positive effect on pension when
life expectancy is larger than 76.8. This indicates that our baseline result
is robust even after taking bequest into consideration.

FIG. 4. Effects of increasing longevity on grandparents caring and pension
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5. CONCLUSIONS

According to the conventional view, the increase of longevity affects pen-
sion benefits through the negative effect of the larger old age dependency
ratio and the positive effect of capital accumulation and wage rise. The
overall effect is usually negative. In this paper, we introduce grandpar-
ents caring into the OLG model, and reinvestigate the effect of increasing
longevity on PAYG pensions. Besides the two mentioned effects, longevity
can improve pensions by increasing old age individuals’ grandparents caring
and adult individuals’ labor supply. We show that under parameters con-
sistent with empirical evidence, a higher longevity can increase pensions.
And the result is robust even after taking bequest into consideration. It
implies that population aging induced by increasing longevity may not be
a threat to the sustainability of the PAYG social security system. The
policy implication is that government should encourage retired individuals
to participate in grandparents caring, so as to liberate adults’ labor supply
in the market.

The paper could also be extended from two dimensions: firstly, we could
endogenize the fertility decision in this model. In this case, an increase
of longevity has a positive effect on grandparents caring, which in turn
reduces the time costs for rearing child, and may have positive effect on
fertility. These can affect both the old-age dependency ratio and adult’s
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labor supply, which are the determinants of PAYG pension benefits. Sec-
ondly, we could endogenize labor supply in the old period. In this case,
an increasing longevity can affect old individuals’ time allocation between
grandparents caring and working in the labor market, which complicates
the effects of longevity on pension benefits.
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