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Abstract

This paper utilizes the two-period overlapping generations model developed by John and Pecchenino (1994) to
examine the impacts of the social security program on environment quality. The main findings are as follows.
First, a higher social security benefit leads to a lower environmental quality. Second, the competitive equilibrium
is dynamically inefficient in the presence of the consumption externalities. Finally, two kinds of tax scheme, one
based on differential environmental taxes and the other based on uniform environmental taxes, are designed to
put the economy into the optimal allocation.
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1. Introduction

Increasing longevity and declining population growth rates shift the age distribution in OECD countries toward
older age groups. There are two of the most important debates in the population aging. The one is to investigate
the effects of population aging on the social security program. Related literature on the social security program
can be summarized in Feldstein and Liebman (2002). They showed that the social security benefits are increased
rapidly in the population aging. According to Roseveare et al. (1996), in 1995, the social security benefits
absorbed 4.1% of GDP in the US, 6.6% in Japan, 10.6% in France, and 11.8% in Sweden. In 2030, the social
security benefits will absorb 6.6% of GDP in the US, 13.4% in Japan, 13.5% in France, and 15% in Sweden.

The other is to study the effects of population aging on environmental quality. The relationship between
population aging and the environment was pioneered by Ono and Maeda (2001). They thought that if an
individual expects to live longer, then she/he would be willing to engage in maintenance of the environment. In
addition, lower rate of population growth would lessen the effects of environmental degradation produced by
individual consumption. Focusing on those notions, they showed that whether aging is harmful to the
environment depends on the curvature of utility function. Besides, Ono and Maeda (2002) further analyzed the
effects of population aging on economic growth and the environment. They showed that the public annuity is a
key factor in evaluating the effects of aging.

In addition to the literature on the effects of population aging on the social security program and environmental
quality, the linkage between the social security program and environmental quality has recently attracted
considerable attention. Felder and Nieuwkoop (2000), Wendner (2001), and Ono (2005; 2007) analyzed
environmental tax-financed social security reform and showed that this reform improves environmental quality
and welfare. Rangel’s (2003) important paper considers the link between social security and environmental
quality in the political economy. Rangel showed that social security’s fate depends on the vote of the
middle-aged group. Note that the middle-aged vote for social security not because they care about current
retirees, but because they correctly believe that without social security, they will not be able to receive benefits in
old age. As a result, social security is sustainable and generates a surplus that can sustain environmental
investments. This is why social security can be good for the environment in the Rangel’s framework.

Unlike Rangel (2003), the proposed model is based on the competitive equilibrium rather than the political
equilibrium. Like Rangel, this study focuses on intergenerational environmental issues, but uses an overlapping
generation model, in which pollution arises from consumption, to examine the effects of social security on
environmental quality. This study incorporates social security into the John and Pecchenino’s (1994) model to
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determine the effects of the competitive mechanism on the relationship between social security and
environmental quality. This paper finds that social security is harmful to environmental quality, contrary to the
result of Rangel (2003).

The intuition is as follows. Since an increase in the pension benefits of the older generation, combined with a rise
in the pension contribution of the young, effectively shifts income from the young to the old generations. As the
old generation’s propensity to consume is higher than the young generation’s propensity, this increases the
average propensity to consume. Thus, an increase in pension benefits decreases environmental quality through
increases in consumption. This is why social security is harmful to environmental quality in this model.

The connection between the social security program and environmental quality may be unfamiliar at first sight.
However, as reported by OECD (2001), since the early 1990s, numerous countries have introduced
environmentally related tax reform, where new environmentally related taxes have offset reduction in existing
taxes. In many cases, the revenue from environmentally related taxes will be entirely or partly allocated to a
reduction in social security contributions. Finland was the forerunner in introducing taxes on CO, emissions in
1990. However, the revenues have been used to make cuts to labor income taxes. Belgium introduced a new tax
on some energy products in 1993, with revenues allocated to a reduction in social security contributions. The
United Kingdom introduced a landfill tax in 1996, with revenues allocated to a reduction in social security
contributions. Italy adopted various environmentally related taxes in 1998, with revenues allocated to a reduction
in social security contributions. Germany implemented an increase of mineral oil duties and electricity taxes in
1999, with revenues allocated to a reduction in pension insurance contributions. Sweden implemented an
increase of taxes on diesel, heating oil, and electricity in 2001, with revenues allocated to a reduction in social
security contributions and income taxes.

This paper examines the effects of the social security program on environmental quality with consumption
externalities in a two-period overlapping generations model based on the work by John and Pecchenino (1994).
The main findings are as follows. First, a higher social security benefit leads to a lower environmental quality.
That is, the reduction of pollution and the social security program may be mutually conflicting rather than
compatible objectives. Second, the competitive equilibrium is dynamically inefficient in the presence of the
consumption externalities. Finally, two kinds of tax scheme, one based on differential environmental taxes and
the other based on uniform environmental taxes, are designed to put the economy into the optimal allocation.

The rest of this paper is organized as follows. Section 2 sets up the model of the representative household.
Section 3 considers the competitive equilibrium model. Section 4 presents social optimal allocations. Section 5
demonstrates optimal tax schemes and Section 6 concludes.

2. The Model

This study follows the framework of John and Pecchenino (1994), in which pollution arises from consumption,
utilized the overlapping generation model developed by Samuelson (1958) and Diamond (1965).

To characterize the relation between the social security program and environmental quality, the proposed
approach incorporates payroll tax rates and social security benefits into John and Pecchenino’s model. Individual
works in the first period of life and retires in the second. There is no altruism, meaning that if there were no
uncertainty, each individual would leave a bequest of zero. Generation ¢ is the set of individuals who are born
in period #. The population grows at rate 7, so that if generation ¢ is of size N, then N, ., =(1+n)N,.
In the working period, individual supplies one unit of labor inelastically and receive a disposable income
(l—Tt)wt, where W, and 7, represent a wage rate and a payroll tax rate, respectively. Tax revenue is
reserved exclusively for provision of social security program. Individual divides disposable income among
consumption for the working period, ct1 , saving for the retirement period, S,, and payment for environmental
maintenance, 71, (Note 1). The individual consumption during the working period is

I
¢, +s,+m =1-7)w, (D
In the retirement period, individual receives social security benefits, b,,,, and the return on saving, 7. The
individual consumption during retirement is thus
2
Ca =(+7,)s, +b,, (@)

where cf .1 1s the consumption of an individual of generation ¢ during retirement (Note 2).

Environmental quality is public goods, defined as
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Q1+1 :Ql_ﬁ(Nzcll+Nt—lclz)+§Nlmt’ (3)
where Q,(Q,,,) is the aggregate environmental quality in period 7(z+1), £ >0 is a parameter of

¢? is the aggregate consumption in period ¢/, § > 0 is a parameter

consumption externalities, N ,c} + N, c,

presenting the technology required for environmental maintenance, and N,m, is the aggregate environmental

maintenance in period f. The pollution caused by individuals’ consumption is straightforward. For example,
driving an automobile causes CO, emissions. In daily life, people inevitably generate waste products that
damage the environment, regardless of what treatments are available.

Dividing equation (3) by /V,, per capita environmental quality can be obtained as

2

(1+n)q,+1=qt—ﬂ{c,l+lc’ }+5m,, )
+n

where ¢, = (Q,/N, denotes per capita environmental quality in period 7. The individual’s utility, U, is

derived from consumption in the working and retirement period, and per capita environmental quality in the
retirement period (Note 3), where U’ > 0 and U ” < 0 . For simplification, this study assumes that the
individual’s utility function is a log-linear function of the form

2
t+1

U=Inc +Inc’, +Ing,,,.(Note 4) )

3. Competitive Equilibrium

- 12
Individual chooses ¢,, ¢,

1> M, ,and S, to maximize utility (5) subject to the constraints (1), (2), and (4),

takingw,, 7,, b,,,, ¢’

t+1 > t’r

s.1-and g, as given. This means that the private optimization problem has the first

order conditions

lz{/’”ﬂl, 6)

ct] l+n Jq,.,

(1+rm)%=[ J }L (7
1+1 l+n qt+l

Equation (6) indicates that individual chooses consumption when they are young, equating the marginal rate of
substitution between consumption in youth and environmental quality in old age to the marginal rate of
transformation, (8 + &§)/(1 + n). At the utility maximum, a decrease in utility due to an extra dollar of falling
consumption among the young is equal to an increase in utility due to the sum of the extra utility from
decreasing consumption externalities, £/ (1 + n) , and from increasing the environmental maintenance,
o/ (1 + n).Equation (7) shows that individual chooses savings to equate the marginal rate of substitution
between consumption in old age and environmental quality in old age to the marginal rate of transformation,
o/ (1 + n)(l + 7 ) At the utility maximum, a decrease in utility due to an extra dollar of falling consumption
in old age is equal to an increase in utility due to an increase environmental maintenance, §/(1+ n )1+ r,,,)
(Note 5).

The productive sector of the economy is characterized by an aggregate production function
Y, = F(K,,N,), ®)

where K; is the capital stock in period 7. Assuming that F(K,, N,) satisfies constant returns to scale,
equation (8) then can be rewritten as

v,o=fk,) )
The production function is neoclassical: f(k,) with >0 and f”< o0, where y =Y /N, is output

per labor and k, = K, /N, is capital per labor. Assume that capital does not depreciate during the production

process. As the labor market is competitive, profit maximization in the choice of labor by firms implies that
factors used in production are compensated by their marginal products

w, = f(kt) - ktf/(kz)’ (10)
ro=f'(k). (11)
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The capital market clears when N s, =K, - It can be rewritten as
s, =(1+n)k,,,. (12)

At equilibrium, it is necessary that consumers maximize utility, firms maximize profit and all markets clear.
Another assumption is that the social security program operates on the pay-as-you-go system. Noting that
benefits are only paid once an individual has retired, the government budget constraint in period #+1 is

N W =Nb,.,, (13)
where the left-hand side of equation represents the aggregate payroll tax revenues collected from workers born in

period 7+1 and the right-hand side represents the aggregate benefits paid to retired persons born in period f.
Dividing equation (13) by N,, equation (13) reduces to

W T = bua : (14)
t+1%t+1 1+n
Combining equations (1), (2), (4), (6), (7), (10), (11), (12) and (14), leads to
1+n ’ by
(1+n)qr+1 _qt_ﬁ|:,8+§qt+l +(1+4f (kr))kr+l+n:| (15)
g b _ _d+n
#8] 1)=k)=  Cek = g
qt+] = 6k 5bl+l (16)

T )
3.1 The Steady State

Since all nominal variables and per-capita variables are constant in the steady state, time subscripts are
eliminated. Let £ and ¢ denote steady state values. Equations (15) and (16) can be rewritten as

(4 2m)7+ (8 + O (F)- 07 () (B + G+ m)oIF = - B0 (17)
ST ob_ . (18)
A ) EFE D)

The following proposition characterizes the comparative static behavior of the steady state of this model.

Proposition 1: Under the stable condition, economies with higher social security benefits have lower capital
accumulation and lower environmental quality.

Proof: Please see Appendix.

The result of this paper differs from those of Rangel (2003). This is possible because Rangel studied the effects
of social security on environmental quality in the political economy. However, the proposed model is based on
competitive equilibrium. The main mechanism in the present paper is as follows. An increase in the pension
benefits of the older generation, combined with a rise in the pension contribution rate of the young, effectively
shifts income from the young to the old generations. As the old generation’s propensity to consume is higher than
the young generation’s propensity, this increases the average propensity to consume. Thus, an increase in pension
benefits decreases environmental quality (Note 6). On the other hand, when the average propensity to consume
rises, the average propensity to save falls. Consequently, the steady state level of capital falls. This is why social
security is harmful to capital accumulation and environmental quality in our model.

To the best of our knowledge, there is little empirical evidence regarding the effects of social security on
environmental quality in a competitive equilibrium model. However, Wilcox (1989) used data from the Social
Security Bulletin in the United State during 1965-1985 and found that increases in social security have caused
large increases in consumer lifetime spending. Based on Wilcox’s finding, social security may affect
environmental quality through consumption impacts in reality. A policy implication from this finding is that
social security is not necessarily good for the environment, but depends on the particular equilibrium structure.

4. Social Optimal Allocation

Suppose that the social planner is an infinitely-lived government who treats all generations symmetrically. The
infinitely-lived government chooses the steady-state consumption, capital stock and the environmental
maintenance to maximize the utility of a representative generation. That is, the planner solves
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max K u=Ihc' +lhc’+Ing

{c',cz,m,k}
Subject to

2
fU)y+k=c' +S—txQ+n)k+m, (19)

1+ n

2
qz_ﬂ[m ¢ }ﬁm, (20)

n 1+n n

where equation (19) represents economic feasibility, it can be obtained by combining equation (1), (2), (10), (11)
and (12) in the steady state. Equation (20) is steady-state environmental quality. Let % , G, c¢',and ¢’

denote steady state values. The first-order conditions are

1 {M}l, Q1)
¢! n q
1 _| B+d |1, (22)
¢’ n(l+n)|q

SE)-n=0 (23)

The economic meanings of equation (21) and (22) are similar to (6) and (7). Equation (23) means that the
optimal & should be chosen such that k ) = n . Comparing equation (6) and (7) in the steady state with (21)
and (22), this paper derives the following proposition.

Proposition 2: /¢ is shown that the competitive equilibrium is dynamically inefficient in this economy.

The difference between equation (7) and (22) is that the retired person ignores the negative effect of
consumption on environmental quality, /3, in a competitive equilibrium. The reason is that the retired person
does not suffer from the degraded environment, since she/he does not survive in the next period. Thus, the
competitive equilibrium is dynamically inefficient in this economy.

5. Optimal Tax Schemes

It can be found that the competitive equilibrium is dynamically inefficient in this model in which the social
security program is introduced. This section analyzes how to implements tax schemes in order to achieve
efficient allocations for this economy. That is to say, this paper finds the optimal tax schemes to place stationary
competitive economy in the golden rule allocation. This section will explicitly implement two kinds of tax
scheme in turn. The one is introduced differential environmental taxes on consumption to finance the social
security program. The other is introduced uniform environmental taxes on consumption and capital gain taxes to
finance the social security program.

It is not unusual to introduce environmentally related taxes on consumption. For example, OECD (2001)
revealed that 25 OECD member countries applied taxes on unleaded petrol, diesel and light fuel oil used for
heating purposes. Austria, Belgium, Demark, Finland, Germany, Italy, Japan, Norway, and Sweden applied taxes
on electricity consumption. Almost all OECD member countries levied some kind of tax on the sale or use of
motor vehicles. Austria, Czech Republic, Denmark, Finland, Norway, Sweden, and United Kingdom introduced
taxes related to the final treatment of waste. Belgium, Denmark, Finland, and Norway introduced taxes on
beverage containers to reduce packaging use and packaging waste.

5.1 Payroll Taxes Cum Differential Environmental Taxes
The first tax scheme introduces a payroll tax and differential environmental taxes to finance the social security

is a payroll tax rate, { !

program, where 7 h

p is an environmental tax rate imposed in the working period, and

4 t2+1 is an environmental tax rate imposed in the retirement period. Under the tax scheme, the individual

problem of generation f is

Max u=1Inc) +Incl, +Ingq,, (24)

{C: :ctz+l My ’St} !
Subject to
A+&Dey+s,+m =10-7)w,, (25-1)
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A+ ¢iei =U+r,)s, +b (25-2)

t+1 72

2

1+ n)q,,, Z(I,—ﬁ{c}+lc’ }_‘_5"1’. (25-3)

+n

2
t

2

o 1
41 and ¢, individual chooses ¢,, ¢,

Given w,, 7,, b c,r

; m, and S, to maximize utility (24)

t+1 >
subject to the budget constraints (25-1), (25-2) and the per capita environmental quality (25-3). The first-order
conditions in a steady state can be obtained as

Lz{ﬁ+(l+§1)5}L, (26)

c 1+ n q
2
(H,)IZ:[(H; )6}1. 27)
c 1+ n q
From the social viewpoint, the government can compare equation (21) and (22) with (26) and (27) and specify
AL (28)
on
§2=5+(l+n)ﬂ. (29)
on
Employing equation (10), (12), (25-1) and (28), payroll tax rate can be derived as
s 1 N[f(/?)_n/?_,ﬁ_(1+n)/§_wgl]
f\k )-nk on

Assume that the government budget is financed from payroll tax revenues and environmental tax revenues.
Social security benefits can be obtained as

b=0+n)f(K)-nk)+Q+n)e'g +22¢2
Thus, this paper derives the following proposition.

Proposition 3: Dynamically inefficient economies can achieve the optimal allocation by the following
combination of payroll taxes and environmental taxes.

L _ B+ e _d+(+n)p
é/_é'n’; on ’

. fEl_n];[f(/:)_n/:_rz_(un)/:_Wal]

It is worth to note that the environmental tax of the old is higher than that of the young. This is because a person
lives for two periods. When they are old, they do not take care of the negative effect of the consumption level on
the environment. Thus, the government must levy the higher environmental taxes on the old (Note 7).

5.2 Payroll Taxes Cum Uniform Environmental Taxes and Capital Gain Taxes

The second tax scheme introduces a payroll tax, uniform environmental taxes and capital gain taxes to finance
the social security program, where 7, is a payroll tax rate imposed in the working period, f “ is a uniform
environmental tax rate imposed in both periods and V is a capital gain tax rate imposed in the retirement

period. Under the tax scheme, the individual’s problem of generation f is

{C}%flnf,s,} u=1Inec +Inc’, +Ingq,, (24)

Subject to
(A+&Ye; +s,+m, =(1-7)w,, (30-1
I+ &Yl =0+ Q=-v)r,)s, +b,, (30-2)

2

(I+n)q,,, =q,—ﬂ[03+1c’ }+§m,. (30-3)

+n
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. N 2 g 12
Given w,, 7,, bH], v, ¢ , ¥, and ¢,,individual chooses ¢,, ¢,

(24) subject to the budget constraints (30-1), (30-2) and the per capita environmental quality (30-3). The
first-order conditions in a steady state can be obtained as

1={ﬂ+@+Fﬁ}l, 31)

m, and S, to maximize utility

c 1+n q

Lz{ (+ep }L' (32)
c? G+ )i+ Q+vyllqg

From the social viewpoint, the government can compare equation (21) and (22) with (31) and (32) and specify

VAT S (33)
on
L. B (34)
B+
Employing equation (10), (12), (30-1) and (33), payroll tax rate can be derived as
L 1 ~\ = ~_ﬂ+(1+n)§71},
r—f]?_nl?[f(k) R (R

Assume that the government budget is financed from payroll tax revenues, environmental tax revenues and
interest income tax revenues. Social security benefits can be obtained as

b=+ n)y@®)-nkE Y+ Qen)l'é¢c 428+ r5v-
Thus, this paper derives the following proposition.

Proposition 4: Dynamically inefficient economies can achieve the optimal allocation by the following
combination of payroll taxes, uniform environmental taxes and capital gain taxes.

LB+ _ B

e VT B
o] F)- i i - n~_ﬂ+ﬁ+ﬂﬁﬂ]
T—f];_n];{f(k) k (U+n)k 5 3

Compare equation (33) with (28) and (29), it can be found that f ‘= { ' and f ‘< ( * . That is, the
consumption level of the old is higher than the optimal. Thus, the government can achieve the optimal
consumption level by imposing additionally capital gain taxes on the old. It is worth noting that if 7 <2, then

V< g": . This implies that the environmental tax rate levied by the government is a direct way to reduce

consumption externalities, whereas the capital gain tax rate is an indirect way. Thus, the environmental tax rate is
higher than capital gain tax rates on the old.

6. Conclusion

This paper provides a theoretical analysis of the relationship between the social security program and
environmental quality, and discusses how to design tax schemes in order to put the economy into efficient
allocations. It is shown that a higher social security benefit leads to a lower environmental quality. This result
tends to reflect that the social security program will increase consumption and thus environmental degradation.
This has a policy implication for the conflict between the social security program and environmental quality. On
the other hand, it is demonstrated that the competitive equilibrium is dynamically inefficient in the presence of
the consumption externality. Thus, it is shown how to design two tax schemes, one based on differential
environmental taxes and the other based on uniform environmental taxes, to put the economy into the optimal
allocation.
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Notes
Note 1. The superscript ‘1’ denotes when an individual is young. The subscript ‘s’ means period ¢.
Note 2. The superscript ‘2’ denotes when an individual is old. The subscript ‘¢+1’ means period ¢+1.

Note 3. Aggregate environmental quality grows at rate n because of the specification of our model. If an
individual obtains utility form aggregate environmental quality, then utility will increase over time. To permit a
steady-state analysis, this study assumes that environmental quality is defined in per capita form.

Note 4. This formulation can be viewed in John et al. (1995), Pecchenino and Pollard (1997), Ono and Maeda
(2002), and Ono(2002).

Note 5. Following John and Pecchenino (1994, p 1397), this study preclude the possibility that individual
chooses not to engage in maintenance.

Note 6. The sources of affecting environmental quality include payments for environmental maintenance, 71, . A
higher payroll tax rate leads to lower environmental maintenance and thus lower environmental quality.

Note 7. This analysis parallels the approach derived by Ono (1996) who highlights the optimal tax schemes in an
overlapping generations model with the environmental externality.
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Note 8. This condition can be hold if production function is a form of Cobb-Douglas function as can be seen in
Pecchenino and Pollard (1997), Ono and Maeda (2002), and Ono(2002).

Appendix

First, to prove the stability of the steady-state equilibrium, equation (17) and (18) can be rewritten as

7= —" [_ﬂ+ab—(ﬂ+(1+n)6)1€+(5-(5+ﬁ)p(,;))f(,;)}zy,(,;), (A1)

T l+2n| l4n
g = 6k + b k) (A2)
o O () (a3 A
where p(k)Ekf/(k)/f(k).Wehave
v (@)= —F B ()= 6+ p YT E)) (A3)
0'(k)=0 b/ (k) 0- (A4)

Tenlie S R)

Since the second order derivatives of l,//(]; ) and ¢(/€ ) are ambiguous, the possible figure is illustrated in
figure A1.1 to figure A1.4. There is a steady-state equilibrium in figure A1.1 and A1.2. When the capital stock is
less than k,, the equilibrium path converges to k=0. When the capital stock is larger than k,, the

equilibrium path converges to k =k, . There is no steady-state equilibrium in figure A1.3 and A1.4. Thus, the
condition of the steady-state equilibrium is satisfied by ¢’(E ) >y ’(/; )

Figure Al.1

Figure A1.2
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Figure A1.4

Second, totally differentiating equation (17) and (18), taking [, &,and 7n as given, so that

[(1 e Br(E)+ (B+8)er " (€)+ B+ 1+ n)o }{di} . [_ B+ 5]db |

i+ £) Q+n)g-ok)r (€)-a+n)i+ /& jlak] | 5"
The determinant of the left-hand-side matrix is
_ 1+2n B )+ (B+8r (i )+ g+ 1+n)s
(1+n)(l+f’(l€)) (1+n)(¢7—5l€)f”( ) 1+n)(l+f( ))5
+n (+20)r"(Epo + )N+ +kf” +(2+3n+kf”
(e L2 ERS o OG0+ 5N s )

Assume that f ’(k)> n>—kf ”(k)—l and thus obtain A <0 (Note 8). In the presence of the social
security program, the effects of an increase in the social security benefit on capital accumulation and
environmental quality can be written as
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WL @) @+ (E)- ko

Z—f: i—[(1+ 2n)s + (B + 5)(1+ f’(k_))]< 0-
Q.E.D.
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