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The Economic Council of Canada was established in
1963 by Act of Parliament. The Council is a crown
corporation consisting of a Chairman, two Directors and
not more than twenty-five Members appointed by the
Governor in Council

The Council is an independent advisory body with
broad terms of reference to study, advise and report on a
very wide range of matters relating to Canada’s econom-
ic development. The Council is empowered to conduct
studies and inquiries on its own initiative, or if directed
to do so by the Minister, and to report on these activi-
ties. The Council is required to publish annually a
review of medium- and long-term economic prospects
and problems. In addition it may publish such other
studies and reports as it sees fit

The Chairman is the Chief Executive Officer of the
Council and has supervision over and direction of the
work and staff of the Council. The expenses of the
Council are paid out of money appropriated by Parlia-
ment for the purpose.

The Council as a corporate body bears final responsi-
bility for the Annual Review, and for certain other
reports which are clearly designated as Council Reports
The Council also publishes Research Studies, Discus-
sion Papers and Conference Proceedings which are
clearly attributed to individual authors rather than the
Council as a whole. While the Council establishes gener-
al policy regarding such studies, it is the Chairman of
the Council who bears final responsibility for the deci-
sion to publish authored research studies, discussion
papers and conference proceedings under the imprint of
the Council. The Chairman, in reaching a judgment on
the competence and relevance of each author-attributed
study or paper, is advised by the two Directors. In
addition, for authored Research Studies the Chairman
and the two Directors weigh the views of expert outside
readers who report in confidence on the quality of the
work. Publication of an author-attributed study or paper
signifies that it is deemed a competent treatment worthy
of public consideration, but does not imply endorsement

of conclusions or recommendations by either the Chair-

man or Council members.

Etabli en 1963 par une Loi du Parlement, le Conseil économique
du Canada est une corporation de la Couronne composée d'un
président, de deux directeurs et d’au plus vingt-cing autres membres,
qui sont nommés par le gouverneur en conseil.

Le Conseil est un organisme consultatif indépendant dont le
mandat lui enjoint de faire des études, donner des avis et dresser des
rapports concernant une grande variété de questions rattachées au
développement économique du Canada. Le Conseil est autorisé a
entreprendre des études et des enquétes, de sa propre initiative ou a
la demande du Ministre, et & faire rapport de ses activités. Chaque
année, il doit préparer et faire publier un exposé sur les perspectives
et les problémes économiques a long et & moyen termes. Il peut aussi
faire publier les études et les rapports dont la publication lui semble
opportune.

Le président est le directeur général du Conseil; il en surveille les
travaux et en dirige le personnel. Les montants requis pour acquitter
les dépenses du Conseil sont prélevés sur les crédits que le Parlement
vote & cette fin.

En tant que personne morale, le Conseil assume I’entiére responsa-
bilité des Exposés annuels, ainsi que de certains autres rapports qui
sont clairement désignés comme étant des Rapports du Conseil.
Figurent également au nombre des publications du Conseil, les
Etudes, Documents et Comptes rendus de colloques, qui sont explici-
tement attribués a des auteurs particuliers plutét qu’au Conseil
lui-méme. Celui-ci établit une politique générale touchant ces textes,
mais c’est au président qu’il incombe de prendre la décision finale de
faire publier, sous les auspices du Conseil économique du Canada, les
ouvrages 4 nom d’auteur tels que les études, documents et rapports
de colloques. Pour se prononcer sur la qualité, 'exactitude et ’objec-
tivit¢ d’une étude ou d’un document attribué d son auteur, le
président est conseillé par les deux directeurs. De plus, dans le cas
des études a nom d’auteur, le président et les deux directeurs
sollicitent 1’avis de lecteurs extérieurs spécialisés, qui font un rapport
confidentiel sur la qualité de ces ouvrages. Le fait de publier une
étude ou un document 4 nom d’auteur ne signifie pas que le président
ou les membres du Conseil souscrivent aux conclusions ou recom-
mandations contenues dans I'ouvrage, mais plutdt que I’analyse est
jugée d’une qualité suffisante pour étre portée a I'attention du public.
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R&sumé

Dans le présent document, nous avons construit un
modéle néo-classique sur le chevauchement des générations,
destiné & mieux faire comprendre les consé&quences
macro-&conomiques et distributives des diverses modifications
apportées au systéme de pensions du Canada. La caractérisation
de 1'économie a exigé l'analyse de la demande ou de l'offre de
trois types d'agents privés : a) les é&pargnants & faible revenu
dont les cotisations au Régime de pensions du Canada (RPC)
générent des effets de substitution et de richesse; b) les
épargnants 38 revenu &€levé@ pour qui les modifications apportées
aux cotisations au RPC ne produisent que des effets de richesse;
et ¢) les consommateurs & revenu &levé dont les liquidité&s sont
restreintes durant leur jeunesse, de sorte qu'ils n'épargnent pas
avant 1'4ge mir. La caisse de retraite est caractérisée par :
(1) une politique d'investissement (choix & opérer entre des
titres des secteurs publics et privés); (2) une retenue sur le
salaire; (3) une cotisation maximale par période; et (4) un taux
de rendement sur les cotisations. Les points (2) et (4)
déterminent le point (5), le niveau des prestations destinées a
un agent, mais, alors que chacun des points (2), (4) et (5) peut
étre considéré comme un instrument de politique, seulement deux
d'entre eux peuvent étre &tablis de fagon autonome. En outre, il

est supposé& que le gouvernement applique &galement un second




programme de sécurité de la vieillesse (SV) financ& par un impdt
général sur le revenu ou par des emprunts publics. Enfin, on
tient pour acquis que le capital est parfaitement mobile sur le

plan international.

Aprés l'élaboration de la structure du modéle dans les

sections II 38 IV, nous considérons, dans la section V, les effets

qualitatifs de divers changements de paramétres sur l'offre de
travail, le revenu, 1l'épargne intérieure, la balance des
paiements, l'investissement &tranger et la taille du secteur
financier. Les changements de param@tres considér&s sont : (1)
une "poussée" démographique; (2) une augmentation du
capital-actions détenu par le RPC; (3) une diminution de la
taille du RPC au moyen d'une ré&duction de la cotisation maximale
et du niveau des prestations (tout en maintenant un taux de
rendement constant des cotisations); une diminution du taux de
rendement sur les cotisations au moyen (4) d'une augmentation de
la retenue 3 la source et (5) d'une réduction du niveau des
prestations; et (6) une hausse des prestations de s&curité de la
vieillesse financ&e par une augmentation du taux de 1'impdt sur

le revenu des particuliers.



ABSTRACT

In this paper a neoclassical overlapping generations model is con-
structed to serve as a guide to the macroeconomic and distributive con-
sequences of various changes in Canada's pension program. Characterization
of the economy entailed developing the demands and/or supplies of three
types of private agents: a) low income savers for whom contributions to the
pension fund (C.P.P.) generate substitution and wealth effects; b) high
income savers for whom changes in C.P.P. contributions generate only wealth
effects; and c) high income consumers who are liquidity constrained in their
youth so that they do not save until middle age. The pension fund is
characterized by: (1) an investment policy (choosing between government
and private securities); (2) a payroll tax rate; (3) a maximum contribution
per period; and (4) a rate of return on contributions. (2) and (4) imply
(5) the level of benefits for an agent but, while (2), (4) and (5) can each
be considered a policy instrument, only two of them can be independently
set. In addition, it is supposed that the government also runs a second
old age security program (0.,A.S.) financed by a general income tax or by
government borrowing. Finally it is supposed that capital is perfectly
mobile internationally.

After developing the structure of the model in Sections II to IV,
in Section V we consider the qualitative effects of various parameter changes
on labour supply, income, domestic saving, the balance of payments, foreign
investment and the size of the financial sector., The parameter changes con-
sidered are: (1) a demographic "bulge'; (2) an increase in equity holding by
the C.P.P.; (3) a decrease in the scale of the C.P.P, by decreasing maximum
contribution and benefit levels (while maintaining a constant rate of return
on contributions); a decrease in the rate of return on contributions by (4) in-

creasing the payroll tax rate and by (5) decreasing benefit levels; and (6) an

increase in O0.,A,S. payments financed by an increase in the income tax rate.



PENSIONS IN A GENERAL EQUILIBRIUM MODEL OF CANADA

i, Introduction

This paper 1s concerned with the consequences on the Canadian
economy of changes in pensions and demography, The issues involved
are of current interest because of the major demographic shifts
that have occurred since World War II and the recognition that such
shifts will have a significant impact on total government spend-
ing on the elderly over the coming decades, The issues we regard as
important in structuring a pension plan in the face of the demographic
shifts that are occurring are the effects of the plan on: (1) the level
of domestic savings and foreign investment; (2) the supply of labour;
(3) the efficacy of short-run stabilization policy; and (4) the inter-
generational redistribution of wealth and welfare.

Some have argued that existing pension programs have significantly
reduced personal saving and the capital stock, For instance Feldstein
( 6 ) has indicated that the U,S., social security system has reduced
personal saving by some 60 pércent and that the funding of that system
has implied a reduced capital stock in that country of over 25 percent
relative to what it would have been in the absence of social seccurity,
While these figures have been sharply criticized (c.f, ( 1 ), ( 2 ),
( 9 )), changes anywhere near this magnitude suggest serious adjustments for
any cconomy, For the Canadian economy, a decrease in saving of this amount would
affect the capital stock somewhat; but it would also imply a major increase
in capital inflows, a situation that many would consider to be
undesirable, Our analysis, therefore, will examine the effects of pen-

sion programs on both saving and the capital account of the balance of



payments,

The supply of labour has also been thought to be affected by the
wealth and relative price effects generated by govermment pension pro-
grams in the U.S, While the evidence is mixed (c.f, (4) (16)) most studies seem
to suggest that there has been a reduction‘in the labour force aged 65
and older. Information on the supply of labour under 65 is quite am-
biguous so it will be our purpose to sort out the theoretical effects of
pension plans on total labour supply in Canada,

While our interest is in the longer-run consequences of pension
programs, the policies themselves may have implications about the ef-
ficacy of fiscal and monetary policies in responding to short-run dis-
turbances, To get a handle on this issue a financial sector is included
in our model, While we are unable to say how pensions
will affect the conduct of short-run stabilization policy we can indi-
cate some of the consequences of pension and demographic changes on
longer-run trends in financial markets, In this way, policymakers
may be able to distinguish between transitory and permanent shifts in
financial variables and, we hope, be able to respond in a better
fashion,

Almost any change in pension programs will have an effect on the
intergenerational distribution of welfare, The information of who
gains and who loses from any such change is certainly of importance to
policymakers 1f they are to make informed decisions. To analyze the
redistributive cffects of {he pension plan we shall study a model of over-
lapping generations, and examine what happens to each generation as a result
of any policy changes, The results can be used to supplement other studies
of the redistributive effects of pension programs, We shall also be concerned
with the timing of these cffects, because the demographic changes will them-

selves have effects that vary over time, Furthermore, since pension changes




3
will affect households differently depending upon their tastes and incomes,
we shall include in the model three different types of household.

Our model of the Canadian economy has been drastically simplified in
the Interest of manageability, A principal assumption used is that Canada
can be characterized as a small open economy with reasonably free movement
of goods and capital across its borders, This fixes both relative output
prices and the after tax rate of return on capital, This means that the
capital stock and its rate of change is independent of the level of domestic
savings, an implication we find useful in simplifying our analysis., If the
reader feels uncomfortable with this implication we would point out that in
the model a fall in domestic saving corresponds to an increase in foreign

saving--a capital account inflow, If one wished, then, one could relate an

increase in the capital account to an increase in the interest rate, a
decrease in the wage rate and a fall in domestic output, However, we
will not consider a formal model with these properties in this paper.

A sccond simplifying assumption is that govermment bonds and the
liabilities of financial intermediaries are treated as perfect substitutes
in agents' portfolios., This is meant to limit the number of interest
rates we have to contend with and does not qualitatively affect our re-
sults, Without it, the primary change would be changes in the spread
between govermment bonds and intermediaries’ 1iabilities in response to
changes in government and pension fund investment policies.

A third set of assumptions deal with government non-pension policy
rules, Since govermment behavior unrelated to pension pmw grams is not
our central concern, we have tried to specify simple rules for these

policies. On the expenditure side, per capita govermment purchases of
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goods and transfers to houscholds are assumed to grow at the underlying
rate of productivity growth in the economy as a whole, On the revenue
side there 1s a constant marginal tax rate applied to all taxable sources
of income., Government portfolio policy consists of increasing the out-
standing per capita real supply of government bonds at the rate of pro-
ductivity growth, One could instead adopt a rule of maintaining a bal-
ance of payments equilibrium, or if the assumption of perfect substitut-
ability between government bonds and intermediary deposits were relaxed,
a ;eal money supply rule., These alternatives are not explored here,

The fourth set of assumptions deals with some empirical data to
generatc predictions. The major assumption here is that the yield on pen-
sion contributions is greater than both the net yield on the best alterna-
tive yield that private agents can obtain with their savings and the rate
of return on the pension funds portfolio. The former assumption, which
is the samc as assuming that the present value of the pension plan is posi-
tive for all agents, will generate significantly different implications
under an expansion of the pension program than if the present value of the
plan is negative. The latter assumption deals with the sustainability of the

fund in response to deviations of the population relative to trend.

In modeling the economy we consider six sectors: producers, house-
holds, financial intermediaries, foreigners, the pension fund and the
government, Producers produce commodities, issue equities to purchase

capital, and use labour and capital services. Houscholds demand con-
sumption, leisure, liquidity, and equities over a three period lifetimg
while providing labour to firms, tax revenue to the govermment, and
contributions to the pension fund.. They receive transfers from the
government over their lifetime and benefits from the pension fund in
the last period of their life, Financial intermediaries

hold moncy, bonds, and equities, and supply bonds that pay a competitive

-8



rate of interest, The pension fund 1is concerned with intergenerational
transfers other than old age security payments, and operates with three
principal instruments: the contribution rate, the rate of return on
contributions, and the maximum contribution level per period. It also
makes a portfolio decision on how to invest contributions, Government
fiscal operations imvolve expenditures on goods, transfers, (including

old age sccurity payments) to houscholds, and raising revenue by a general
income tax, On the financial side, 1t 1ssues moéey and bonds, and

holds (positive or negative amounts of) international reserves,

The basic framework and objects of cholce are discussed in the

following section and the behavior of the six sectors 1is spelled

out in detail in Section III,

In Section IV we consider: (1) changing the rate of return on contri-
butions; (2) a decrease of the plan by decreasing (a) the maximum pension-
able earnings cciling and (b) the payroll tax rate; (3) increasing contribu-
tions with no increase in benefits; (4) increasing the overall tax rate; and
(5) changing the cost of liquidity, the rate of return on private saving and
the real wage. The effects of these changes on all three types of agents are
examined and the information obtained is then used in Section V to determine
the aggregate effect of items (1), (2a), (3) and (4) above on labor supply,
output, saving, the net worth of the pension fund, the balance of payments,
capital inflows and the gross debt of financial intermediaries. We also look
at the effeét of the demographic bulge itself and the portfolio policy of the
fund on these aggregates in Section V. While ambiguities in the aggregate re=-
sponses still remain, and can only be removed through simulations using specific

empirical data, the amount that can be said is more than we initially anticipated.

Section VI provides somec extensions and additional qualifications to our results.




o0 The basic elements

The agents in the model consist of:
-- households of different types (i) and ages (a)
-- producers
-- financial intcrmediaries (FI's)
-- the government
-- the pension fund (CPP)1
-- foreigners.
The tradeable objects consist of:
-- three physical commodities
-~ consumption goods (C)
-- capital goods (K)
-- government goods (G)
-- labour services
-- three financial assets
-- money (M)
-- bonds kB)

-- equity (E).

This section briefly describes the tradeable objects. First, the three
physical commodities are all produced by the same technology. They are
also produced abroad by the same technology, and can be traded internationally.
We assumc no tariffs or transportation costs; thus all relative commodity
prices arc constant and equal to unity, both at home and abroad.

Altho;gh the assumption of constant relative prices (and thus no
termg-of -trade effects) may be unrealistic for the short run, the

alternative of modifying the supply side to permit relative prices to

change would obscure the pension and demographic issues we wish to consider.

For example, we might suppose that there are adjustment costs associated
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with gross investment that drive a wedge between the (constant) supply
price of capital goods and their demand price.2 This would not quali-
tatively affect the steady-state properties of the model but, in the
short run, it would imply that an unanticipated increase in the rate
of growth of the effective labour supply would reduce the wage-rental
ratio, whereas in our model the wage-rental ratio would be unaffected.
Another possible modification would be to suppose that one of the three
commodities is not traded internationally, and has a different supply
technology. A possible candidate might be government goods. In this
case, changes in government purchases would alter relative output prices
and the real wage rate in terms of consumption goods (the real rental
rate on capital would, however, remain fixed). Depending upon the labour
intensity in producing government goods relative to othef goods the wage
rate will increase or decrease with an increase in government spending.
However, since these issues of relative factor prices are not our pri-
mary concern, neither of these modifications is considered in the

current study,

Factor inputs consist of capital goods and the labour services of
different households. The households differ in their productivity as
workers, but their labour-services are perfect substitutes for each other
in production. Thus we may measure each household's labour services in
homogeneous ‘efficiency-units. In particular, each hour of labour services

of an (i,a) household at date 0 generates q: efficiency-units. -Furthermore,




labour~cmbodicd technical change is assumed to occur at the rate g. Thus
an hour of (i,a) labour-services at date t generates qi(l-g)-t efficiency-
units. Each household is endowed with one unit of time per period, part of
which can be supplied to the market, and part of which can be with-

held in the form of leisure.

Financial assets are all measured in real terms. Money, Mt’ is
supplied only by the government, and is demanded by households and financial
intermediaries (FIs). Bonds, Bt’ are not traded internationally: they are
issued by the government and by FIs, and held by households, FlIs, and the
pension fund. A unit of equity is a claim on the return to one unit of
capital., Equity, Et’ 1s traded internationally. It is issued by pro-
ducers, foreigners, and the government. (The government's holdings con-
stitute its net international reserve position.) They may also be issued
by houscholds, but only to the extent that they hold money and bonds as
collateral. In other words, capital markets are imperfect in the sense
that no household may borrow against its future wage income, pension
benefits, or other government transfers. Equity is held by households,
FIs, foreigners, and (perhaps) the pension fund.

The demand for money and bonds by households is a derived demand.
Households are interested in money or bonds only because these assets
"produce” liquidity, according to a constant elasticity of substitution

(CES) production function, Equity, while it is marketable, is assumed

not to generate liquidity services,
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We shall follow the convention of expressing the total amount of
asset Y held by sector z at date t as th, and the amount issued by sector
z as zYt’ where the sectors are households (z=h), producers (z=p), the
government (z=g), financial intermediaries (z=f), the pension fund (z=c)

and foreigners (z=e).

INISTE: The Actors

a) Households

Each household lives for three periods. " Thus a equals 0,1 or 2.
Also, as we explain more fully below, there are three different types of

household. Thus i equals 1,2, or 3. Let PN: denote the population of

b
tvpe i, age a, and generation b (that is, they were born in the start of

period b). Then the total population at time t is:

3 2 {
PNt = 2 SWSEN .y (Eyaily)
1=1 a=o0 *
It is assumed that the population of each type i stands in a constant
it i i
proportion to the total population over time. That is, PN =y I PN .
a,t-a 1 a,t-a

Also, population grows at the constant trend rate of growth n, except

for the effects of the 'bulge' generation (b=1). More specifically, assume

that: .,
, PNS  (1-n)” OFENY (t-a=1)
PN s, Ga~ 1 am0,1,2; a=idls - (SE)
Sl BEE~  (bem) " (t-a#l)
a,-a

which implies that

PN (1-n)"C + BN t=1,2,3
PN = . } ()
PNo(l-n)“t t=4,5,...

where PN is the "surplus" population of the bulge generation, According to
(3.2) and (3.3), the bulge affects the population only of its own generation.
We are assuming, in effect, that the "surplus" members of the bulge generation
de not reproduce. When they die at the end of period 3 the population

returns to its trend level.
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Each houschold acts as if it were maximiriny, a Stone-Geary, inter-

| temporally additive preference function, where the arguments of the

| "instantaneous'" utility function are current consumption, leisure, and
liquidity. Thus the preference function of a household age 0, type i,

generation b, is:

‘ Lo gl lened el ) raltaed o i
) = = @ ¢ 1n =i b a,ln 5
ob ohE c a,b =2, £ a, Za (3.4)
i i: i
+ 1 L
aL n(La,b La,b)]
where
Ql is a discount factor equal to one minus the (constant) rate
of time preference
C;b is the demand for consumption goods planned for age a
z;b is the demand for leisure (measured in hours, not efficiency-
units) at age a
L;b is the demand for liquidity services at age a
xlb is a non-negative constant which can be interpreted as the
‘a
subsistence demand or ''requirement' for age a, x=c,{,L
and Q; is a constant, x=c, f,L.

This functional form constitutes the entire class of preferencec
that generate linear demand functions (Samuelson, 1947). Thus it yields a
model that is tractable, that gives at least some unambiguous predictions
that are capable of being tested, and that is amenable to simulation and/or
cstimation cven where it gives only ambiguous predicLions.

In the interest of simplicity we shall assume that L;b = 0. We shall
also assume that the consumption-''requirement' grows at the rate g; that is,
i i

B AN o(l-g)-t > 0, This assumption is made mainly for simplicitv, but it may hc

rationalized by thc commonplace observation that as productivity grows, so does
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our psychological notion of subsistence, Note, however, that
the leisure-requirement, g;, is the same for all generations. Since gi is
measured in units of time this means that the leisure requirement is also
growing at the rate g if measured in efficiency-units.

We are also permitting households of different types to differ
in their rates of time preference. We believe this distinction to
be worth including in our model because,with imgerfect capital markets,
the CPP may have quite different effects on households, depending on their
rates of time preference. 1In particular, the plan may "force" those with
high rates to save through mandatory contributions, whereas it may reduce
the saving of those with low rates who regard the pension plan as a

substitute for personal saving.

At age 0 the household of type i, generation b, faces the following

sequence of budget constraints:

i
- A_l,b =0 (3.5)
1l ot i i i i i ot o
Aab r Re f[1-£ab) Yab~ CNab * TRab * BNab g OAsab](1 &) ab
A o B i s B L o 2 ) D B (3.6)
a-1,b ab e ab e b &=
i i i i
= + > =
Aab Mab Bab + Fab z0 a=0,1,2 (3
_ =15
il it L i
= a5 T
Lab [v(Mab) (1 v)(Bab) ] (3.8)
ik i i 3t i
B PR Yy oy Mops B & - m0pl,2 G.9)
where
w;b is the (expected) real wage rate at age a
tx is the (constant) marginal tax rate on all income
2 N is the household's CPP contribution at age

ab
i _
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TR;b is the net value of the household's general lump sum transfer |
from the government (all transfers except OAS benefits, )
CPP contributions, and CPP benefits)
n is the (expected)rate of inflation
£b is the after-tax real yield on bonds
;e is the gfter-tax real yield on equity
Ee is the after-tax equity yleld factor, ie = 1-§e. =
OASZ'b is the houschold's 01d Age Security payment (OASz;b = OASib = 0)
BNi is the household's CPP benefit (BNi = BNi =0)
ab ob 1b
A;b is the total real value of financial assets held at age a
(at the end of the period)
Mib’ Bib’ E;b are the (end-of-period) real holdings of money bonds, and
equity at age a &
v, [ are parameters, satisfying: 0 <v <1, 0 £p > -1

Equation (3.5) states that the household starts life with no financial
assets. Equations (3.6) state that the total assets at the end of a period
equal total assets at the beginning, plus disposable income during the period,
minus consumption expenditures, minus the interest-opportunity cost of
liquid asset holdings; all multiplied by the return factor §;1 . We
are assuming that all transfers from the government and the pension fund are
taxable at the rate tx, and that pension contributions are tax-deductible,
Equations (3.7) embody the above-mentioned assumption of imperfect capital
markets, Ih;y statc that cquity can only be issued by a household 1if backed
by collateral in the form of other financial assets. Equations (3.8) des-

cribe the "production'" of liquidity services.> Equations (3.9) arc feasibility

conditions, stating that the household cannot go short in leisure, labour,

consumption goods, money, or bonds,
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Since the preference functions (3.4) include no motive for
bequests, (3.7) will hold with equality for a=2., In other words,
the household will die holding liquid assets just equal in value to its equit+
debt. These liquid assets will revert to the household's creditors at the
end of the period and be '"recycled'" at the beginning of the next period. If
the '"liquidity'" constraint is not binding in any other period (that is,
(3.7) holds with strict inequality for a=0 and 1) then the household will
be acting as if the constraints (3.5), (3.6) and (3.7) were collapsed into

the single present-value constraint:

2

i i il it i
5 EUrheg - *
2=0 e{[ ”ab)wab CNab . IRa

i

ab

oL
15 + BNa

3 DA, [ (105)s 2
b ol (3.10)

i - i - - L
-Mab(re i = Bab(re- rb)} &0

As mentioned above, we believe it is important to distinguish between
households with high and low rates of time preference. We also believe it
is important to distinguish between households with high and low productivity,
because the CPP affects househol&s differently depending upon the
size of their ‘wage income. Forhouseholds with high enough incomes to be
paying the maximum CPP contributions, these mandatory contributions in
effect constitute a lump-sum tax that does not affect their behaviour on
the margin (although it may affect their wealth), But for
households with lower incomes, the mandatory contributions constitute a
marginal tax on labour income, which will affect their behaviour on the
margin. We also suppose that the productivity profile, and hence the

expected real wage profile, of each household is 'humped'. More precisely,

we assume that

i i i i ) )
qOb <q1b’ q2b <qlb 1.-—-1,2,3, all b. (3.11)
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Becausc of the humped wage profile, households with a high rate of time
prefercnce may save at age 0 by more than they would with perfect capi-
tal markets. That is, they may find the liquidity constraint (3.6)
binding at age O.
We are now in a position to describe the different types (i)
of household. There are three types: Type 1l has low productivity and low
time preference, type 2 has high productivity and low time preference, =
and type 3 has high productivity and high time preference. (In the interest
of simplicity we decided not to include a fourth type with low productivity

and high time preference.) More precisely, we assume that:

=
Ap <9, = G all a,b , 3.12)
and that the liquidity constraint is binding for all households of type 3,

age 0, and all households of all types, age 2, but not for any others.

b) Producers

Producers are assumed to be profit-maximizing firms that transform
inputs of labour services and capital goods into final outputs of consumer,
government and capital goods. The aggregate production transformation is a

Cobb-Douglas function with constant returns to scfaliex

e ¥ K3 %
¥, = N £0) - Nk /NS (3.13)
where Yt is aggregate output in period t
Kt is the capital stock
Nt is the supply of labour (measured in efficiency-units)
k = Kt/N;
and £ is a constant satisfying: 0 < ¢ < 1.



Competition implies that the real wage of an efficiency-unit of labour will

equal its marginal product:
&5 1 k:':g
L Gl =) » (3.14)

The demand for labour (in efficiency-units) is thus:

Jd % l/g

Y

Nt = [(L - g)wt] Kt (315

Because labour-embodied technical change occurs at the rate g, the wage

A

of any household of type i, age a, generation b, is:

i b2 i ¥ (a+b)
g = Ve qa(l-g) (3.16)

The gross recal rental rate on a unit of capital is:
g=l

Py (k) = gk (3.17)

Assuming no depreciation, no adjustment costs to install capital goods, and
a financial policy whereby producers purchase net capital additions by issu-
ing equity, the profit-maximizing producer that takes the after tax rate of
return on equity (;e) as given will employ capital up to the point where

this rate of return equals the net real rental rate on capital:5
= - : i %
T, (O-tx) f (kt) (3.18)

From (3.17) and (3.18) the capital-labour ratio at time t can be expressed

as:

KN, = (==} =X G/ (-tx)) (3.19)

Thus, given the labour supply, NZ, producers will employ the quantity of

clapidital :




l'g 0
d N Je . = ki
R g [-éi—] Ne = X, (r /(1-tx))N (3.20)
e
1-tx

Without costs of adjusting the capital stock, investment demand in period t

will be

d - 3
Ty =l = B e (e f (=e 0N, =B | (3.21)

c¢) Financial Intermediaries:

We suppose that the FIs are perfectly competitive and operate under
constant returns with free entry. Thus they cannot have positive profits.
Furthermore, a FI's only cost consists of the interest payments on its
liabilities, and its only revenue comes from the returns on its assets.

FIs hold equity, money and bonds in fixed proportions through the statutory
imposition of a requircd primary reserve ratio (nm) and a secondary reserve
ratio (nb). The nominal return (rb) that FIs will offer on their deposits
is determined by the returns they obtain on their assets. These nominal

returns are O for money, r, for bonds and 5 + 1 for equity. Therefore

b

the nominal bond rate of interest is determined by the equation:

By, Sy B, T G e ) @by
= (r, + L0 M)/ (L-T,)
The real pretax rate of return on bonds is
(r,= ™ = (1= =1 )/(A-1)- w1 /A1), (3.23)

and the real after-tax rate of return is

Eb =, (e = %e(l-nm-nb)/(l-nb)- m(tx + (1-tx)nm/(1—nb)). (3.24)
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For a given ;e’ an increase in 11 will reduce the real return on bonds,
both pre- and after-tax; an increase in tx will increase the pre-tax
and lower the after-tax real return on bonds.

Our assumption that FI deposits are regarded as perfect substitutes by asset
holders is what makes the nominal return on government bonds (rb) independent
of their supply. 1If we were interested in the consequences of changes in
fb’ this could be studied by varying the required reserve ratios, = and My
A more general alternative would be to suppose that FI deposits were regarded
as imperfect substitutes for government bonds. Then an increase in the
supply of government bonds would cause their return to rise, ultimately
cansing the yield on deposits to rise as well, provided assets are gross
substitutes (c.f., (15)), Competition would still imply zero net profits

to FIs but the spread between the return on deposits and government bonds

would be affected by reserve requirements,

d) The Pension Fund

To examine the pension fund policy and population shifts we treat
the fund's accounts in two separate parts, one to handle '"normal"
growth and another to handle the effects of the population bulge,
Call the fcrmer the '"mormal account', and the latter the 'reserve account"
of the pension fund. Agents whose contributions and benefit payments are made
through the reserve account are treated the same as their cohorts but
the two accolnts permit us to distinguish the effects of the demographic
change from that of pension plan changes.

Of the two basic intergenerational programs for the Canadian economy;
OAS and the CPP, the pension fund is concerned only with the latter. The QAS is
under the control of the government. The CPP is funded with contributions

in the form of a payroll tax at rate r up to a fixed amount of earnings--the

"yearly maximum pensionable earnings', YMPE. Define




18

CNt =7 YMPEt (3.25)

as the maximum payroll tax. For the CPP this YMPEt is the average yearly
industrial wage and thus is geared to normal productivity growth, g.

Consequently we shall suppose that unless policy is altered,

e~ 11 _ - -t —
CN, = (1-g)"" CN_ . (3.26)

Both the contribution rate, s, and the maximum contribution level, CNt’ are

policy instruments of the fund.
Benefits from CPP contributions also depend upon YMPE and are

currently set at a maximum of one quarter of YMPE. Let BNt denote this

maximum at date t. Then

=)te
BN, = (l-g) =~ BN_ . (3:%70

The level of bencfits received by any household is also related to the
household's contributions relative to the maximum contribution. We shall
interpret this to mean that the plan is intragenerationally neutral in
the sense that the internal rate of return on contributions to the fund,

r.» 1is the same for all agents, and is defined by:

- - == e _
CNt 1 CNt+1 (1-rc) =P BNt+2 (l-rc) =0 (3.28)

Both BN, and r_ are policy instruments of the fund (although variations in

the fund's instrumeunts are constrained by (3.28)).

We now wish to consider the portfolio policy of the fund. There are

‘two financial assets that the fund might hold: equity and bonds. These



T2

6

have real rates of return re and rb- m respectively. One question to be asked

is: Under what circumstances is the policy of the 'mormal account' of the

fund sustainable? A sustainable policy is defined as oue where the
real net worth of the account is just equal to zero, given the constant
portfolio policy, the current level of contributions and benefits, the

constant rates of rcturn on bonds and equity, and the constant growth

-~

rates of population and productivity. Let Ft= Et + ﬁt be the total

value of financial assets required for the policy to be sustainable at

the end of date t. ‘Then:7

. CNo(l-r )-t (l-rg)(l-n) (1-r )2

F = {2en - -—5— /(@ -r,) (3.29)
(c (2-n) 1-rC (l_rc)z T OF

where rgis the 'real rate of growth of the economy', defined by:

(-r)) = (1-n)(1-g), (3.30)
and re Ls €M real rate of retufi: of Ghs fund's portfolio:
= + = = ¢
£y =iogs, (=) (eg ms (3.31)

where O¢ denotes the fraction of the fund's assets held in the form of equity.8

We may also define the required ''reserve' fund as:

Fr = R , where:
t t (=
= -1 . 2 2
BN(I=g )} O (V8(l-n) + (L-00FH R,
o= = PR Rye o
O PN (2-n) ft 2 (BF82)
(o} R
c
2
R
=gy 2
- (1-8) " ¢ ]
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Fl= R-](i‘r + CN (1—3;)-1 PN(1+(1-n) + (l—n)z)/PN (2-n)) (3.33)
j! )i o) o o

2T st =72 o 2 Y

Bo= (F1 + CNo(l—g) PN(1+(1-n) + (1-n) )/PNO(Z n)) (3.34)

%z =0 t 23 (3.35)

Rc = (l-rc) is the return factor on contributions and Rf = (l-rf), The net
worth of the Fund may be defined as:

a °r a 2 2o g :
=F -F - = + E - + - +
Voo WEE Pon B =B, 0 (Bt Ec) (B *&.) (3436)

Thus, Vct is the "excess'" of the fund (or 'deficiency'" if negative), given
the current array of interest and growth rates, its current portfolio policy,
the lcvel of contributions, and the current size of the fund. The pension
plan as a whole is sustainable if Vct = 0.

Note that as long as the fund is earning a rate of return on its
portfolio at least as great as the real rate of growth of the economy
(rf z rg)then any rate of retufn on contributions is sustainable, no
matter how large, provided that enough initial funding exists. Indeed,
if the rate on contributions is less than rg,then, according to (3.29),
the initial funding can be negative, because in this case the fund is not
paying even as high a return as a pay-go scheme. On the other hand, if
r, < rp,then the fund cannot pay a higher rate than a pay-go scheme. In

] . . : 3 9
this case a sustzinable policy requires Ft 0.

]

In a sense, any sustainable policy is "fully funded'", because, given
the current projections of rates of growth and rates of return, the plan
is actuarially sound. There is a risk that future generations will be unwilling

to pay the older generations. But this is conceptually the same as the risks
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involvgd in a change in the yield on equity or bonds. If, on the other
hand, a policy is not sustainable, that is, if T, is "too high" given
actual asset holdings, then something must ultimately be altered. For
convenience we shall suppose that the net worth of the fund simply
decreases and that generations 6 and after must decide on how to remove
that liability. Thus no generation that is alive in years 0 through 3
will be affected by the necessity to remedy the deficiency created by any
parameter change that we shall be considering below. However, the size
of the deficiency will provide an indicator of how much of an inter-
generational transfer is provided to the current generations from the
future.

Notice also that the reserve account requires no initial funding if
r, =T Iife o > re it requires initial funding and if r, < re it can
operate with an initial liability. In other words, the effect of the
bulge on the overall fund will be to leave it unchanged,with an excess,
or with a deficiency, depending upon whether the return on contributions

is equal to, less than, or greater than the return on the fund's portfolio,

e) The Government

Our major concern with the government is its effect on the inter-
generational distribution of wealth and welfare. Consequently its role
for purchasing goods and providing general transfers, and its methods of
taxing, will be simplified as much as possible by the use of rules. 1In
particular we assume that government purchases of goods per capita and the
net value of general lump-sum transfers per capita are both growing at

the underlying rate of productivity growth so that:

& =& (PNt/PNO)(l_g)‘t (3.37)
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and

-t
TRt = TR (,PNt/PNO)(l-g) (3.38)

" where Gt is the aggregate value of government purchases of goods in period

t and TRt(= i :PNg,t-a TR:,t_a) is the aggregate net value of general

lump-sum transfers (other than 0Old Age Security payments). There are
two points that need to be made regarding transfer payments. First,
unless the average level of transfers is the same across age groups,
demographic changes will violate the rule (3.38). Consequently we shall
suppose:

it

T, SR, =051, 2 (3.39)
i ’

This still permits variations in transfer levels across (i) types. The

second point is related to inflation policy. Under a floating exchange rate}
the method of increasing the rate of inflation is by increasing the rate of
growth of nominal government debt. In this model, the method of accomplishing
this 1is through increases in the level of nominal transfer payments which will
imply a change in (3.38) whenever inflation policy is altered.

The total value of Old Age Security (OAS) benefit payments in t equals:

T i _ i .
0AS, = NP, ., 0AS, ., =Y, >fPNz,c-z G

where il is the OAS henefit per recipient in period t. (Each type of
household receives the same benefit.) This too grows at the same rate as

rroductivity:
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¥, = w/o(l-g)"t (3.41)

Other transfers that are included in the government accounts are interest

b gBt’ and interest income from international

The latter is a negative transfer and uses the real after

payments on the national debt, r
reserves, r E .
e gt

i tax rate of return under the assumption that equity is taxed by the country
of 1ssue.
Government expenditures are financed by tax revenue or by the sale
of financial assets. Tax revenue is generated by a constant marginal tax
rate, tx, applied to the tax base. The tax base consists of household income
from wages, government transfers, pension fund benefits less contributions,
nominal interest income from bonds and nominal dividend income from all equity
issued by Canadian sources. Because the income from the pension plan's
investments is tax exempt, and because of the assumption that FIs earn zero profits,

the tax base is:

= v+ TR + 0AS + 1, (B
TBt Yt t I g t)

b
: (3.42)
- (r + + - BN
b Bct re Ect CNt t)
1 o i i i
8% T E CN ; = PN )
pire CHy 3.8 BB oo o itma® 0o OB T, Gag
1 a=o ds

A wide variety of rules could be invoked to constrain the financing
of the government deficit by monetary issue, bond issue and/or foreign
borrowing. . While a money supply rule would be inconsistent with a
fixed exchange rate (exccpt by chance), we might adopt

either a bond supply rule:
£
B = PN /AN =
gBO t/ o(1 g) (3.43)
or a foreign borrowing rule such as:

-t
Egt = Ego(l-rg) y (3.44)
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We shall adopt (3.43) although (3.44) would lead to qualitatively similar
results. Given the level of the government debt at a point of time and
private demands for real money balances, (3.43) fixes both Bt and Egt'
In real terms the government deficit, DFt’ is equal to government
spending plus transfers less taxes less the capital gain on the government

debt due to inflation and is also equal to the real change in its out-

standing financial debts less financial assets::

DF

+ + + -r * +M)-
§ Ct TRt OASt K Be =21y 7B n(gBt t) tx TB

bgt e gt (3.45)

e - (Mt- Mt )= (Eg =B )

(gBt- gBt—l -1 t gt-l

In conducting the experiments in Section V it will be assumed that, given
the initial policy settings and in the absence of policy and demographic
change,

| DFt = rg(gBt + Mt) (3.46)

l and that E = 0 for all t.
gt

f) The Foreign Sector

The foreign sector is the residual sector in the model. Any output
that is not consumed domestically as described by the consumption function,
or invested according to the investment function, or spent on government
roods as dcs;ribed by the government spending rule is exported. Any equity
sales by firms to finance any new investment that is not purchased from
household savings, or by financial intermediaries or the pension fund,

are purchased by the foreign sector, and are equal to the capital account

surplus (deficit) if positive (negative). The service account deficit is
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described by after-tax interest payments on foreign holdings of equity issued
by Canadian firms less govermment interest income from international reserve
holdings. The balance of payments is equal to the trade account (net exports)
less the service account deficit plus the capital account surplus., Since each
sector faces a binding budget restriction the balance of payments surplus

(deficit) will correspond to the net purchase (sale) of equity by the govermment.

The foreign sector also fixes the real after-tax rate of return on
equity (Ee) by the assumption of perfect mobility of (equity) capital

internationally. Thus the real pre-tax rate domestically will be:
r =t /(l-tx) (3.47)
e e

This is the rate that the pension fund earns on equity. It is also the rate

that determines the effective capital-labour ratio, as in (3.19) above.

1v. Household Demand Functions

In this section we state the explicit forms of the household demand
functions, and derive some comparative-statics results. First, we assume
that the‘liquidity constraint (3;7) is not binding for any household of
age 0 or 1, except for type 3, age 0, for whom it is binding. Next we
assume that in ages 0 and 1, type 1 households earn less than YMPE, whereas
types 2 and 3 earn more. Then for a household of types 1 or 2, the demand
functions for consumption, leisure, and liquidity, resulting from the
maximization of (3.4) subject to (3.5)-(3.9), can be expressed as functions

of initial lifetime wealth:

i it i i i .
Xop T Xp + aax Wob/p il i=1,2; a=0,1,2; x=c, i,L 4.1)
or of current wealth:
. i i i i, i .
X;b E )iab S ﬁ:x wab/anb l=1,2; a=0’l,2; x=c, 4,L (4.2)

The demands of type 3 age O can be expressed as functions of disposable income:
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3 g ! 3
- +
Xob Xob ubx Yob/poxb

X=C, f,L (4.3)
The type 3 demands age 1 and 2 can be expressed as functions of age l wealth:

3
1b

F 3 3
xab g Eab * le i

3

/paxb

a=1,2; x=c, 4,L (4.4)

or the type 3 demands of age 2 can be expressed as functions of age 2

wealth:
3 I3 3 3 }
Xp = Xp * Fox Wib/%xb X=c, £, L (a5
where:
. L R 12 . ]
o, =@ oz () e+al o)) 151,25 a=0,1,2; x=, 4L
ax X (& £
j=0
i - i L L=
ﬁbx =0 i=1,2; x=c,4,L
. Y
B = on/ 2@h (af + o) + ap) 1=1,2,3; x=c, 4,1
J
i - i i+ i i ‘= . pu—
BZx ak/(at az * aL) =] 2,35 wee; 5L
3 = -
aox N B2x ey Lk
pi = Ea i-—l . i
aCb o = 32,3, 3—0,1’2
i —a ;
Py Rc A i=1,2,3; a=0,1,2
.1
P CHCIR D I R0 s e
§ = -p/ (1)
u = v -w/p
u2 ='(1—v)-\)/D
A : R 2-a
_ —a bl _ (£
Pagb” Rc Wab(l-tx)(l T(1 (E ) a=0,1
(&
L gt (1-tx) ;
B ans B X, (T-Be 1=2,3; a=0,1,2, and (i,a)=(1.2)
- +§ e o g g A 1 =j
ab " fe fa-rp T2 LRy egpye f TRGR, (1t
w Be % (L) 0. 1
° Lb-+-2 a=0,1,2
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1
i = T | - I
= Z l- SR IR 1- - R CN -t
Uap * Fo Aaupp” 2 L€ Ly Sl * Ty ¢ i i T

U TP b+2)(1 -tx) i=2,3; a=0,1,2

3.3 4 B = 5
- - = +
Yib =Bl = Solfad™ Sy 5

el
The price of liquidity, ), is just a CES function of the individual

asset costs ;e+ m and ;e_ r Notice that the "effective' wage to type 1

b
households, age 0 or 1, depends upon the payroll tax rate, r, and the return

R
e
factor R, on the pension fund. If T ™ 1, then the return on pension

¢ c

contributions just equals the after tax yield on equity, and these effective
wages are then independent of y. Finally, note that each wealth variable,
w;b,is the present value of lifetime disposable income minus the present value of life-
time subsistence requirements, evaluated at age 0}2 where disposable income
includes the market value of all labour time, whether supplied on the
market or consumed as leisure. Equations (4.1)-(4.5) state simply that
a household's demand for a commodity over and above the subsistence
requirement, is proportional to wealth and inversely proportional to the
"effective' price of the commodity.

We are interested in the comparative statics results on the quantities
demandecd by each houschold following a change in one of the following:
(a) a dccrcasce in CPP benefits, holding constant the contribution rates;
(h) an inctc;sc in the defined level of YMPE; (c) an increase in ¢, holding
constant the YMPE and the rate of return on contributions; (d) an increase

in 7, holding constant the YMPE but allowing the rate of return on the

additional contribution to be zero;(e)an increase in the general tax rate
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on all income; (f) an increase in the cost of liquidity ()); (g) an

increase in the after-tax rcal rate of return on equity (fe); and (h) a

once-over increase in the marginal product of an efficiency-unit of labour.
The method for conducting these conceptual experiments is quite simple.

From (4.1)-(4.5), it follows that the effect of any change on xib can be

divided into a wealth-effect and a substitution-effect, For example:

1 e i 1
Lob _ 1 awob B wob . apog 4.6)
T AL 3R T .2 SRJ (4.
c B c (poz) c
(-) (+)

In other words, a decrease in the rate of return on contributions, as in

(a) above, will have a negative wealth-effect and a positive substitution-

effect on the demand for leisure by a household of type 1, age 0. One

advantage of the Stone-Geary utility function is that substitution-effects

will exist on x; only when the ''own price" (p;x) is affected by the

b

change. Thus, for example, only a wealth-effect exists in the result:

=il 1
e oW
ob 1 1. ob
T ! Tl %.7)
c Poc c

Generally speaking, when a substitution-effect and wealth-effect both
exist but conflict in sign, the sign of the total effect cannot be determined
a priori.

The following remarks are intended to help the reader understand
precisely how the conceptual experiments are performed. 1In each case we
differentiate the open-form demand functions (that is, the functions
expressed in terms of initial wealth (types 1,2) or disposable income
(type 3, age 0) or middle-aged wealth (type 3, ages 1,2)). Thus each

comparative-static result shows the effect of the change on a household

born after (or simultaneously with) the parameter change:
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(a) Differentiate with respect to Rc,holding T CNo constant.

(b) Differentiate with respect to Eﬁ;, with (dEﬁL/dEﬁg)

—_— - (t-2) -(t-1)
= (1g)™", and (4BN./dCN ) = SiB) L+ L1-g)
(2 ) R2 Rc

holding ¢ and Rcconstant. »

(c) Differentiate with respect to ¢, with (aEﬁ;/aT)(T/Eﬁg)
=1, and (dCNt/dEN;), (dBN _/dCN ) as in (b),
holding Rcconstant.
(d) In this case, suppose that the effective wage to type 1, age O
1
or 1, instead of being pa£ as above, is:

1 1

PR

- r(l-tx),

A A

and differentiate with respect to r, at a point where , = 0, with
(dEE;/dT)(T/Eﬁg) =1, (daﬁgldaﬁ;) as in (c), but (d§§£/d¢) = 0.

(e) Differentiate with respect U)tx,holdingﬁ? X, and all wib's
constant.
(f) Differentiate with respect to ).
(g) Differentiate with respect toﬁe (and change sign), holding )\
and w' 's constant.
ab
(h) Differentiate with respect to w;b all (i,a,b), with (dwib/dwja,b;)
< (5 otV
The results of these conceptual experiments are tabulated in Table 1 below.
The last three rows also give the changes in lifetimc household utility
(as of age 0). Notice that this Table ignores all possible feedback effects.
For example, when ;e changes this will cause a change in the w;b's

through the productive sector. Such feedback effects will be dealt with

in the next section when we consider the overall effects of parametic changes.
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Note that, in general, the effects of increasing the level of
coverage of CPP (as in (b) or (c)) depend upon whether the rate of return
on pension contributions is more or less than competitive with private cquity
holdings (that is, whether EC/RC 2 1), as indicated by Q. If the return on
contributions is less than competitive then the effects on type 3 households
at ages 1 and 2 will depend (as indicated by S) upon by how much the return
is less than competitive. For a type 3 household who is "forced" to save in
the form of more contributions, the extra (forced) saving at age 0 will
increase his middle-aged wealth because it represents saving that would
not otherwise have occurred. But the extra saving at age 1 will decrease
middle -~aged wealth because this extra saving 1s a substitute for private
saving that would have occurred at a higher yield.

Other than this, the main source of ambiguity is the effect upon
leisure demand (and thus labour-supply) of any change that produces off-
setting income and substitution-effects. These affect mainly type 1
households, who are affected on the margin by changes in the CPP provis-
fons., But they may also affect other types, as in the case of a change
in wages or in the return to equity, In the latter case the ambiguity
affects not just leisure demand but also consumption and liquidity

demand,

V. Macroeconomic Effects of Demographic and Pension Program Changes

In this section we are concerned with the overall effects of pension
and demographic changes on certain aggregate variables. The variables that we
wish to examine are labour supply, Né, output Yt’ total domestic saving, St’

the balance of payments, AEg net foreign investment in Canada,AEet, and the

t)

size of the non-government financial sector, th, all for t=1,2,3,4 as well as
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the net worth of the fund in period t =4, Vca' The periods are chosen to
cover the economic life of the demographic bulge generation and the period
immediately following to see if there will be a residual effect of the bulge
or of parameter changes introduced at the beginning of t=1. We shall congider
the effects of changes in:

1) the demographic bulge

2) the portfolio policy of the fund

3) the defined level of YMPE s

4) the level of contributions to the fund

5) the level of benefits from the fund

6) the marginal tax rate.
To facilitate comparisons among alternative pension plan changes the last
five experiments will be constructed to imply an increase in the net worth

of the fund in t =4 under the assumption that r,> fe.

1. The Bulge
The supply of labour in efficiency units is:
-t 2 £ i it 1
Ng = ) .Z 2 qa PNa,t-a(1 -za,t~a) @1
i=l a=o

To find the effect of the bulge on the labour supply differentiate (5.1)
w.r.t. PN:
T -t 3 gl i
uNE/oPN = (l-g) T vy qt-l(l -zt_l,l) > WY (5.1a)

i=1
t=1,2,3

(5.1b)

]
o

r;NZ/Oﬁ

The effect in this case is what one would expect from the increase in population.
A more interesting experiment would be to determine the per capita supply of
efficiency units but the results are ambiguous, depending on the specific q;'s,

i i P .
a's and &h's. Because some of our predictions depend upon the per capita
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supply of efficiency units we should assume that:

T
Ni(l-g) /PN,

33 e o -2
Al NO/PNO < N2(l g ) /PN2

Vv

P
N3 (1 g) /PN3

The equality is a matter of convenience and says that the average supply of
efficiency units of the young equals that of the economy as a whole. The
rationale of the first inequality is that the middle-aged are more productive
than the young and probably will supply roughly the same amount of labour time
per agent. The last inequality is valid if the old have roughly the same
productivity as the young but agents demand more leisure in their old age
than in their youth.

One of the reasons N? is important is that it determines total output

(Gross Domestic Product) by the relationship:

£ |&/1-g
N* (5.2)

1-tx

Since Bfe/BEE =0, it follows immediately that

. >0 t=1,2,3
BYt/BPN (5.2a)
=0 t=4

Total domestic saving is defined as the change in financial assets held by

households plus the change in financial assets held by the CPP less the

government deficit:

3} 2 . , : ,
5 i it . i il = '
St_ .% % [PNa,t-a a,t-a PNa,t-a-l Aa,t-a-1]+(Ft Ft-l) DFt &3
i=l a=o

Differentiating w.r.t. PN:
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3

. = T i, i T =

0§, /0PN = [iily (At CN (=) )] ODF, /3PN > 0 (5.3a)

3S, /PN = 3 i(Ai - i (1-r )'1+ oN- (1-r )2) - ODF, /0PN >0 (5.3b)

o< BT R SRR LI R M S as Uy
e A i 5 et ey

883/OPN= - 12=1Y [A];+ BN, - T, OV ,/OPN] -aDF3/aPN <0 (3:38)

Bsa/aPN Sl GVCQ/BPN tr 8Eg4/bPN (5.3d)

A

The bracketed terms in (5.3a) and (5.3b) are positive but the terms
dDFt/d§§ are ambiguous: From AI the tax base will increase more than expenditure
given that OAS payments are not affected until t =3. This causes the per capita
deficit to fall, but given that the deficit was initially positive, the increased
scale of government activity may cause the deficit to rise further. For

simplicity we shall make use of AI to suppose:

oDFl/oﬂT:o, aDFz/‘oﬁ'w, aDF3/aF§>o. (5.4)

The effect of the population bulge on saving in t =4 and subsequent
periods depends upon the residual effect of PN on the reserve fund account
and the government accounts. The former depends on whether the fund is

marginally sustainable. This follows from:
A o al 3 i
uvc3/aPN =R i}ilyi{CNo 1R

-2 S i -2 i _-1
+ - .
¢ TONIJR.™-{CN R “+CN/.R "]} (5.5)

so that sipn BVC3/5PN = gign (rf- rc) and from sign avct/aPN==sign 6VC3/BPN
for t >3. Unless otherwise indicated, we shall suppose that:

rf 5 rc
which appears to be consistent with current CPP policy. We shall further

suppose that the residual effect of PN on the deficit is zero to reflect the

two offsetting forces at work: On the one hand, the operation of OAS payments
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is similar to the reserve fund account where the rate of return to '"contributors"
is r and the government portfolio rate of return is ;e earned on international
reserves and assumed to be greater than rg. On the other hand, because tax
revenues generated by an agent over his lifetime do not cover the additional
expenditure incurred over his lifetime (i.e., because, on average, the

government is running a deficit), ODFt/Oﬁﬁ, t >3 would tend to be positive.

We therefore assume:

AIL The effect of an additional representative worker on the net
value of government operations is zero: i.e., 8DFt/6§ﬁl=0

o j= 5331
Thus, using AII and (5.5)
sign BSt/aPN==sign (rf- rc) t>3

The effect of PN on the level of the government 's net international

reserves will equal:

t
OPN = PN+d B /PN - 5 ¢ PN
UEgt/( oMt/dPN ag t/aPN i ODFj/aPN

j=1
B (1 __JE__)
R n : g o 1-nb n OF
U, e, m 1t t
= T YA L 4 kre—E el ) (1-0¢) ———] (5.6)
Rl - 0 L g oI PNo(l~g)t T nb e
t —
- 3 ODF_ /OPN
j=1 J

We define the balance of payments as the change in the net international reserve

position of the government:

AE =E - L
gt gt g,t-1

Using (5.4), AIl and the assumption of Ego= 0 we get




fngt/aﬁ >0 t=1,2
DBE, o /PN <0

g L (5.7}
OAE ,/OPN < O

gh
OAE  /OPN = 0 t >4

gt

J

The balance of payments is positive in t=1, because of an increase in money
demand and an increase in non-tradable government bonds according to the
rule (3.43). The surplus in t=2 is due to the fall in the deficit and the
further increase in liquidity demand (at least by 1 and 2 type agents)
while the ambiguity in t=3 is due to these two effects working in opposite
directions. Given AII and the necessity for gB and M to fall back to their
trend level in t=4 means that BAEga/aiﬁ < 0 and that there is no influence
of the bulge subsequently,

The impact of PN on the capital account is obtained from (5.8) and

fs given in (5.8a)-(5.8d).

BB S0 o By WK (o, FT ) = B g
B ot 1) F -t yemt o+ Bt Al
- iil aio a,t-a{xl(re)( 8) T dyy at-a l-nb a,t-a a,t-a
T 1 +1LBPN/PN1~)t-E
= r l-nb ( -gf))Ft k= l-ﬂb)g o t é & et-1 (9:48)
- = Ju oy R
A AEel/c,pN=x1(re3i§lY (1=g) q,(1-2 1)
g L Ai - Mi - ' Bi ] - [1-(1-0,) n ]‘ SF, /DN
- EY A T oy B di=n
i=l b
I
gt = 5.8a
TR ey JBo/PN(18) (5.8a)
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= O N oy oo
3 BE /2PN = Ry (v, ) §Yi[(1~g) ’ qi(l'zil) - (1-8) © q (1-4,))]

1=1
L Iy wit "m 4 1
?Y Ay oy My = toy) '1~nb (Bj; =B op)]
[-(le) B [3F /3T o7 /578
£ T o2 1
MO BRI 5.8
S 8b
e X () 2 ey b0ty - aegy? ghaet )
Sty BRSSO T =y 4 44
g Le L i i T]m i i
¥ 2 M)+ Taiy g = gt
i=

7 = —
. M = (l-cf)I:%;][6F3/BPN- aFZ/aPN]

M g B
it 30 (5.8¢)

‘=)
s P (1-g)

BAEe4/8PN = - aEe3/aPN

w @ =

3 3 g ﬂm

i i -3 A Logd _m i
- - {xy @) EALACORCURRIER LTS =

n — 3
-[1-ﬁ;(1-0f)]aF3/8PN *% (1-nm/(1—nb))gBo/PNo(1-g) } <0 (5.8d)

The problem in signing capital movements is that households supply equity
(by increasing the desired Kt by working and borrowing for liquidity needs)
as well as demand it and we cannot really tell which effect dominates in
either t=1 or t=2. For t=3, however, age 2 households are suppliers of

equity so that (5.8¢c) and (5,8d) can be unambiguously signed,
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The size of the FI sector responds positively to household and
fund demands for bonds and negatively to alternative supplies by the

government :

1 > 1 i i t
=——[ X X PN B + (1 -0 )F - BPN/PN (1-
1-nb sl = a,t-a a,t-a £f° & g o t o g) ]
- 1 3 i = t
~ - = . B = —
ath/oPN 1_nb[i§] y,Bt_1,] + (1 cf)aFt/aPN , O/PN0(1 5 et = 1,28
— L ‘I g ——
lfBa/BPN ] cf) aFa/aPN

1-nb

It is difficult to sign all but O_B, /OPN (sign G = EIEE @ 06 1)

£54 £

because of the increases in both demand and alternative supplies and be-

causc B: e increases with a for 1 = 1,2, Thus all the increased demand
3

for bonds by households and the fund may be met by government supplies in

Uk Since household and fund demand for bonds increases further in

t =
L. @
t = 2 we can say that ofBz/DPN > ——— but there are still circumstances
OPN

where JfBz/aﬁﬁ could be negative. In t = 3 there is a further increase

in household demands but because 3F3/5§ﬁ is negative the ambiguity remains,

The cffects of PN that have been discussed above are reproduced in
Table 2, along with the results of the other parameter changes we are in-
terested in, The other changes are discussed below but are not, in the

interest of brevity, mathematically derived as with OPN,

(5.9)

(5.9a)

(5.9b)
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7% The Fund's Portfolio Policy

Next consider a change in portfolio policy of the CPP through a change
in cf. The effects of this change are given in column 2 of Table 2. The
basic effect is to alter the portfolios of the government, the foreign
sector and FI's as well as the fund itself. Initially ignore the effect
on the deficit and suppose the CPP purchases one unit of equity and reduces
its holdings of bonds by one unit in period 1. For the economy as a whole
the effect does not change equity holding: the additional government bond
in the private sector reduces FI equity holding by l-ﬂm/(l-ﬂb) and, by
causing a reduction in required money holdings, leads the government to
reduce its international reserves by nm/(l-nb) so that the total effect is

zero. There is, however, an additional effect associated with the tax

treatment of CPP income: Because CPP interest income is untaxed the
government deficit will be increased entailing cumulative additional
losses of international reserves that will be exactly offset by cumu-

lative surpluses by the fund.

3 YMPE,

In conducting the next three experiments involving changes in CPP
parameters we suppose the policy changes are not retroactive and apply only
to generation one and subsequent generations. Column 3 of Table 2 describes
the effects of decrcasing the YMPE for households with no change in the
contribution rate, 1, or the rate of return on contributions, rc, and
given r, > ;e' This experiment will only affect types 2 and 3 households,
but still has highly uncertain effects despite the absence of the substitution
effects associated with type 1 households. The reason for this is that the
"wealth" effects move in opposite directions for age O, types2 and 3 house-

holds: for the type 3 spenders the decrease in contributions in period 1



increcascs disposable income, so they work less, consume more and hold more
liquid assets. But for the type 2's the decrease in benefits with r, > ;e
means a negative wealth effect causing just the opposite result. On the
other hand, if T, < ;c type 2's will have an increase in wealth, in which
case —JNT/ﬁaﬁ is unambiguously negative in all periods! The relative mag-
nitudes of -DNT/AEE l1isted in Table 2 are strictly valid only if the bulge
is small (PN ~ 0). Under this assumption they occur because the increase
in labour supply is spread over the household's lifetime with the decrease
in initial wealth, Overall (with the one exception of type 3 age O house-
holds) the effect on labour supply will be positive if r, > ;e and unambi-
guously negative if the pension rate of return is less than the best return
households can get by investing their own funds (i.e., i < ;e)'

The effect of total saving is ambiguous because of type 3's increase
in consumption in age 0, If -351/36ﬁ < 0 then the amount saving can fall in
t =2 and t = 3 1is restricted by the amounts indicated in Table 2 (again
assuming a '"small" bulge). On the other hand, if -881/5E§ > 0 then -ast/éﬁﬁ >0
for all t > 0 since the decrease in contributions without any immediate change
in benefits still increases savings. In the case where -581/56§ < 0 one may
have a subsequent increase in saving in period 2 because the fund has yet to
begin making reduced benefit payments. In the situation where r, is less
than ;e’ -BSt/5€§ will be negative for all t since agents are working less
and consuming more over their lifetime.

The cffect on the surplus (or deficiency) of the fund of contracting
the scope of the CPP by decreasing CN 1s ambiguous, It depends upon whether
or not the fund 1s marginally sustainable; that is, whether or not re z r,
If it is, then a decrease in the fund will decrease the surplus (or increase
the deficiency). We shall assume, in line with most of the available evi-

dence, that the fund is not marginally sustainable, i.e., that r, > Te.
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Thus the decrease in CN will increase the surplus (or reduce the deficiency).
Note, however that, in general, whether or not the fund is marginally sustain-
able cannot be inferred from knowing whether or not it is sustainable overall,
as defined by (3.29) above., A marginally sustainable fund may be unsustain-
able overall because of insufficient initial funding, and a marginally unsus-
tainable fund may be sustainable overall 1f it has enough initial funding,

The ambiguities in -BAEg/BEﬁ and -BAEe/éaﬁ should come as no surprise.
If -aNt/aEﬁ < 0, the deficit should rise, worsen}ng the balance of payments,
but -BMt/SEﬁ should be positive, causing a rise in international reserves.
We cannot say which effect dominates except for the following proviso: If
the fund 1s not marginally sustainable then Ft will rise at an accelerating
rate, increasing money demand. Ultimately this effect will swamp the other
effects so that -aAEgt/aEﬁ will (ultimately) become positive, With -GAEet/aaﬁ
we are more in the dark becguse it depends negatively on —BN:/BEE and posi-
tively on -BSt/OEﬁ and these two items tend to move in the same direction,
If any guess might be hazarded, the marginal non-sustainability of the fund
will ultimately lead to decreasing capital inflow.

The size of the financial sector will shrink in periods 1 and 2 but
will begin to grow in periods t > 3 as the fund size grows due to the lower
benefit payments to type 2 and 3 agents under the assumption that the fund

is not marginally sustainable.
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() The Rate of Return on Contributions: Increasing Contributions

The next two experiments are directly concerned with the problem of
moving the Pension Fund to a position of sustainability through changes in
the rate of return on contributions, r. The first experiment, summarized
in column 4 of Table 2, involves increasing the contribution rate with no
increase in benefits. We denote such a change as dt. The change 1s the
same as in (d) of Section IV, As is clear from Table 1, there 1s some am-
biguity in the labour supply of type 1's in ages O and 1 due to conflicting
wealth and substitution effects. To make any headway we will assume that
the two effects exactly cancel. That is,

AIII  Whenever conflicting wealth and substitution effects exist on the
supply of labour result in ambiguity according to Table 1, we

assume they just cancel out,

Conscquently, using AIII, wealth effects cause a decrease 1In type
2 and 3's leisure demand and an increase in N: for all t 2 1. Further, as
more generations come to be covered by the new contribution plan, per capi-
ta labour supply will grow from t =1 to t = 3.

The effect on saving will be positive since types 2 and 3 will be

working more and all agents will be consuming less. V t =21, will in-

ct’
crease for the obvious reason that only contributions have increased and
benefits have not. There is substantial ambiguity in determining the effect
of d7 on both thé balance of payments and the capltal account, Causing the
balance of payments to improve is the reduction in the government deficit
due to increased tax revenue levied on the increase in output, However the

tax exemption on the pension fund net revenue may more than offset this

effect on the deficit and, in addition, the decrease in money demand by
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houscholds (and perhaps FIs if o is high) lecads to a portfolio shift that

ceteris paribus will causc the balance of payments to worsen. The ambiguity

connected with dAEet/d; is because both thec supply of and demand for domes-
tic cquity have increased. Depending on the portfolio policy of the pension
fund the scale of the FI sector will increase or decrease: If the fund holds
only cquity (Of = 1), then demand for bonds will unambiguously fall since
household liquidity demand has decreased. On the other hand, if the assump-

tion of Te = 0 is imposed, d Bt/d; > 0 because household disposable income

f
will not fall by the entire amount of the increased contributions (= ABC) and
the marginal propensity to hold bonds is less than one. Table 2 describes

the latter, more realistic case.

55 The Rate of Return on Contributions: Decreased Benefits

This experiment supposes that the benefit levels for pension fund con-
tributions are reduced given Eﬁt and the payroll tax rate r. The effects of this
change are qualitatively the same as those caused by an increase in contributions
described in column 4 of Table 2. Rather than discuss these results, we would
like to indicate whether an incfease in contributions or decrease in benefits
as a method of increasing Vt4 by a given amount would be preferred by the various

types of agents, We suppose AIII so that the contribution of type 1's to the

increase in Vc4 is the same under both experiments,

For type 1l agents the preferred policy depends on whether rcz ;e: if
the new T, remains greater than ;e then the increase in contributions is pre-
ferred to a decrease in benefits because the pension fund still provides the
best vehicle for saving. Hence type 1's can cushion the effects of the fall

in wealth by reducing saving for old age in the form of the lower yielding
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equity holding. On the other hand, if the new r, < ;é, personal saving is
preferred to pension saving and a reduction of benefits will be preferred.
The same reasoning holds true for type 2 agents. For type 3 agents the
preferred method is somewhat different. Recall that these agents are income
constrained in their youth and would not choose to save even through the
pension fund if Eé > Rc > 03, (i.e., the rate of return on contributions is
less than the rate of time preference). Consequently, for some r, > ;;

type 3 agents will still prefer decreased benefits to increased contribu-
tions. It should also be noted that for a given decrease in ﬁt , and thus
increase in Vct , the required reduction in e will be less for a decrease
in benefits than for an increase in contributions. Also, if the change in
contributions or benefits is retroactive, the latter will include the oldest
generation whereas the increase in contributions will not. Thus, if it is
felt that, in moving to a sustainable fund, there should be a redis-
tribution toward future generations and/or that a sustainable fund would
require r, < ;e’ a decrease in Penefits is preferred to an increase in

contributions.

6. The Marginal Income-Tax Rate

The next experiment involves an increase in tx, the marginal tax
rate, We consider it for two reasons: first, if the government de-
cides to increase OAS payments--or if the CPP is absorbed into the
government--and this is financed from general revenues, it
would be useful to know the consequences of financing any changes from
income taxes, Secondly, if the CPP is currently in a non-sustainable
position, one alternative is for the government to provide it with
adequaté capitalization (ft) by a once-and-for-all increase in their

debt. This then leaves the liability for the initial largess in the
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lap of the lawmakers who crcated the CPP. One method of ultimately
reducing this liability is through an increase in taxes to pay off the
interest and/or principal of that liability,

To remove at least some of the ambiguities, we again invoke AIII 8o
that the labour supply is unaffected by the effect of the increase in taxes
on the effective real wage.13 Even with no decrease in labour supply,
income (and the pre-tax real wage) will fall because, to maintain the after
tax rate of return on equity, the capital stock must decline.

While éersonal savings falls, it does not fall by the full amount of
the increase in tax revenue so that total savings in the economy rises with
individuals saving less and both the government and the pension fund saving
more. Therc are two channels causing the fund to obtain an increased net

worth. First, for a given portfolio policy, o the pre-tax rates of retumn

Al
on bonds and equities have increased causing T to rise. Secondly, the in-
crease in tax rates lowers the real wage for all agents which lowers contri-
butions and benefits for type 1 agents and, given the current legal definition
of YMPE, lower the EEt and Eﬁ; fécing type 2 and 3 agents. As indicated
earlier, this decrease in scale reduces %t ;

With no change in government spending and bond issue rules, inter-

national reserves AE will certainly increase although mitigating this

it
somewhat is the decrease in money demand by households and FIs. It should
also be noted that if inflation is positive, d;b/dtx, is negative causing a
shift toward money and away from bonds by households. The effect of increased
taxes has an ambiguous effect on foreign ownership. On the one hand thé
Jecrease in private saving and increase in government saving (held in the

form of foreign equity) would tend to increase capital inflows, while on

the other hand the lower level of income would tend to reduce AEet' While



we cannol sign AE,, 2 priori, we do know that income will fall to its new

te
equilibrium path in t = 1 so the decrease in the stock of capital should be
greatest in t = 1. We have therefore signed dAEel/dtx as negative in

column 5 of Table 2. Furthermore, if ;; >g + n, it means that govern-

mental foreign equity holdings will be growing faster than the rest of the
economy and so we have supposed dAlBea/dtx > 0 . The decrease in household
liquidity demand should cause th to fall, but offsetting this is the increase

in pension fund demand for bonds if ¢ < 1 . Because this latter effect will

become progressively more important we have indicated that d Ba/dtx > 0 and

f
det/th <0 flor & '€ 3

In column 5 of Table 2 it is assumed that only taxes were increased.

If on the other hand, OAS payments were increased simultaneously so that the
government deficit remained unchanged in t = 1 the following changes would

be indicated: First labour supply would fall in t=1 and t = 2 because of

the positive wealth effect to cohorts b = -1 and (to a lesser extent) b = 0.
Total savings would be reduced although the increase in savings by the fund
may ultimately reverse this effeét. The balance of payments would be negative
at least for t » 3 because of the decreased liquidity demand due to decreased
wealth. Capital flows will be more positive than if only tx were increased
because consumption will not fall as far.

At this point the question arises: Ignoring intra-generational trans-
fers, is it preferable to finance a given total level of payments to the old
(0AS plus CPP benefits) from general tax revenue or from payroll taxes? This
question is important not only for Canada, where both options are available
but also in the United States where there is currently much discussion on
alternatives to the payroll tax to finance Social Security. To handle this

issue here we can simplify considerably by ignoring the inter- and intra-

generational problems of 0AS and the pension fund and look only at the effect
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of tx and T on the after tax wage for a labour unit,

”t = Wt(l’tX)(l‘T) (5.10)

The financial policy that maximizes H subject to the constraint that
total payments to the old,

k3 J
, = P leb)rta (L=t
7t tx(wt re t) i x)wt

is constant represents the preferred policy because it maximizes wealth
and minimizes work disincentives to private agents. Carrying out the

maximization:

it

% *
dHt/dtx -(1-~r)wt -(I-T)re kt--(l-tx)wt dr/dtx

txr akt/atx <0 (5.11)

This 1s to say that the optimal general tax rate on capital is zero and,
under the assumption of perfect capital mobility and ignoring intra-
generational distribution effects, the best method of financing old age
payments 1s through a payroll tax rather than a general income tax.

The reason for this result is quite simple. Given perfect capital
flows, the government cannot affect the after-tax rate of return on capital
so that labour must bear the full burden of any tax. The government, by
attempting to extract some rents from capital owners, causes some to withdraw
their services from Canada thereby reducing the tax base while leaving the
net return on capital unchanged. Since the tax base is reduced, a given
increase in the general tax rate will mean a decrease in the payroll tax by

14
a smaller amount causing the after-tax and before-tax wage rates to fall.

V. Concluding Remarks

The preceding section described five experiments that bear on the

performance of the Canadian Pension Plan and the consequences to macroeconomic
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aggregates. The model can be used to consider additional experiments
which we will leave the reader to work out. We will, however, briefly
indicate how to structure a few that might be of interest as well as
. tie up a few loose ends.

One complication we have not discussed is adding private pension
plans. Given that they receive the same tax treatment as the CPP (and
competition enforces a zero profit on them), they can be treated as an
integral part of the pension fund discussed in tﬁis paperx. Empirically,
this would be handled by requiring a higher T for the "consolidated
fund" and would suggest a fund that was more sustainable since, if the

private sector component were not, they would ultimately go bankrupt.
Furthermore, in practice, private funds collect a payroll tax on income
above the YPME of the CPP. This suggests an operationally greater number
of our type 1 agents relative to the entire population. 1In addition, the
type 3's welfare is most likely to suffer from the higher contributions
made under private funding, except insofar as they can, by changing jobs
obtain access to the pension funas at an earlier date. Current provincial
legislation that does not permit an agent to spend these accumulated funds
hurts these type 3's probably to the gain of types 1 and 2. Vesting and
portability regulations also will affect the intra-generational distribution
of welfare via a similar mechanism.

Throughout our analysis we have implicitly supposed that the type of
pension is of the money purchase sort. 1f, instead, benefits were not
completely tied to contributions, e.g., by basing benefits on second period
income as many company pensions do, the effect on type l's will be altered.
In particular, the substitution effects due to r, # ;; will not exist for

the young worker provided he does not perceive that ultimately the rate of
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return must be tied to his contributions. This might suggest greater
mobility among the young relative to the middle aged especially if there
are many liquidity constrained type 1's (i.e., a combined high time pre-
ference "low" income type).

One program that has not received any attention in our analysis
but is important to the Canadian scene is the Registered Retirement Saving
Plan. RRSPs have been touted by some as a cureall for many of the saving,
portability, vesting, and flexibility problems associated with public and
private pensions. In our model they only provide a mechanism to delay
(and avoid some) taxes. This follows immediately from the fact that RRSPs
have a ceiling so that they will not affect marginal decisions and, more
importantly, because one can borrow using RRSPs as collateral. As such,
(and in the absence of transactions costs) it pays everyone to borrow to the

limit allowed to obtain the maximum reduction in current taxes. Such

"privatc saving'" is more than offset by either an increase in the govern-
ment deficit, since the wealth effect of such a program will also reduce
the labour supply and output, or an increase in taxes 1if govermment spend-
ing is to be maintained, The effect of the latter is shown in column 5 of
Table 2,

One can interpret the analysis we have gone through as refering to
an economy on a fixed exchange rate, An alternative interpretation is that
it describes a 'managed' float where the government intervenes in the foreign
exchange market to maintain a given rate of inflation that differs from
the world rate of price change, With such an interpretation it would then
be possible to conduct the experiment of altering the rate of inflation.
In our model this would alter the price of liquidity and the relative yields

on money and bonds, It should also be pointed out that if tax policy is
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not fully indexed--e.g., if capital gains duc to inflation are taxed--then
the "inflation tax" policy will affect the capital stock in a manner quali-
tatively the same as a change in tx. We leave it to the reader to work out
the implications of such a change, Finally it should be noted that if a

A Egt = 0 rule were adopted instead of the bond rule in the text, this
would correspond to a clean float (or '"properly managed" fixed rate if

were set cqual to the world rate of inflation)..
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(1.e., that the fund is not marginally sustainable)
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FOOTNOTLES
]WC arc trcating the QPP as part of the CPP,

2Such a scheme has been worked out by Uzawa (18), Gaudet (8), and,

for an open economy, by Frenkel and Rodriguez (7).

3This follows the work of Chetty (5) whose interest was in measuring

the "nearness' of near money.

This 1s consistent with the observation that most saving occurs among

ages 40-60 (our age 1), and with the evidence from cross sectional studies of

wage incomes,

2. is given by the after-tax rate of return in the rest of the world,

6
Note that these are pretax rates of return because of the exemption

from taxation of fund income,

7

Equations (3.29) and (3.32)~(3.35) are derived explicitly in Appendix
B. They involve the simplifying assumption that at any date a household of a
given type make the same sized contribution regardless of age. This will be

exactly true for types 2 and 3 but not 1,

8Currently, 0. = 0 by statute,

f

9As in the case where a country's capital stock exceeds the golden rule
level, every generation can be made better off if any initial funding is dissipated
than if it is maintaincd,.

10Undcr a fixed cxchange rate, the rate of inflation is given by the rest

of the world.

]ﬂxe exact form is derived in Appendix C,

|| 2 . : g .
This is done to be consistent with prices which are also evaluated as of

age 0,
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3In fact, due to the unanticipated nature of dtx on cohorts b = 0
and b = =1 it is likely that they will reduce their labour supply by more
than that of subsequent generations because their wealth falls by a smaller

»

percentage than does that of generations b 21,

]4Even if capital is less than perfectly elastic it may still be
better to use the payroll tax on the general principle of taxing the least
elastic factor of production, One qualification is in order if countries
tax their nationals' income from overseas investment but permit tax payments
to the host country to be deducted from the tax liability of the home country.
If this were the case, the optimal income tax rate is no greater than the
foreign income tax rate, Further, if labour supply is constant, an irc rease

3.

ki
in tx from zero up the foreign tax rate, tx , will leave gross domestic
product unchanged but will reduce gross national product--i.e., will
increase foreign ownership--supposing, of course, that foreign ownership is

positive at tx = 0,
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APPENDIX A

Real value of financial assets held by an agent of type 1, aged a,

born at time b,

3 2 . .

= a8 g Nt

i=1 a=0 a, t-a a,t-a

Real value of bonds outstanding in period t that are issued by
sector z and held by sector y,

Real value of bonds held by an aged a, type i, generation b household.

Real value of bonds that must be held in the pension fund's normal
and reserve accounts in period t if the pension program is sustainable.
Maximm pension an individual is permitted in period t.

pension benefit payment to an (i, a, b) household,

3 2 g .
2.2 N PNt .
jul gmg L2 4.tea

Consumption of an (i, a, b) household.
r . YMPE, the maximum individual contribution in period t,
Pension contribution of an (i, a, b) household.

3 2

3 2 e ) pNt !
1=1 a=0 LR S

The govermment deficit in period t,

Real valuc of cquity held by an (i, a, b) household.
Real valuc of cquity held by sector x in period t.
Egt - Eg, t - 1° the balance of payments in period t,

Eet - Ec, — the capital account in period t,




A2

ht, Rt :  Real value of cquity that must be held in the pension fund's
normal and reserve accounts in period t if the pension program
is sustainable,

Ft : The real value of financial assets held by the pension fund in
period t,

Et’ F: The real value of financial assets that must be held by the pension
fund in period t 1f the pension program is sustainable,

g : Ratce of labour augmenting technical change.

Gt : Government purchases of goods in period t,

It : Investment in period t.

Kt : The capital stock in period t,

k: : Kt/N;, the capital-labour ratio in period t.

L; A o Liquidity demanded by an (i, a, b) household,

b

L:b : Subsistence liquidity level for an (i, a, b) household,

z:b Leisure demand of an (i, a, b) household.

&:b Subsistence leisure level for an (i, a, b) household,

1 . i
Mab : Moncy holdings of an (1, a, b) household,
n : The trend rate of growth of population,
%

Nt : The supply of cfficiency units of labour in period t.

OASt :  Total olJ age security payments in period t.

P;xb : The effective price of x to an (i, a, b) household.

PNt Population of (i, a, b) households.

ab



&

A3

2 2
20 AP
=l a=g

i

Population at time t =
a s att=dl

The cxcess population of generation 1.

The relative productivity of an (i, a) household in period O.
The interest rate factor (l-rx), x=b, e, ¢, £f.
(1-1 ), x =b, e.

Growth rate of the economy: (l—rg) = (l-n)(l-g).
Nominal pre-tax rate of return on bonds.

Real after-tax rate of return on bond;.

Real rate of return on pension plan contributions.
Real pre-tax and after-tax rates of return on equity.
Real rate of return on the CPP portfolio.

The marginal product of capital.

Domestic saving in period t.

The (constant) marginal tax rate on taxable income.

The tax base in period t,

General govermment transfers (excluding OAS payments) to (i, a, b)

households,
3 2 .
E A - ni

i=1 a=0 ket = pal ke Eelar

Net worth of the CPP in period t.
Wage rate for an efficiency unit of labour in period t.

Wage rate for a unit of labour-time from an (4, a, b) houschold,

Present valuc of lifctime disposable income less the present value
of lifctime subsistence requirements of an (i, a, b) household (where
everything 1s discounted back to the household's birth date).

Gross domestic product,

Disposable income less subsistence requirements of an (i, a, b) household.
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o

BNPEt ¢ Miximum pensionable carnings in period t, .
n: i B:x : Income and wcalth coefficients in demand functions.
X
i :  Proportion of houscholds of type i to total population,
Y
8 : Cocfficient of the liquidity function,
n : Required reserve ratios for FIs, x=m, b.
X
A :  The price of liquidity.
£ : A cocfficient of the production function, capital's share of output.
T : The (expeccted) rate of inflation.
s, : Cocfficient of the liquidity function.
- by @ s
"¢ : Share of CPP portfolio held in equities.
T : The contribution rate on wage income,
i .
b :  The welfare level of an (i, a, b) household, -~
¢t : The level of OAS payments to a houschold in perilod t. 2
i

cD)

The rate of time preference factor of an i type houschold,
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APPENDIX B

In this appendix we first derive the formula (3.29) for the

sustainable size of the "normal' account of the CPP, To be sustainable

\
the account must grow at the rate ré. That is:

A~ =/: + A
(B.1) F, =F g *+r, F.

But the cquation for the actual growth of Ft is:
&

F = F__ +CN - BN +
(B.2) F F, CN.- BN +r

-1 £

Subtracting (B.1) from (B,2) and rearranging produces:

(B,3) F = (cN, - BNt)/(rg S,

f i
To produce (3,29) from (B.3) we need to express BNt in terms of CNt and

r.. To do this let y denote the fraction of CPP beneficiaries in the total
population at any date and (1 - y) denote the fraction of CPP contributors

in the total population, In a steady state with population growing at the

rate n:

A
3.4) %=y ==

In a stcady state the benefit per beneficiary at date t is: BNt/Xnt. Then

the rate of return on contributions must satisfy:

-1 -2
BN, CN 1 R CN 2 RC
(B,S) - t = c t =2

XTe - (T-xBN__, & (L-xPN__,

(This formula assumes that cach contributor makes a contribution at age 1
equal to (l-g)_1 times his age 0 contribution, which will be true for
types 2 and 3 but not exactly for type 1,

In a steady state, PNt grows at the rate n and CNt at the rate rg.

Thercfore, from (B,5):



“»

B2

BN

=% A5 _ -1 _ -1 _ -2 - 7/l =)
(B,6) CNt (1 'X,) ((1-n) (1 rg)RC + (1=n) (@ rg) Rc )

From (B,3), (B.4), and (B,6):

N
Ct

~ —1 -
(B,7) Ft =—(—2—_-—n—)' {2—n-—(1-rg)(1-n)RC - (l-rg)2 Rcz } / (rg-r )

f
which is just (3.29),
Next we derive formula (3.32) in the text, Note that the required

reserve fund at the end of date 0 is just the present value at that date of

the benefits to the surplus members of the bulge generation, minus the present

value of their contributions, where benefits and contributions are both dis-

connected at the rate (rf) on the fund's portfolio, That is:

Qg be 2 r
B = » - A -
(B.8) Fo BN3 (1 rf) CN2 (1 rf) CN

where the surplus members' total benefits are:

) 8
1!

(B.9) BN. = BN, PN/PN, ¥X.
3 3 '3

and their total contributions are:

(B,10) CNE B CNtEE/PNt (=) & =1, 2,
Formula (3,32) follows from (B,8), with the help of (B.4), (B.6), (B,9), and
(B.10).

Formulas (3,33) and (3,34) follow from the growth equation:

0 0 -1 29
GAUYF, =@ = ¥) [ft 2

with the help of (B.4), (B.6), (B.9), and (B.10).

+ CN. - BN!],
t t

Equation (3,35) asscrts simply that after t = 3 the reserve fund will
vanish 1f initially it was just sustailnable, because the surplus members are

all dead.




C1

APPENDIX C
This appendix derives the exact form of ), the price of liquidity, as

expressed on page 26 in the text following equation (4.5). This price is just

the Lagrangean multiplier for the problem;
Min(r + )M+ (r_- T, ) B
e e

Py 5Py~ /)

RN :
. s.t. L =[vM P+ 1 -

The first-order conditions for (C,1) are:

G +m =y @ml’

(€2 [
> #5401 = w)¢L/B)

& . i l/a

e b
where 0 = (1 + p)—l. Because this CES function has constant returns to
scale, therefore )\ is independent of L. So in deriving )\ we may set L =1
in (C.2)., Then, multiplying the two equations of (C,2) by M and B res-

pectively produces:

L4

(r + ) M=v A M
Wy {. } -
(r =5v,8= (s E E*.
. e b '
Adding the two equations of (C,3) produces:
©4) G+ mi+ G- 1B =AW+ a- =P =y
Rearranging (C,3) produces:
M= v/ +ml°
o (€. 8) { e
B=[1Q-v) M@ - )],
e b
Substituting from (C,5) into (C,4) produces:
©6) G +m 7+ a-wT ¢ - N =
e c
The formula for ) follows directly from (C,6), (Note that 1 - o = -§,)
g
' La
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