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OLG MODELS AND TAX BURDEN-SHIFTING

1. RICARDIAN EQUIVALENCE: THE REPRESENTATIVE AGENT

Consider a representative agent model in which the objective function is the expectation
of some functiorJ of current and futur€ andL and the constraint is

f(Ct+Tt+B[—R[,]_B[,]_,Kt,Kt,]_,Lt,At):O- (1)
Though this may look unfamiliar, it includes as a special case, for example,
G+ +Ki—OKi 1+ B —R-1Br 1 = AF (Ki_g,Lt). 2)

Here 1 represents lump sum taxeB,government debt, anB the gross interest rate on
government debt. The agent choo€gs, K, andB. The Euler equation FOC's are

dC: EtDQU = )\tDl ft (3)
dL:  EDLU = ADasf; (4)
oK: AtDz ft = —BEt [At_|_1D3 ft—l—l] (5)
0B: /\tDl ft = BR(E'[ [/\t+1D1ft+1] . (6)

2. RICARDIAN EQUIVALENCE: GOVERNMENT

The government budget constraint is
Bi—R-1B 1+t =0. (7)

We will treat the stochastic process fgras exogenously fixed and consider the effects of
varying T andB. In order to avoid allowind to explode upward, which will generally be
ruled out by the representative agent’s transversality conditiomill have to be set so it
reacts toB. For example, ifty = —@ + @ B;_1, with ¢ chosen so theR — ¢ < 1 for all t,
then the government budget constraint (GEZ))becomes a stable difference equatioBin

Substituting the GBC into the private constraint gives us the social resource constraint
(SRC):

(G + o, K, Ke—1, L, A) = 0. (8)

Note that the SRC, together with the three Euler equati8),(form a system of four
equations in the four unknowr@, L, K, andA. 1, B andR do not appear in these equa-
tions. In fact, these are the same four equations that would define the solution to a planner’s
problem in which the objective function was the same and the SRC itself was the constraint.
Thus we can conclude that any solution to the planner’s problem is also an equilibrium for
the economy with traded government debt, and that the equilibrium stochastic prodess for
K, andL is invariant to the policy that sets the time path foandB, so long as the policy
keepsB from exploding and is thus consistent with equilibrium.
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3. WHAT THE RESULT DEPENDS ONAND DOESN T DEPEND ON

e Doesn’t require complete markets, in this single-agent model. Asset markets are
competitive in the model and government debt is freely traded, but a complete menu
of assets is not present.

e A single representative agent? If we had several agents with different tastes, but no
uncertainty, the same result would hold. With uncertainty, the question is whether
private agents can issue debt with the same characteristics as government debt. If
so, the result holds. If not, the choice of tax policy can create variation in the risk
characteristics of government debt and thereby affect the ability of agents to trade
risk. With complete asset markets, we would be back to Ricardian equivalence even
in this case.

e Requires no new births. As we’ll see, new agents coming on the scene will undo
Ricardian equivalence.

e Lump-sum taxes. We've assumed non-distorting taxes. If taxes are distorting, then
their timing will matter.

4. AN OLG MODEL

A representative agent from the generation born at tidiees two periods, consuming
Cy(t) at timet in the first period of life andC,(t 4+ 1) at timet 4 1 in the second period of
life. The constraints on the agent are

Cit)+St) <Y (9)
Cot+1) < 6S(t) (10)
Sit) >0, (11)

reflecting the fact that the agent is endowed with the single good in the first period of life
and must save, earning real ret#on the saving, in order to consume in the second period.
The agent’s problem is

EU (Cy(t),Cat+1)). 1
Cl(t)7CrRE:(1),S(t) (U (Ca(t),Co(t+1)) (12)

The FOC’s, assuming that tl8t) > O constraint is not binding, are

0Cy: E:D1U(Cy(1),Co(t+ 1)) = At (13)
0Cs: DoU (Cy(t),Co(t 4+ 1)) = Lhy1 14
0S A =06Ep1. (15)
Eliminating the Lagrange multipliers, we arrive at the solved FOC
EtD1Ut 11
- =0. 16
E:DoUt 1 (16)

For the issues we will be studying with this model for now, uncertainty is not central, so we
will assume perfect foresight and drop tHg™s, which allows us to use a familiar diagram
to characterize equilibriurfiabeled for the cas@é < n=1):
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Indifference curves

SRC, slope=-1

1/

private budget set, slope -6

This equilibrium involves no trade. Every generation provides for its own “retirement” by
saving. This is called the autarchy solution. Under some conditions, a planner can do better.
A planner would recognize that the social resource constratrisat

N(C1(t) +Ne_1Co(t) + NS < NbY + ON_1S 1 (17)
S >0. (18)

For simplicity, assumé = Non'. If the planner chooses to makg(t) andC;(t) constant
over time and setS(t) = 0, then the planner’s constraint becomes

Ci(t)+n7iC ) <Y. (19)

This constraint and the implied optimum is also shown in the figure. Cleany-if0, the
planner can achieve an equilibrium that improves on that obtained by individual saving. This
situation, in which the return on private saving is below the population growth rate, is called
dynamic inefficiency.

5. GOVERNMENT DEBT AND TAXATION

With government debt, the private constraints become

Cl(t)+S+%+Tt§\7 (20)
Co(t+1) < RE +6S (22)
Ri1
Bt >0, §=>0. (22)
The government faces the budget constraint
N RUSE— (23)
There is one new private FOC:

JB: )ﬁ = Etm (24)

R Ryt '
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assuming th&; > 0 constraint is non-binding. With no uncertainty, when bBtandS are
non-zero, this FOC, together with tisd~OC (15), implies

Q_R_” 25
Rl, ( )

i.e. equal real rates of return on private storage and government debt.

6. EQUILIBRIUM WITH NO TAXES
With no taxes, the government simply rolls over the debt each period, setting
BNt = Bt-1R—1Nt1. (26)

We consider whether there can be an equilibrium in wkigft),Cy(t + 1) are constant over

time, no taxes are imposed, and there is no private storage. In such an equilibrium the amount
of income saved in the form of bonds by the young would just match the amount of income
consumed by the old each period. This, together with the constari@y @3, implies

Bt R_1Bi—1 R B
_— o = 11— . 27
tht N¢—1 R \} 1P[+1 (27)
and therefore
RR N;
—~t_ 1 28
Ry N1’ (28)

i.e. the real rate of return on bonds is the rate of growth of population. To sustain the
constancy ofc; andC,, the real rate of return must be constant, so such an equilibrium is
possible only with a constant population growth rate. (There are equilibria with non-constant
population growth, but they do not have cons@nandC, across generations.)

If the real rate of return on bonds in this hypothetical equilibrium is less éhdhen this
is not an equilibrium, as agents will see that by using the storage technology they could get
a higher return. On the other hand, if the population growth rate exdgdts equilibrium
is sustainable and duplicates the planner’s equilibrium we discussed above. Thus we have
the conclusion that unbacked government debt (or “money”, if w&setl) will sustain a
competitive equilibrium that overcomes the dynamic inefficiency if autarchic equilibrium is
inefficient, and will not disturb the autarchic equilibrium if it is efficient.

Note, however, that this result is fragile. There is always, even véhem, besides the
efficient equilibrium with valued debt, an inefficient one in which debt is valueless at all
dates. In versions of this model with diminishing returns to saving, there can be a continuum
of equilibria.

7. TAX-BACKED DEBT, BURDEN-SHIFTING

Assumptions:

e Suppose for simplicityp > n=1andrt > 0.
e The government must finance a real expegse 0, whileg; = 0fort > 0.
e Ty = 0 exceptry > 0 for some single daté.
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8. REASONING

¢ In order for debt to be held by the public, it must pay the same ré&t@asthe private
storage technology, unleSs= 0.

e At adatet whent; = 0 and debt pays a real retuéh the young see government debt
and private storage as equivalent assets, and since their endoWnsembaffected
by the availability of debt, their choice @3 (0) is unaffected by the presence of
government debt in the economy.

e The government chooses a number of bdBgland a price level, such thaBy/Py =
do, and it announces a nominal interest rage

e Since the debt must pay real retinthe government must also convince the public
thatP; will emerge afRpPy/ 6.

9. EVOLUTION OF THE AMOUNT OF DEBT

Let C; be the first-period consumption choice of an agent with endowemate of
return@, and no tax. So long as no tax is imposed, every generation in succession will set
Ci(t) = Cq. Furthermore, each such generation will choose the same level of second-period
consumptionC,. The government budget constraint forces

Bi_R-1R-1 B B
R R R-1 R’
Thus, since for all these generations the amount of savings, in the sense of endowment not

consumed in the first period, is the sar§emust shrink over time to allow real debt to grow,
according to

(29)

S=Y-Ci—6'g. (30)

10. HOw IT ENDS

Since§ can’'t become negative, there is an upper bound on how long taxation can be
postponed. If the debt is retired with a one-time tax in pefigdhe amount of the tax in
that period is9" gg. Agents in the generation bornkttherefore have their welfare reduced,
because this tax shrinks their budget sets. The longer the tax is postponed, the greater the
reduction in welfare for the generation that pays the tax. The generations before the taxed
generation suffer no welfare consequences at all from the need to figance

The mechanism by which the tax burden is shifted is the reduction in real investment.
Government debt “crowds out” private saving. So long as the taxation is postponed, the
crowding out does not affect welfare. Only when the taxes are finally imposed does the
reduced saving affect the welfare of a generation.

11. DISCUSSION

In a model with a more realistic production technology, results are not quite this simple,
but retain the same general character. The Diamond paper on the reading list works out a
somewhat more realistic model.

Barro (1974 in a well-known paper showed that Ricardian equivalence reemerges if each
agent has a “descendant” in the next generation, about whose welfare the agent cares. This
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argument is limited on the one side by the fact that not everyone in any actual population
actually has caring intergenerational links. On the other side it is limited byetthéctio

ad absurdumn another well-known paper tBernheim and Bagwe(198¢), which shows

that if agents must pair up to have descendants, which are then their joint descendants, then
arguments like Barro’s lead to the conclusion that not just public debt, but all of the taxes we
usually think of as distorting, are in fact neutral.
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