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Chapter 11
The Government
We have so far abstracted from the public sector. Now we introduce a government
whose policy instruments affect budget constraints, change incentives, and require
resources. Our equilibrium concept remains unchanged—households and firms optimize and markets clear—but requires refinement: We assume that agents in the private sector take the government’s policy as given; we require that the government also
satisfies a budget constraint; and we account for the government’s resource use when
specifying market clearing conditions. A policy is feasible when it implements an equilibrium.
We analyze the macroeconomic implications of fiscal policy including taxation, government consumption, debt, and social security. Thereafter, we identify conditions under which policy changes do not alter the equilibrium allocation. Finally, we study
how monetary and fiscal policy jointly affect inflation and output.

11.1

Taxation and Government Consumption

Consider the representative agent economy analyzed in section 3.1, augmented by a
government sector. The government levies income taxes on labor, at rate τtw , and on
financial assets or capital, at rate τtk .1 The budget constraint of a household reads
at+1 = at Rt (1 − τtk ) + wt (1 − τtw ) − ct
and household optimization thus implies the Euler equation
u0 (ct ) = βRt+1 (1 − τtk+1 )u0 (ct+1 ).
The tax on capital income reduces the net return on household saving (or borrowing).
A higher τtk+1 therefore induces the same type of income and substitution effects as
a lower Rt+1 (see subsection 2.1.1), and it discourages saving. In contrast, the labor
1 To

simplify the notation, we assume that the capital income tax is levied on the gross rather than
the net return that is, the principal is taxed as well. This is without loss of generality; each tax rate τtk is
associated with a tax rate on net capital income.

income tax does not induce a substitution effect since labor is supplied inelastically; it
only reduces household wealth.
Taxes finance government consumption, gt . We assume that household preferences
are separable between private and government consumption (or that households do
not value gt ) such that the household’s first-order conditions are unaffected by gt . For
now, we also abstract from government deficits or surpluses that is, we assume that
the government runs a balanced budget policy. This implies the government budget
constraint
gt = at Rt τtk + wt τtw .
Substituting into the household’s constraint yields
a t +1 = a t R t + w t − c t − g t ,
indicating that the tax financed government consumption reduces the household’s disposable income.
Combining the budget constraints of households, firms, and the government and
imposing the market clearing and equilibrium conditions discussed in section 3.1 yields
the core equilibrium conditions
k t +1 = k t (1 − δ ) + f ( k t , 1 ) − c t − g t ,
u0 (ct ) = β(1 + f K (k t+1 , 1) − δ)(1 − τtk+1 )u0 (ct+1 ).

(11.1)
(11.2)

Compared to the core conditions in the model without government, (3.8) and (3.9), the
resource constraint (or GDP identity) now accounts for government consumption, and
the tax rate on capital income enters the Euler equation.
In steady state,
c = f (k, 1) − δk − g,
1 = β(1 + f K (k, 1) − δ)(1 − τ k ).
Since replacement investment, δk, and total consumption, c + g, sum to output, private
consumption falls when government consumption rises, conditional on k t . Moreover,
since the after-tax return on saving equals β−1 , a tax on capital income reduces the
capital stock, unlike a labor income tax. Accordingly, steady-state private consumption
is maximal (conditional on g) if the government only levies labor income taxes.
Off steady state, capital income taxation also generates inferior outcomes. To see
this, we compare the equilibrium allocation with the allocation in a Robinson Crusoe
economy. Robinson Crusoe’s program corresponds to the program studied in subsection 3.1.6 except that the additional term − gt enters the resource constraint. The optimality conditions then are given by (11.1) and (11.2) subject to τtk+1 = 0. We conclude
that the decentralized equilibrium allocation is Pareto optimal if and only if capital
income taxes equal zero at all times.
Capital income taxes distort the allocation because they drive a wedge, 1 − τtk+1 ,
between the private and the social marginal rates of transformation. An individual
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household takes tax rates as given and equalizes the marginal rate of substitution between consumption at dates t and t + 1 with the private marginal rate of transformation, Rt+1 (1 − τtk+1 ). This privately optimal choice does not account for the fact that
the tax induced substitution towards consumption at date t has a social cost because
individual tax avoidance requires a higher equilibrium tax rate for everybody else.
From a societal point of view, the marginal rate of transformation equals Rt+1 even if
the return on saving partly is appropriated by the government. The substitution effect
associated with the tax wedge therefore causes a deadweight loss.
The substitution effect also implies that the tax revenue increases less than proportionally with the tax rate: As the tax rate rises, the tax base shrinks. The fall in the
tax base may (eventually) be so pronounced that the revenue declines although the
rate further increases. Tax revenue as a function of the tax rate thus may be inverse-U
shaped, displaying a Laffer curve relationship.
In the Robinson Crusoe economy deadweight losses are absent since the decision
maker internalizes that government consumption needs to be funded. Deadweight
losses also are absent in the decentralized equilibrium of an economy with lump-sum
taxes that is, taxes whose amount the household cannot affect. With lump-sum taxes,
Tt , the household’s budget constraint reads
at+1 = at Rt + wt − ct − Tt
and the equilibrium conditions coincide with the conditions in the economy with labor
but no capital income taxes (since Tt = gt in equilibrium). This is not surprising; with
exogenous labor supply, a tax on labor income does not induce substitution effects and
therefore is a lump-sum tax.
These findings generalize. Not only does government consumption reduce household wealth, but its financing by means of taxes that induce substitution effects gives
rise to welfare reducing tax distortions. Abstracting from distributive considerations,
taxes that induce substitution effects (here, capital income taxes) therefore generate
Pareto inferior outcomes than taxes that do not induce such effects (here, labor income
taxes).
In endogenous growth models of the type considered in subsection 6.2.2, a tax
induced reduction in the after-tax interest rate can lower the economy’s equilibrium
growth rate, with potentially large welfare consequences.

11.2

Government Debt and Social Security

Next, we introduce government debt as a source of funding. We abstract from distortions and assume that taxes only are levied on labor income, at rate τt . Allowing for
population growth at the gross rate ν, the resource constraint is given by
νk t+1 = f (k t , 1) + k t (1 − δ) − ct − gt ,
where capital as well as private and government consumption are expressed in perworker terms.
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Government debt allows to intertemporally decouple tax collections and government spending. The dynamic government budget constraint reads
νbt+1 = bt Rt + gt − τt wt ,
where bt denotes the stock of government debt per worker. The constraint states that a
primary deficit, gt − τt wt > 0, must be financed by debt issuance in excess of debt service
(repayment of principal plus interest); when the government runs a primary surplus, in
contrast, then debt is repaid on net. Equivalently, a deficit, bt ( Rt − 1) + gt − τt wt > 0,
increases the government’s indebtedness, and a surplus reduces it. Note that we do not
distinguish between the interest rates on government debt and capital. Market clearing
requires that households are indifferent between the two assets and thus, absent risk,
that the interest rates coincide.
Along a balanced growth path with constant per-capita values, the government
budget constraint reads
νb = bR + g − τw.
Absent population growth, taxes equal government consumption and interest payments on debt. With strictly positive population growth, in contrast, taxes fall short of
these spending items because new debt is issued in each period.
Let q0 ≡ 1 and qt ≡ ( R1 · · · Rt )−1 . The no-Ponzi-game condition with equality,
limt→∞ qt νt+1 bt+1 = 0, and the dynamic budget constraints imply the intertemporal
government budget constraint
∞

∑ qt νt ( gt − τt wt ).

0 = b0 R0 +

t =0

It states that the value of government consumption spending and the value of tax revenues balance intertemporally, correcting for initial government indebtedness.

11.2.1

Government Debt with a Representative Agent

t t
Consider first an economy with a representative household that maximizes ∑∞
t =0 β ν u ( c t )
subject to its dynamic budget constraint and a no-Ponzi-game condition. The Euler
equation, dynamic and intertemporal budget constraints are given by

u0 (ct ) = βRt+1 u0 (ct+1 ),
νat+1 = at Rt + wt (1 − τt ) − ct ,
∞

0 = a0 R0 +

∑ qt νt (wt (1 − τt ) − ct ).

t =0

Suppose the government initially balances its budget in each period such that bt = 0
and τt wt = gt , implying k t = at . Consider a change of policy that alters the timing of
tax collections while holding its present value (at the initial interest rates) constant. For
example, suppose that the government reduces tax collections at date t by ∆ per capita
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and increases taxes at date t + 1 by Rt+1 ∆/ν per capita. The government also issues
debt ∆ per capita at date t and fully services it in the subsequent period out of the
additional tax revenue.
Capital accumulation, consumption, interest rates and wages are not affected by
this policy change. To establish this result, we conjecture that wages and interest
rates indeed remain unchanged and verify that the initial capital and consumption
sequences continue to satisfy all equilibrium conditions. Under the conjecture, the
representative household’s budget set is unaffected by the policy change because the
wealth effects of the tax cut at date t and the tax hike at date t + 1 cancel each other
out,
∆Rt+1 ν
= 0.
−∆ +
ν R t +1
The initial consumption sequence therefore remains optimal for the household. From
the household’s dynamic budget constraint, this implies that the household increases
saving when the government runs a deficit, by exactly the same amount. Since at+1 =
bt+1 + k t+1 , capital accumulation and thus, wages and interest rates therefore remain
unchanged. Since the government’s budget constraints are satisfied as well the conjecture is verified. We conclude that the equilibrium allocation remains unaltered although the tax and government debt paths change.
This result is an instance of the Ricardian equivalence proposition. The proposition
states that for a given government consumption sequence (and thus, present value of
taxes) the timing of tax collections does not affect the equilibrium allocation. Note that
the proposition makes a statement about changes in government financing, not government consumption. The proposition holds under three key conditions, all of which
are satisfied in the environment studied here. First, households and the government
save or borrow at the same interest rates. Second, the policy change does not shift the
tax burden from one group to another. And third, taxes are non-distorting. These conditions guarantee that a change of government financing does not alter budget sets in
the private sector.

11.2.2

Government Debt with Overlapping Generations

Consider next an economy with two-period lived overlapping generations. In general
equilibrium,
u0 (c1,t ) = βRt+1 u0 (c2,t+1 ),
ν(bt+1 + k t+1 ) = wt (1 − τt ) − c1,t ,
c2,t+1 = ν(bt+1 + k t+1 ) Rt+1 ,
where c1,t and c2,t denote consumption of a young and old household at date t, respectively. Note that we have imposed the market clearing condition, at+1 = bt+1 + k t+1 .
In this economy, Ricardian equivalence does not hold. Reducing taxes at date t and
increasing them at date t + 1 shifts the tax burden from workers in cohort t to those
in the subsequent cohort. The debt that the government issues to finance its deficit
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constitutes net wealth for the workers who acquire it in the sense that they do not have
to contribute future resources to servicing it. Because of the tax cut’s positive wealth
effect on cohort t, the cohort increases saving by less than the amount of the tax cut,
raising consumption.
Capital accumulation therefore slows down: Government debt crowds out capital.
As a consequence, interest rates rise and wages fall in the subsequent period. Cohort t
does not only benefit from a lighter tax burden but also from a higher return on saving
while cohort t + 1 bears a heavier tax burden and receives lower wages.
Recall that along a balanced growth path, the government budget constraint reads
νb = bR + g − τw. If the economy is inefficient, R < ν, then the revenue raised from
additional debt issuance exceeds interest payments and the government may purchase
goods without ever collecting taxes, simply by holding the debt-to-worker ratio constant (g > 0, τ = 0, b > 0; note that this violates the no-Ponzi-game condition). Debt
is welfare increasing in this case because it reduces capital over accumulation. Moreover, debt is a bubble: While it never generates dividends (tax revenues) it is rolled over
forever at a positive price.

11.2.3

Pay-As-You-Go Social Security with Overlapping Generations

Maintaining the overlapping generations structure, consider finally a pay-as-you-go social security system in which workers contribute resources that finance contemporaneous benefits for retirees. Each old household at date t receives a transfer, Tt ν, that is
fully financed by labor income taxes levied at rate τts , such that Tt = wt τts . Abstracting
from debt and government consumption equilibrium is characterized by the conditions
u0 (c1,t ) = βRt+1 u0 (c2,t+1 ),
νk t+1 = wt (1 − τts ) − c1,t ,
c2,t+1 = νk t+1 Rt+1 + Tt+1 ν.
For any feasible social security policy {τts , Tt }t≥0 , there exists an equivalent tax-anddebt policy {τt , bt+1 }t≥0 of the type considered in subsection 11.2.2 that implements
the same equilibrium allocation. To see this, note first that under the social security
policy, the intertemporal budget constraint of a household in cohort t is given by
c1,t +

c2,t+1
T ν
= wt (1 − τts ) + t+1 ,
R t +1
R t +1

while under the tax-and-debt policy, the constraint reads
c1,t +

c2,t+1
= wt (1 − τt ).
R t +1

Given the equilibrium prices supported by the social security policy, the budget sets
characterized by the two constraints are identical if the present value of taxes net of
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transfers under the social security policy, wt τts − Tt+1 ν/Rt+1 , equals taxes under the
tax-and-debt policy, wt τt . Since Tt+1 = wt+1 τts+1 , this implies the equivalence condition
τt =

τts

wt+1 τts+1 ν
−
,
w t R t +1

which maps the sequence of social security tax rates into a sequence of tax rates.
A second equivalence condition follows from the requirement that the dynamic
budget constraints of the government (or households) be satisfied. The requirement
that two policies pay the same amount of funds to the old at date t,
νbt Rt = νwt τts ,
relates the sequence of social security tax rates to a debt sequence. Since neither policy affects the resource constraint or the factor price conditions we conclude that the
two equivalence conditions map any feasible social security policy into a tax-and-debt
policy that implements the same equilibrium allocation and prices. Absent restrictions on the available tax and transfer instruments, similar mappings can be derived
in environments where social security taxes are distorting, households long-lived and
heterogenous within a cohort, or outcomes stochastic.
Intuitively, under the social security policy, households save little because they receive transfers in old age. Under the equivalent tax-and-debt policy, they save more
because they pay lower taxes when young but do not receive transfers when old. The
difference in saving exactly corresponds to the debt the government issues under the
tax-and-debt policy. In light of this equivalence, one refers to the present value of the
already committed future social security benefits as the implicit debt of the pay-as-yougo financed social security system.
Since implicit debt associated with a social security policy or other government
program and explicit debt entail the same financial commitments, focusing on the latter and disregarding the former can be misleading. Explicit debt (net of government
assets) does not comprehensively measure the fiscal burden a policy imposes on future generations as these generations also have to contribute resources to service the
implicit debt. Generational accounts, in contrast, do provide a comprehensive measure. The generational account of a group is the present value of the group’s remaining
lifetime taxes net of received transfers. From the government’s intertemporal budget
constraint, the sum of all generational accounts equals the present value of current and
future government consumption plus the outstanding government debt.
Suppose that at date t = 0 a pay-as-you-go social security system {τts , Tt }t≥0 is
introduced. The effect on the budget set of an old household at date t = 0 and on the
budget set of a member of cohort t ≥ 0, respectively, are given by
w0 τ0s ν

and

− wt τts +

wt+1 τts+1 ν
.
R t +1

The first generation receiving social security benefits clearly is made better off. Whether
subsequent generations benefit or loose depends on whether the equilibrium is efficient or not. Along an inefficient balanced growth path (R < ν such that −wτ s +
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wτ s ν/R > 0) subsequent generations also benefit; along an efficient path, they are
harmed. Using the relations derived earlier, we can equivalently represent the introduction of the social security system as a policy that finances a transfer to the old at
date t = 0 out of taxes and debt, which subsequent cohorts service over time, see
table 11.1.

Pay-as-you-go

Explicit debt

Effect on household budget at date t
τt
τts

=
>
>

τt
τt
0

cash flow, t = 0:
+ total cash inflow
+ taxes on young households
+ debt issued
− total cash outflow
− transfer to old households

0
N0 τ0s
N0 τ0s
0
N0 T0
N0 T0

=
=
>
<
=
=

0
N0 τ0s
N0 τ0
N0 b1 ν1
N0 θ0
N0 θ0

cash flow, t > 0:
+ total cash inflow
+ taxes on young households
+ debt issued
− total cash outflow
− transfer to old households
− debt service

0
Nt τts
Nt τts
0
Nt Tt
Nt Tt
0

=
=
>
<
=
>
<

0
Nt τts
Nt τt
Nt bt+1 νt+1
Nt bt Rt
0
Nt bt Rt

lifetime net taxes:
+ taxes on young households
− discounted old age benefits

Tt+1 νt+1
R t +1

Effect on government budget at date t

Notes: Nt denotes the size of cohort t and νt+1 ≡ Nt+1 /Nt the possibly
time-varying growth rate. Wages are normalized to one. Equivalence then
requires νt+1 bt+1 = τts − τt and Tt+1 = bt+1 Rt+1 . In the economy with
government debt, the transfer to the initial old, θ0 , corresponds with the
transfer paid under the pay-as-you-go system. A “+” or “−” indicates
positive or negative contributions.

Table 11.1: Equivalence of implicit and explicit government debt: Pay-as-you-go social
security and explicit government debt.
In stochastic environments, a history-contingent social security policy (or equivalent tax-and-debt policy with history-contingent returns on government debt) can contribute to inter generational risk sharing. This may be valuable because, absent such
policies, overlapping generations cannot implement all ex-ante beneficial insurance arrangements (see section 4.4). A social security policy that provides annuities may also
contribute to intra generational risk sharing by insuring longevity risk.
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A pay-as-you-go social security system contrasts with a fully funded system with
individual accounts where households contribute resources in young age and consume
the return on their contributions in old age. In equilibrium, the contributions fund
capital accumulation. Changes in the contribution rate do not have macroeconomic
effects as long as households can undo them by adjusting their savings outside of the
system. That is, mandatory saving in a fully funded system is irrelevant as long as the
desired saving of households exceeds the mandatory saving.

11.3

Equivalence of Policies

The Ricardian equivalence proposition discussed in subsection 11.2.1 describes equivalence classes of fiscal policies whose members implement the same equilibrium allocation that is, the same sequences for consumption, capital, wages, and interest rates but
not necessarily for financial assets like government debt. Our discussion of equivalent
pay-as-you-go social security and tax-and-debt policies in subsection 11.2.3 identified
another type of equivalence classes. We now unify these discussions and consider additional applications.

11.3.1

General Equivalence Result

Let µ denote the state at the initial date and let ϕ denote a policy. Equivalence classes
relate pairs of policies and states. A pair (µ, ϕ) and another pair (µ̄, ϕ̄) belong to the
same equivalence class if and only if both pairs implement the same equilibrium allocation.2
A direct approach to establishing that (µ, ϕ) and (µ̄, ϕ̄) belong to the same equivalence class relies on characterizing the equilibrium allocations implemented by each
pair (if they exist) and showing that they are identical. An indirect approach relies on
establishing that the choice sets of households and firms are not affected by the change
of policy. Suppose a pair (µ, ϕ) implements an equilibrium and suppose that another
pair, (µ̄, ϕ̄), satisfies the following conditions:
i. µ and µ̄ encode identical production possibilities, and restrictions on inputs and/or
outputs of firms are identical across policies;
ii. households’ choice sets are identical if evaluated at the equilibrium prices;
iii. at the equilibrium allocation and prices, (µ̄, ϕ̄) satisfies the government’s dynamic budget constraints.
Then, the two pairs belong to the same equivalence class.
This can be seen as follows: Conjecture that equilibrium prices under (µ, ϕ) and
(µ̄, ϕ̄) are the same. With household choice sets unchanged, household demand functions are unaltered since preferences do not depend on policy. With constraints on
2 For

simplicity, we disregard issues related to multiplicity of equilibria.
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production unaffected, firm net supply functions are unaltered. The original household and firm choices (except possibly for financial assets) thus remain optimal and
clear markets. Private sector choices and the government’s new policy also satisfy all
budget constraints. Given that the equilibrium allocation under (µ, ϕ) and (µ̄, ϕ̄) is the
same, the conjecture is verified.

11.3.2

Applications

The reasoning underlying the general equivalence result parallels the arguments that
we made to establish Ricardian equivalence as well as the equivalence of pay-as-yougo social security and tax-and-debt policies. There, the choice set of a household is the
set of affordable consumption allocations over the household’s lifetime, and condition
i. is trivially satisfied because the initial capital stock which corresponds to µ is held
constant. But the result holds much more broadly as the following examples show.
Heterogeneity
Suppose that taxes are non-distorting but households are heterogeneous within cohorts. An equivalence class (conditional on some initial state) then consists of policies
that satisfy the government budget constraints and impose on each household a given
household specific present value of taxes.
Tax Distortions
Suppose that households value consumption and leisure such that labor income taxes
are distorting. The choice set of a household then is given by the set of affordable
consumption and leisure combinations. An equivalence class (conditional on the initial
state) consists of policies that satisfy the government budget constraints and impose
on each household a given household specific lifetime tax function which specifies the
present value of taxes as a function of the household’s choices. For example, one tax
policy in such an equivalence class might tax labor income at date t at rate τtw , while
another policy in the same class might tax labor income at date t at rate τtw Rt+1 but
collect the tax only in the subsequent period. Since both policies have the same effect
on the household’s choice set an equilibrium allocation implemented by the former
policy also constitutes an equilibrium allocation under the latter. As with standard
Ricardian equivalence, however, the two policies are associated with different levels of
government debt.
Multiple Tax Instruments
Suppose that the government taxes consumption expenditures at rate τtc , capital income at rate τtk , and labor income at rate τtw . The household’s dynamic budget constraint reads
at+1 = at Rt (1 − τtk ) + wt (1 − xt )(1 − τtw ) − ct (1 + τtc ),
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where xt denotes leisure. Iterating the dynamic budget constraint and imposing a noPonzi-game condition yields the intertemporal budget constraint
a0 R0 (1 − τ0k ) +

∞

∑ qt κt (wt (1 − xt )(1 − τtw ) − ct (1 + τtc )) = 0,

t =0

where we define κ0 ≡ 1 and κt ≡ ((1 − τ1k ) · · · (1 − τtk ))−1 , t > 0. Letting ξ t ≡ (1 +
τtc )/(1 + τ0c ), we can rewrite this as


∞
a0 R0 (1 − τ0k )
1 − τtw
+ ∑ q t κ t ξ t w t (1 − x t )
− ct = 0.
1 + τ0c
1 + τtc
t =0
From the household’s perspective, the price of leisure relative to consumption equals
wt (1 − τtw )/(1 + τtc ) and the price of consumption at date t + 1 relative to consumption
at date t equals qt+1 κt+1 ξ t+1 /(qt κt ξ t ) = (1 + τtc+1 )/( Rt+1 (1 − τtk+1 )(1 + τtc )). That is,
the tax wedges
1 + τtc+1
1 − τtw
and
1 + τtc
(1 − τtk+1 )(1 + τtc )
distort the consumption-leisure and consumption-saving choices, respectively.
If a0 R0 = 0 then the three tax rates affect the household’s budget set only through
the two tax wedges. Feasible tax sequences generating the same wedge sequences constitute an equivalence class in this case. For example, a feasible tax policy employing
all three tax instruments is equivalent to another policy that only relies on a specific
combination of capital and labor income taxes.
If a0 R0 6= 0 then the budget set also depends on (1 − τ0k )/(1 + τ0c ). A (non-distorting)
tax levied on date-t = 0 financial wealth, τ0k > 0, can be replicated by a change of consumption and labor income taxes. To see this, suppose for simplicity that the initial
policy imposes no taxes except for capital income taxes at date t = 0, τ0k > 0. This
is equivalent to a policy with no capital income taxes but a positive consumption tax
at date t = 0, which satisfies 1 + τ0c = (1 − τ0k )−1 ; positive consumption taxes in all
other periods, τtc = τ0c , to keep intertemporal wedges unchanged; and subsidies for
labor supply in all periods, τtw = −τtc , to keep relative prices between consumption
and leisure unchanged.

11.4

Fiscal-Monetary Policy Interaction

When a government issues nominal liabilities such as nominal debt and central bank
money then the government’s budget constraint includes fiscal and monetary policy
instruments as well as the price level. Accordingly, fiscal and monetary policy must be
coordinated in equilibrium and their interplay affects inflation.

11.4.1

Consolidated Government Budget Constraint

Suppose that the government redeems real and nominal debt, bt (et−1 ) and Bt (et−1 ) respectively; and issues new debt as well as additional money balances, bt+1 (et ), Bt+1 (et ),
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and Mt+1 (et ) − Mt (et−1 ). Liabilities issued at date t and maturing at date t + 1 are
indexed by the history et . Real or inflation indexed debt pays the potentially historycontingent gross rate of return Rt+1 (et+1 ), expressed in real terms; nominal debt pays
the gross rate of return It+1 (et+1 ), expressed in nominal terms, which translates into
the real rate of return It+1 (et+1 )Πt−+11 (et+1 ), where Πt+1 (et+1 ) denotes gross inflation.
Throughout, debt positions should be interpreted as net debt positions of the government.
Let {mt+1 (et+1 )}t≥0 denote the stochastic discount factor and Pt (et ) the aggregate
price level. Standard asset pricing (see equation (5.1) in section 5.3 and equation (9.2)
in section 9.1) implies that the equilibrium price of real and nominal debt equals unity
and Pt−1 (et ), respectively. To see the latter, rewrite the Euler equation for nominal debt
as


t+1 ) /P
t +1 ) 
t +1 ) 
t +1 ( e
t+1 It+1 ( e
t+1 It+1 ( e
= Et m t +1 ( e )
1 = Et m t +1 ( e )
1/Pt (et )
Π t +1 ( e t +1 )
and note that It+1 (et+1 )/Pt+1 (et+1 ) is the real payoff of nominal debt. It follows that
the equilibrium price of nominal debt equals 1/Pt (et ).
Also, when issuing one unit of money, the government receives 1/Pt (et ) units of
the good in exchange. The consolidated government budget constraint therefore reads
bt ( e t − 1 ) R t ( e t ) +

Bt (et−1 ) It (et )
=
Pt (et )

(11.3)

τt (et ) − gt (et ) + bt+1 (et ) +

Bt+1 (et ) Mt+1 (et ) − Mt (et−1 )
+
,
Pt (et )
Pt (et )

where τt (et ) − gt (et ) denotes the primary surplus. Condition (11.3) states that the government funds maturing debt including interest (on the left-hand side) with its primary
surplus and the revenue from new debt and money issuance (on the right-hand side).3
Note that the real value of maturing government debt may be history-contingent for
two reasons: Because of contingent interest rates or—with nominal debt—due to a
stochastic price level.
Solving the dynamic budget constraint forward (using the Euler equation) and imposing a no-Ponzi-game condition yields the intertemporal government budget constraint
bt ( e t − 1 ) R t ( e t ) +
∞

∑ Et

h

Bt (et−1 ) It (et )
=
Pt (et )

(11.4)

(mt+1 (et+1 ) · · · mt+ j (et+ j ))×

j =0

τt+ j (et+ j ) − gt+ j (et+ j ) +

Mt + 1 + j ( e t + j ) − Mt + j ( e t + j − 1 )
Pt+ j (et+ j )

!#
.

3 We

assume that all debt is short-term that is, it matures after one period. With longer-term debt, the
right-hand side of condition (11.3) would include changes in debt positions.
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Condition (11.4) states that the market value of outstanding debt equals the present
value of current and future primary surpluses including seignorage revenues, where
seignorage is defined as the resources the government collects in exchange for the
money it issues.
When we rewrite the dynamic budget constraint as
Bt (et−1 ) It (et ) Mt (et−1 )
+
=
Pt (et )
Pt (et )
B (et ) M (et )
τt (et ) − gt (et ) + bt+1 (et ) + t+1 t + t+1 t ,
Pt (e )
Pt (e )

bt ( e t − 1 ) R t ( e t ) +

the left-hand side comprises a broader measure of government liabilities that includes
both debt and outstanding money balances. Solving this equation forward yields
bt ( e t − 1 ) R t ( e t ) +
∞

Bt (et−1 ) It (et ) Mt (et−1 )
+
=
Pt (et )
Pt (et )

h
E
∑ t (mt+1 (et+1 ) · · · mt+ j (et+ j ))×

j =0

τt+ j (et+ j ) − gt+ j (et+ j ) +

m t + 1 + j ( e t + 1 + j ) Mt + 1 + j ( e t + j ) i t + 1 + j ( e t + 1 + j )
Pt+1+ j (et+1+ j )

!#
.

The last term on the right-hand side represents an alternative measure of seignorage,
namely the cost reduction for the government due to the fact that money, unlike debt,
does not pay interest. Owing money rather than debt reduces the government’s interest payments at date t + j + 1 by Mt+1+ j (et+ j )it+1+ j (et+1+ j ); the real value as of date
t + j of this reduction is the reduction times mt+1+ j (et+1+ j )/Pt+1+ j (et+1+ j ). Note that
the cost reduction enters the budget constraint in parallel to a tax revenue.
If money paid interest (see subsection 12.3.1) then no such seignorage term would
be present.

11.4.2

Seignorage Needs as Driver of Inflation

Consider a deterministic economy without debt and with fixed taxes and government
consumption, g − τ > 0. For an equilibrium to exist, seignorage revenue then must be
sufficient to balance the budget. Specifically, equation (11.3) requires that
g−τ =

M
− Mt Pt−1 Mt
Mt + 1 − Mt
= t +1
.
Pt
Mt
Pt Pt−1

The right-hand side of the equation indicates that seignorage is proportional to the
money growth rate; inverse inflation; and the private sector’s money demand, Mt /Pt−1 .
The latter dependence implies that the government is constrained in its ability to raise
seignorage revenue.
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Assume that Mt grows at the constant gross rate γ M and the private sector’s demand for real balances depends negatively on the nominal interest rate and thus (from
the Fisher equation), expected inflation. Expected and actual inflation are equal to
each other and to the money growth rate, reflecting a quantity theory relationship. The
budget constraint can then be expressed as
g−τ =

γM − 1
· money demand(γ M ).
γM

The right-hand side of this equation is the product of an increasing and a decreasing function of γ M : On the one hand, higher money growth increases the inflation tax
that households pay when acquiring additional money in order to keep real balances
constant; but on the other hand, households reduce real balances and thus, the base
of the inflation tax in response to higher inflation and nominal interest rates. The two
counteracting effects give rise to a seignorage Laffer curve—a hump shaped relationship
between the inflation-tax rate, γ M , and the seignorage revenue. Except for too high
levels of seignorage revenue, there exist at least two money growth rates that generate
that revenue, a low and a high one.
The turnpike model analyzed in subsection 9.2.2 provides micro foundations for
an inflation elastic money demand function. Consider an equilibrium in which nonconstrained households buy the bubble a = Mt+1 /Pt and sell it at value Mt+1 /Pt+1 in
the subsequent period; the gross return on the bubble thus equals the inverse gross inflation rate, Π−1 . The difference between bubble purchases (by non-constrained households) and sales (by constrained households) in a period, a(1 − Π−1 ), corresponds to
the new bubble sales by the government. To satisfy the government budget constraint,
these sales have to equal the primary deficit,
g − τ = a(1 − Π−1 ) = aπ/Π,
where π denotes the net inflation rate.
Let c̄ ≡ w̄ − a and c ≡ w + aΠ−1 denote equilibrium consumption of a household
with high and low endowment, respectively. The resource constraint is given by c̄ +
c = w̄ + w − g; the Euler equation of a household investing in the bubble reads
u0 (c̄) = βΠ−1 u0 (c);
and the borrowing constraint implies the condition 1 ≥ u0 (c̄)/u0 (c) which is necessarily satisfied when a ≥ 0 and g − τ > 0.
For a given inflation rate the Euler equation pins down the demand for real balances, a, and thus seignorage revenue, aπ/Π. Note that inflation affects seignorage
revenue twofold. On the one hand, it gives rise to income and substitution effects on
the demand for the bubble (see subsection 2.1.2); with logarithmic utility and w = 0,
these effects cancel. On the other hand, higher inflation increases the tax on bubble
holdings as well as new bubble sales. When the bubble demand is sufficiently elastic
seigniorage is a hump shaped function of the inflation rate.
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11.4.3

Inflation Effects of Government Financing

Consider an endowment economy inhabited by an infinitely lived representative household that owns a history-contingent endowment sequence, {wt (et )}t≥0 ; and a government with history-contingent resource requirement { gt (et )}t≥0 . Households may
not consume their own endowments, and consumption goods can only be sold to,
and bought from, other households against cash (see subsection 9.3.3). The government also must use cash to purchase goods. The economy’s resource constraint reads
wt (et ) = ct (et ) + gt (et ). The households’ and government’s cash-in-advance constraints (which bind because of positive interest rates) are given by ct (et ) = Mth+1 (et )/Pt (et )
g
g
and gt (et ) = Mt+1 (et )/Pt (et ), respectively. Let Mt+1 (et ) ≡ Mth+1 (et ) + Mt+1 (et ). Securities are traded and money holdings chosen after the state of nature is realized,
before cash transactions take place.
The household’s dynamic budget constraint reads

τt (et ) + bt+1 (et ) +

Bt+1 (et ) Mth+1 (et )
+
=
Pt (et )
Pt (et )

bt ( e t − 1 ) R t ( e t ) +

Bt (et−1 ) It (et ) Mth (et−1 ) wt−1 (et−1 ) − ct−1 (et−1 )
+
+
,
Pt (et )
Pt (et )
Πt (et )

where the last term on the right-hand side represents the real value of cash inflows
from endowment sales, net of cash outflows for consumption purchases in the previous
period. Since the cash-in-advance constraint binds, this collapses to
Bt+1 (et )
+ ct (et ) =
t
Pt (e )
Bt (et−1 ) It (et )
1 t
bt ( e t − 1 ) R t ( e t ) +
+ w t −1 ( e t −1 ) Π −
t ( e ).
Pt (et )

τt (et ) + bt+1 (et ) +

Since the revenue from endowment sales accrues in cash that must be carried into
1 t
t
the next period, inflation or even low deflation (Π−
t ( e ) < Rt ( e )) acts as a (nondistorting) tax on sales.
g
The initial state in the economy is µ = ( M0h , M0 , b0 R0 , B0 I0 ) and a policy is given by
ϕ ≡ {τt (et ), gt (et ), bt+1 (et ), Rt+1 (et+1 ), Bt+1 (et ), It+1 (et+1 ), Mt+1 (et )}t≥0 .
g

The endogenous variables are {ct (et ), Pt (et ), mt+1 (et+1 ), Mth+1 (et ), Mt+1 (et )}t≥0 . EquiMacroeconomic Analysis, page 171
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librium conditional on (µ, ϕ) requires
c t ( e t ) = w t ( e t ) − gt ( e t ),
u0 (wt+1 (et+1 ) − gt+1 (et+1 ))
m t +1 ( e t +1 ) = β
,
u0 (wt (et ) − gt (et ))
Mth+1 (et )

w t ( e t ) − gt ( e t )
,
gt ( e t )
h
i
t +1
t +1
1 = Et m t +1 ( e ) R t +1 ( e ) ,
h
i
1
t +1
1 = Et mt+1 (et+1 ) It+1 (et+1 )Π−
(
e
)
,
t +1

g
Mt + 1 ( e t )

=

Pt (et ) =

Mt + 1 ( e t )
,
wt ( et )

as well as the government budget constraints, conditions (11.3) and (11.4). Walras’ law
implies that the household budget constraints then are satisfied as well.
We are interested in policies that implement the same allocation. Such policies include the same government consumption sequence but they might differ from each
other with respect to taxes, debt instruments, money balances, or nominal interest
rates. Our objective is to understand whether, and how changes in these policy instruments alter the equilibrium price level sequence.
Irrelevance of Debt Composition
Note first a neutrality result: A feasible change of the composition of government debt
between real and nominal debt accompanied by no change of taxes or money supply
does not alter inflation. Such a policy change neither affects total indebtedness in real
terms nor total debt issuance. For example, a feasible policy ϕ with positive real and
nominal debt implements the same equilibrium inflation as a modified policy ϕ̄ with
zero nominal debt and
Bt (et−1 ) It (et )
b̄t (et−1 ) R̄t (et ) = bt (et−1 ) Rt (et ) +
, t ≥ 1,
Pt (et )
h
i
1 = Et mt+1 (et+1 ) R̄t+1 (et+1 ) .
Throughout the subsection, we therefore abstract from nominal debt, without loss of
generality.
Policy Mixes
We consider feasible policy changes that affect taxes, seignorage and debt subject to (11.3),
(11.4), the asset pricing condition, and the cash-in-advance constraint. To satisfy the
equilibrium conditions, the policies before and after the change, ϕ and ϕ̄ respectively,
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and the associated price level sequences, { Pt }t≥0 and { P̄t }t≥0 , must be related as follows:
M̄t+1 (et ) − M̄t (et−1 )
+ b̄t+1 (et ) − b̄t (et−1 ) R̄t (et )
P̄t (et )
Mt + 1 ( e t ) − Mt ( e t − 1 )
t
+ bt + 1 ( e t ) − bt ( e t − 1 ) R t ( e t ) ,
= τt (e ) +
t
Pt (e )
t
t
t
P̄t (e ) = M̄t+1 (e )/wt (e ),
h
i
0 = Et mt+1 (et+1 )( R̄t+1 (et+1 ) − Rt+1 (et+1 )) .
τ̄t (et ) +

The new policy must also satisfy condition (11.4). We consider several special cases of
such policy changes.
Current vs. Future Taxes
Delaying taxation and financing the temporary revenue shortfall by issuing government debt leaves the money supply unchanged. The equilibrium price level sequence
then is unchanged as well. For example, altering taxes and debt issuance according to
τ̄0 (e0 ) = τ0 (e0 ) − ∆,
b̄1 (e0 ) = b1 (e0 ) + ∆,
τ̄1 (e1 ) = τ1 (e1 ) + R1 (e1 )∆,
where ∆ > 0, has no effect on price levels.
Seignorage vs. Future Taxes
A one-time change of the composition of government liabilities between money and
debt coupled with a subsequent change of taxes has a permanent effect on the price
level. Formally, let
τ̄0 = τ0 ,
M̄
M0
M1 (e0 ) − M0
0
b̄1 (e0 ) + 1
=
b
(
e
)
+
,
1
P0 (e0 )
P̄0 (e0 )

( e0 ) −

P̄0 (e0 ) = M̄1 (e0 )/w0 (e0 ),
where the two seignorage terms differ. Since the policy ϕ̄ does not involve further
changes in seignorage the effect on the price level is permanent.4 The change of debt
issuance at date t = 0 implies b̄1 (e0 ) R̄1 (e1 ) 6= b1 (e0 ) R1 (e1 ) for some history e1 . Longterm budget balance therefore requires an appropriate adjustment of taxes subsequent
to e1 . With this adjustment, all equilibrium conditions are met.
4 To see this, consider the deterministic case.

The cash-in-advance constraint implies { M̄t+1 / P̄t }t≥0 =
{ Mt+1 /Pt }t≥0 . ( M̄1 − M0 )/ P̄0 6= ( M1 − M0 )/P0 implies P̄0 6= P0 and M̄1 6= M1 . ( M̄2 − M̄1 )/ P̄1 =
( M2 − M1 )/P1 implies M̄1 / P̄1 = M1 /P1 and thus, P̄1 6= P1 and M̄2 6= M2 . The argument extends to
subsequent periods.
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The example illustrates that monetary policy interventions that change the government’s portfolio do not only affect the price level but also have fiscal consequences.
An open market operation in which the government purchases government debt from
households against cash constitutes an example of such an intervention.
Current vs. Future Seignorage
A debt financed reduction of seignorage that is accompanied by a subsequent increase
of seignorage permanently alters the price level. In fact, such a monetary contraction
coupled with a subsequent expansion implies a higher price level in the long run.
For a simple example, consider a deterministic environment with constant endowment, w, and gross interest rate, R > 1. Feasible policy ϕ involves no seignorage
revenues, Mt = M, such that Pt = P = M/w. Under the modified policy, ϕ̄, money
balances are reduced at date t = 0 and kept constant until date t = T − 1 when they
are increased again. That is,
M̄t+1 = M − ∆1 , t = 0, . . . , T − 2,
M̄t+1 = M − ∆1 + ∆ T , t = T − 1, T, . . . .
The cash-in-advance constraints imply
P̄t = ( M − ∆1 )/w, t = 0, . . . , T − 2,
P̄t = ( M − ∆1 + ∆ T )/w, t = T − 1, T, . . . .
Under ϕ̄, seignorage revenues at date t = 0 and date t = T − 1, respectively, equal
−∆1 w/( M − ∆1 ) and ∆ T w/( M − ∆1 + ∆ T ). To satisfy the budget constraint (11.4), the
present value of these revenues must equal zero, implying
∆1 w
∆
∆T w
M − ∆1 + ∆ T
= R T −1
⇒ T = R T −1
.
M − ∆1 + ∆ T
M − ∆1
∆1
M − ∆1
This implies that ∆ T > ∆1 , both since R > 1 and P̄T −1 > P̄0 . That is, following a
monetary contraction at date t = 0, money balances and thus, the price level increase
in the long run because the monetary contraction generates a revenue shortfall which
requires higher future inflation to balance the budget. A postponement of the expansionary policy increases the long-run price level (PT increases in T).
This so-called unpleasant monetarist arithmetic illustrates how the fiscal implications
of a monetary policy intervention force an eventual policy reversal when fiscal policy
does not accommodate the intervention; and that the inflationary effects of the reversal
can dominate those of the intervention.

11.4.4

Game Of Chicken

When monetary and fiscal policy are controlled by separate authorities—a central bank
on the one hand and a fiscal authority on the other—then the institutional structure
governing the policy coordination can have important macroeconomic implications.
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Suppose the fiscal authority moves first in the sense of committing to history-contingent
tax and government consumption sequences before the monetary authority chooses
the money supply. By moving first, the fiscal authority shifts responsibility for implementing an equilibrium to the monetary authority; the latter must generate sufficient
seignorage to satisfy the intertemporal budget constraint. In this game of chicken the
central bank’s choice set is restricted by the actions of the fiscal authority. Although
the central bank may wish to conduct a monetary policy aimed at stabilizing the price
level say, its second mover status can frustrate this plan.
Threats to price stability of this kind can be countered by instituting an arrangement
that guarantees central bank independence and assigns the first mover advantage to the
monetary authority. An independent central bank is relieved of the responsibility for
intertemporally balancing the budget; that responsibility lies with the fiscal authority.

11.4.5

Fiscal Theory of the Price Level

When nominal debt is outstanding at date t = 0, the government’s intertemporal budget constraint (11.4) may not only be balanced by appropriate choices of government
consumption, taxes, or seignorage revenues, but also by a revaluation of nominal debt
through a change of the price level. The fiscal theory of the price level emphasizes this
possibility. It views the intertemporal budget constraint (11.4) not as a constraint on
government actions but as an equilibrium condition that determines the price level.
To motivate the theory, consider a static model. Suppose that nominal liabilities
B0 I0 are outstanding at date t = 0 which is the last period; both money balances and
seignorage are negligible; and there is no real debt. Suppose further that the choice
of fiscal policy is non-Ricardian: Rather than balancing the government’s budget by
setting τ0 − g0 = B0 I0 /P0 for whatever equilibrium price level is realized (as would
be the case in the Ricardian case), the government sets τ0 − g0 independently of P0 .
For an equilibrium to exist, P0 must adjust to B0 I0 /(τ0 − g0 ); the price level is fiscally
determined.5
For a more detailed analysis, consider the model introduced in subsection 11.4.3.
We abstract from real debt and assume that the nominal interest rate is risk-free such
that Bt+1 (et ) It+1 (et ) is constant across all histories et+1 subsequent to history et . Accordingly, the dynamic budget constraint of the government reads
Bt+1 (et ) Mt+1 (et ) − Mt (et−1 )
Bt (et−1 ) It (et−1 )
t
t
=
τ
(
e
)
−
g
(
e
)
+
+
,
t
t
Pt (et )
Pt (et )
Pt (et )

5 There

is an even simpler mechanism without debt to fiscally determine the price level. It relies on
the government setting government consumption in real terms and tax revenue in nominal terms. The
budget balance requirement pins down the price level.
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and the intertemporal budget constraint at date t = 0 is given by
B0 (e−1 ) I0 (e−1 ) + M0 (e−1 )
=
P0 (e0 )
"
∞

∑ E0

(m1 (e1 ) · · · m j (e j )) τj (e j ) − g j (e j ) +

j =0

m j +1 ( e j +1 ) M j +1 ( e j ) i j +1 ( e j )
Pj+1 (e j+1 )

!#
.

The remaining equilibrium conditions are
h
i
1
t +1
1 = Et mt+1 (et+1 ) It+1 (et )Π−
(
e
)
,
t +1
Pt (et ) =

Mt + 1 ( e t )
,
wt ( e t )

where mt+1 (et+1 ) is pinned down by the resource constraint.
A policy regime is a mapping. With each strictly positive price level sequence, it
associates a policy (or set of policies); the price level sequence and policy satisfy the
above equilibrium conditions, except possibly the intertemporal budget constraint. A
policy regime is Ricardian if for each price level sequence, this sequence and the associated policy also satisfy the intertemporal budget constraint. Otherwise, the policy
regime is non-Ricardian: there exist some price level sequences and associated policies that do not satisfy the intertemporal budget constraint. Since in equilibrium, the
government must balance its budget, a non-Ricardian regime rules out certain price
level sequences if they are associated with policies that do not satisfy the intertemporal budget constraint. That is, a non-Ricardian policy regime imposes restrictions on
equilibrium price levels which a Ricardian regime does not impose.
Consider for simplicity a deterministic environment with constant endowments,
wt = w, and government consumption, gt = g, implying mt+1 = β. A (Ricardian or
non-Ricardian) policy regime imposes the following restrictions on policy:
Mt+1 = Pt w,
It+1 = Πt+1 /β,


1
Bt+1 = Bt It − Pt τt − g + w − Π−
w
.
t
If the regime is Ricardian then policy also satisfies the intertemporal budget constraint
for any strictly positive P0 that is, policy satisfies
!
∞
w i j +1
B0 I0 + M0
j
= ∑ β τj − g +
,
P0
I j +1
j =0
where it ≡ It − 1. If the regime is non-Ricardian, in contrast, then policy need not satisfy the latter restriction for arbitrary price level sequences. The non-Ricardian regime
rules out price level sequences which in combination with the associated policy do not
satisfy the restriction.
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Suppose that B0 I0 + M0 6= 0 and monetary policy fixes the nominal interest rate
at value I. Equilibrium inflation then is constant at value Π = βI and money supply
grows at the gross rate Π, implying Pt = P0 Πt and Mt+1 = P0 Πt w. We consider fiscal
policy regimes that relate positive price level sequences that grow at a constant rate, to
fiscal policies, {τt , g, Bt+1 }t≥0 . In any fiscal policy regime, fiscal policy satisfies


Bt+1 = Bt I − P0 Πt τt − g + w − Π−1 w .
If the fiscal policy regime is Ricardian then, for any P0 > 0, policy also satisfies
B0 I0 + M0
=
P0

∞

∑β

j =0

j



I−1
τj − g + w
I


,

that is, P0 imposes a constraint on fiscal policy. Since there is no other condition to
determine the initial price level, P0 is indeterminate (see section 11.5). Under a nonRicardian fiscal policy regime, in contrast, fiscal policy is not constrained by the latter
condition; as a consequence, it may determine the price level.
Suppose alternatively that monetary policy fixes the money supply at date t at value
Mt+1 such that the equilibrium price level equals Pt = Mt+1 /w. Under a non-Ricardian
fiscal policy regime the price level now is over determined; except for knife-edge cases,
only a Ricardian fiscal policy regime is consistent with equilibrium.
That a non-Ricardian policy regime may determine the initial price level and thereby
revalue initially outstanding nominal debt does not mean that the government can
choose primary surpluses and seignorage revenues arbitrarily. Standard asset pricing
and rational expectations imply that, when nominal debt is issued for the first time
(before date t = 0) the government cannot raise more resources in present value terms
than it repays in the future. Accordingly, the intertemporal budget constraint binds at
the time of debt issuance. This can also be seen by noting that, at the “truly initial” date
t = −1 say when B−1 I−1 + M−1 = 0 the price level P−1 cannot revalue outstanding
liabilities. A non-Ricardian policy regime therefore does not allow the government to
escape long-run budget balance. Similarly, a non-Ricardian policy regime does not provide a nominal anchor—it does not determine the price level—before nominal liabilities
have been issued for the first time; it may only contribute, in a stochastic environment,
to determining history-contingent inflation rates.

11.4.6

Stability under Policy Rules

Mechanically, a non-Ricardian policy regime determines the equilibrium price level
conditional on outstanding nominal debt because only a specific price level prevents
explosive debt dynamics: The equilibrium conditions without the intertemporal budget constraint determine the path of government debt in real terms, conditional on its
starting value, and this path satisfies the government’s no-Ponzi-game condition (or
the household’s transversality condition) only for a specific starting value and thus, a
specific initial price level.
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The same mechanism may be at work when a policy regime prescribes ad-hoc policy rules, for example rules specifying how the interest rate and taxes are set in response to inflation and the stock of outstanding debt. Consider a deterministic setting.
Suppose the policy regime prescribes that the nominal interest rate responds to inflation, and taxes net of government consumption respond to the stock of real debt at the
end of the previous period,
It+1 = αΠt ,
Bt
,
τt − gt = γ
Pt−1
where α and γ are fixed parameters.6 Suppose also, as before, that the equilibrium
gross real interest rate equals β−1 . The Fisher equation, It+1 = Πt+1 /β, and the interest
rate rule then imply
Πt+1 = αβΠt .
We allow for a cash-in-advance constraint or a money demand function that depends on the interest rate; in either case, Mt+1 /Pt = wt ζ ( It+1 ) for some function ζ.
The dynamic budget constraint thus can be expressed as


Bt
M
− Mt
Bt+1
It
=
− γ − t +1
Pt
Pt−1 Πt
Pt
Bt
=
( β −1 − γ ) − χ ( w t , w t −1 , Π t )
Pt−1
for some function χ, where the second equality uses the Fisher equation, the money
demand function, the interest rate rule, and the equilibrium condition Πt+1 = αβΠt .
Linearizing the two dynamic equations yields a linear difference equation system
in two endogenous variables, the deviation of Πt from its steady-state value and the
deviation of Bt /Pt−1 from its steady-state value. The latter variable is predetermined,
the former is not. The matrix determining the stability of the system is given by


αβ
0
ξ β −1 − γ
for some constant ξ; its eigenvalues equal αβ and β−1 − γ.
Since we study a linear approximation around the system’s steady state we restrict
attention to bounded solutions.7 Three cases may be distinguished, see appendix B.5.
First, if both eigenvalues of the matrix are unstable then no bounded solution exists.
Second, if both eigenvalues are stable then any initial inflation rate together with the
predetermined real debt value gives rise to a bounded solution. As a consequence,
sunspot shocks may buffet the system. Finally, if exactly one eigenvalue is stable then
6 We

disregard additive constant terms since they are irrelevant for the argument.
is a more stringent stability requirement than the no-Ponzi-game condition in the fiscal theory
of the price level.
7 This
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the system is saddle-path stable and the two policy rules pin down a unique inflation
rate conditional on the predetermined real debt level.
Specifically, if |αβ| > 1 (active monetary policy), inflation in the initial period must
equal a specific value to guarantee stable inflation dynamics (the difference equation
for inflation is solved forward to yield a bounded solution). But in this case, debt
dynamics only are bounded if | β−1 − γ| < 1 (passive fiscal policy). The situation parallels
the one in the fiscal theory of the price level when the policy regime is Ricardian.
Alternatively, if | β−1 − γ| > 1 (active fiscal policy), inflation (and thus, the price level)
in the initial period must adjust to guarantee stable debt dynamics. Stable inflation
dynamics then require |αβ < 1| (passive monetary policy). The situation is akin to a nonRicardian policy regime in the fiscal theory of the price level when the government
fixes the nominal interest rate.

11.5

Determinate Inflation and Output

In the model with flexible prices discussed in subsection 10.3.5, risk renders inflation
indeterminate when the government sets the nominal interest rate. In the fiscal theory
of the price level analyzed in subsection 11.4.5, a Ricardian policy regime may render
the price level and the real value of government debt indeterminate. And in the model
with ad-hoc policy rules considered in subsection 11.4.6, sufficiently passive rules also
render inflation and real debt indeterminate.
We now study the source of price level indeterminacy in more detail and analyze
the role of monetary policy in the determination of the price level. We first consider
a flexible price environment before turning to rigid prices. Throughout the analysis
we assume that fiscal policy is Ricardian. Since we analyze linearized equilibrium
conditions we are looking for bounded solutions.

11.5.1

Flexible Prices

Consider the model with flexible prices analyzed in subsection 10.3.5, in which the
classical dichotomy holds: The nominal interest rate or the money supply do not affect
the real allocation; the real interest rate equals the natural interest rate, rtn (et ); and
inflation is determined by the Fisher equation which reads, in linearized form,
Et [rtn+1 (et+1 )] = it+1 (et ) − Et [πt+1 (et+1 )].
We assume that the natural interest rate follows a stationary process and thus, is bounded.
Suppose first that the government determines a history-contingent sequence of
nominal interest rates which is independent of the values of other, endogenous variables. Such an interest rate peg only pins down expected inflation, not the actually
realized inflation (see subsection 10.3.5). That is, inflation and thus, the price level
(and, for a given money demand function, nominal balances) are indeterminate. The
source of the indeterminacy is that the nominal and natural interest rate sequences
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Following a positive monetary policy shock, ζ (et ) > 0, the nominal interest rate
exceeds the level implied by the systematic part of the interest rate rule. This leads to
lower inflation, a lower output gap, and (since the natural level of output is unaffected
by the nominal interest rate) lower output. When ρ > 0, these effects are persistent,
otherwise they are temporary.
Associated with the output contraction is an increase in the real interest rate. Paradoxically, however, the nominal interest rate need not rise; for sufficiently high values
of ρ, the response of it+1 (et ) to πt (et ) and χt (et ) through the systematic part of the
policy rule may more than offset the direct positive effect of the policy shock. Intuitively, when ρ is sufficiently high, the policy shock generates expectations of negative
inflation in subsequent periods and this lowers the nominal relative to the real interest
rate.
Recall that κ, the coefficient on the output gap in the Phillips curve, depends on the
frequency of price adjustments by firms, 1 − θ. As θ → 0 (perfectly flexible prices),
κ → ∞ and the effect of the policy shock on the output gap is zero. The marginal effect on inflation equals −(φπ − ρ)−1 , and the marginal effect on the nominal interest
rate as well as on expected inflation in the subsequent period equals −ρ(φπ − ρ)−1 ;
accordingly, the real interest rate is not affected. Consistent with the results in subsection 11.5.1, we thus find that expected inflation and the nominal interest rate move
in tandem; and the impact effect of the monetary policy shock on inflation is determined by the restriction that the expected inflation sequence under the policy rule be
bounded.
For θ → 1 (completely rigid prices), in contrast, κ → 0 and inflation is unaffected by
the shock. The marginal effect on the output gap equals −(φχ + σ(1 − ρ))−1 because,
with zero inflation, it is determined by the difference equation
h
i 1 

χt (et ) = Et χt+1 (et+1 ) − Et φχ χt (et ) + ζ t (et )
σ
and the requirement that expected future output gaps remain bounded. The marginal
effect of the policy shock on both the nominal and the real interest rate equals σ (1 −
ρ)(φχ + σ (1 − ρ))−1 . A higher persistence of the shock implies a stronger output effect
but potentially a weaker interest rate response. When the persistence is very high
(ρ → 1) interest rates do not respond at all.

11.7
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Chapter 12
Optimal Policy
When policy affects the equilibrium allocation preferences over allocations induce preferences over policies. The Ramsey program consists of choosing the optimal or Ramsey
policy, which implements the Ramsey allocation. A Ramsey policy must be feasible—it
must implement an equilibrium—and it must be admissible—it may only use policy
instruments at the government’s disposal. Both requirements are costly; a social planner that directly chooses among feasible allocations does at least as good as a Ramsey
government that chooses among feasible allocations which can be implemented as an
equilibrium given the set of admissible instruments.
We analyze how a government optimally chooses deficits and taxes over time when
it is attentive to the welfare costs of tax distortions and the wealth distribution. Thereafter, we study how social insurance undermines private incentives and how the resulting trade-off affects the optimal taxation of savings. Finally, we analyze the characteristics of optimal monetary policy, both under flexible and rigid prices. Many of our
findings are instances of fundamental results from public finance, which we review in
appendix B.6.

12.1

Tax Smoothing

The public finance problem of which goods to optimally tax, and at what rate, in order
to minimize distortions or negative distributive implications (see appendix B.6) corresponds to the macroeconomic problem of when to tax. Since a decoupling of taxation
from government spending relies on government debt (see section 11.2) the Ramsey
policy determines the optimal sequence of government indebtedness.

12.1.1

Complete Markets

Consider a representative household economy without capital. The household is endowed with one unit of time per period which can be transformed into wt (et ) units of
the good. Household preferences over consumption, c, and leisure, x, are represented
t
t
t
by the utility function ∑∞
t=0 β E0 [ u ( ct ( e ), xt ( e ))] where u is strictly concave and in-

creasing and β denotes the discount factor.
To finance a given stream of government consumption, { gt (et )}t≥0 , the government taxes labor income at rates {τt (et )}t≥0 and issues Arrow securities of arbitrary
maturity; markets are complete. Without loss of generality, taxes on consumption are
normalized to zero (see the discussion in subsection 11.3.2 and note that absent a technology to transform resources intertemporally, there are no intertemporal producer
prices).
Variable t bs (et−1 , es ), s ≥ t, denotes claims vis-à-vis the government held at date
t, given that history et−1 occurred; one claim entitles to one unit of the consumption
good at date s after history es . The marginal distribution of et is denoted by Ht (et )
and its density by ht (et ); the conditional distribution of es given et , s ≥ t, is denoted
Hs (es |et ).
The benevolent government maximizes household welfare subject to the resource
constraint,
ct (et ) + gt (et ) = wt (et )(1 − xt (et )),
and the equilibrium conditions that characterize household choices, namely the household’s (complete markets) intertemporal budget constraint,
∞ Z

∑

qt (et )[ct (et ) − (1 − τt (et ))wt (et )(1 − xt (et )) − 0 bt (e−1 , et )]det = 0,

t =0

and the household first-order conditions,
uc (c0 , x0 )qt (et ) = βt ht (et )uc (ct (et ), xt (et )),
uc (ct (et ), xt (et ))wt (et )(1 − τt (et )) = u x (ct (et ), xt (et )),
which reflect the consumption-saving and labor-leisure trade-off, respectively. Variable qt (et ) denotes the price at date t = 0 of the good at date t, and {0 bt (e−1 , et )}∞
t =0
are the private sector claims vis-à-vis the government at the initial date. The resource
and budget constraint imply the government’s intertemporal budget constraint.
To represent the government’s constraint set more compactly we adopt the primal
approach (see appendix B.6). Substituting the first-order conditions into the budget
constraint yields the implementability constraint,
∞ Z

∑

βt [uc (ct (et ), xt (et ))(ct (et ) − 0 bt (e−1 , et )) − u x (ct (et ), xt (et ))(1 − xt (et ))]dHt (et ) = 0,

t =0

which comprises all equilibrium conditions in the household sector and expresses
them solely in terms of the allocation, without direct reference to prices and after-tax
wages. The government’s problem is to maximize welfare subject to the resource constraint, the implementability constraint, and the first-order conditions. Conditional
on an allocation that satisfies the resource and implementability constraint, the firstorder conditions pin down prices and tax rates. The Ramsey allocation therefore solves
the problem of maximizing welfare subject to the resource and implementability constraints.
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Let ν and − βt µt (et )ht (et ) denote the multipliers associated with the implementability and resource constraints, respectively. Suppressing histories to improve legibility,
the first-order conditions for consumption and leisure are given by

(1 + ν)uc (ct , xt ) + ν(ucc (ct , xt )(ct − 0 bt ) − u xc (ct , xt )(1 − xt )) = µt ,
(1 + ν)u x (ct , xt ) + ν(ucx (ct , xt )(ct − 0 bt ) − u xx (ct , xt )(1 − xt )) = µt wt ,
respectively. The conditions state that the government accounts for three types of effects when increasing ct or xt . First, the direct effects on the objective function. Second,
the resource costs, represented by the terms multiplying µt . And third, the marginal
effects on the implementability constraint, represented by the terms multiplying ν.
The latter effects reflect both higher outlays for consumption or leisure and changes
of the marginal rates of substitution—corresponding to changed inter- and intratemporal prices.
Together with the implementability and resource constraints the first-order conditions of the government fully characterize the Ramsey allocation. Moreover, from the
household’s first-order conditions, the allocation implies the optimal tax rates,
τt = 1 −

u x (ct , xt )
,
uc ( ct , xt ) wt

as well as prices. Finally, from the government’s intertemporal budget constraint, the
history-contingent sequence of taxes implies a unique sequence of optimal government
indebtedness since the value of outstanding debt equals the market value of future
primary surpluses (see subsection 11.4.1). Note that the level of indebtedness at date t,
∞ Z

∑

s=t

q s t bs s t
de |e ,
qt

does not uniquely determine the maturity structure {t bs (et−1 , es )}s≥t that is, the composition of public debt by maturity.
We make four key observations. First, the multiplier associated with the implementability constraint, ν, represents the shadow value of public funds—the government’s
valuation of public relative to private sector wealth. To see this, recall that the implementability constraint incorporates all competitive equilibrium conditions beyond
the resource constraint. The multiplier associated with the constraint represents the
shadow cost of the competitive equilibrium requirement and specifically, of the government’s need to levy distorting taxes. A marginal lump-sum transfer from the private to the public sector (or a reduction of the government’s initial indebtedness)
would relax the implementability constraint and increase the value of the program
by ν.
Second, with complete markets, the shadow value is constant over time and across
histories. This is just a restatement of the fact that the government faces a single implementability constraint with a single multiplier. Intuitively, with complete markets,
households smooth the shadow value of income over time and across histories and
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the same holds true for the government, implying that the ratio of the shadow values,
ν, is constant as well. If the government did not face complete markets but, to take
an extreme example, had to balance the budget at each date and history then the single implementability constraint would be replaced by a history-contingent sequence
of constraints with an associated sequence of multipliers. The government’s inability
to decouple tax collections and government spending would imply that the shadow
cost of public funds varies over time and across histories. We return to this point in
subsection 12.1.2.
Third, as established above, under the Ramsey policy government indebtedness
generally differs from zero and in stochastic environments, it is stochastic as well. That
is, the optimal return on the government’s portfolio generally is not risk-free. This
is an implication of the constancy of the shadow cost, ν. In parallel to households,
the government uses financial claims to shift purchasing power across periods and
histories. We return to this point below.
Finally, tax rates at date t only depend on (0 bt , wt , gt ). To see this, note that the two
first-order conditions combine to an equation in (ν, 0 bt , wt , ct , xt ) while the variables
( gt , wt , ct , xt ) enter the resource constraint. Since the structure of either equation is
not history dependent the equilibrium allocation at a date and history is an invariant
function of the exogenous state, (0 bt , wt , gt ), as well as of the constant multiplier, ν.
As a consequence, the tax rates in two histories with the same state are identical. In
environments with additional state variables, e.g. capital, this complete markets result
generalizes.
To characterize the Ramsey tax policy in more detail, we manipulate the optimality
conditions to derive two auxiliary conditions,

(1 + ν)[uc (ct , xt )(ct − 0 bt ) − u x (ct , xt )(1 − xt )] + νQt + ( gt + 0 bt )µt = 0,
νQ +

∞ Z

∑

βt ( gt + 0 bt )µt dHt = 0,

t =0

where Qt < 0, Q < 0, and µt > 0.1 From the resource constraint, the first condition implies that, even with no government spending in a history (gt = 0 bt = 0), the tax rate is
strictly positive when public funds are scarce (ν > 0). According to the second condition, the shadow value of public funds equals zero if the market value of government
consumption and initial government
debt equals zero.
R t
∞
Suppose first that ∑t=0 β uc (ct , xt )( gt + 0 bt )dHt = 0, for example because gt +
0 bt = 0 in all histories. As we have just seen, ν = 0 in this case. The first-order
conditions then imply that the allocation is not distorted, uc (ct , xt )wt = u x (ct , xt ), and
tax rates therefore equal zero. Intuitively, when the government’s initial asset holdings
(negative 0 bt ) suffice to finance government consumption then there is no need to levy
distorting taxes.
1 The

first equation results from multiplying the government’s first-order conditions by ct − 0 bt and
xt − 1, respectively, summing them, and using the resource constraint. The second equation follows
from integrating the first condition, weighting by βt , summing over time, and using the intertemporal
budget constraint.
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Suppose next that ν > 0 such that the government needs to raise taxes, and that
(wt , gt , 0 bt ) is constant across all histories. As shown above, (ct , xt ) and thus, tax rates
then are constant as well. Accordingly, the government budget is balanced at all times.
From now on, we let 0 bt = 0 in all histories.
Third, consider a deterministic environment with constant productivity, w, and
gt = 0 at all dates except at date t = T when gT > 0. Our findings imply that tax rates
at all dates t 6= T are constant and strictly positive. Intuitively, since tax distortions are
convex in the tax rate, optimal tax rates vary less than government consumption—the
optimal tax smoothing policy spreads tax collections over time to reduce average tax
distortions. Accordingly, the government accumulates assets before date t = T and
services debt thereafter.
Next, consider the same scenario except that at date t = T, government consumption is stochastic and can take two values: gT > 0 or gT = 0. Our findings imply that
tax rates are constant and strictly positive except at date t = T if gT > 0. The Ramsey
policy smoothes taxes both across time and histories. Since the tax revenue before and
after date t = T is constant the government’s indebtedness at date t = T + 1 must be
independent of the realization of gT . Moreover, since the government budget at date
t = T is not balanced this requires that the government’s indebtedness at date t = T is
history-contingent: With gT > 0 government debt is lower than with gT = 0. That is,
between t = T − 1 and t = T, the rate of return on government debt is contingent on
the realization of gT —the private sector (partially) insures the government against the
high government consumption shock.
Finally, if (wt , gt ) follows a deterministic cycle then (ct , xt ) and tax rates follow a
deterministic cycle as well and the government’s budget is balanced over the cycle.
Similarly, if (wt , gt ) follows a stationary Markov process then (ct , xt ) and tax rates inherit the stochastic properties of the state.
We have seen that with complete markets and stochastic (wt , gt ), the tax smoothing Ramsey policy relies on contingent government indebtedness. One mechanism
to generate this contingency is to make the coupon payment contingent on the realization of the state. A more subtle mechanism, which works even when coupons are
risk-free, relies on an appropriate choice of maturity structure and the fact that shocks
that change the interest rate affect the market value of outstanding debt differently,
depending on the debt’s maturity. Suppose for example that a shock to productivity
or government consumption alters equilibrium consumption and leads to a persistent
increase in interest rates. This has no effect on the value of maturing liabilities but it
devalues outstanding longer-term debt and this effect is stronger when the maturity is
longer.
For a given level of indebtedness at date t, the indebtedness in the subsequent period thus depends on the choice of maturity structure at date t. Generically, the contingent government indebtedness under the complete markets Ramsey policy is spanned
by the contingent term structure of interest rates associated with the Ramsey allocation. That is, the contingent indebtedness under the complete markets Ramsey policy
can be generated even if the coupons on government debt are restricted to be risk-free,
provided that a sufficiently rich maturity structure of government debt is admissible.
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12.1.2

Incomplete Markets

Short-Term, Risk-Free Debt
Assume now that the government only issues one-period debt, with a risk-free coupon,
implying that government indebtedness is non-contingent. The complete markets
Ramsey allocation characterized in subsection 12.1.1 generally cannot be implemented
in this case and the properties of the Ramsey policy change.
Let bt (et−1 ) denote claims vis-à-vis the government that are due at date t in any
history subsequent to history et−1 (the claims are measurable with respect to et−1
rather than et as before). For convenience, we assume that productivity equals unity
at all times. Using the resource constraint we adopt the shorthand notation ut (et ) ≡
u(ct (et ), 1 − ct (et ) − gt (et )); uc,t (et ) ≡ uc (ct (et ), 1 − ct (et ) − gt (et )); and similarly for
u x,t (et ).
Since the government only issues debt with a risk-free return the household faces
incomplete markets. In competitive equilibrium, the household satisfies its intratemporal first-order condition and stochastic Euler equation; the household or equivalently, the government satisfies its dynamic budget constraint; government debt or
assets are bounded; and the resource constraint is met. From the intratemporal firstorder condition and the resource constraint, we can express the government’s primary
surplus, st (et ) ≡ τt (et )(1 − xt (et )) − gt (et ), as


t

st (e ) =

u x,t (et )
1−
uc,t (et )



(ct (et ) + gt (et )) − gt (et ).

Accordingly, the government’s dynamic budget constraint incorporating the household optimality conditions and the resource constraint reads
bt ( e

t −1



t

) ≤ st (e ) + βEt


uc,t+1 (et+1 )
t
bt + 1 ( e ) ,
uc,t (et )

where we assume that the government may pay lump-sum transfers, thus the inequality constraint.
Iterating this equation (with equality) forward, applying the law of iterated expectations, and assuming limT →∞ β T uc,T (e T ) = 0 almost surely, yields the implementability
constraint
Z
∞

uc,0 b0 =

∑

βt uc,t st dHt (et ),

t =0

where we suppress histories to improve legibility. There are two differences between
this implementability constraint and the one in subsection 12.1.1. First, the constraint
here incorporates the resource constraint. Second, it is derived from the government’s
rather than the private sector’s intertemporal budget constraint. Both differences affect
the exposition but not the underlying economic structure.
However, the implementability constraint does not yet reflect the restriction that
indebtedness be non-contingent (see the discussion of equation (4.1) on page 48). To
Macroeconomic Analysis, page 192

c Dirk Niepelt

Chapter 12. Optimal Policy

incorporate this restriction, we need to impose the intertemporal budget constraint
along each history. Equivalently, we require that in addition to the implementability
constraint, the indebtedness at date t and thus, the present value of primary surpluses
from that node onwards be the same for all et conditional on et−1 . This measurability
constraint can be stated as
uc,t bt =

∞ Z

∑

β j−t uc,j s j dHj (e j |et ) ∀et |et−1 , t ≥ 1,

j=t

where bt on the left-hand side of the equation is measurable with respect to et−1 . Note
that the measurability constraint at date t ≥ 1 has the same form as the implementability constraint that holds at date t = 0. We also impose boundedness conditions, requiring that bt and thus, the right-hand side of the measurability constraint normalized by
uc,t , lies between some bounds M and M̄.
Let βt ht (et )γt (et ) denote the multiplier associated with the implementability constraint (for t = 0) and the measurability constraints (for t ≥ 1) with γ0 ≤ 0; and let
βt ht (et )ξ 1,t (et ) and βt ht (et )ξ 2,t (et ) denote the multipliers associated with the upper
and lower bounds, respectively. The Lagrangian of the government’s program reads
∞ Z

∑

L=

βt {ut + uc,t (γt bt + ξ 1,t M̄ − ξ 2,t M)

t =0

−(γt + ξ 1,t − ξ 2,t )

∞ Z

∑

!)
β j−t uc,j s j dHj (e j |et )

dHt (et ).

j=t

This can be rewritten as
(
Z
∞

L=

∑

βt

t

ut + uc,t (γt bt + ξ 1,t M̄ − ξ 2,t M ) − uc,t st

t =0

∑ (γj + ξ 1,j − ξ 2,j )

)
dHt (et ),

j =0

where the multipliers γ j , ξ 1,j , and ξ 2,j in the sum ∑tj=0 (γ j + ξ 1,j − ξ 2,j ) denote multipliers along the branch of the event tree whose nodes precede the node et . We thus
have

L =

∞ Z

∑

βt {ut + uc,t (γt bt + ξ 1,t M̄ − ξ 2,t M) − uc,t st νt } dHt (et )

t =0

s.t.

νt = νt−1 + γt + ξ 1,t − ξ 2,t , ν−1 = 0.

Differentiating with respect to ct (et ) and bt+1 (et ) yields the first-order conditions
uc,t − u x,t − νt ((ucc,t − ucx,t )st + uc,t sc,t ) + (ucc,t − ucx,t )(γt bt + ξ 1,t M̄ − ξ 2,t M ) = 0,
Z

γt+1 uc,t+1 dHt+1 (et+1 |et ) = 0,

respectively. The first optimality condition relates the allocation to the level of debt
as well as to time-varying multipliers (γt , ξ 1,t , ξ 2,t ) and their cumulative sum (νt ). The
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second condition states that the shadow cost of the measurability constraint in utility
terms, γt+1 uc,t+1 , should equal zero on average.
To build intuition for these conditions, consider first the hypothetical completemarkets case where debt service at date t is measurable with respect to et rather than
et−1 , and ξ 1,t = ξ 2,t = 0. The second optimality condition then changes to γt+1 = 0 and
νt is constant across histories; the optimality conditions thus reduce to the equivalent of
the conditions in subsection 12.1.1. Intuitively, with complete markets, there is no cost
associated with having to satisfy the intertemporal budget constraint after the initial
period, conditional on satisfying it in the initial period. Stated differently, the optimal
choice of contingent indebtedness equalizes the shadow cost of the government budget
constraint across histories.
With incomplete markets, in contrast, the government cannot equalize the shadow
cost across histories. With risk-free indebtedness it can only equalize this cost on average, over time. After a negative shock to the budget the intertemporal budget constraint tightens (γt < 0 and νt decreases) and going forward, the Ramsey allocation
is more distorted than it would have been after a positive shock which leads to an
increase of νt . The tightening or relaxation of the budget constraint is permanently
reflected in the multiplier ν and thus, in the Ramsey allocation and tax policy. In contrast to the complete markets case, tax rates therefore do not only inherit the stochastic
properties of the government consumption shock but also reflect its history.
It is instructive to consider the special case of quasilinear utility, u(c, x ) = c + G ( x )
where G is increasing and concave. From the household’s first-order conditions, the
stochastic discount factor then equals β, and τt = 1 − G 0 ( x ). Tax revenue thus is a
function of xt ,
ρ( xt ) = (1 − G 0 ( xt ))(1 − xt )
say. Under standard assumptions, it is a strictly concave function over the domain
[ x, x̄ ] where x denotes the undistorted level of leisure (ρ( x ) = 0) and x̄ < 1 denotes the
level where ρ( x̄ ) attains the maximum of the Laffer curve. Inverting ρ yields leisure
as a strictly convex function of tax revenue, χ(ρt ) say. Function χ is defined over the
domain [0, ρ( x̄ )].
Since utility at date t equals 1 − χ(ρt ) − gt + G (χ(ρt )) we may formulate the Ramsey
program with tax revenue and debt as the choice variables. This program reads
∞ Z

max

{ρt (et ),bt+1 (et )}t≥0

s.t.

−∑

βt D(ρt )dHt (et )

t =0

bt ≤ ρt − gt + βbt+1 ,
M ≤ bt+1 ≤ M̄,

where we define the deadweight loss D(ρt ) ≡ χ(ρt ) − G (χ(ρt )). Note that D is strictly
convex over the domain [0, ρ( x̄ )] and reaches a minimum at ρt = 0.
With quasilinear utility the optimality conditions simplify to
1 − G 0 ( xt ) − νt [1 − G 0 ( xt ) + (1 − xt ) G 00 ( xt )] = 0,
νt = νt−1 + γt + ξ 1,t − ξ 2,t , ν−1 = 0,
Et [γt+1 ] = 0,
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where the first condition can be expressed as −D 0 (ρt ) = νt . Whenever the debt limits
do not bind νt and thus, the marginal deadweight loss follows a martingale. That
is, the Ramsey policy keeps the expected marginal tax distortion constant over time.
Compare this to the complete markets environment where the Ramsey policy stabilizes
the actual marginal tax distortion across all histories.
The Ramsey program with quasilinear utility is isomorphic to a consumption-saving
problem with the utility function −D(ρt ); an interest rate equal to the inverse of the
time discount factor; negative income shocks (government consumption); an asset with
a risk-free return; and the natural borrowing limit.2 The difference between this saving problem and the problem analyzed in subsection 4.3.2 is that the utility function
−D(ρt ) has a bliss point (at ρt = 0, corresponding to no deadweight loss).
Since νt is nonpositive and Et [νt+1 ] = νt + Et [ξ 1,t+1 ] ≥ νt , νt is a nonpositive submartingale. Due to the bliss point of −D , convergence of the submartingale does not
require an infinite asset level, unlike in the problem analyzed in subsection 4.3.2. If the
Markov process for government consumption has a nontrivial invariant distribution
then government utility converges to the bliss point; the Ramsey tax rate and νt converge to zero; and the government accumulates a sufficiently large stock of assets to
finance an infinite sequence of maximal government consumption. Whenever the realization of government consumption is lower than its maximal value the government
pays lump-sum transfers to the households.3
Broader Portfolio
Returning to the case with general preferences, assume next that the government holds
a broader portfolio of liabilities and assets, including physical capital. Markets are
incomplete.
We assume that a Markov process governs government consumption and productivity, and we formulate the Ramsey program recursively. Output f (k ◦ , 1 − x◦ (e◦ ), e◦ )
depends on the predetermined capital stock, k ◦ ; labor input, 1 − x◦ (e◦ ); and a productivity shock, reflected by e◦ . To simplify the notation we let uc (e◦ ) ≡ uc (c◦ (e◦ ), x◦ (e◦ )),
f K (e◦ ) ≡ f K (k ◦ , 1 − x◦ (e◦ ), e◦ ), etc.
The state at the beginning of a period, before the realization of the shock, includes
the economy’s capital stock, k ◦ ; the government’s net liabilities, b◦ ; the shock in the
previous period, e− ; and marginal utility in the previous period, uc (e− ). The choice
variables in the government’s program include the gross real risk-free interest rate on
g
government debt, R◦ ; government holdings of capital, k ◦ ; exposures to arbitrary securities (in zero net supply), {ei◦ }i , with exogenous gross returns { Ri (e◦ )}i ; as well
as variables which vary with the shock realization, namely consumption and leisure,
c◦ (e◦ ) and x◦ (e◦ ); the capital stock at the beginning of the subsequent period, k + (e◦ );
government net liabilities at the beginning of the subsequent period, b+ (e◦ ); and the
2 The

lower bound M does not bind, ξ 2,t = 0, because the government can pay lump-sum transfers.
the process for government consumption has an absorbing state then νt and taxes converge to
a strictly negative and positive value, respectively. Ad-hoc restrictions on asset accumulation would
imply that ξ 2,t differs from zero, undermining the convergence result.
3 If
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labor income tax rate, τ◦ (e◦ ). In the initial period, the risk-free interest rate is given.
The constraints of the government’s program are given by
uc (e− ) = βE[uc (e◦ ) R◦ |e− ],
uc (e− ) = βE[uc (e◦ )(1 + f K (e◦ ) − δ)|e− ],
uc (e− ) = βE[uc (e◦ ) Ri (e◦ )|e− ],
u x ( e◦ )
,
τ◦ (e◦ ) = 1 −
u c ( e◦ ) f L ( e◦ )
R◦ b◦ − ω◦ (e◦ ) + g◦ (e◦ ) ≤ τ◦ (e◦ )(1 − x◦ (e◦ )) f L (e◦ ) + b+ (e◦ ),
c ◦ ( e◦ ) + g◦ ( e◦ ) + k + ( e◦ ) = (1 − δ ) k ◦ + f ( e◦ ),
M(·) ≤ uc (e◦ )b+ (e◦ ) ≤ M̄(·),
where
ω ◦ ( e◦ ) ≡

∑ ei◦ ( Ri (e◦ ) − R◦ ) + k◦ (1 + f K (e◦ ) − δ − R◦ )
g

i

g

denotes the return on the government’s portfolio ({ei◦ }i , k ◦ ). The first three constraints
represent the household’s Euler equations for risk-free government debt, capital, and
the other assets. The fourth constraint relates the labor income tax rate to the household’s marginal rate of substitution. The remaining constraints represent the (government) budget constraint, the resource constraint, and the debt limits.
Using the household’s first-order conditions to substitute out τ◦ (e◦ ) and R◦ and
letting b̃◦ ≡ b◦ uc (e− ), we can express the budget constraint as


b̃◦
− ω̃◦ (e◦ ) + g◦ (e◦ ) uc (e◦ ) ≤ (uc (e◦ ) f L (e◦ ) − u x (e◦ ))(1 − x◦ (e◦ )) + b̃+ (e◦ ),
βE[uc (e◦ )|e− ]
where ω̃◦ (e◦ ) differs from ω◦ (e◦ ) in that R◦ is replaced by uc (e− )/( βE[uc (e◦ )|e− ]).
The constraint set of the government is characterized by this modified budget constraint as well as the Euler equations, the resource constraint, and the debt limits. The
Bellman equation reads
V (k ◦ , b̃◦ , uc (e− ), e− ) = max E[u(e◦ ) + βV (k + (e◦ ), b̃+ (e◦ ), uc (e◦ ), e◦ )|e− ]
s.t.
constraint set,
g

and the choice variables are k ◦ , {ei◦ }i , {c◦ (e◦ ), x◦ (e◦ ), k + (e◦ ), b̃+ (e◦ )}e◦ . Note that in
accordance with our definition of the state, the value function represents the unconditional value, prior to the realization of e◦ .
Let ν◦ (e◦ ) · prob(e◦ |e− ) denote the multiplier associated with the budget constraint
(the shadow value of public funds) when e◦ is realized. The government’s first-order
g
conditions with respect to b̃+ (e◦ ) (assuming debt limits do not bind), ei◦ , and k ◦ , respectively, are given by
ν◦ (e◦ ) + βVb (k + (e◦ ), b̃+ (e◦ ), uc (e◦ ), e◦ ) = 0,
E[ν◦ (e◦ )uc (e◦ )( Ri (e◦ ) − R◦ )|e− ] = 0,
E[ν◦ (e◦ )uc (e◦ )(1 + f K (e◦ ) − δ − R◦ )|e− ] = 0,
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and the envelope condition implies
Vb (k ◦ , b̃◦ , uc (e− ), e− ) = − ∑ ν◦ (e◦ )prob(e◦ |e− )
e◦

R◦
u c ( e◦ )
=−
E[ν◦ (e◦ )uc (e◦ )|e− ].
βE[uc (e◦ )|e− ]
u c ( e− )

Combined, these equations yield the optimality conditions
ν− (e− )uc (e− ) = βE[ν◦ (e◦ )uc (e◦ ) R◦ |e− ],
ν− (e− )uc (e− ) = βE[ν◦ (e◦ )uc (e◦ ) Ri (e◦ )|e− ],
ν− (e− )uc (e− ) = βE[ν◦ (e◦ )uc (e◦ )(1 + f K (e◦ ) − δ)|e− ].
These conditions resemble the stochastic Euler equations characterizing a household’s portfolio choice (see section 5.1). They differ insofar as marginal utility is replaced by the product of marginal utility and the shadow value of public funds. Intuitively, the Ramsey policy equalizes the return weighted average valuation of public
funds over time exactly as a household equalizes the return weighted average marginal
utility.
Note that the first condition coincides with the result derived earlier, namely that
the change of the government budget multiplier, weighted by marginal utility, equals
zero on average. This follows from
E [ βR◦ ν◦ (e◦ )uc (e◦ ) − ν− (e− )uc (e− )|e− ] = βR◦ E [(ν◦ (e◦ ) − ν− (e− ))uc (e◦ )|e− ] = 0.
The second and third optimality condition generalize this result. For any asset or liability in the government’s portfolio, the Ramsey policy satisfies
h


i
i
βE ν◦ (e◦ )uc (e◦ ) R (e◦ ) − R◦ |e− = 0.
That is, a more diversified portfolio results in a smoother multiplier and thus, better
insurance for the government. If the portfolio were sufficiently diversified for the government (and the household) to face complete markets then the multiplier would be
constant across histories.
The optimality conditions can be used to derive an stochastic discount factor for government projects. Letting µ◦ (e◦ ) · prob(e◦ |e− ) denote the multiplier associated with the
resource constraint when e◦ is realized, this discount factor is given by
β

12.1.3

ν◦ (e◦ )uc (e◦ ) + µ◦ (e◦ )
.
ν− (e− )uc (e− ) + µ− (e− )

Capital Income Taxation

Neutrality Result
Consider the model with capital of subsection 12.1.2 and assume that the government
may impose state-contingent taxes on the return on capital, in addition to labor income
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taxes. Capital income tax rates, τ◦k (e◦ ), only enter the household’s Euler equation for
capital and the government’s budget constraint:
uc (e− ) = βE[uc (e◦ )(1 + (1 − τ◦k (e◦ ))( f K (e◦ ) − δ))|e− ],
R◦ b◦ − ω◦ (e◦ ) + g◦ (e◦ ) ≤ τ◦ (e◦ )(1 − x◦ (e◦ )) f L (e◦ ) + τ◦k (e◦ )k ◦ ( f K (e◦ ) − δ) + b+ (e◦ ).
In the household’s Euler equation, only the average tax wedge (suitably weighted)
matters. In the budget constraint, effects from changes in tax rates can be neutralized
by appropriately adjusting the government’s portfolio when markets are complete.
With complete markets, an equilibrium allocation thus can be implemented with different combinations of instruments, for instance, with state-contingent capital income
taxes and risk-free-coupon bonds, or with non-contingent capital income taxes and
state-contingent-coupon bonds.
We have thus derived a neutrality result: Optimal state-contingent capital income
tax rates are indeterminate if the government faces complete markets.
Zero Capital Income Taxation
Consider a deterministic setting and suppose that the economy is inhabited by an infinitely lived, representative agent whose date-t capital and labor incomes are taxed
at rates τtk and τt , respectively. The household’s intertemporal budget constraint and
first-order conditions are given by
0 = k0 R0 (1 − τ0k ) +

∞

∑ q̃t (wt (1 − xt )(1 − τt ) − ct ) ,

t =0

q̃t = βt uc (ct , xt )/uc (c0 , x0 ),
wt (1 − τt ) = u x (ct , xt )/uc (ct , xt ),
where we define q̃t ≡ ( R̃1 · · · R̃t )−1 and R̃t denotes the after-tax gross interest rate. In
equilibrium, the latter equals R̃t = 1 + (1 − τtk )( f K (k t , 1 − xt ) − δ). Substituting the
first-order conditions into the intertemporal budget constraint we arrive at the implementability constraint which is a function of {ct , xt }t≥0 , k0 R0 , and the tax rate on the
initial capital stock, τ0k , which we assume to be capped by an exogenous upper bound.4
Write this constraint as
ι0 (c0 , x0 , k0 R0 , τ0k ) +

∞

∑ βt ι(ct , xt ) = 0

t =0

for some functions ι0 and ι. The Lagrangian associated with the Ramsey program reads
∞

L=

∑ βt {v(ct , xt , ν) − µt (ct + gt + kt+1 − (1 − δ)kt − f (kt , 1 − xt ))} + νι0 (c0, x0, k0 R0, τ0k ),

t =0

4 Without

an upper bound the Ramsey problem would be trivial: The Ramsey policy would only tax
the inelastically supplied initial capital stock.
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where we define v(ct , xt , ν) ≡ u(ct , xt ) + ν ι(ct , xt ); ν and βt µt denote the multipliers
associated with the implementability and resource constraints, respectively.
The first-order conditions with respect to ct , t ≥ 1, and k t+1 , respectively, are given
by
vc (ct , xt , ν) = µt , t ≥ 1,
µt = βµt+1 (1 − δ + f K (k t+1 , 1 − xt+1 )).
Combining these conditions yields the key equation of interest which we report together with the household’s Euler equation:
vc (ct , xt , ν) = β(1 − δ + f K (k t+1 , 1 − xt+1 ))vc (ct+1 , xt+1 , ν), t ≥ 1,
uc (ct , xt ) = β(1 + (1 − τtk+1 )( f K (k t+1 , 1 − xt+1 ) − δ))uc (ct+1 , xt+1 ).
The two equations imply that under the Ramsey policy capital income is not taxed
at dates t ≥ 2 whenever vc (ct , xt , ν) and uc (ct , xt ) grow at the same rate. Two alternative conditions guarantee such equal growth and thus, optimality of zero capital income
taxation. The first condition relates to preferences. If preferences are separable between
consumption and leisure, and homothetic, then vc (ct , xt , ν) is proportional to uc (ct , xt ).
In this case, the zero capital taxation implication is an instance of the uniform commodity taxation result discussed in appendix B.6.1. Recall from subsection 11.3.2 that
capital income taxation is equivalent to time varying taxation of consumption. When
consumption taxes are normalized to zero and the structure of preferences calls for
uniform taxation of consumption, capital income must not be taxed. Standard CIES
preferences satisfy the separability and homotheticity condition.
The second, alternative condition relates to the economy’s dynamics. If the Ramsey
allocation converges to a path along which both vc (ct , xt , ν) and uc (ct , xt ) are constant
over time (i.e., a steady state) or growing at equal rates then the optimality of zero
capital income taxation follows. In fact, it also follows in richer environments, for
instance when in steady state the derivative of the implementability constraint(s) with
respect to capital equal(s) zero and the multiplier(s) of the constraint(s) are constant.5
An upper bound on capital income tax rates, τtk+1 ≤ τ̄ k , which can be expressed as

1−


uc (ct , xt )
− 1 /( f K (k t+1 , 1 − xt+1 ) − δ) ≤ τ̄ k ,
βuc (ct+1 , xt+1 )

introduces additional terms in the government’s optimality conditions. As long as the
constraint binds (forcing taxes to be spread over a longer horizon) the key equation
discussed above contains additional terms, and this undermines the zero-tax-rate implication. The constraint may bind forever.
5 This

holds true, for example, in the steady state of an economy with heterogenous households
whose capital income—but not labor income—is taxed at a uniform rate.
Macroeconomic Analysis, page 199

c Dirk Niepelt

Chapter 12. Optimal Policy

12.1.4

Heterogeneous Households

When households are homogeneous the assumption that the government levies distorting taxes rests on weak foundations. After all, if everybody is the same, nondistorting lump-sum taxes can be implemented and clearly are preferable to distorting
taxes. With heterogeneous agents, in contrast, non-distorting taxes may not be implementable if the government does not observe an agent’s type, for example whether
a household is productive or not. When the government is motivated by distributive
concerns, in addition to efficiency considerations, an equity-efficiency trade-off arises and
this can rationalize distorting taxation of an endogenous tax base.
Consider a variant of the economy analyzed in subsection 12.1.1 with two rather
than one group of households, groups a and b with population shares η a and η b = 1 −
η a , respectively. Both groups have the same preferences but their labor productivities
differ, wta 6= wtb . For simplicity, we abstract from risk. The resource constraint is given
by
η a cta + η b cbt + gt = η a wta (1 − xta ) + η b wtb (1 − xtb ).
In each period, the government has two tax instruments at its disposal: A proportional labor income tax levied at rate τt , and a lump-sum tax, θt . The government’s
objective function is given by the social welfare function ωη a U a + η b U b where U i denotes
welfare of a member of group i and ω denotes some positive weight. The intertemporal
budget constraint of a household in group i reads
∞

∑ qt [cit − (1 − τt )wit (1 − xti ) + θt ] = 0.

t =0

Substituting the household first-order conditions,
uc (c0i , x0i )qt = βt uc (cit , xti ),
uc (cit , xti )wit (1 − τt ) = u x (cit , xti ),
into the budget constraints yields the implementability constraints,
∞

∑ βt [uc (cit , xti )(cit + θt ) − ux (cit , xti )(1 − xti )] = 0,

(12.1)

uc (cta , xta )/uc (c0a , x0a ) = uc (cbt , xtb )/uc (c0b , x0b ),

(12.2)

uc (cta , xta )wta /u x (cta , xta ) = uc (cbt , xtb )wtb /u x (cbt , xtb ).

(12.3)

t =0

Constraints (12.2) and (12.3) capture the restriction that households in both groups face
the same prices and tax rates.
Let ν a and νb denote the multipliers associated with the implementability constraints (12.1) for groups a and b. The optimal choice of lump-sum tax at date t satisfies
ν a uc (cta , xta ) + νb uc (cbt , xtb ) = 0,
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that is, the Ramsey policy sets the average multiplier equal to zero. To understand
this result suppose first that group b did not exist such that only the implementability
constraint (12.1) for group a were present. The optimality condition for θt then would
collapse to ν a = 0, indicating that the competitive equilibrium constraint were not
binding for the Ramsey government. Intuitively, the Ramsey policy could implement
the first best in this case because the government could costlessly transfer resources
from the private to the public sector.
With heterogeneous households, the lump-sum tax still allows the government
to extract resources without distorting household choices. But since the lump-sum
tax cannot be differentiated across groups the government cannot in general extract
resources and attain the preferred wealth distribution without distorting household
choices. Against this background, the optimal choice of θt “at least” equalizes the average value of the multiplier with zero. If, by chance, the optimal lump-sum tax happens
to implement the preferred wealth distribution, then ν a and νb individually equal zero
as well. Otherwise, the Ramsey policy also employs labor income taxes, at the cost of
generating tax distortions.
From the implementability constraint (12.2), marginal utility grows at identical rates
across groups. This implies that all lump-sum taxes but one are redundant instruments
(their first-order conditions are multiples of each other) and a Ricardian equivalence
result holds: A change of timing of lump-sum taxes accompanied by suitable debt
operations does not alter the equilibrium allocation.
To see how the timing of labor income taxes can affect the wealth distribution let
u(c, x ) ≡ ln(c) + γ ln( x ) and disregard lump-sum taxes. The implementability constraints then read
∞

∑ βt [1 − γ(1 − xti )/xti ] = 0,

t =0
c0a
=
c0b

cta
wta xta
=
cbt
wtb xtb

or, more compactly,
∞

∑β

t =0
∞

∑

t =0

t




1−γ

"
βt 1 − γ

1
−1
xta



= 0,
!#

c0a wtb 1
−1
c0b wta xta

= 0.

From the first equation, raising x0a requires lowering xta at some other date. From the
second equation, this translates into a change of relative wealth and consumption,
c0a /c0b , if relative productivity varies over time, w0a /w0b 6= wta /wtb . Specifically, an increase in x0a (corresponding to a tax hike at date t = 0) and corresponding decrease
of xta raises c0a /c0b if w0a /w0b ≤ wta /wtb . Wealth is redistributed for two reasons. First,
collecting taxes in periods where one group is relatively more productive shifts the tax
burden to that group. Second, tax induced changes in consumption and thus, interest
rates affect debtors and creditors asymmetrically.
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respectively. At date t = 0, the first-order condition with respect to inflation does not
contain the λt−1 (et−1 ) term. Combining these equations yields the optimality condition


κ 
κ 
π0 ( e0 ) + · · · + π t ( e t ) = −
p t ( e t ) − p −1 ( e −1 ) .
(12.4)
χt (et ) = −
ω
ω
Condition (12.4) confirms the intuition developed above. It indicates that the Ramsey policy targets the price level that is, the negative output gap evolves proportionally
to the cumulative inflation rate and it disappears only when the price level has reverted
to its starting value, p−1 (e−1 ). A characterization of optimal policy in terms of relations
between policy targets is referred to as a targeting rule. The targeting rule (12.4) implies
an associated interest rate rule; when the latter satisfies the Taylor principle then it
uniquely implements the Ramsey allocation.

12.4
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Chapter 13
Time Consistent Policy
Ramsey policies of the type analyzed in chapter 12 specify history-contingent values
for all policy instruments. These values are optimal ex ante, from the perspective of
the initial date, and they are chosen under commitment: Ex post, as time proceeds, the
government implements the chosen path and does not re-optimize. An alternative
specification of government behavior is that governments sequentially determine the
values of the policy instruments, under discretion, at the time when the instruments actually are implemented. Governments acting under discretion perceive private sector
choices in earlier periods as bygones, unlike a Ramsey government that determines all
instruments before the private sector makes its choices. This alters the trade-offs that
governments face and introduces a layer of dynamic interaction between the private
sector and successive governments (or selves of one and the same government) which
is absent when the government acts under commitment.
We illustrate this interaction in the context of a simple two-period model. Thereafter, we study the taxation of labor and capital income when the government chooses
tax rates under discretion, and we analyze public debt policy when the government
cannot commit to honoring its liabilities. Finally, we study redistribution in politicoeconomic equilibrium and analyze how discretionary monetary policy shapes inflation
and output differently than a committed or rules-based policy.

13.1

Time Consistency and the Role of State Variables

Sequential policy choice introduces the possibility that the government at a date t >
0 chooses values for the policy instruments that differ from the preferred values of
the government at date t = 0. This may occur for two reasons. Either, because the
objectives of the two governments (or of the same government at different points in
time) are not dynamically consistent, similarly to the preferences of a household with
non-geometrically declining discount factors (see subsection 2.2.2). Or, because the
constraints faced by the government change over time.
To see how the passing of time can alter a government’s constraint set consider a
setting with two periods. At date t = 0, the private sector makes a choice, s say (for

instance, it saves), and at date t = 1, the government takes an action, τ (for example,
it imposes a tax). The private sector’s choice depends on the expected government
action, τ e . When the government moves first, choosing τ before the household determines s, then the choice of τ also determines τ e and thus, affects s. When the government moves second, in contrast, then its actual choice, τ, is irrelevant for s; all that
matters for s is the action the private sector anticipates the government to take, τ e . Ex
post (conditional on s(τ e )), the government’s choice of τ may differ from τ e .
In equilibrium, the government’s seeming degree of freedom to choose τ 6= τ e
vanishes because the private sector rationally anticipates the government’s ex-post optimal action: τ e thus equals τ in equilibrium. In fact, the government’s choice set
when moving first—under commitment—is larger than when it moves second—under
discretion—because only in the former case can the government steer private sector expectations away from anticipating the ex-post optimal government action.
These findings generalize. When the government cannot commit, an equilibrium
policy satisfies two requirements: It implements an economic equilibrium and it is time
consistent that is, the continuation of the policy is ex-post optimal. Compared to a
Ramsey policy, an equilibrium policy thus satisfies additional incentive compatibility
constraints. The optimal policy under commitment (the Ramsey policy) is optimal in
the set of feasible and admissible policies while the optimal policy under discretion is
optimal in the set of policies that are both feasible and admissible and ex-post optimal.
Since the former set always is weakly larger than the latter the ability to commit always
has a non-negative value. When the Ramsey policy is time inconsistent then the ability
to commit has strictly positive value.
When a government lacks commitment, (other) state variables may partly or even
fully compensate for this deficiency. Consider again the two-period example and assume for simplicity that the government can make an announcement at date t = 0,
τ̂, whose only effect is to render it very costly for the government at date t = 1 to
implement a τ that differs from τ̂ by more than ε. The announcement and the cost of
deviating from it constitute a state variable. When ε = 0, then this state variable is a
perfect substitute for commitment. But even when ε > 0 the announcement is useful
when it enhances the date-t = 0 government’s credibility that is, when it induces the
government at date t = 1 to choose a policy closer to τ̂ than it would choose without
the announcement. In a stochastic environment stronger credibility may come at the
cost of reduced flexibility: When τ̂ cannot be contingent then the announcement may
limit the ability of the government at date t = 1 to appropriately respond to shocks.
The ideal state variable that helps implement the Ramsey allocation when the government cannot commit has two properties. Ex ante, it is neutral in the sense that it
does not impose additional constraints on the equilibrium allocation. Ex post, its presence provides incentives for the government not to deviate from the ex-ante optimal
policy choice. In the model discussed in section 13.2 the maturity structure of public
debt constitutes such an ideal state variable.
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13.2

Credible Tax Policy

Consider the complete markets tax smoothing problem analyzed in subsection 12.1.1
and suppose that the government cannot commit to the ex-ante optimal tax policy
while it can commit to repaying debt. Recall that the Ramsey allocation uniquely determines the value of government indebtedness at date t,
∞ Z

∑

s=t

qs (es )
t −1 s
, e )des |et ,
t bs ( e
qt (et )

while it does not determine the maturity structure. This ex-ante indeterminacy can be
exploited to render the Ramsey policy time consistent. There exists a unique maturity
structure of debt that both supports the Ramsey policy and renders it time consistent.1
To see this, consider date t = 1 (parallel arguments apply for subsequent periods)
when the government is bound to honor the outstanding promises {1 bt (e0 , et )}t≥1 but
free to choose any tax sequence {τt (et )}t≥1 satisfying the date-t = 1 implementability
constraint as well as the resource constraints. The government’s program at date t =
1 resembles the program at date t = 0 except that the debt maturities outstanding
are given by {1 bt (e0 , et )}t≥1 rather than {0 bt (e−1 , et )}t≥0 . Accordingly, the first-order
conditions of the date-t = 1 program are given by

(1 + ν1 )uc (ct , xt ) + ν1 (ucc (ct , xt )(ct − 1 bt ) − u xc (ct , xt )(1 − xt )) = µ1t ,
(1 + ν1 )u x (ct , xt ) + ν1 (ucx (ct , xt )(ct − 1 bt ) − u xx (ct , xt )(1 − xt )) = µ1t wt
for t ≥ 1 where we suppress histories for legibility and use the notation from subsection 12.1.1. Note that the multipliers of the date-t = 1 program are indexed by “1” to
distinguish them from the multipliers of the date-t = 0 program.
If these conditions together with the implementability constraint as of date t =
1 and the resource constraints are to prescribe the same allocation as the conditions
resulting from the program at date t = 0, then the first-order conditions of the two
programs must be satisfied for the same sequences {ct , xt }t≥1 . From the first-order
conditions of the date-t = 0 and date-t = 1 programs, this implies the restrictions
ν1 1 bt = ν 0 bt + (ν1 − ν) At , t ≥ 1 ∀et |e1 ,
where At is a function of the Ramsey allocation.2 For every history e1 , the multiplier
ν and the sequences { At }t≥1 and {0 bt }t≥1 are given; the above restrictions and the implementability constraint as of date t = 1 thus pin down ν1 and {1 bt }t≥1 . We conclude
that the Ramsey allocation, the multiplier ν, and the initial maturity structure {0 bt }t≥1
uniquely determine a maturity structure of debt issued at date t = 0 and outstanding
at date t = 1 that renders the Ramsey policy time consistent.
1 We

assume that the Ramsey policy operates on the increasing segment of the Laffer curve.
ct by wt ; subtract the firstorder condition with respect to xt from the resulting equality; follow the same steps with the first-order
conditions from the date-t = 0 program; and collect terms. We have At ≡ (wt uc (ct , xt ) − u x (ct , xt ) +
ct (wt ucc (ct , xt ) − ucx (ct , xt )) + (1 − xt )(u xx (ct , xt ) − wt ucx (ct , xt )))/(wt ucc (ct , xt ) − ucx (ct , xt )).
2 To derive the restriction, multiply the first-order condition with respect to
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Intuitively, the choice of maturity structure at date t = 0 affects the trade-offs faced
by the government at date t = 1 because the extent to which changes in the allocation and thus, the stochastic discount factor affect the intertemporal budget constraint
depend on the debt positions, {1 bt }t≥1 . By appropriately structuring these positions
the government at date t = 0 can assure that the preferred tax sequences as of date
t = 0 and date t = 1 coincide from date t = 1 onwards. The choice of maturity structure at date t = 0 thus allows the government to effectively tie its hands, as if it had
commitment.

13.3

Capital Income Taxation

Capital and capital income constitute elastic tax bases ex ante when households adjust
their saving and investment in response to anticipated capital income tax rates, but a
completely inelastic tax base ex post when no such adjustment is possible any more.
Ex ante, capital income taxes thus are distorting while they are non-distorting ex post.
This renders capital income taxation under the Ramsey policy particularly exposed to
problems of time inconsistency.
Consider an infinite horizon economy with two subperiods at each date t, a “morning” and an “evening.” In the morning, the representative household is endowed with
w units of the good which it may consume, c1t , or invest in capital, k t ,
w = c1t + k t .
In the evening, capital yields the exogenous return R > 1 and depreciates thereafter.
Households supply labor, 1 − xt , whose productivity equals unity; consume leisure, xt ;
and consume their after-tax capital and labor income. Capital income is taxed at rate
τtk ≤ 1 and labor income, 1 − xt , is taxed at rate τt ≤ 1. Consumption in the evening,
c2t , thus equals
c2t = k t R(1 − τtk ) + (1 − xt )(1 − τt ).
Households discount the future at the factor β ∈ (0, 1). Their period utility function, u, is strictly increasing and concave in consumption and leisure. For simplicity,
we assume that c1t and c2t are perfect substitutes such that utility from consumption
and leisure at date t equals u(c1t + c2t , xt ). The government is benevolent, faces an
exogenous revenue requirement, g, in the evening, and does not issue debt. The government budget constraint thus reads
g = k t Rτtk + (1 − xt )τt .
We start by characterizing the Ramsey policy before studying time consistent policies in the absence of commitment.

13.3.1

Commitment Benchmark

Since capital immediately depreciates and the government issues no debt the Ramsey
problem consists of a sequence of subproblems, one for each date. Focusing on the
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problem at date t consider the savings choice of a household. When the after-tax return
on a unit of capital exceeds unity that is, when τtk ≤ ( R − 1)/R, then the household
saves its first-period endowment in full and the capital income tax is non-distorting.
The tax rate affects the tax revenue in this case but not the tax base. When the aftertax return is strictly smaller than unity, in contrast, then the savings rate equals zero
and the government collects no capital income taxes. The maximal capital income tax
revenue thus is attained for τtk = ( R − 1)/R and equals w( R − 1).
We assume that g > w( R − 1) such that the Ramsey tax rate on capital income
equals ( R − 1)/R and the Ramsey policy also taxes labor income. The tax rate τt and
equilibrium labor supply, 1 − xt , then solve
u x (w + (1 − xt )(1 − τt ), xt )
= 1 − τt ,
uc (w + (1 − xt )(1 − τt ), xt )
w( R − 1) + (1 − xt )τt = g.
The first condition equates the household’s marginal rate of substitution between consumption and leisure with the marginal rate of transformation, and the second condition represents the government budget constraint. Both conditions are evaluated at the
equilibrium household choices c1t = 0, k t = w, and c2t = w + (1 − xt )(1 − τt ). Let u R
denote the period utility under the Ramsey policy.

13.3.2

No Commitment

Suppose next that the government cannot commit. Households choose their saving in
the morning before the government fixes the tax rates that are imposed in the evening.
Static Equilibrium
For now, we also assume that there are no state variables other than capital. Since the
capital income tax is non-distorting ex post while the labor income tax does distort
labor supply the government’s optimal policy choice in the evening amounts to taxing
capital income as much as possible (and needed). That is, for any level of k t that the
household saves the government sets τtk = min[1, g/(k t R)].
Anticipating this ex-post optimal policy choice households do not save at all and
the government is forced to collect all revenue from labor income taxes.3 Labor supply
and the labor income tax rate in this static time consistent equilibrium satisfy
u x (w + (1 − xt )(1 − τt ), xt )
= 1 − τt ,
uc (w + (1 − xt )(1 − τt ), xt )
(1 − xt )τt = g.
The allocation in the static time consistent equilibrium gives strictly lower utility than
the Ramsey allocation. Intuitively, both the Ramsey policy and the static time consistent policy implement a competitive equilibrium but only the latter satisfies the incentive compatibility constraint that the policy choice be ex-post optimal. This additional
3 Note

that g/(k t R) ≥ g/(wR) > w( R − 1)/(wR) = ( R − 1)/R.
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constraint is costly. Let us denote the period utility in the static equilibrium and let
V s ≡ us /(1 − β) denote the continuation value in a static equilibrium.4
If the government announced any tax rate τtk ≤ ( R − 1)/R (e.g., the Ramsey tax
rate) and households believed the announcement and accumulated capital the government could always do better than following the announcement by imposing τtk =
min[1, g/(k t R)] instead and levying low labor income taxes. The period utility for
households (and the government) of inducing capital accumulation k t and deviating from the announcement ex post, ud (k t ) say, would exceed the utility from not
deviating—a policy of taxing capital at a low rate therefore is not time consistent.
Note that the time inconsistency of policies with τtk ≤ ( R − 1)/R reflects a lack of
instruments. If the government had access to a non-distorting tax then it would use
this instrument rather than the labor income tax and the Ramsey policy would be time
consistent.
History as a State Variable
Consider now the effect of introducing a new state variable—the history of preceding
policy choices. We let πt ≡ (τtk , τt ) denote the choice of tax rates at date t and π t the
history of such choices up to and including date t. When households and the government condition their decisions on π t this introduces a dynamic link across periods
which has not been present so far. Moreover, when this link provides incentives for the
government not to overburden capital ex post then this opens the possibility for time
consistent equilibria that Pareto dominate the static equilibrium.
To explore this possibility, we study an equilibrium of household and government plans,
φ and ψ respectively. The timing of events at date t is as follows. First, each household chooses the morning allocation according to the date-t morning component of the
household plan, φ1t , which maps the history π t−1 into (c1t , k t ); moreover, the household determines a continuation plan for future choices contingent on future histories.
Second, the government chooses feasible tax rates according to the date-t component
of the government plan, ψt , which maps the history π t−1 into the policy choice πt , and
it determines a continuation plan. And finally, each household chooses the evening
allocation according to the evening component of the household plan, φ2t , which maps
the history π t = (π t−1 , πt ) into (c2t , xt ), and it determines a continuation plan.
Note that conditional on history π t−1 , a government plan of feasible policies induces the history π t = (π t−1 , ψt (π t−1 )), π t+1 = (π t , ψt+1 (π t )), etc. Jointly, the household and government plans therefore induce a continuation utility for the household
(and the government) from date t onward which we denote by Vt (π t−1 , φ, ψ). We are
interested in plans that implement an equilibrium with higher continuation value than
in the static equilibrium, V s .
Household and government plans perform two functions. On the one hand, they
steer household expectations. On the other hand, they render it advantageous for
4 The conditions characterizing ( x

t , τt ) in the static time consistent equilibrium coincide with the equilibrium conditions under the Ramsey policy when the government faces a larger revenue requirement,
namely g + w( R − 1) rather than g. This implies that u R > us .
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the government to act in accordance with these expectations ex post by letting noncompliance trigger a change of expectations that implies worse outcomes in the future.
An optimal plan leads households to expect sufficiently low capital income tax rates
and thus, to accumulate capital while at the same time assuring ex-post incentive compatibility on the part of the government. Since the incentive to comply derives from
the desire to avert worse outcomes in the future the mechanism can only work if the
economy has an infinite horizon.
A sustainable equilibrium is a pair of incentive compatible, sustainable plans, φ and
ψ, that induce a policy which implements a competitive equilibrium: Given ψ, the
continuation of φ in the morning and the evening of date t is optimal for the household
for any history π t−1 and π t , respectively; and given φ, the continuation of ψ at date
t is feasible and optimal for the government for any history π t−1 . To find the best
sustainable equilibrium we first determine the worst one because the threat of a reversal
to the latter incentivizes the government to implement the former.
The worst sustainable equilibrium is given by the static equilibrium characterized
above. The static equilibrium is sustainable because given the expectation of a high
capital income tax rate households optimally do not save; and given zero savings in
the present and the future, the government is indifferent between setting a high or low
capital income tax rate. It is the worst sustainable equilibrium because any feasible
policy balances the government budget and in the static equilibrium the government
levies taxes in the least efficient manner, relying exclusively on labor income taxes.
We have established that plans which implement the static equilibrium are incentive compatible and that they implement the worst sustainable equilibrium. Plans
which trigger a reversion to the static equilibrium in response to non-compliance by
the government thus provide the strongest possible incentive for the government to remain compliant. This implies that a pair of plans constitutes a sustainable equilibrium
as long as the value of complying with the plans exceeds the value from deviating and
implementing the static equilibrium forever after.
Formally, consider plans φ? and ψ? that prescribe the policy πt = π ? as long as the
government only chose π ? in the past; and the policy implementing the static equilibrium in all future periods once the government has deviated from π ? . The plans form
a sustainable equilibrium if
Vt (π t−1 , φ? , ψ? ) ≥ ud (k t ) + βV s .
In this case, infinite repetition of the policy choice π ? constitutes a credible policy.
Note that the static equilibrium is a sustainable equilibrium because V s ≥ ud (0) +
s
βV . But due to the dynamic link introduced by the state variable π t , equilibria with
strictly positive capital accumulation are sustainable as well as long as the long-term
loss from reverting to the static equilibrium outweighs the short-term gain from imposing a high tax rate on the capital income tax base ex post. For a sufficiently high
discount factor, even the Ramsey allocation can be sustained: As β → 1, the sustainability condition
us
uR
≥ ud (w) + β
1−β
1−β
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necessarily is satisfied.

13.4

Sovereign Debt and Default

When a debtor-creditor pair engages in borrowing and lending both parties benefit
from gains of trade (see section 7.3). Once the debt comes due, however, their interests
are no longer aligned since debt repayment constitutes a transfer from the debtor to the
creditor. If the prospective debtor lacks commitment this ex-post conflict of interest can
undermine the viability of the arrangement ex ante. For if the lender foresees that the
borrower would not repay then the lender does not enter into the credit relationship in
the first place (see also section 8.3).
We study a government that issues sovereign debt to a representative, competitive,
risk neutral international investor. The government levies lump-sum taxes or pays
lump-sum transfers to the representative domestic household who does not have access to international financial markets and takes no decisions. Unlike the investor, the
government cannot commit. Rather than making contractually agreed payments to the
investor it might choose to default.

13.4.1

Insurance

Consider first a static model. The country’s endowment is risky. It takes the value
w1 (e1 ) with probability η (e1 ). Since the household’s period utility function, u, is
strictly concave but the investor is risk neutral, the investor and the benevolent government agree on an insurance contract that stipulates (positive or negative) contingent
payments, T (e1 ), from the country to the investor. In equilibrium, the investor must
break even on average that is, the contract must satisfy the investor’s participation
constraint (or the country’s budget constraint), ∑e1 η (e1 ) T (e1 ) ≥ 0.
Violating the contract ex post triggers exogenous default costs, L(e1 ) ≥ 0, which
are born by the domestic household whose consumption equals w(e1 ) − T (e1 ) − L(e1 ).
Since the government lacks commitment it cannot credibly promise to make a positive
payment to the investor unless the amount is smaller than the costs the country would
have to bear in case of default. Incentive compatibility therefore requires that, in addition to the participation constraint, the contract also satisfies the incentive constraints
L(e1 ) ≥ T (e1 ). Note that the commitment outcome can be implemented in equilibrium
when the default costs are sufficiently large such that the incentive constraints never
bind. When L(e1 ) = 0 in all histories, in contrast, then insurance is not viable because
the government cannot credibly promise to make any payments to the investor.
In equilibrium, the country never defaults. If it did, the insurance contract could
be improved by lowering the contractual payment to the investor in the history with
default to the value of the default costs; this would lower the expected cost for the domestic household and weakly increase the expected payments to the investor. Letting
λ and η (e1 )µ(e1 ) denote the multipliers attached to the participation and incentive
compatibility constraints, respectively, the optimal contracting program thus can be
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represented by the Lagrangian

L = ∑ η (e1 )u(w(e1 ) − T (e1 )) + λ
e1

∑ η ( e1 ) T ( e1 )
e1

!

+ ∑ η (e1 )µ(e1 )( L(e1 ) − T (e1 )),
e1

and the first-order condition with respect to T (e1 ) is given by
u0 (w(e1 ) − T (e1 )) + µ(e1 ) = λ.
The condition states that the equilibrium contract provides insurance across all histories in which the incentive constraint does not bind (µ(e1 ) = 0). In histories where
the constraint does bind (µ(e1 ) > 0) marginal utility is lower and thus, consumption
higher than in the insured histories. If the constraint never binds, as would be the case
with commitment, then consumption is perfectly insured (see subsection 4.2.1).
Intuitively, in histories with a binding incentive constraint, the government ex ante
would like to make higher payments to the investor than is incentive compatible ex
post. The cap that incentive compatibility imposes on payments from the country to
the investor implies that in other histories, the payments to the country are smaller than
under commitment as well. Relative to the Ramsey allocation, the country therefore
consumes more in histories with high endowments and a binding incentive constraint,
and less in histories with low endowments.

13.4.2

Borrowing with Contingent Debt

Suppose next that the country borrows an amount b at date t = 0 and repays the
contingent amount T (e1 ) at date t = 1. The household’s discount factor is β and
the investor requires an expected gross interest rate R. We assume that either R or
the endowment at date t = 0, w0 , is sufficiently low such that the government has a
borrowing motive. The Lagrangian associated with this modified program reads
!

L = β−1 u(w0 + b) + ∑ η (e1 )u(w(e1 ) − T (e1 )) + λ
e1

∑ η (e1 )T (e1 ) − Rb
e1

+ ∑ η (e1 )µ(e1 )( L(e1 ) − T (e1 )).
e1

The first-order conditions derived in the insurance case continue to apply; they are
augmented by the first-order condition with respect to b, namely u0 (w0 + b) = λβR.
Combined, the conditions yield the Euler equation
u0 (w0 + b) = βR(u0 (w(e1 ) − T (e1 )) + µ(e1 )),
which states that marginal utility declines by more in histories where the incentive
constraint binds (µ(e1 ) > 0). The intuition parallels the one from the insurance case.
The explicitly history-contingent payment, T (e1 ), can be interpreted as the payment
on a bond with notionally risk-free return that is renegotiated ex post. To see this, focus
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on the set of histories in which the incentive constraint binds and disregard all other
histories. According to the interpretation, the bond has face value bρ = max[ T (e1 )] in
the second period where ρ denotes the contractual interest rate. When L(e1 ) is revealed
the government threatens to default and the parties agree to lower the payment to the
amount the country would forfeit in case of default, T (e1 ) = L(e1 ). Note that the
default costs serve as a threat point during the renegotiation but do not materialize in
equilibrium.

13.4.3

Borrowing with Non-Contingent Debt

When both explicitly history-contingent payments and renegotiation are ruled out, for
example because the investor cannot verify the realization of the default costs, then
the government only has a choice between repaying the non-contingent face value in
full or defaulting; in contrast to the case with renegotiation, default costs therefore
generally materialize in equilibrium.
Let bρ denote the face value of debt at date t = 1. Since the government chooses to
default when bρ ≥ L(e1 ) the contracting program reads

L = β −1 u ( w0 + b ) +

∑

η (e1 )u(w(e1 ) − bρ) +

e1 ∈E r

+λ

∑

η (e1 )u(w(e1 ) − L(e1 ))

e1 ∈
/E r

∑

!
η (e1 )bρ − Rb ,

e1 ∈E r

where E r denotes the (endogenous) set of repayment histories in which L(e1 ) ≥ bρ.
The first-order condition with respect to b implies a stochastic Euler equation,5
u0 (w0 + b) = βρ

∑

η (e1 )u0 (w(e1 ) − bρ),

e1 ∈E r

which relates the marginal utility gain from debt issuance in the first period to marginal
utility losses in histories in which the country services the debt. From the participation
constraint, which holds with equality, ρ = R/ ∑e1 ∈E r η (e1 ).
Since the government repays in full if it repays, the country receives no insurance
across histories e1 ∈ E r . In the other histories the country bears default costs in equilibrium, reflected in the − L(e1 ) terms in the sum ∑e1 ∈/ E r η (e1 )u(w(e1 ) − L(e1 )). These
costs constitute a social loss as they are a cost for the borrower that does not correspond with a benefit for the investor. Without renegotiation, the contractual interest
rate thus is higher and the default costs generate an external finance premium (see subsection 8.3.1).

13.4.4

Loan Size Determinants

To study the role of social losses and the determinants of equilibrium loan size in more
detail we focus on the interaction between b, ρ, and L. We assume that default costs
5 We

assume that at the margin, changing b does not affect E r . More on this below.
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rium condition

κ
π t ( e t ).
ω
Without commitment the government is unable to smooth welfare losses over time
because it cannot control expectations of future policy. It may only smooth welfare
losses within a period, by trading off output gaps and deviations of inflation from
target. In contrast to the Ramsey policy, output and inflation deviate from their target
values only as long as a cost push shock is present. That is, without commitment,
the reversion of output and inflation to their long-run target values occurs faster than
under the Ramsey policy—the discretionary policy exhibits a stabilization bias. Related,
and also in contrast to the Ramsey policy, the price level does not revert to its starting
value.
In both the program with and without commitment, inflation and the output gap
eventually return to their long-run values of zero. This is a consequence of the assumption that at χt (et ) = πt (et ) = 0, the government does not have an incentive to drive
inflation up or down. We turn next to a model where such an incentive is present.

13.6.2

χt (et ) = −

Inflation Bias

Consider an infinite-horizon economy with no exogenous shocks. The government
at date t chooses contemporaneous inflation, πt , to minimize the reduced-form loss
function
∞
α
Lt = ∑ β j `t+ j with `t+ j = πt2+ j − γ(πt+ j − πte+ j ),
2
j =0
where β ∈ (0, 1) denotes the discount factor; α and γ are strictly positive parameters; and πte+ j denotes private sector inflation expectations. The loss components `t+ j
reflect the assumption that deviations of inflation from zero generate costs while unexpectedly high inflation rates generate benefits. The costs arise, for example, because
inflation distorts relative prices (see section 10.2). The benefits may derive from the
fact that an inflation surprise stimulates output (due to a Phillips curve relationship
in the background, see subsection 10.3.5) or reduces the real value of public debt and
thus, the need to levy distorting taxes (see subsection 11.4.1).
Absent commitment, the government at date t chooses πt after the private sector has formed inflation expectations. The equilibrium inflation rate under discretion
therefore solves ∂Lt /∂πt = 0 for given inflation expectations and it equals π̄ ≡ γ/α.
Anticipating this ex-post optimal policy choice, the private sector forms expectations
πte = π̄ and the loss at date t (and in all future periods) equals `t = γ2 /(2α).
The discretionary outcome is suboptimal because strictly positive inflation generates costs but no benefits when it is anticipated. If the government was able to commit
it could control both inflation and inflation expectations and improve outcomes; specifically, the Ramsey policy amounts to πt+ j = πte+ j = 0 in all periods and generates
losses `t+ j = 0. Absent commitment, however, inflation expectations are beyond the
government’s control and since γ > 0, the ex-post optimal choice is the discretionary
one. As a consequence, the economy suffers from an inflation bias.
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If the government announced a policy rule to implement the Ramsey policy, then
this announcement would not be credible. For if the private sector believed the announcement and formed expectations accordingly, πte+ j = 0, then the ex-post optimal policy choice would still be given by π̄ and would generate a negative loss,
`t = −γ2 /(2α). That is, after announcing to follow the rule the government would
be tempted to renege on the announcement, in particular if the private sector believed
the announcement.
Trigger Strategy
The situation changes and certain announced rules π ? become credible in spite of the
government’s lack of commitment when we introduce an additional state variable.
Suppose that the government and the private sector play a trigger strategy, conditioning expectations on the history of equilibrium outcomes (see subsection 13.3.2). Specifically, the private sector expects the announced policy, π ? , if expected and actual inflation in the previous period coincided; and the discretionary policy, π̄, if this was not
the case:
 ?
π if πt−1 = πte−1
e
πt =
.
π̄ if πt−1 6= πte−1
With these expectations (which are validated in equilibrium), a deviation of the
government’s choice from π ? triggers a one period punishment phase where the private sector expects the discretionary outcome and the government optimally responds
accordingly. The expectation formation mechanism thus links the contemporaneous
policy choice to the constraints (private sector expectations) the government faces in
the subsequent period. As a consequence, some rules that dominate discretion become
credible.
Conditional on the announced rule π ? the government’s temptation to deviate from
the rule and implement the discretionary outcome is given by
α
 α

2
?
?2
π̄ − γ(π̄ − π ) +
π − γ (0) ,
−
2
2
which equals the difference between −`t when deviating from the rule and when following it. Note that as long as π ? < π̄, the government is tempted to deviate—this is
the source of the inflation bias discussed earlier. At the same time, the fact that a deviation affects expectation formation provides incentives not to deviate. The strength of
this incentive—the enforcement—equals
n α
o
 α
?2
2
β −
π − γ (0) +
π̄ − γ(0) ,
2
2
namely the discounted difference between −`t when following the rule (and this is
expected) and implementing the discretionary policy (and this is expected).
An announced rule is credible if enforcement exceeds temptation that is, if


α 2
α  ?2
α
β
π̄ − π ? 2 ≥
π − π̄ 2 + γ(π̄ − π ? ) = (π̄ − π ? )2 .
2
2
2
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temptation, enforcement

π

π

π★

Figure 13.1: Time consistent monetary policy: Temptation and enforcement.
The best enforceable rule is given by the smallest π ? that satisfies this condition, namely
π=

γ (1 − β )
.
α (1 + β )

Note that for β → 0, the best credible rule reduces to the discretionary outcome because
enforcement equals zero in this case. For β → 1, the best credible rule approaches the
Ramsey policy.
Figure 13.1 plots temptation and enforcement, represented by the solid and dashed
lines respectively, against the announced rule, π ? . The two schedules intersect at the
discretionary inflation rate, π̄; and the lower inflation rate π (because the figure is
plotted for β > 0) which represents the optimal rule.
Delegation
Irrevocable delegation of decision power introduces an alternative state variable that
can help reduce the inflation bias. If it is possible to delegate monetary policy to a
bureaucrat whose appointment cannot be overturned ex post, because of central bank
independence, then the bureaucrat’s preferences constitute a state variable under the
control of the appointing government. When the government appoints a conservative
that is, inflation averse central bank governor then future policy choices and thus, the
private sector’s inflation expectations reflect this aversion.
Suppose, for example, that preferences of the government and of society at large
are represented by the parameters α and γ in the government’s loss function while
preferences of the central bank governor are represented by α̂ and γ̂. When γ̂/α̂ < γ/α
that is, when the governor attaches more weight to the cost of inflation than society
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then the non-revocable appointment reduces the inflation bias. In the extreme case
where γ̂ = 0 the discretionary policy choice of the governor supports the Ramsey
policy.
When all agents in society have identical preferences, delegation per se cannot solve
the time inconsistency problem. But a non-revocable contract which makes the central
bank governor’s salary depend negatively on realized inflation effectively changes the
governor’s preferences and therefore achieves the same goal.
Reputation
Endogenous beliefs constitute yet another state variable that can affect government
behavior. Suppose that the government may have two types, a committed one that always implements π ? , and a non-committed or opportunistic one that always behaves
ex-post optimally. The private sector does not observe the government’s type but rationally infers it based on Bayes’ rule from the observed inflation choices.
The government’s reputation is the probability that the private sector assigns to the
event that the government is committed. In equilibrium, high reputation leads the
private sector to expect low inflation, and vice versa. When the remaining horizon
is sufficiently long—not necessarily infinitely long—the opportunistic type therefore
mimics the committed type and implements low inflation in order to build or maintain good (high) reputation and thus, support low inflation expectations. As the final
period approaches, however, the opportunistic type eventually surprises the private
sector with higher than expected inflation and destroys its reputation.

13.7
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Kydland and Prescott (1977) emphasize that private sector decisions depend on expectations about ex-post optimal policy choices; they discuss examples of Ramsey policies
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(1986; 1990) use recursive methods to identify the worst and best sustainable equilibrium in infinite horizon economies, see Ljungqvist and Sargent (2018, 24) for a textbook
treatment.
Eaton and Gersovitz (1981) study the sovereign debt model with incomplete markets. Subsection 13.4.4 follows Eaton and Fernandez (1995, 3.1). Calvo (1988) analyzes multiplicity of equilibrium in a model where the government chooses loan size
rather than face value of maturing debt. Bulow and Rogoff (1989) and Grossman and
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Han (1999) analyze the conditions under which financial autarky constitutes a credible
threat.
Krusell and Rı́os-Rull (1996) and Krusell et al. (1997) define dynamic politico-economic
equilibrium. The analysis in section 13.5 follows Gonzalez-Eiras and Niepelt (2008).
Clarida et al. (1999) analyze equilibrium policy in the New Keynesian model. The
model in subsection 13.6.2 is due to Barro and Gordon (1983). Rogoff (1985) and Walsh
(1995) analyze delegation to a conservative central banker or a central banker that is
incentivized. Backus and Driffill (1985) analyze the sequential equilibrium with reputation in the Barro and Gordon (1983) setup.
Related Topics and Additional References Chang (1998) and Phelan and Stacchetti
(2001) extend the approach proposed by Abreu, Pearce and Stacchetti (1986; 1990) to
economies with fundamental state variables, see Ljungqvist and Sargent (2018, 25) for
a textbook treatment. For the theory of repeated games, see Fudenberg and Maskin
(1986) and Abreu (1988); for sequential equilibrium, see Kreps and Wilson (1982).
Myers (1977) and Krugman (1989) analyze debt overhang when the debtor must be
incentivized.
Gonzalez-Eiras and Niepelt (2015) derive conditions for politico-economic equivalence
in environments where policy is endogenous and chosen sequentially; a set of political
institutions and a state are equivalent to another such pair if both pairs give rise to the
same allocation in politico-economic equilibrium.
Woodford (2003, 6) derives the government’s loss function in the New Keynesian
model in the presence of small steady-state distortions; Benigno and Woodford (2005)
propose a solution method for models with large steady-state distortions. Dixit and
Lambertini (2003) analyze games between fiscal and monetary authorities under commitment and discretion.
Ljungqvist and Sargent (2018, 21) cover models with two-sided lack of commitment. Mueller (1989) and Persson and Tabellini (2000) cover models of public choice
and politico-economic equilibrium. Woodford (2003, 7), Galı́ (2008, 5), and Walsh (2017,
6,8) cover discretionary policy in the New Keynesian model.
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