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Chapter IIT

General Equilibruim Impacts of Increased Longeyity

1. Introduction
Uncertainty regarding ones lifetime is a fundameﬁtal fact
of life, 5o is the cuntinual.increase in thé lifetimes of
%ndiuidua]s in wirtually all the countries of the world in
the past FE@ aécades. What are the economic implications
of such an increase (other things remaining unchanged})?
Most ecanomists ignore the uncertainty in 11fetimeg
af the agents in the models of intertemporal allocation of
rezﬂu;ces.' The c]aséica1 work by Modigliani and Brumberg
{1954) dgngred uncertainty regarding 1ifetimes of the
individuals. Davies (1981} has shown that such an
emission praoduces a dowmward bias in the estimation of
saving and capital accumulatign, In this paper, we extend
the framework of Davies fo endogenize the factor réturns
and a market for annuities to gstudy the impact of
increased longevity {and survival pruhabi1itieﬂ]:

The effects of increased Tongevity can be analyzed as
follows: Fifat, increased Tongeyity will affect the
behavior of saving in the ecanomy. This will in turn
alter the capital accumulation in the long run through
changes in the wage rate.and real interest rate. Thus,

the welfare of the individuals in the steady state will be



e
affected.

To get a clear answer, we make a number of simpiifying
assumptions regarding the economy. These assumptions are
spelled out in section two. Section three discusses the
impact of a change in the distribution of survival
probabilities in the populatian on the steady state
capital accumulation and the welfare in the econamy, The
final section canfrasts our results with the existing
literature and indicates the directions for future.

ressarch,
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2, The Model
We czrry out the analysis in the framework of Uiamond
{1955}. However, we extand the model fo incorporate
uncertzin Tifetimes. The economy is specified as fu]?uws;
{a} The population: At each discrete date t (t>1], a
newW geseration appears; we call them generation t. Each
member of generation £ s alive at t, but she faces
upcertzinty at the beginning of period t+1: she dies wikh
probab 11ty 1-p (0 < p < 1} at the beginning of period
t+1. <owever, if an individual of generation £ doas not
die at the beginning of period t+1, she does not die until
the end of period t+l. At the end of peried t+1, all
suryiving members of generation t face certain
death. 3efore an individual of generation t faces death at
the becinning of period t+1 shé qives birfh to another
indivizual. Thus, if there are N ddentical individuals
born &7 time t, then there are N+flp individuals alive at
avery Zate t.
{b} Preference: each individual of generation ¢
maximizas a von-Neumann Margenstern utility functian
Wict, ct+l, p) = ulct) +.Pv{ﬂt+1}
where >t ct+l-are the consumption bundles aof the
individual of generation t in peried t and +1
respeciively.

(c] Technalogy/Rnnuity: There is an available
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technology which converts t-good into {t+1];guud as
folTows: 1et y be the output per unit of labor and k he
the capital per unit of labor. Then

¥ = Flk) with £'{x) » ©

and f*{x} < 0 for all x > @,
We assume that each member of geperation t works during t
and buys a contract from the firm (with the saving). which
acts as a pension fund, Therefore, the individuals of
generatiun.t get a return on their investmént only if they
are alive to enjoy the benefits during tel,

(d) Endowments: each member of gengration t is andowed
With ene unit of labor at t. If an individual of
generation t is alive at t+1, she cannot work during. t+1.

(2] Market Structure: We assume that the markets for
labor and capital/annuity are perfectly competitive.
Therefore, the competitive wage w is such that

wik) = ik} - kf'{k)
and the gross rate of return to capital R is such that
Rik] =1 + f'{k}.
Given that the competitive contract specifies the return
enly for the surviving members of every generation, an
individual of generation t gets a gross rate of return R/p
in period t+l per unit saving in period t. Mow we have
completely described the economy.

In a steady state, a newborn dindividual solves the
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follmwing problem:
{P) Faximize ufw-k) + p v{Rk/p)

1<k < w
She treats w and F parametrically. For the existence of a
unigue =solutign ¥* to the prub]eﬁ (P}, we postulate the.
following assumptian:

Assumption (A1): u'(x}, v'{x) > ¢ and u'fxy, v'(x) <o

for every x>o;

Tir ' {x) = 1im v'(x} = » and
X -* 0 X -* 0

TR u'(x) = Tim v'(x) = o

X -r = FEr I T

Under the assumciion [Al), the problem {P) has a unique !

positive solution «*.
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3. The Effects of Increased Langevity

With the model described abave, we can pose the
questions of Sectidn one precisely: (a) how will a change
in p affect k*? (b)) how will & change in p affect W?

Let us first note that the answers are not ubviuu%. il
change in p will alter the saving behavior of an
indiyidual in the steady state which will in turn alter
the capital accumulation pattern in the economy.
Therefare, the wage rate and the real interest rate will
alter tao.

First, to determine the sign dk*/dp, we totally
differentiate the first order condition (of the problem
(P)}

U'{w*-k*) = R*v' (R*k/p)
where

W

Flk®} - k% F'(k*]

and  R* = 1 + f'{k*]

With respect to p, to get the following exprassian

dk* /dp = A/D
where
A= RX2 kb yn/p2
and DI=u® + &% f" y" + g% k% f" v“fp.

+ R¥Z w"/p + y"f"
Unfortunately, it is not possible to determine the sign

of I in general because it cantains twa positive and three
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negative terms. {Unless, of course, we assume that the
equilibrium capital iatensity is “5tah1e;“ which imposes a
condition on the equilibrium value and not on the
environment of the economy). The ather recourse is tg
specify forms of the utility functiaon and the technoTlagy
and calculate the chznges in fhe value of kK due to small
changés in the values of p, We did this experiment with
the fellowing functicnal forms of the technolegy and the
utility functions;

fix}

a2  where g <« a <]

I’

and uix} = al-8/(1-p) = v(x)

where g > 1.
Far the following rasge of values of § = 2, 3, 4. 5 and
w.= .1, .4, .3, .4, .2 and base p = .1, .2, .3, .., .9

with "smalT" changes in p of the order .1, The changes in

poand the changes in X were of the same sign. Thus, for
these exampieﬁ, an irIrease jn the survival prabability
leads te a higher cazital intensity. The following table
gives typical simulazign results obtained:
Table 1: Yalue of capital intensity (k)
p=.5% p=.6 p=.7
B=2 L 0E241 07208 . 84944
B=3 .03543 .05260 06920
The value of o far the above calculations is .3

Given that a changz2 in p is pesitively associated with a
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change in k*,‘we can establish the following:

Propesition: Suppose dk*/dp > 0 and v(0) > 0, Then, a
rise in the suryival probability will lead to a rise in
the welfare of the individual in the steady state, i.e

dW/dp > 0.

duisdp = [ 3w/ 3p - dk*sdpl.u’ o+ v
t [-R**/p2 + (k*/p)d R*/23p + (R*/pdk*7dp]. v’
= v(x] - xv'[x] + K*F'[v' - u']dk*/dp,
where x =_H*k*fp.

Now, from the first arder condition of the optimizing
prablem (P}, v' - u' = -F¥'v'. Therefaore, by hypothesis of
the proposition, the second term is positive since " <
0. By tne mean value thearem, [v(x) - v{0)]/[x - 0] =
vi{y) for some 0 < y < x. Therefore, y(x] = v{Uj + 2y’ (y)
and v{x] - xv'(x) = v{0) + x[v'{y) - v'(x)]. But, 0 <y <
xand v" < 0 by {(Al). Thus, v'[y} - v'[x} > O provided
the first term on the right hand side of dW/dp is
phsitive. q.E.D.

In the discussion above, we have used the terms "a
change in longevity" and "a change in the distribution of
survival probability” dnterchangeably. This was possibly
bacause in the two period mode] axpected length of Tife
and survival probability have a linear relationship

{becauss expected length of 1ife 1=, by definition,
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1-(1-p) + 2+p = 1+p).

We have restricted our discussion to the case where the
gross rate af return on annuities is Rfp, i.e,, the
annuities market is actuarially fair. Do the results
abaye change if the annuities market 1s nat actuarially
fair? For these zxamples, the answer is negative. I have
performed additional simulations with the assumption that
the gross rate of return on annuities is R/ép, where & >
b. The qualitative results have not changed. By some
additicnal algebra, we can also show that the result of

the proposition also remain unchanged for the actuarially

unfair annuities market. .
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4. Relationship to the Literature and Conclusion

There seems to be v&ry.ljtt1e in the 1iterature which
discuss the economic effects of chéngéz in the lifespar. -
Abel (1985) lays out a model somewhat similar ours: th=
structure is of overlapping generations with uncertain
lifetimes and perfect annuity market. However, his mocz]
contains a beguest motive for the individuals but no
production. HDFEGVEF, his emphasis is on the effects c”
5ucia1'secur1ty in that model and not on the changes ir
the survival prebability. Kotlikoff {1979) seems to be
the anly other study in the literature directly deaiinc
with the economic effects of longevity. He studies the
question effect of an expanded Tiféspan on the capital
accumulation in an ecanomy., He alsg shows that for
specific functional forms of utility and prﬁductian, ari
for a range of parametric specifications, the capital
intensity increases with increased lifespan. However, “n

his model there 15 no wncertainly in the 1ife of the

agents and censequentiy no role of annuity in the mode’.
The phraée ‘expanded lifespan* in his medel is interprzzed
as an increase in the total length of (certain) 1ifetire
together with an increase in the number of working years.
Murénver, he does not address the issue of changes in
welfare due to the change in the lifespan of the agents.

We need to extend the resuTt of the model dn seyeral
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directiﬁns. The first [and obvious) direction is to
incorporate more general classes of utiiity and production
functions. A non-trivial extension would dinvolve
incorporation of bequest motiyes of the individuals. A
number of other features of a typica]_gruwth model are
also absent in our formulatien such as pepulation growth
and technological progress. It would he interesting to
measure the qualitative and guantitative impacts of these

extensions in our model.
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