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Introduction

Over at least the last quarter of a century, there has
been a gradual transition from defined benefit to
defined contribution pension plans in the United
States. If anything, this trend has accelerated in the
last few years. While most of this shift is occurring
in the private sector, even the public sector is
seeing shifts in this direction. Poterba et al.! discuss
the transition in the private sector® and Fore®
analyses changes occurring in the public sector.®
Since with a defined contribution plan the return
received during retirement is based on the return
generated by the underlying portfolio of assets,

4

more of the risk associated with retirement is
being shifted to the retiree.>°

At the same time as the above trend is
occurring, there is an increased concern about the
long-term viability of social security. One of the

Correspondence: Pierre Pestieau, Université of Liege, 7, bd du Rectorat,
B 4000 Liege, Belgium.
E-mail: p.pestieau@ulg.ac.be

solutions being discussed is the privatisation of at
least a part of social security. For a discussion of
this type of privatisation see Feldstein.” The
privatised part would have many of the attributes
of a defined contribution pension plan in that the
return received by the retirees would reflect the
return generated by the assets held by the social
security administration on behalf of the retirees.
The goal of these types of proposals is to find
ways of reducing the payout from the traditional
social security plan, one that looks very much like
the defined benefit plans that exist in the private
sector.” If the overhaul of social security
mentioned above is successful, that change in
conjunction with the shift away from defined
benefit plans will result in much more risk being
borne by the average retired person.

In this paper, we look at the interaction
between private pension plans and social security.
More specifically, we determine the optimal level
of payout by the traditional type of social security
plan given the defined benefit and defined
contribution pension plans provided by the
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private sector. It should not come as a big
surprise that optimal social security payouts will
be increased when the private sector reduces its
reliance on defined benefit plans.!®!! Moreover,
to the extent that social security is not a perfect
replacement for defined benefit plans and to the
extent that employees are happy with their
defined benefit plans, the movement towards
defined contribution plans will make employees
worse off.!>13 These results are of course at odds
with the general thinking about how to solve the
social security insolvency issue going forward.

A related issue that is occurring at the same
time is that some of the large firms that provide
defined benefit plans to their workers are facing
increased competition from foreign companies
that are not burdened by these types of pension
obligations. This foreign competition is forcing
many large American corporations to downsize
by laying off part of their labour force. The
workers let go by these actions in many situations
are forced to accept positions in new firms that
have a lower salary structure and in many cases
do not provide their workers with defined benefit
pension plans. Even in this situation the optimal
social security payout rate will be increased even
though now workers will be supplying fewer
funds to their defined contribution plans. The
downsizing also results in a reduction in the wage
structure in general and so even those individuals
who retain their jobs see their salaries decline,
reducing their consumption in period 1 and in
turn reducing their private savings through their
defined contribution plans.

In addition, in a world where both private and
public pensions co-exist we analyse how changes
in the dependency ratio and the degree of
redistribution in social security affect the optimal
level of social security payments. For example,
when defined benefit plans become less generous
and the dependency ratio rises, payment by social
security to the lower income types will be less
generous than when there is no change in the
dependency ratio.!*!> Similarly, when fewer
individuals are eligible for defined benefit plans or
these plans become less generous and the degree of
redistribution is reduced, while the social security
benefit rate and the tax on wages both rise, the

payout to the poor is reduced at the same time as
social security payments to the wealthy rise.

While for the basic model we assume that the
magnitude of the private defined benefit plans are
determined and changed exogenously, we also
explore how the dependency ratio, the degree of
redistribution and downsizing would affect the
optimal level of both private and public pensions. We
find that for all the policy changes we explored,
when the payout rates of social security and the
defined benefit plans are altered optimally, the two
rates move in opposite directions. Thus, for example,
when the number of individuals eligible for defined
benefit plans is reduced the optimal payout rate on
the defined benefit plans falls and the optimal payout
rate on social security rises. On the other hand, when
we try an experiment such as raising the dependency
ratio we find that the optimal rate on social security
falls but this policy at the same time raises the
optimal payout rate on defined benefit plans.

Our analysis focuses on the macroeconomic
implications of the change in private pension
provision and thus we ignore bankruptcy issues
associated with private pension plans. One of the
arguments in moving away from private defined
benefit pension plans is to reduce the uncertainty
faced by firms and in turn to try to reduce their
bankruptcy risk.!®!” The focus in the paper is the
impact of changes in pension plans on individuals.
To the extent that consumers in traditional defined
pension plans are protected by the Pension Benefit
Guaranty Corporation, a Federal Government
corporation, consumers are largely protected from
the effects of bankruptcy. We, however, do ignore
whatever residual risk may be present to retired
individuals from these defined benefit plans.

In our model, the uncertainty considered arises
from macroeconomic fluctuations. In that situation
there is no riskless type of pension plan. In the
case of a defined contribution plan, the risk is
borne by the retiree. In the case of a defined
benefit plan, even though the pensioner may view
the plan as riskless, the firm, or as in our model
where the burden is shifted to the employee, the
worker bears the burden of the risk.®!®

The rest of the paper is organised as follows.
The next section presents the basic theoretical
model. The third section is devoted to discussing

102

Pensions Vol. 13, 1-2, 101-117 © 2008 Palgrave Macmillan Ltd 1478-5315 $30.00



the implications of changing some of the
exogenous variables. Unfortunately, for some of
the results and especially when two or more
exogenous variables are changed simultaneously,
the results end up providing ambiguous results.
Therefore the fourth section presents a numerical
simulation model and discusses the lessons learned
from it. This fourth section is divided into two
parts. In the first part we assume that the payout
rate from the private defined benefit plans is
determined exogenously and in the second we
assume that not only the payout rate from social
security is determined optimally but also that the
payout rate from private defined benefit plans is
at its optimal level. The final section concludes.

The model

We use a standard overlapping generations model
that has two types of individuals and two states of
the world. The population is assumed to grow at the
rate n and productivity gets enhanced at the rate g.
All individuals work in the first period of their lives
and are retired in the second. The first type of
person has access to private pensions that consist of
a combination of a defined benefit and a defined
contribution plan. The second types are assumed to
have lower incomes and do not save privately. All
individuals receive benefits from a government-run
social security scheme. Social security is assumed to
be of the pay-as-you-go variety but we do not
include a social security trust fund in the
analysis.'”* We also allow for the possibility that the
richer of the two types get back less from social
security than they pay in. At any point in time there
are four different groups consuming. There are the
young savers, the young nonsavers, the retirees who
saved privately (through their pension plans) when
they were young and the retirees who rely
completely on social security. The following
equations specify the optimisation problem and
constraints faced by type 1 individuals.

max O.5[u(cl', )+ u(ct'2 )]+ 055[“(6:“,1) + u(c:JrL2 )] (1)

subject to:

ot K =wA (-1, —{HL; j=12 (2)

i
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t+12

j=12 (3)

T, =1, 4)
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In equation (1) u(.) is a strictly convex utility
function and ¢ is a factor of time preference.
Individuals of type 1 maximise utility over the
two periods and in each period there are two
possible states of the world that can each occur
with probability 0.5. Individuals are represented
by superscripts and subscripts are used to denote
first the period and second the state of nature.
The argument of the utility function is
consumption, ¢. In the simulations later in the
paper the utility function is assumed to take the
constant relative risk aversion functional form.
Equation (2) denotes the budget constraint faced
by type 1 individuals of generation ¢ when they
are young. Type 1 individuals decide how much
to consume when they are young, c},‘,jZ 1,2; and
how much to save. Private saving can be done
either through the defined benefit plan, where {;
represents the fraction of the average salary
withheld from the type 1 individual and used to
contribute to his defined benefit plan,"** or
through the purchase of private capital, K, , that
becomes part of his defined contribution plan. We
assume that the value of K}, is determined by
the individual. While in some defined
contribution plans the employer may be a
contributer, in almost all cases the individual can
supplement the firm’s contribution and thus the
value of K!, | at the margin is determined by the
individual. To keep the model relatively simple we
do not include bonds as one of the options for
individuals in their defined contribution plan. By
excluding bonds we do not have to include
public goods or an income tax. In our model
both the defined benefit pension plan and social
security pick up some of the attributes of risk-
free bonds. Moreover, for other types of bonds,
capital can act as a partial proxy.

The net income of a type 1 individual when
young consists of wage income from labour after
taxes and after defined benefit contributions,

wii(1 =ty = Cj)AUL}. The amount set aside by type
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1 workers when young for the defined benefit
plan is assumed to be Cjwang. Not only is the
amount contributed state dependent but the
percentage of the wage paid out by the young, {;
is state dependent. Even though the defined
benefit plan is provided by the employer, we
assume that the incidence is such that the burden
of the pension plan falls on the worker. The
labour supply, L!, can be viewed as efficiency
labour and thus the amount provided can differ
between type 1 and type 2 individuals.
Uncertainty is introduced in this model through
differences in productivity in the two states, A
j=1,2. The variation in productivity in turn

tj>

means that the wage rate, Wy, is also state
dependent. Young people pay the payroll tax that
is used to finance social security, t,;. In order that
social security payments do not vary across the
states of the world, the payroll tax rate must be
state dependent. When the type 1’ are old they
face budget constraints (3). Their income consists
of the payout from capital in the defined
contribution plan, where the return on capital in
period t+1 is rJfHJ,j:l,Z, the payout from the
defined benefit plan, where & is the payout rate
from the defined benefit plan, and the amount
received from social security, 7', ;. It is assumed
that the fraction ¢ is a parameter and thus its
value is outside the control of the individual. (In
the example section we do look at some cases
where the individual can control & and thus we
will want to find the value of ¢ that will
maximise his utility.) The payout from the defined
benefit plan is & times the average wage income
earned in period . We define the average wage as

W, =W, A, +w,A,)/2 (5)

Defined benefit plans can be funded from a
pool of safe assets purchased to sustain the plans.
When there are, however, macro shocks, at the
margin, corporations need to cover the difference
between the amount paid out by the plan and
the amount one can get by selling the safe assets.
Thus, with uncertainty, the amount corporations
need to set aside to insure that the defined

benefit plans can be funded will vary. To the
extent that the incidence of the tax falls on
workers however, the amount that workers need
to contribute will fluctuate with the uncertainty.
In our simplified model, we try to address these
issues by arguing that the amount workers pay in
when young equals the amount paid out by the
defined benefit plans to the retirees, that is,

W A Ly =EmL; j=12 (6)

1, T+ T+

In the steady state both the labour force and
productivity grow at a constant rate and therefore
the above equation can be rewritten as

Cw, ALA+n)(1+g)=EwL; j=12 (7)

PARRIY AN/

Since the payout from the defined benefit plan
is state independent, we also need the relationship

CI Wz+1,1Az+1,1 = C2W1+1,2Ax+1,2 (8)

The amount received by the type 1’s from
social security as denoted in equation (4) consists
of the fraction ¥ of the payout rate #, times the
average labour income. In this paper, we assume
that social security in addition to providing a
pension to all individuals does try to redistribute
across income types. As will be noted below, the
smaller the V), the larger the amount of
redistribution.

Savings by the type 1’ through their defined
contribution plans can be found by substituting
the budget constraints (2) and (3), into equation
(1). Optimising over the choice variable K, ;
yields the first-order condition:

—0.5[u’(c})) + u'(c;)]+0.58[u’ (¢, YA +75 )

+

+ u,(crlﬂ,z)(l + ’}Iil,z)] =0 (9)

Type 2 individuals face a much easier problem
since they do not save. Their utility function takes
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the form:
0.5[u(c?y) + u(ch)]+ du(cl,,) (10)

subject to:

c;=wA (=1, )L j=12 (11)

wj

2 _ 2 — 12,
Cn1 = T;'Jrl _luthrLt’

j=12 (12)

For the type 2%, in their youth the only
reduction from their gross salaries is for the
payroll tax. When they are retired the type 2% rely
solely on social security payments to finance
consumption. Since social security payments do
not vary across states, the type 2’ face no
uncertainty in their retirement years. The payout
by social security to the type 2% is the fraction p
of the payout rate f, times their average labour
income. As noted below, the fraction u normally
takes on a value greater than 1.

Social security is of the pay-as-you-go type
and so the constraint can be denoted as

lujwt+l,j(qut+l + (1 - Q)LfH)A,H,,-
=1,w, (WL, + u(l—-q)L}); j=12  (13)

Equation (13) can in turn be re-written as

1w, (gL, + (1= LHA,(1+n)(1+g)

wj

=1,w,(gLi+(1-q)L}); j=12 (14)

The proportion of the type 1% in the economy is
represented by ¢. In comparing equations (13)
and (14) note that labour grows at the rate n and
productivity at rate ¢ and in the steady state

W= Wy 1 . Finally, in order to insure that inflows
to social security equal outflows we constrain Y/

and K, so that
p=1+A=y)gL, (- q)L}) (15)

Thus, if the social security administration sets
Y, the value of u will automatically be

Defined benefit pension plans and social security -ﬁ(—

determined by equation (15). If social security
sets W to take on a value less than one, the
normal case, the value of u will take on a value
greater than one. Given constraint (15), the social
security budget can be simplified to yield

1w, = tw.w,jA,j(l +n)(1+g) (16)

Equation (16) holds for both states j. Note also

that since social security payments do not vary with
the state of nature, we have a relationship between
the payroll tax rates in the two states, that is,

2 = LaWa A I(W,A,,) (17)

For the production side, we assume a standard

constant returns to scale Cobb—Douglas
production function that takes the form:

Y, =KXAL)™ j=12 (18)

where Y); represents output in period f and state j.
Since the only savers in the economy are the type
1’5, the aggregate capital stock at time ¢ becomes

K, =gK! (19)

t t

The aggregate labour supply in turn is

L =qL +1-q)L, (20)

where ¢ and 1—gq represent the proportions of
the type 1% and 2% in the economy, respectively.
Finally, the rates of return on the factors of
production can be written as

oY, /0K, =aK (A,L) " =rf; j=12 (21)

and

Y, 1(AL)=(1- 0K (ALY " =w,; j=12
(22)

The variable w; represents the wage per unit of

effective labour at time ¢ in state j and the wage
per unit of L, would be wyA,. It should be noted
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that since the growth rates are constant, we also
know that w;;=w,,,; and r{fzrﬁu for j=1,2.
The last part of the model involves finding the
optimal values for the payroll tax rate and the
social security benefit rate, f,. The government’s
problem involves maximising social welfare

q(O.S[u(cllI )+u(ch,)]+ 0-55[’4(6':“,1) + u(c,'JrL2 )
+ (1= g)(0.5[u(c}) +u(c)]+ du(cl,,)) (23)

where we assume that social welfare is a weighted
average of the utility of the various participants in
the economy, subject to the social security budget
constraint, equation (16). After substituting
individual budget constraints into equation (23),
the first-order condition for the government’s
problem after simplifying can be written as

qL'[ {—O.S[M’(c,'] )+ u’(cfz)] + 0.55[14'(01'“'1) + u’(c,lﬂyz)]
y(l+n)(1+g)}+1- q)Lf {—O.S[M’(ctzl) + u'(ctz2 )]
+8u'(c] D +n)(1+¢)} =0 (24)

This condition is derived for the payroll tax in
state 1 (although it could just as easily have been
derived for the optimal social security payout rate
since the two variables are related through
equation (16)).

To summarise, the model described in this
section consists of equations (2)—(5), (7)—(9), (11),
(12), (15)—(22) and (24) in the unknowns, Cﬁl,
C%‘Jrl,j’ T1t+11 "Dn K1t+19 Ct]2'7 C%+17 Wy By Lo, thj7 Kn Lt?
Wy, r,jK, tw1, ¢4 and &5

While for much of the paper we will analyse
the model presented in this section, for some of
the simulations we will assume that the defined
benefit pension plan is set at its optimal level. For
those simulations we need an extra equation that
describes the first-order condition for the defined
benefit plan, that is,

—0.5[u’(c}) +u'(c;)1/((1+n)(1 + g)
+0.58[u’(cl,, ) +u' (el )] =0 (25)

First-order condition (25) is derived by
optimising the utility of the type 1 individuals

with respect to &, the fraction of the average
salary received by type 1’s from their defined
benefit plan.?

Implications of the theoretical model

In this subsection, we use the theoretical model
specified in the previous section to analyse the
impact of a reduction in the supply of defined
benefit plans, a change in the degree of
redistribution of social security and a change in
the dependency rate. In the simulations section,
we will take a closer look at interactions between
these parameters as well as several other changes
that yield ambiguous results when solved
analytically. (An analysis of the model requires
that it be differentiated and placed in matrix
form. Since that exercise is largely technical in
nature we relegate it to the Appendix.)

A shift away from the reliance on private
defined benefit plans would have no eftect on the
use of defined contribution plans if there were
only type 1% in the economy and social security
did not redistribute. This result is due to defined
benefit payments and social security benefits
being perfect substitutes in our specification. One
could argue that in reality these two programmes
are not perfect substitutes and thus a reduction in
the reliance on private defined benefit plans
would increase the purchase of capital by the type
1s and in turn increase the reliance on defined
contribution plans. In our model when there are
both type 1% and type 2% present, even with no
redistribution, a reduction in the use of defined
benefit plans will result in an increase in the size
of the aggregate capital stock and an increase in
the use of defined contribution plans. The type
1’s would like to see an increase in the social
security benefit rate when the rate on defined
benefit plans is reduced but the type 2’ are happy
with the social security rate as it is. Thus, when
the defined benefit rate is reduced, while there
will be an increase in the social security benefit
rate, that rate will not rise as much as desired
by the type 1. Moreover, when there is
redistribution, the type 1’s will want there to be a
smaller increase in the social security rate when
the defined benefit rate is reduced and instead
would want to put more of their savings into the
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defined contribution plans. If, before the
reduction in the defined benefit pension, those
employees eligible for these programmes felt that
their plan was close to the optimal level from
their perspective, the reduction in the size of the
plan would lower their utility level at the same
time as the size of the capital stock is increased.
The change in the size of the capital stock does
increase the wage rate but lowers the rate of
return on capital.

The increase in the social security payout rate
also means that the payroll tax rate will be raised
as can be seen in equation (13).Thus, the after-
tax income of the poor in period 1 will be
reduced but their consumption in period 2 will
be increased. Moreover, the greater the degree of
redistribution in social security, the better off the
poor will be in period 2.

A second change could be a reduction in
the degree of redistribution. A reduction in the
degree of redistribution means that the wealthier
are better off and thus they have less need to
save privately; one would therefore expect this
type of change to result in a reduction in
the amount of private pension money put into
defined contribution pension plans and in
turn in a reduction in the size of the capital
stock. The lower capital stock means that the
wage rate will be reduced and the rate of return
on capital will be raised. The eftect on the size of
the payout rate from social security tends to be
ambiguous. The reduction in the degree of
redistribution means that the payout by social
security to the poor will be reduced. Since social
security is the only pension that the poor receive,
they would like to see an increase in the social
security pension rate even if it means higher
payroll taxes on their earnings when young. On
the other hand, the wealthy see their benefits
from social security rise. They would therefore
like to see a reduction in both the social
security benefit rate and the tax rate on wages.
These offsetting desires would tend to make the
overall effect ambiguous; however, if the
government places greater weight on the desires
of the poor, one would expect both the optimal
social security benefit rate and the tax on wages
to rise.

Defined benefit pension plans and social security

The last change explored in this section is an
increase in the dependency ratio. The dependency
ratio can be defined as the relation between the
number of people who are not working and the
number of people who are. In our model, this
ratio would be a relationship between the old in
efficiency terms and the young in efficiency
terms. (We define it in efficiency terms since
both earnings when young and pensions when
retired factor in the effect of productivity.)

In the model this ratio can be denoted as

1/(1 +n)(1+g). Therefore, either a reduction in
the rate of labour force growth or a reduction in
the rate of change of productivity will increase
the dependency ratio. An increase in the
dependency ratio will lower the size of the
pension paid out by social security to both the
poor and the wealthy. Since there are fewer
young workers (in efficiency terms), less money
will be collected by social security and thus there
will be less money available for pensions to
retirees. The wealthy react to the reduction in
social security payments by increasing their
contribution to their private defined contribution
plans as a way to mitigate the effect of the
change in social security on their retirement
income. Thus, one would expect an increase in
the dependency ratio to result in an increase in
the size aggregate capital stock. The increase in
the capital stock also means that there will be an
increase in the wage rate and a reduction in the
rate of return on capital. These changes also mean
that consumption of both rich and poor when
young will rise. Finally, the eftect of an increase
in the dependency rate on the benefit rate on
social security and the tax rate on wages would
tend to be ambiguous.

Even though this model abstracts from many
aspects of reality, it is not possible to theoretically
sign more complicated changes than the ones
addressed in this section. To get some further
insights into the issues that are the focus of this
paper, the next section presents some computer
simulations on the version presented in the model
section. In addition, we also look at changes
where both the social security benefit rate and
the private defined benefit rate are determined
optimally.
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Results from the numerical
example

This section is intended to provide further
insights into some of the issues discussed in the
previous part of the paper as well as to explore
some related topics. In the numerical example, we
use a social welfare function and individual utility
functions that are assumed to be isoelastic. The
utility functions take the form:

U7 ()=0.5[(c)" ™ +(ch) 7 1A-7))
+0.580(c/,, )" + (el )" T A=y )
j:l,z,)/j >0, (26)

where y; is the Arrow-Pratt measure of relative
risk aversion.

In addition, for the simulations we use the
somewhat more general CES production function
that takes the form:

Y, =[(a K, +(a,A,L)'1""; j=12  (27)

where ag is the coefficient on capital in the CES
production function, a; is the coefficient on
labour in the CES function, and p takes on values
from 1 to —o.

The simulation model in this section does not
use parameter values that pretend to mimic the
American or any other existing economy. Rather,
the policy changes introduced here are intended
to indicate the types of effects one would expect
to occur in an economy from the policy
alterations that are analysed in the example.
Moreover, the policy changes introduced are
relatively large so that one can easily see the
various impacts. One should also note that we
have collapsed the many years in the lives of
workers and retirees into two periods. This
section is divided into two subsections. The first
analyses policy changes when the social security
tax rate and hence the social security benefit rate
are set at their optimal levels but the private
defined benefit rate is exogenous, and the second
discusses the effects of policy variations when
both the social security benefit rate and the

private defined benefit rate are set at their
optimal levels.

Defined benefit rate set exogenously

The simulations described in this section are
summarised in Table 1. The first row of the table
describes the base model. In the base model, the
exponent of the utility of consumption of the
type 1% is 3 and of the type 2% is 4. We assume
that the rate of labour force growth, n, and the
rate of technological change, g, are each 80 per
cent. The labour supply of type 1 individuals, L,',
takes a value of 30 and of the type 27, I3, is 10.
The discount factor, 0, takes on a value of 0.9.
We assume that the proportion of type 1% is 0.7.
In the base model, we assume redistribution and
so the type 1’s get back a quarter of what they
put in, that is, Yy =0.25. The level of productivity
in state 1, Ay, is 2 and in state 2, Ap, is 0.5. In
the CES production the coefficient on capital
takes on a value of 0.333 and that of labour is set
at 0.666, and p has a value of 0.6. Finally, the
benefit rate on private defined benefit pensions, &,
is 0.17775. The rate & was set at the optimal level
given the initial conditions so that the base case
for both Tables 1 and 2 would be the same. We
did try other parameter values for the base model
and found that the results below were robust to
changes in the initial parameter values.

In Table 1 we summarise the values of the
most important variables. The ones that are left
out either do not add much to the explanation,
or, as in the case of the utility of the participants,
the direction of change can actually be inferred
by seeing how individual consumptions move.
Moreover, in those cases where first and second
period consumption move in opposite directions,
what happens to the value of utility is strongly
dependent on the magnitude of the exponent of
consumption in the utility function, a parameter
for which it is difficult to come up with a ‘true
value’.

The first policy change in Table 1 replicates the
exercise of the theoretical section by lowering the
benefit rate on defined benefits from 0.17775
to 0.12775. As before, this change results in an
increase in the capital stock and the wage rate.
As noted earlier, a policy change that lowers the
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Table 1: Numerical example where defined benefit rate is set exogenously

Defined benefit pension plans and social security -ﬁ(—

Policy Change cly ch C7t+1,1 c ¥+1,2 c? ch ¢ T Ky ty (@] @
36.84 6.399 12.891 10.56 13.379 3.23 594 0.71 1.88 0.1105 0.684 0.8599
¢=0.12775 36.91 6.408 12.896 10.25 13.423 3.26 5.98 0.72 234 0.1108 0.686 0.8635
¢=0.17775 y=0.5 36.80 6.412 12.973 10.93 13.241 3.1 5.70 1.90 1.51 0.1478 0.682 0.8567
£=0.12775 y=0.5 36.89 6.444 12.967 10.60 13.281 3.13 5.78 1.93 193 0.1493 0.684 0.8603
¢=0.17775 g=0.6 36.63 6.226 12.706 10.46 13.241 3.1 5.65 0.97 1.68 0.1507 0.682 0.8572
q=0.6 Y=0.5 36.59 6.252 12.856 10.97 13.084 2.97 5.34 2.46 1.26 0.1925 0.680 0.8535
n=0.7 g=0.7 36.72 6.251 12.457 10.27 13.376 3.22 5.66 0.68 1.82 0.1052 0.685 0.8612
n, g=0.7 ¢=0.12775 36.82 6.289 12.507 10.00 13.425 3.25 5.72 0.69 230 0.1057 0.687 0.8653
n, g=0.7 g=0.6 36.48 6.059 12.238 10.15 13.227 3.09 5.39 0.92 1.62 0.1435 0.683 0.8583
Table 2: Numerical example where defined benefit rate is set endogenously

Policy ~ Change cfs cl cli,1 Claz cf ¢tk Th K ot ot @ 4

36.84 6.399 12.891 1056 13.38 3.23 594 0.71 1880 0.1105 0.684 0.8599 0.17775
¥=0.5 36.89 6.442 12967 10.64 1328 3.13 577 1.92 1.882 0.1492 0.684 0.8599 0.1335
q=0.6 36.68 6.243 12.713 10.25 13.27 3.13 5.68 097 1977 0.1511 0.684 0.8596 0.1440
n=0.7 g=0.7 36.86 6.298 12,531 9.88 1345 326 574 069 254 0.1059 0.688 0.8672 0.1042
n,g=0.7 g=0.6 36.69 6.133 12.365 9.56 13.33 3.14 549 094 267 0.1448 0.688 0.8568 0.0689

payout rate on defined pension plans induces
individuals to increase their savings through

defined contribution pensions. In addition, for the
type 1’s there will be an increase in consumption

in period 1 and an ambiguous impact on
consumption during retirement. (Consumption
rises in state 1 and falls in state 2.) Moreover,
there is an increase in the pensions paid out by
social security to the two types and a slight
increase in the social security payout rate. The
type 2’ see an increase in consumption in both
periods. Not surprisingly, the type 1’s are made

slightly worse off by this change and the type 2%

are made better off.
The second exercise is to reduce the amount

of redistribution by providing the better off with

50 per cent of the social security benefit rate

instead of the 25 per cent they received in line 1

of Table 1. This change increases the payoft of
social security to the well off. This increase
induces them to reduce the amount they save

through their defined contribution plans resulting

in the amount of capital they buy falling from
1.88 to 1.51.The reduction in the capital stock
also means that the wage rate is reduced. These

changes mean that the poor consume less in both

the first and second period. The pressure by the
poor to increase their social security payout also

means that the benefit rate for social security will

rise from 0.1105 to 0.1478. This change results in

an ambiguous impact on consumption for the
type 1’s in period 1, reducing consumption in

state 1 and increasing it in state 2, and an increase

in their consumption in period 2. For the type
1%, the increase in the pension they receive from
social security is larger than the reduction in

income from their defined contribution plans. By

increasing the payout to the type 1’ their utility
is increased and by reducing the payout to the
type 2% the poorer types have their utility reduced.
If there were only type 1% in the economy, one

would expect #, to be reduced to partially offset the

effect of the higher . The type 25, however, see

their social security payments reduced by the policy

change and thus to partially mitigate that reduction
they want f, raised.

The next exercise is a combination of a change

in the defined benefit rate and in the degree of
redistribution. Thus, the change is from
£=0.17775 and Y =0.25 to £=0.12775 and

¥ =0.5. The combination of policy changes raises

the social security benefit rate from 0.1105 to
0.1493. This policy places opposing pressures on
the size of the capital stock. The net eftect,

however, is to increase the capital stock from 1.88

to 1.93 as well as to increase the average wage
rate, from 0.8599 to 0.8603. Also, the social
security payments to the type 1’ increases from
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0.71 to 1.93 which is, in fact, a larger increase
than if there had been only a decrease in the
amount of redistribution. For the type 2% this
policy change results in a decrease in
consumption in both periods but for the type 1’s
consumption rises in both periods.

Thus far we have looked at cases of reductions
in defined benefit plans where the decrease stems
from a lower defined benefit rate. While some
firms have been making their defined benefit
plans less generous, others have kept the benefit
rate on their plans unchanged but rather have
been forced to retrench. Thus, some firms have
been forced to lay off workers, perhaps due to
foreign competition. The workers laid off in many
cases are forced to take positions in firms that are
much less generous than the ones they left. Thus
these workers are forced to leave older established
firms that had defined benefit pension
programmes. The new firms that hire these
workers tend to be younger and may have benefit
programmes that are less generous in general but
more specifically are likely only to have defined
contribution pension plans and not defined
benefit pension plans. In our model, one can get
an idea of the impact of such changes by
lowering the value of q. In the next exercise we
lower the value of g from 0.7 to 0.6 but keep all
the other parameters at the same value as in the
base model. The lower g results in a decrease in
the number of individuals saving privately as well
as a reduction in the amount each type 1 puts
into his/her defined contribution plan. The
reduction in the capital stock also means that the
average wage in the economy falls. These changes
mean that the consumption of the type 1’ and
the type 2% fall in both period 1 and 2. The
reduction in ¢ also means that the fraction of the
payout from social security received by the type
2% is reduced as can be seen in equation (15).
The lower average wage and lower y mean that
the poor would like to see the benefit rate on
social security, f;, raised. These pressures mean that
the optimal rate on social security rises from
0.1105 to 0.1507. Nonetheless, the other two
effects dominate and so the pension received by
the type 2’ fall. On the other hand, the social
security payments received by the type 1’ rise

but that increase is not large enough to offset the
effect of the lower capital and the lower average
wage and so the consumption of the type 1% in
period 2 falls. In fact, this change results in the
consumption of both types falling in both periods
and thus welfare being reduced for both of them
as well.

In comparing the two ways in which defined
benefit plans can become less of a factor in the
economy, one immediately notices that when
firms reduce the benefit rate, & becomes smaller,
the size of the capital stock and the wage rate
rise, whereas when the number of workers who
are eligible for defined benefit pensions is
reduced, both the capital stock and the wage rate
are reduced. Moreover, when & is reduced
consumption tends to rise but when ¢ falls
consumption for the two types falls in both
periods. In addition, social security payments to
the poor rise when ¢ falls, but are reduced when
q 1s lowered. On the other hand, social security
payments to the type 1’s rise in both cases.

The next example explored is to combine a
reduction in the number of individuals eligible
for defined benefit plans with a change in the
degree of redistribution. Here we reduce ¢ from
0.7 to 0.6 and raise ¥ from 0.25 to 0.5. In this
case the capital stock and wages fall even more
than when only ¢ is reduced. The combined
change reduces the capital stock from 1.88 to
1.26 whereas it only falls to 1.68 when only q is
reduced. In addition, the increase in the benefit
rate on social security and the tax rate on wages
rise more with the combined change. The
increase of t, is from 0.1105 to 0.1925 with the
combined change and only to 0.1507 when ¢
alone changes. The poor are, however, nonetheless
made worse off by the combined change. Their
consumption falls further in both periods. On the
other hand, the type 1’ see their consumption
rise when they are retired with the combined
change but their consumption is affected
ambiguously in period 1. The social security
payment to the type 1’s is higher with the
combined change but wages are lower and the
tax on wages is higher when both ¢ and
change. One should note, however, that
consumption for the type 1% in period 1 is lower
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than for the base case but changes ambiguously in
period 2.

The next issue explored in this model is an
increase in the dependency ratio. As noted in the
theoretical section, the higher dependency ratio
can be a result of a reduction in the labour force
growth rate, a lower rate of technological change
or a combination of the two. Here we look at
the implications of lowering both ¢ and n from
0.8 to 0.7. Note that our model collapses many
periods in an individual’s life into two. The
higher dependency ratio results in a reduction
in the social security rate, f,, as well as lower
social security payments to the retirees. The type
1’s will also decrease the amount they place in
defined contribution plans and thus one will
get a decrease in the capital stock, although
the average wage actually rises. In addition,
the higher dependency ratio will result in the tax
rate on wages going up. The above changes mean
that consumption for both types falls in both
periods.

The last examples in this section are ones
where we combine an increase in the dependency
ratio with a decrease in defined benefit plans. The
reduction in the emphasis on defined benefit
plans is occurring at the same time as there is
heightened concern about an increase in the
dependency ratio. The concern about the
dependency ratio stems not only from reduced
birth rates and therefore lower rates of population
growth but also increases in longevity. While our
model is not rich enough to allow for changes in
life expectancy, changes in population growth
rates and rates of technological change can act as
proxies for changes in longevity.

In the first case, we increase the dependency
ratio by reducing the growth rate of labour and
the rate of technological change from 0.8 to 0.7
and also reduce the payout rate from the defined
benefit plans from 0.17775 to 0.12775. In
comparing a decrease in the defined benefit rate
in an economy without a change in the
dependency ratio with the one where there is an
increase, one finds that the capital stock rises less,
the average wage increases more and the
consumption of the type 1’s will be smaller than
those when there is no change in the dependency

Defined benefit pension plans and social security

ratio. For example, the capital stock rises from a
base value of 1.880 to 2.30 when there is a
change in the dependency ratio instead of to 2.34
when there is no change, and consumption of the
type 1% in period 1 will be 36.82 in state 1 when
the dependency ratio changes whereas it will be
36.91 when there is no change in that ratio. On
the other hand, payments by social security will
be smaller when there is a rise in the dependency
ratio. For example, the payment by social security
to the poor retirees rises from 5.94 to 5.98 when
there is no change in the dependency ratio, but
actually falls to 5.72 when the dependency ratio
increases. Finally, when the dependency ratio rises
the social security benefit rate falls, although the
tax rate on wages did rise further with the higher
dependency ratio.

In the last example, we reduce the number of
workers eligible for defined benefit plans and
compare economies where the above reduction
occurs in an economy where there has been no
change in the dependency ratio and in one where
the ratio rises. In this case the value of g is
reduced from 0.7 to 0.6 and both the rate of
population growth and the rate of technological
change are reduced from 0.8 to 0.7. When the
number of people eligible for defined benefits
falls, both the value of capital and the average
wage are reduced. When the dependency ratio
rises, the decrease in the value of capital is even
larger, although the change in the average wage is
smaller. For example, capital falls from 1.88 to
1.62 when the dependency rises rather than to
1.68 when there is no change. Also the social
security benefit rate rises less when the
dependency ratio increases, going from 0.1105 to
0.1435 rather than to 0.1507 when there is no
change in the dependency ratio; however, the tax
rate on wages rises further, going from 0.0214 to
0.0312 in state 1 as opposed to rising to 0.0292
when there is no change in the ratio. In addition,
the payout to the poor from social security falls
further when the dependency ratio goes up,
declining from 5.94 to 5.39 as opposed to 5.65
when there is no change and consumption by the
type 1% also falls more in their second period,
going, for example in state 1, from 12.891 to
12.238 instead of to 12.706.
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Thus, the increase in the dependency ratio in
both cases causes the social security benefit rate
to be reduced even more than when there is no
change in the dependency rate and the payments
by social security to both types falls even further
than when that rate does not change.

Defined benefit rate set optimally

In this section of the paper we assume that both
the social security benefit rate (and of course, the
tax rate on wages) and the defined benefit rate
are set at their optimal levels. To obtain the
optimal values for these variables, we use the
first-order condition found in equation (25)
where the utility function, as in the previous
section, takes the isoelastic form. The simulations
here look at the eftects of changes in the degree
of redistribution, of alterations in the number of
individuals eligible for defined benefit plans and
of an increase in the dependency ratio on the
payout rates from both social security and defined
benefit plans. The results of the simulations are
summarised in Table 2. The first row of Table 2
summarises the values for the base model. The
base model here uses the same initial conditions
as the one used in the previous part.

The first experiment is to reduce the degree of
redistribution. As before, we change the value of
Y from 0.25 to 0.5. Raising i to 0.5 ends up
reducing the optimal payout rate on the defined
benefit plans from 0.17775 to 0.1335 but at the
same time raising the payout rate from social
security from 0.1105 to 0.1492 and the tax rate
on wages in state 1 from 0.0214 to 0.0290. This
policy ends up pretty much leaving the capital
stock and the average wage unchanged. One
should notice from the previous section that the
increase in Y reduces the size of the capital stock
and the average wage and the lower benefit rate
on defined benefit plans raises them. When we
raise Y and allow & to adjust optimally however,
the two effects pretty much cancel each other
out. This policy not surprisingly raises the payout
from social security to the type 1’s and in turn
raises their retirement consumption (as well as
their period one consumption). On the other
hand, the consumption for the type 2’s falls in
both periods. Not surprisingly, the utility of the

rich is raised and the welfare of the poor is
reduced by this policy. From the perspective of
the type 1%, they view social security and the
defined benefit plans as somewhat substitutable.
Since the type 2%, because of the higher i and
thus the lower payout by social security to them,
want f, raised, the type 1’ desire a lower value
for &.

The second policy is the one that reduces the
number of individuals eligible for defined benefit
plans at the same time as the defined benefit rate
adjusts optimally. The policy change that reduces
q from 0.7 to 0.6 results in an increase in the
amount added by the type 1’s to their defined
contribution plans, the amount going from 1.88
to 1.977. Nonetheless, overall there is a decrease
in the size of the aggregate capital stock and the
average wage rate because of the reduction in the
number of type 1’s in the economy. Moreover,
while the optimal payout rate from the defined
benefit plans falls from 0.17775 to 0.1440, the
optimal rate from social security rises from 0.1105
to 0.1511 as does the tax rate on wages from
0.0214 to 0.0293. The above changes mean that
the consumption of both types fall in both
periods and the welfare of both types is reduced.
One should note that consumption for the type
1’s falls when they are retired even though their
social security payments rise.

The third policy change is the one where the
dependency ratio is raised by reducing n and g
from 0.8 to 0.7 at the same time as the rate on
the defined benefit plans adjusts endogenously to
its optimal level. This policy lowers the payout
rate on social security from 0.1105 to 0.1059, and
also reduces the optimal payout rate on the
defined benefit plans from 0.17775 to 0.1042.
These changes mean that the type 1% increase the
amount they save through their defined
contribution plan by increasing the amount they
invest in capital from 1.880 to 2.54. These
changes mean that both the size of the aggregate
capital stock and the average wage are raised. The
net effect of this policy is to lower consumption
of both types when they are retired but it has an
ambiguous effect on their consumption when
young. Given our utility function, this policy

lowers utility for both types.
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The last case is the one that combines the
last two policies above. Now we raise the
dependency rate by lowering # and ¢ from 0.8 to
0.7, lower the number of individuals eligible for
defined benefit plans from 0.7 to 0.6 and allow the
rate on defined benefit plans to adjust optimally.
That policy increases the amount of capital bought
by the type 1% from 1.88 in the standard model to
2.67 with the new policy. Also, the average wage
rises from 0.8599 to 0.8668. In addition, the policy
raises the payout rate on social security from
0.1105 to 0.1448 but lowers the optimal rate on
defined benefit plans from 0.17775 to 0.0689. In
terms of consumption, both types see a reduction
in their consumption in both periods. This policy,
unfortunately, also has the effect of reducing the
level of utility for both types.

In summarising the impact of the policy
adjustments in this section, the most important
result that we may have obtained is that all of the
policy adjustments cause the optimal payout rates
from social security and from the defined benefit
plans to move in opposite directions. Thus, when
a policy causes the optimal payout rate on the
defined benefit plans to be reduced, that policy
also induces the optimal payout rate on social
security to rise and vice versa.

Conclusion

One of the most striking changes in the private
sector over the last quarter of a century has been
the transition from defined benefit to defined
contribution pension plans. While this shift has
been widespread among private pension plans, we
have also seen both discussion and
implementation of individual or personal accounts
in the public sector. These types of accounts can
range from defined contribution accounts
managed for the public sector by private
managers to notional accounts.

In this paper, we study the distributive incidence of
such a shift in private pensions. The cornerstone of
our argument is perhaps the naive assumption,
namely that the government keeps the same objective
function before and after the shift and uses social
security for offsetting the incidence of such a move.

Within such a setting, we show that the
optimal social security system responds to the

Defined benefit pension plans and social security -ﬁ(—

shift from defined benefit pensions to defined
contribution pension plans. As one would expect,
the optimal social security payout will be
increased when the private sector reduces its
reliance on defined benefit plans. Two cases are
analysed. In the first one, the defined benefit rate
is set exogenously; in the second, it is set
optimally. In this latter case, the shift is expressed
by reducing the number of retirees eligible for
defined benefits private plans. The main
conclusion of our paper is that any shift towards
defined contribution calls for an offsetting reform
of social security. This is not surprising. In a
country such as Sweden that is attached to
redistribution, the introduction of notional
defined contribution plans in public pensions has
been accompanied by the development of a
means-tested guaranteed pension. Along the same
lines, if a country such as the United States
maintains the same social welfare objectives as
those prevailing at the start of social security, one
would expect that the shift towards defined
contribution pensions would be accompanied by
an increase in the payout ratio of social security.

The fact that we do not observe such offsetting
changes in social security means that at the same
time as the private sector is shifting more of the
uncertainty about retirement from the workers to
the retirees, the government is making similar
types of decisions. If, in our model, the
government were to reduce the weights it places
on retirees as compared to workers at the same
time as the private sector is shifting to a greater
emphasis on defined contribution plans, we
would have found a reduced emphasis on the
‘traditional’ type of social security offerings and
more emphasis on both public and private
defined contribution type plans.

Thus, one conclusion to be drawn from our
analysis is that governments are signalling that the
earlier attempts to guarantee the good life to
retirees by placing much of the risk and burden
on the workers has gone too far. The new view is
that there must be more of a balance in how one
treats workers relative to retirees and hence more
of the risk associated with retirement in the
future will need to be borne by the retirees
themselves.
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Appendix
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be perfect substitutes. In general, however, one would not
expect such an outcome since social security and defined
benefit plans use different earnings profiles to determine
benefits and unlike social security most defined benefit plans
do not index benefits for inflation after retirement.

If one substitutes equations (2)—(5), (7), (8), (10)—(12), (15)—(18), (19) and (20) into equations (9), (21),
(22) and (24) and differentiates the resultant model, one can express the results as

A A A dK!]H E,
B 0 -1l dw, | | E,
¢ -1 0 d’}’il.l E,
DI Dz D3 D4 dlwl E4
where
M” Cl +M” Cl
A =05 nod : (K”)z (/; IZI)] c (<0
+6[u" (e, JA+TL, ) +u (€ )A+ 15, 5)7]

—[u" () =1, =L +u"(C)IA, /AN = (1, +E)]]
A,=05 AL +8[u”(c), NA+r% D +u”(cl, A+ )]

1+ 1+

(€ +y1,)A L1+n)(1+g)}

ne 1 K Nt VIRt
w (e DU+ DK, +u'(ey, )+ u(c,y )

+u'(c, (A, /Axl)l_a

A, =0.56 o p
(A 1A (415K

t+1

[’ (c)+u"(c)IA, Lw

1"l

A, =0.53+08[u"(c;,, VA+rE D +u” (el A +r5 )] <0

+ +

WA, w, L(1+n)1+g)

B =o(o—1)(K,, )" 2q(A,L) “(1+n)“(1+ ) “ <0

1t

C,=al-a)A,Ll+n)1+g) (K, ) '¢>0
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+6[u”(c),, )+ u" (e, )W A+ n)(1+g)w,L;

t

E,=-0.5qL { (1) +u U+ )+ ) }5

—qLS[t A, w,(1+n) (1+g)’
{ [u”(ctlﬂ,l /2) + M”(CHI,Z ) / Z]V/L]z - u”(ctzﬂ ):uLf}

Hu' (el )+ () =1 () YA+ )1+ )Ny

[“”(Cxlﬂ,l )+ ””(Czl+1.2 Myt +8 )WnAleli

0.5gL'8
A+n) 1+ ) +[u'(cy,, ) +u' (el )W

+ ALt w1 (1 )1+ g ()

1" wl

re .2
+o.s<1—q>L35[ (e u }

{1+ g)dn+(1+n)dg}

One condition that is assumed to hold and that helps to insure that the results discussed in the paper
go through is

u”(C/lH_l)[(l + rtlil,l) - (1 + n)(l + g)]
+u” (K DIA+75 )= A+ m)(1+¢)]<0

We found that this condition is likely to be satisfied. In general, whether this condition is satisfied or
not depends on the third derivative of the welfare function. When the condition is satisfied, the
determinant of the model is negative. Moreover, one can verify that the comparative static results
discussed in the theoretical section will go through.
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