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Abstract

In this paper, we present a pension policy that supplements the pay-as-you-go pension
system with payments by old generations with a high assets income. This supplement is
intended to reduce intergenerational inequity. To analyze the effect of this pension policy
on both capital stock in the economy and the utilities of the rich and the poor, we build
an Over-Lapping Generations model with different incomes when young. This model
finds that the stable steady-state capital stock level increases as the old rich generation
contributes to the pension system. We also find by numerical simulations that there is a

Pareto efficient premium level between high-income and low-income people.

Key words: pay-as-you-go pension system, intergenerational inequity, overlapping

generations model



1. Introduction

There are various, clear, problems with the Japanese social security system. The most
serious problem of the pay-as-you-go pension system is the one of intergenerational
inequity due to the declining birthrate and aging population. That is, the per capita pension
burden of younger generations increases as the birthrate declines and the population ages.

In this paper, we present a new pension policy which reduces the intergenerational
inequity in pension burden, which is an increasing consequence of the present pay-as-
you-go pension system. Specifically, in addition to younger generations, elder generations
who have a high asset income will also contribute to the insurance premiums. The burden
on younger generations, and the intergenerational inequity, will therefore be reduced.

The purpose of this paper is to analyze the impact of this new pension policy on capital
stock and welfare. In order to do so, we build an Over-Lapping Generations model (OLG
model) with different incomes. In the model, those with a high income in their youth have
a high asset income in their elder years. Using this model, we analyze the impact of the
introduction of this pension policy on the dynamics and steady-state of the capital stock.
As aresult, we find that the stable steady-state capital stock level increases as the rich old
generations contribute to the pension system. We also find by simulation analysis that
there is a Pareto efficient premium level between high-income and low-income people.

The standard model for analyzing the effect of the pension system on the dynamics of
capital stock is Diamond (1965), which incorporates capital accumulation into the OLG
model. The studies on the properties of this model and its extensions have been discussed
in numerous publications, including de la Croix and Michel (2002), Acemoglu (2009),
and Yakita (2017). In these models, a dynamic analysis of the economy under the pay-as-
you-go pension system is carried out assuming an economy consisting of two generations,
the young and the old generations. These papers point out that the pay-as-you-go pension
system impedes capital accumulation. However, since many models dealing with the pay-
as-you-go pension system assume homogeneous individuals within the same generation,
income heterogeneity such as high-income and low-income is not considered.

In contrast, there are many OLG models that deal with income inequality and education.
Among them, Glomm and Ravikumar (1992), Dahan and Tsiddon (1998), Sakagami and
Matsuo (2021) are focusing on the education system and income inequality. The model
they use is a two-generation OLG model consisting of a child generation which makes
educational choices and a parent generation which performs production activities. In
particular, in Sakagami and Matsuo (2021), high-income and low-income households

have appeared, and those who choose education at a young age become high-income in
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the next period with a given probability. Based on these assumptions, they analyze the
effects of class-size policy on the private and public education systems.

In this paper, we incorporate such income inequality into the pay-as-you-go pension
model so that the high-income old also contribute pension premiums. In our model,
starting with an exogenous existence of high-income and low-income households in
youth makes an endogenous difference in savings, so that the formerly young, high
income generation has a high asset income when old. We then model this old generation
paying insurance premiums together with a young generation of the same period.

We analyze the dynamic behavior of capital stock and show the existence of a stable
steady-state. We also show that the level of capital stock in the stable steady-state is higher
than the current pay-as-you-go system in which the old do not contribute insurance
premiums. If the high-income old also pay pension premiums, the high-income young
increase their savings in preparation for future premiums. As a result, the capital stock

also increases. This finding corrects the previous conclusion!

that pay-as-you-go pension
systems impede capital accumulation. It is difficult to determine mathematically the level
of steady-state capital stock in this model, so we have numerically simulated levels of
capital stock and lifetime utility based on consumption in young and old age.

We found that pension premium contributions from the high-income old relieves the
pension burden of the young through transfer from the old. It also has the “intra-
generational” transfers effect from the high-income old to the low-income old. Therefore,
when the premiums for the high-income old are increased, the lifetime utility of low-
income rises. On the other hand, we also show that the lifetime utility of high-income
does not decrease monotonically in relation to the increase in insurance premiums. In
particular, when insurance premiums are small, the lifetime utility of high-income
increases because the consumption of high-income young increases when the old support
the premium, while the consumption of high-income old decreases. Therefore, the
increase in consumption of the young outweighs the decrease in consumption when old,
so the lifetime utility of high-income households increases.

The paper is organized as follows. Section 2 develops the model and derives the
optimal savings function for high-income and low-income. Section 3 formulates the
profit maximization behavior of a firm. In section 4, we find the steady-state capital stock
and analyse the effect of the new contributions of insurance premiums on the steady-state
and welfare. In section 5, we simulate the model to find the Pareto efficient premium level

between high-income and low-income people.

I See Acemoglu(2009) and Yakita(2017) for example.
3



2. The model

We set up a two-period OLG model in which young and old generations coexist in each
period. In this model, we assume that there are high-income and low-income workers
when young (see Figure 1). The generation born in the period ¢ is called generation z. We
consider the lifetime budget constraint of generation ¢ separately for high-income and

low-income workers.

[ Young period } [ Old period }

High saving High asset income
+Pension | Consumption |

Consumption |

High-income

Low saving

Consumption |

Low asset income

Low-income :
+ Pension

—| Consumption

Figure 1: Household’s income and expenditure in each period

First, let us consider the budget constraint for high-income households. They earn high
wages in their young period. It is distributed over savings, consumption, and payments of
pension insurance premiums. In this model, not only the young generation, but also the
high income old also contribute to insurance premiums. That is, the contributions paid in
the period ¢ are paid by all the generation 7, who are the young, and a part of the generation
—1, who are the old.

In the # + 1 period when the generation ¢ becomes old, the old who were high-income
earners in their youth (period #) get a higher asset income (details below). They spend all
their asset income and pensions on consumption and contributions payments. All
contributions are redistributed as a pension to the whole old generation.

The budget constraints of generation ¢ of high-income workers can be expressed in the

young (period ¢) and the old (period ¢ + 1) as follows:
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Here, cty " in (1) is the consumption of the high-income young in the period ¢, and s} is

the savings of the high-income young in the period . d and d° are positive constants
set by the government. d is the per capita contribution for young if only the young pay
the contribution, and d° is the per capita contribution by the old who had a high-income
when young. H{ is the population of the old with a high asset income in period z, th
is the population of the high-income young in period ¢, L¥ is the population of the low-
income young in period ¢, and w}* is the labor income (wage) of the young who receive
a high income in period ¢. The third item on the left side of (1) is the per capita contribution
of the whole young generation in period ¢. This is because the contribution for the old in
period t, H?d®, divided by the population H; + L} of all the young in the same period,
is ¢

——5d°. The value obtained by subtracting this amount from d is the amount of
H]+L)

contribution by the whole young generation in this model.

¢l in (2) is the consumption of old, high-income workers (type /) in period ¢, 7;,,
is the interest rate in the period ¢+ 1, H ty +1 18 the high-income young population in period
t+1, L¥ +1 1s the low-income young population in the period ¢ + 1, and H{,, is the old
population in period ¢ + 1 who had high incomes when they were young. The second item
on the right-hand side of (2) expresses the amount of pension received by the high-income

o
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old. The numerator is the sum of (th T th' 1 (d —
t+1 t+1

do), which is the pension

premium paid per capita by the young generation multiplied by the young population, and
HP,,d° is the total premium paid by the high-income old in the period # + 1. We divide
this contribution by the old population, H7,; + L?,, inthe period ¢+ 1, to get the amount
of pension received per old person.

Next, we assume that the premiums paid by young low-income workers are the same
as those paid by young high-income workers. Low-income old do not pay premiums.
Therefore, the budget constraints of low-income people can be expressed in terms of the

young and the old as shown in (3) and (4), respectively:
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Here, cg' "in (3) is the consumption of the low-income young in period ¢, s} is the

savings of the low-income young in period #, and w} is the labor income (wage) of the
young who receive a low-income in period ¢. The insurance premium in the third item on
the left-hand side of equation (3) is the same as in (1). c2l, in equation (4) is the
consumption of the low-income old in the # + 1 period. The amount of pension received
in the second term on the right-hand side of equation (4) is the same as in equation (2).
HY
H) +L)

In the following, we assume the constraints d — d° < min(wtl, Wf) and

d° < 1p44 st,which means that pension premiums do not exceed income or asset income.
In the subsequent analysis, the population of each generation is normalized to 1, and we
assume that the population does not grow. Therefore, the total population of young and
old people in each period is always 2. Furthermore, we assume that the population of low-
income and high-income (and thus the population ratio) are also constant. That is,

H} = H}, = H? = HZ;; = H(const.), LY =LY, =1 =12, = L(const.).
We assume H < L in the following discussion. Setting the ratio of high-income people

. . H L
to the generational population as — = v, we find v < Zand =—=1-v>1
H+L 2 H+L 2

From these assumptions, we can verify that the pension received by the old is d.

y y
Because H_, , +L;,,

the second term on the right-hand side of (2) or (4) is

= H{,1 + LY,, = 1, the amount of pension received by the old in
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Then, the budget constraints (1) to (4) can be rewritten as follows:

"+ s+ (d —vd°) = wl, (5)
ch +d° =1 +1,)st+4d, (6)
¢t +st+ (d —vd°) = wi, (7)
ctts = (L+1)si +d. (8)

Households act to maximize the utility they get from their consumption under the

following log-utility function:
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(9) and (10) show objective functions of high-income people and low-income people,

1
e pln Ct+1 (10)

respectively. ﬁ is a discount factor, and we assume p > 0. Substituting (5) and (6)

into (9), and (7) and (8) into (10) respectively, we can rewrite these expressions as

follows:

max In[w} — st — (d — vd®)] +
t

1
= pln[(l +r)st+d—d°]  (11)

max In[w} —sf — (d —vd®)] + —1In[(1 + 141)s + d]. (12)

s
Deriving the first-order conditions of (11) and (12), and rewriting them for s and s/,
we obtain the optimum saving functions. First, we derive the saving function for high-
income. The first-order condition of (11) is

-1 1 1+Tt+1
h_.h ) + h 0
wi=s¢—(d-vd®) = 1+p (1+71¢44)s¢+d—d

=0.

Solving for s, we obtain the following saving function for high-income:

ho_ wi-(d-vd®) _ (1+p)(d-d°) (13)
t 2+p (2+p)(1+7141)"

S

Similarly, we obtain the saving function of low-income as follows:

l ]
1 _ wi—(d-vd?) . (1+p)d
St T @+p)(1Hrern)’ (14

3. Firm’s behavior

In this section, we describe firms’ behavior. The production function of a representative
firm is the following Cobb-Douglas function:
Y, = F(K,, H,L) = AKFHPLY, (15)
where K; stands for the total capital stock of period z. In the following discussion, we
assume a +f+y=10<a<1,0<f<1,0<y<1and f>v.
Each firm faces a perfectly competitive market. The firm’s profit maximization

problem is described as follows:
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Then the firm’s optimal conditions are given by

1, = Fe(Ky, H,L) = aAKF *HELY (16)
wl = Fy(K., H,L) = BAKFHP1LY (17)
wi = F, (K, H,L) = YAKFHP LY 1 (18)

We assume that the production function satisfies the linear homogeneity. Then the
following exhaustion theorem is satisfied:

Y, = r, K, + whH + wlL. (19)
From (17) and (18), we have

wl  BAKZFHELY  BL
- = ARApBIr—1 = ——>1.
we YAK{FHPLY Y H

The inequality can be shown using §> 1 from the assumption of § >y and % > 1

from the assumption of H < L. Then we can verify wj* > w{. Also, regarding the second

(1+p)(d-d?) (1+p)d
(2+p)(A+7e41)  (24p)(A+7¢41)

term of each of the savings functions (13) and (14), holds,

wl—(d-vd)
2+p

. l_ d— dO
and regarding the first term > 2 (2+pv ) holds from wf* > wi. Therefore,

we obtain st > st
Finally, from the goods market and the fund market equilibrium conditions, we have?
Ky = sPH + stL. (20)

4. Dynamics and steady-state of capital stock

In this section, we derive the dynamic of capital stock using the fund market equilibrium
condition (20) and the savings functions (13) and (14). First, dividing (20) by the

K41
H+L

generational population (1 = H + L) and setting = k¢ q gives;

ke = stv +st(1 —v). 20y
Substituting the savings functions (13) and (14) for this equation, we have

2 See Appendix for the derivation of (20).
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Using the profit maximization conditions (16), (17) and (18), we have

e = IﬁAvﬁ‘l(l —V)YkF — (d — vd®) (1+p)(d—-d°
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Dividing both sides by 2 + p, we have
(1+p)(d—-d°)v
1+ aAvB(1 —v)YkX ]
(1-v)A+p)d
1+ aAvB(1 —v)YkX ]

(2 + pkers = BAVF (1 = v)Vkf — (d — vd)v —
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Then, we obtain the dynamics of capital stock.

(1+p)(d-vd?)
1+advB(1-v)Y k&L

d—uvd° +

+ Q2+ Pk = B+AVFA - V)RE. (21)

The left-hand side of (21) is represented by ®(k.;,) as a function of k;,;, and the
right-hand side is represented by W(k;) as a function of k;. The dynamic equation (21)
can be rewritten as the following:

D(kerq) = P(ke).
The function W(k;) is a concave that passes through the origin and increases
monotonically (Figure 2).

The expression d — vd?, in the function ®(k;,,), is the intercept, and (2 + p)ks4q

is represented by a straight line with gradient 2+p. To verify the graph shape of the

(1+p)(d—vd®)

TraavP(oyrRE> We calculate the first-order and the second-order
- t+1

fractional part

derivatives:
d 1+ p)(d —vd®) —(1 + p)(d — vd®)(a — DaAvh (1 — v)V k2 -0
dkipq 14+ aAvP(1 —v) kS (1 + aAvB(1 — v)YkE1H?
d>  (1+p)(d—wvd°) a(kes1)

dk?,, 1+ aAvB(1— )7k (1 + advP(1 — v)'kiiE)*
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where
2
a(keyq)=—@=2A+p)(d—vd°) (@ — DaAvPd — vk (1+ aAvPA — vk
—{~A+p)(d—vd’) (@ — DaAvB(l - v)rk{i1 )
x{2(1+ aav? (1 - v)'ki ) (@ - DaAvP (1 - v)' kT,

The sign of the first-order derivative of the fractional part is positive. However, it is
difficult to determine the sign of the second-order derivative, so the shape of the graph is
not confirmed generally. Nevertheless, we can expect that the graph of ®(k;,,) will be

as shown in Figure 2 by the simulation analysis described in the next section.

7{124 (D(kt+1)

/

d — vd° gE]-

O H " '
kEl kO = kq== [y =t = kZ:z kt ) kz+ 1
Figure 2: The steady-states and transitional process

Figure 2 shows the steady-states and transitional process of this model. The steady-
states correspond to the intersections of ®(k;,;) and W(k;). Figure 2 depicts a case
where two steady-states (E1, E2) exist. The capital stocks corresponding to each steady
state are kg, and kg,. We can verify that kg, is an unstable steady-state and kg, isa
stable steady-state. The former is referred to as a lower steady-state equilibrium, and the
latter is referred to as a higher steady-state equilibrium.

Next, let us analyze the effect of the government manipulating d°, which is the
premium paid by the high-income old, on the higher steady-state equilibrium.
Differentiating the function @ by d°, we can verify the sign is negative.

do -1+ p)v
ade - Ut 1T aAvP(1 — v)YkE] <0

which means that the graph of @ shifts downward as d° increases (Figure 3).

10
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Figure 3: Changes in higher steady state equilibrium when d° increases

From Figure 3, increasing d°shifts the graph of ®(k;,,) downward, the stable steady-
state kg, shifts to the right, and the steady-state capital stock increases. Conversely,
when the premiums for the high-income old decrease, the capital stock decreases.

In addition to analyzing the model which imposes insurance premiums on the high-
income old, we also investigated the case where only the young generation pays all
insurance premiums. This situation corresponds to the special case of d° = 0. When there
is a higher steady-state equilibrium in the case of d° = 0, it is easy to verify that the level
of capital stock is smaller than in the case of d° > 0.

Why does an increase in premiums d° for high-income old increase higher steady-
state capital stock levels? The reason is explained as follows. As high-income old pay
insurance premiums, the insurance contribution d — vd® for the young decreases, which
increases the disposable income of the young and increases the savings level from (13)

ds{f1 >0 dsé

and (14) (e, 2a0 ' 320

> 0). The increase in savings leads to an increase in capital

stock through the fund market equilibrium formula (20).

From the above discussion, we obtain the following proposition.

[Proposition] By paying the premiums for pay-as-you-go pensions for the high-income
old as well as the young generation, the stable steady-state capital stock level increases

compared to the conventional case.
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5. Numerical analysis

In this section, we examine numerical simulation analysis on points that could not be
clarified by the theoretical research so far. That is, is there a parameter set in which a
higher equilibrium and a lower equilibrium co-exist? In particular, this section confirms
the existence, and changes, of the higher and lower equilibria in relation to the premium
d® for the high-income old. In addition, simulation analysis will be performed on the
lifetime utility of high-income and low-income in the higher steady-state equilibrium.

First, we set the values of the exogenous parameters as follows.

a=04, =04, y=02, p=09, A=10, v=0.01, d=0.2.

Concerning the value of a, we specify a = 0.4. This value means £ +y =0.6,
which is consistent with most empirical estimates of the labor income share.?

Under these exogenous values, let us examine how endogenous variables change when

the value of d? is increased. The following figures show the results.

0.3

; ——KE1*
0.1 .4 —— kE2*

0.05

0 S—

0 5 10 15 20 25 30 35

de
Figure 4: Effect of an increase in d° on kp, and kg,

In Figure 4, the relationship between d° and the steady-state capital stock is depicted in
the range of 9 < d° < 30. Here, we focus on kg, which corresponds to a higher steady-
state equilibrium. As discussed in the theoretical analysis, this simulation revealed that
increasing d° also increases kg,. Conversely, the lower steady-state equilibrium kg,

decreases and disappears in the range of 20 < d°.

3 Karabarbounis and Neiman (2014) show that labor shares in major developed countries such as the

United States, Japan and Germany range from 0.57 to 0.65.
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From (17) and (18), the wages of high-income and low-income also increase as the

capital stock of the higher equilibrium increases. However, as we have already confirmed,

wh

W—tl is constant in this model, so the wage gap does not change.
t

Next, Figures 5 and 6 show the relationship between changes in d° and lifetime

utilities of high-income and low-income for the higher equilibrium.

445
4.4
435
43
425
4.2
415
41
4.05

0 5 10 15 20 25 30 35

Figure 5: Effect of an increase in d° on the lifetime utility of high-income

-7
-8

Figure 6: Effect of an increase in d° on the lifetime utility of low-income

From Figure 5, there is an optimal insurance premium for the high-income old, in
which the lifetime utility of the high-income maximizes, and this value is d° = 45. On
the other hand, we can confirm from Figure 6 that the lifetime utility of low-income

continues to increase as d° increases. It is easy to see that the lifetime utility increases

13



because the low-income population receives income transfers from the high-income old.
But what is the reason for the increase in lifetime utility even for the high-income old?
We can explain as follows.

Type h Type [
Young Cyh Cyl
Old COh COl

Figure 7: Consumption of 4 types of people in each period

In this model, there are young and old generations in each period, in addition, they can
be divided into type % (high-income) and type / (low-income). Therefore, there are always
four types of people in each period. Figure 7 shows the consumption of these four types
of people. First, type / people receive more income transfers due to the increase in d°, so
consumption increases for both young and old. Next, for type 4 people, when d° is
increased, income is transferred from the old to the young, and the consumption of the
young increases. However, the consumption of type % old will decrease. Until d° = 45,
the contribution of the increase in lifetime utility accompanying the increase in
consumption of the young outweighs the contribution of the decrease in income of the
old, and after that, the decrease in consumption of the old generation will outweigh the
increase in consumption of the young. Therefore, the lifetime utility of high-income is
convex upward with d° = 45 at the vertex.

The situation where d° = d*, such that the lifetime utility of the high-income
population is maximized, is Pareto efficient from a social point of view. Let us consider
the case where the level of d° is gradually increased from a level smaller than d*. Since
the lifetime utilities of the low-income and high-income populations increase, all types
agree with increasing d°. But where d° > d*, the lifetime utility of the high-income
population decreases, so type /& opposes increases in d°. Therefore, the Pareto efficient

case for all types is d° = d”".
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5. Concluding remarks

We introduced a pay-as-you-go pension system in which the high-income old, in
addition to the young generation, also pay pension premiums in a two-generation
overlapping model in which high-income and low-income households exist. As a result,
we found that the stable steady-state capital stock level increases with the rich old
generation’s contribution to the pension system. Furthermore, using numerical
simulations, we showed that there is a Pareto efficient premium level of rich old which

maximizes the lifetime utility of high-income households.

Acknowledgements: The authors thank Akihisa Shibata, Akira Momota, Ken Tabata,
Ryoji Ohdoi, Mototsugu Shintani, Harutaka Takahashi, and Akira Yakita. This work was
supported by JSPS KAKENHI Grant Number 20K01648 and the project research in the

Joint Usage/Research Center, Institute of Economic Research, Kyoto University.

References

[1] Acemoglu, D. “Growth with Overrlapping Generations,” in Introduction to Modern
Economic Growth, Princeton University Press (2009).

[2] Dahan, M. and D. Tsiddon, “Demographic Transition, Income Distribution, and
Economic Growth”, Journal of Economic Growth 3, 29-52 (1998).

[3] de la Croix, D. and P. Michel, A Theory of Economic Growth: Dynamics and Policy
in Overlapping Generations, Cambridge University Press (2002).

[4] Diamond, P. “National Debt in a Neoclassical Growth Model.” American Economic
Review, 55(5): 1126-50 (1965).

[5] Glomm, G. and B. Ravikumar, “Public versus private investment in human capital:
endogenous growth and income inequality”, Journal of Political Economy 100, 818-834,
(1992).

[6] Karabarbounis, L and B. Neiman “The Global Decline of the Labor Share,” The
Quarterly Journal of Economics 129, 61-103 (2014).

[7] Sakagami, T and M. Matsuo “Uncertainty of Educational Outcome, Demographic
Transition and Income Distribution,” in Globalization, Population, and Regional Growth
in the Knowledge-Based Economy, 111-133, Springer (2021).

[8] Yakita, A. Population Aging, Fertility and Social Security, Springer (2017).

15



Appendix

In this appendix, we derive (20). In the period ¢, the generation ¢ of the young and the
generation 7—1 of the old coexist. Each individual of each generation consumes goods. In
order to distinguish between the old period (o) and the young period (), populations H
and L are subscripted accordingly. Then the goods market equilibrium is described by
Y, = c)"HY + cf"HO + ¢)'1Y + 'L + 1,
where [; stands for total investment.
Assuming that the capital depreciation rate is 0, I; = K;,; — K;, so the equation
above can be rewritten as follows:
Y, = c?"HY + cQ"HO + 'Y + ¢ + (Kppq — Kb) (A1)
Combining (19) and (A.1), we have
1K + witHY + wtLY
= c?"HY + cQ"HO + 'Y + ¢ + (Kpwq — KY)
Solving for K;,;, we have
Keor = (Wl = cMHY + (Wl = DL + (1 + 1)K, — c?"HO — c2lL°  (A.3)
Substituting individual budget constraint equations (5), (6), (7) and (8) into (A.3), we
obtain the following equation.
Kiyr = SPHY +sHLY + (1 + 1)K — (1 4+ 1)sPt HO — (1 +1)st_4L°
+ (d —vd°)HY + (d —vd°)LY — (d —d°)H® — dL°
Note that (d — vd°)HY + (d — vd°)LY — (d — d°)H® — dL° on the right-hand side of

(A.4) equals zero. Because of the balance of the pay-as-you-go pensions, payment of

(A.2)

(A.4)

insurance premiums equals receipt of pensions, which can be expressed by
(d —vd°)H” + (d — vd°)L” + H°d° = H°d + L°d.
Using this condition, we can rewrite (A.4) to
Kip1 = SPHY + 57 + (A + 1)K, — (1 +1r)sP HO — (1 +1)st,L° (A5)

Next, we substitute budget constraints (5) and (7) into (A.3), and set = 0. Then we have
Ky = [st+ (d —vd®)HY + [s{ + (d — vd®)]LY + (1 +1r9)Ky — cQ"H® — c8'L°
= SPHY + s{LY + (1 + 1)Ky + (d — vd®)HY + (d — vd°)LY — c"H° — c§'L°
= SPHY + s{LY + (1 + 1)Ky — cQ"HO — c8'L° + HYd — vHYd° + LYd — vLYd°

Using v = and H” + LY = 1, we have

H

HY+LY
Ky = sPHY + st + (1 4+ 19)Ky — cS"H® — c8'1° + d — H°d° (A.6)

The first old whose period 0 have assets of K, as a whole and gain their asset income

19Ky, and those who have high asset income pay premium d°H°. The total amount of
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the balance plus the pension d(H° + L°) received by all the old in the period 0 is
exhausted for consumption. Then we obtain the following budget constraint:
(1+ 1)Ky +d(H® + L) — d°H® = c§"H® + c§'L°

Note that H® + L° = 1 and substitute this equation into the right-hand side of (A.6) to
get
K, = stHY +siL.

Similarly, we obtain the budget constraint for # = 1 as follows:
K, = s"HY + siLY.

Repeating this discussion becomes
K, = st HY +s{_,L”.
Then we have the fund market equilibrium condition:

Koy = stH + stL. (20)
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