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ISSUES AND IDEAS
Classical economists such as Thornton (1802) and Bagehot (1873) understood that one

important function of public sector liabilities is the provision of liquidity in times of financial
distress.1 Early research stressed the role of central banks in averting financial panics or cata -
s trophic contractions in private credit driven by pessimistic expectations. Public debt can
also help in (i) low-collateral economies with a built-in shortage of liquid assets such as those
analyzed in Kiyotaki and Moore (1997) and Bernanke and Gertler (1989) and (ii) environ-
ments with weak enforcement such as those in Bulow and Rogoff (1989) and Hellwig and
Lorenzoni (2009). The downside of public debt is its fragile or bubble nature, which makes it
sensitive to speculative attacks and financial panics. As shown in an extensive literature start-
ing with Tirole (1985) and ending with Kocherlakota (2009), bubbles are assets that add noth-
ing to national income and are socially useful only when investors believe they will maintain
their value in the future. Under rational expectations or perfect foresight, bubbles are unstable

Public debt is an important source of liquidity in economies facing shortages of private credit. It is
also a bubble whose current price depends on expectations of what it will buy at future dates. In this
article, the author studies how the government must balance the provision of sufficient liquidity
against the risk of adverse expectations regarding future debt prices when private liquidity has dried
up. The socially optimal balance is captured in a Taylor-like rule that sets a target for real public debt
and manages expectations by overreacting to deviations from the target value. Overreaction takes
the form of manipulating budget surpluses to absorb excess debt or reverse liquidity shortages. A
budget surplus (deficit) is equivalent to an income tax (subsidy) on investors that restrains (raises)
their demand for liquid assets. (JEL H60, E52)
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equilibria that can quickly unravel if expectations turn pessimistic in the slightest degree.
Keeping bubbles alive requires expectations to be almost permanently optimistic. Thoughtful
fiscal policy must then strike a balance between the provision of sufficient liquidity and the
feeding of adverse forecasts about the future value of national debt.

How does the government achieve and maintain this balance? This article addresses this
question. The setting is a hypothetical economy with no collateral income and no private credit;
nothing of substance will change if we look instead at an environment with modest amounts
of collateral in which good outcomes are impossible without some form of government inter-
vention. Suppose now that B* is the socially optimal amount of liquidity that, under ideal con-
ditions, would be provided by private sources. If private debt is substantially or completely
illiquid, most or all of the amount B* must come from the sale of public debt to the private
sector, with the government imposing a small tax t * to pay interest on B*.

Investors’ expectations of the future value of public debt depend critically on fiscal policy.
To reassure investors, the government may commit to raise taxes above t * whenever public
debt exceeds B* and to lower them below t * in the reverse situation. This commitment helps
maintain the value of debt near B* by promising investors that an oversupply (undersupply)
of debt will be aggressively countered by a primary budget surplus (deficit).

Ideally, fiscal policy should seek to maintain the optimum level of liquidity by absorbing
excess liquidity immediately and making up liquidity shortages with equal dispatch. A Taylor
rule for public debt will achieve these goals if policy overreacts to deviations of public debt
from its socially optimal value. Taxes impose an income effect on investors that works like
an automatic stabilizer in this framework. When public debt lurches above its target value,
investor incomes are hit with higher taxes, which rein in the demand for liquidity. In the reverse
case, taxes shrink, disposable incomes rise, and the demand for public debt expands.

To understand the need for fiscal policy to overreact, suppose that investors demand liq-
uidity to raise future consumption at the expense of current consumption. How should fiscal
policy manipulate taxes to raise or lower disposable incomes? Any change in income will typi-
cally affect both current and future consumption. Reducing future consumption, or the demand
for public debt, by one unit typically requires current taxes to rise by more than one unit and
disposable income to fall by a corresponding amount. It is in that sense that policy should be
aggressive. Exactly how much overreaction is socially optimal is the main concern of this article.

THE OPTIMUM AMOUNT OF LIQUIDITY
Private Liquidity with Perfect Financial Markets

To fix notation, let us look at the possibilities for consumption smoothing in an economy
with deterministic individual incomes, populated by two groups of agents indexed by i = 1,2,
each with unit mass. Time is discrete, extends to infinity, and is denoted by t = 0,1,2,…. Each
agent i has preferences given by

(1)
0

u c
t

t
t
i∑β ( )

=

∞

Azariadis

228 Third Quarter 2016                                                                                                                                                      Federal Reserve Bank of St. Louis REVIEW



with 0 < b < 1. The aggregate endowment is constant at two units, but its distribution over
agents changes deterministically over time. In particular, individual endowments are peri-
odic2—that is,

(2)

with a ∈ (0,1).
In a standard dynamic general equilibrium model with abundant collateral and perfect

enforcement of loan contracts, an equilibrium is an infinite sequence (ci
t,bi

t,qt) that describes,
for each period t, the consumption ci

t for each agent, their security holdings bi
t, and the price

of loans qt in terms of the consumption good. This sequence satisfies a consumption Euler
equation for each person, two budget constraints, and market clearing. These equations are

(3)

(4)

(5)

for all (i,t), where qt is the price of a one-period private security paying off one unit of consump-
tion at t+1, and bi

t+1 is the number of those securities purchased by household i at time t.
This setting of perfect financial markets with full commitment to repay loans has a unique

competitive equilibrium with perfect consumption smoothing for every t = 0,1,…:

(6a)

supported by a bond price

(6b)

which corresponds to equality between the rate of return on private debt and the rate of time
preference. Consumption flows (c*

1,c*
2) satisfy household budget constraints, equating the

present value of consumption with household wealth. Specifically, 
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(7b)

As one might expect, this equilibrium is Pareto optimal and aggregate consumption
equals aggregate income—that is,
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(8)

because b1
0 + b2

0 = 0. The allocation of consumption across households depends on the initial
distribution of (b1

0,b2
0) of financial wealth. A particularly interesting initial distribution is

(9)

which gives households with low initial income, 1 – a, a claim against those with high initial
income, 1 + a. In this case, the unique equilibrium is symmetric with

(10a)

and private debt holdings that alternate between a /(1 + b) and –a /(1 + b). Specifically,

(10b)

Commitment to repay debts is essential in achieving this allocation of resources. If bor-
rowers have little or no collateralizable income, financial markets will work poorly and house-
holds may not be able to receive the amount of liquidity needed to support perfect consumption
smoothing. In the following text, I briefly review two types of financial market imperfections
and then concentrate on the extreme case of financial distress that occurs when private credit
dries up completely.

Private Liquidity with Imperfect Financial Markets

Before considering public debt, I briefly discuss what could go wrong with private debt
in an environment with financial frictions. A particularly useful friction to consider is limited
enforceability of loan contracts, which restricts the amount each household can borrow either
by the pledgeable collateral owned by that household or by how much the borrower values a
good reputation that permits unfettered access to future credit. Kiyotaki and Moore (1997),
for example, analyze credit market imperfections by adding to the household problem of the
previous subsection a collateral constraint of the form

(11)

where lt ∈ [0,1] is an exogenous leverage ratio describing the fraction of a borrower’s income
that lenders can claim in the event of default.

Kehoe and Levine (1993) propose to make the leverage ratio lt endogenous by connect-
ing access to future credit with the reputation of each borrower. In this setting, enforcement
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works through reputation. Borrowers who default are shut out of credit markets and forced
into permanent autarky—they cannot borrow or lend ever again. Solvency is maintained by
credit lines that motivate borrowers to repay and continue trading in the credit market
instead of default and autarky.

Self-enforcing loans of that type satisfy an incentive constraint of the form

(12)

for each i and t. This constraint keeps the value of solvency at or above the value of default
for everyone at all times. It holds with equality for rationed borrowers. Alvarez and Jermann
(2000) show how to find leverage ratios that connect equation (12) to equation (11).

It is fairly easy to guess what happens in an economy with debt constraints of the type
described in equation (11). If the leverage ratio lt is always sufficiently large, the symmetric
equilibrium of the previous subsection still goes through. This happens when

(13)

for all t ≥ 0 in equation (11), and when

(14)

in equation (12). Adverse collateral shocks will violate equation (13) and reduce the amount
of consumption smoothing achieved in equilibrium. As the leverage ratio shrinks in equation
(11), equilibrium allocations will approach autarky—that is,

The same problem crops up in the Kehoe-Levine economy when condition (14) is violated.
When that happens, endogenous leverage ratios lt tend to depend on expectations of future
leverage ratios (lt+1,lt+2,…). If future values of l are small, then the credit market does not
help smooth future consumption, which reduces the value of a good reputation to the bor-
rower and makes lenders unwilling to lend now. Pushing this syllogism to the end, autarky
turns out to be a socially undesirable but stable equilibrium in which pessimistic expectations
of credit panics are self-fulfilling.

More sanguine forecasts of future credit conditions lead to better equilibria, but consump-
tion smoothing will typically be limited by borrowing constraints. One way to avoid cata-
strophic reductions in private credit is for the central bank to act as a lender of last resort.3
Significant reductions in non-collateral credit did actually happen in the last quarter of 2008
and the first quarter of 2009 when the stock of commercial paper in circulation dropped by
more than 50 percent. How should the government react when that occurs?
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The Role of Public Debt

One reason public debt is more tradable than private debt is that the fiscal authority has
certain powers of enforcing claims on households that the private sector does not possess.
Suppose, in particular, that the government can extract a modest tax

from every high-income individual and use the proceeds to finance transfers to low-income
individuals or to repay those it borrowed from in the past. The government budget constraint
is then

(15)

where Bt+1 is the real value of public debt issued at t and maturing at t+1. Taxes amount to a
primary budget surplus that pays interest on existing public debt.

The rest of the economy functions in the way described by equations (3), (4), (5), and
(15), except for the budget constraint (4) and the market-clearing condition (5), which now
reflect the payment of taxes and the existence of a financial asset (public debt) in positive net
supply. These equations become

(4¢)

(5¢)

Here Bi
t ≥ 0 denotes claims on the government and

It is a simple matter to verify from the budget constraint (15), from equation (4¢), and
from the market-clearing condition (5¢) that the policy choice

(16)

will support a steady-state equilibrium with constant public debt B*, bond price q*, and con-
stant consumption c* for each i, where the high-income person buys the entire stock of public
debt from the low-income person, and

In other words, the fiscal authority can stand in for the malfunctioning private credit
market and provide the optimum amount of liquidity if high-income households expect that
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the price of public debt will remain forever constant at its maximal value b. To understand
the circumstances that justify this level of optimism, we need to delve into the dynamics of
public debt and of asset bubbles.

MANAGING BUBBLES
Can the government raise the odds that markets will trust the price of public debt to

remain at the value b that is needed to support an optimum allocation of resources in the
private sector? As a start, we endow the fiscal authority with a policy rule that connects taxes
(that is, the primary budget surplus) with the stock of maturing debt. The general form of
this rule is

(17)

where the function T maps the public debt interval [0,1 + a] into the feasible tax interval
[0,t–]. Assuming that high-income households purchase the entire stock of public debt, equi-
libria again satisfy two budget constraints (one for the high-income household and another
for the low-income household):

(18a)

(18b)

one first-order condition for the high-income household (the other household chooses a
corner solution):

(19)

and the government budget constraint:

Combining equations (17) through (19) gives a simple first-order law of motion for the debt
sequence (Bt), which is

(20)

If the household’s intertemporal elasticity of substitution (IES) is not too low, we can solve
equation (20) explicitly for Bt+1 to obtain

(21)

Equation (21) says that the properties of the law of motion G depend on the shape of the policy
rule T. Fiscal policy can influence expectations by choosing the “right” policy rule.

T B ,t tτ ( )=

1 1c q B ,t
H

t t tα τ= + − − +

1 ;1 1c Bt
L

tα= − ++ +

;1q u c u ct t
H

t
Lβ( ) ( )′ = ′ +

1q B B .t t t tτ + =+

1 11 1B T B u B B u B .t t t t tα β α( ) ( ) ( )−  ′ + − = ′ − ++ +

;1B G B T .t t( )=+

Azariadis

Federal Reserve Bank of St. Louis REVIEW                                                                                                                                                      Third Quarter 2016      233



For each policy rule T(B), an equilibrium is a nonnegative solution sequence (Bt) to equa-
tion (20). Figure 1 describes some of the more interesting equilibria. To compare those with
a no-bubble or no-liquidity outcome, we define the autarky yield

(22)

which is the reciprocal of the implied security price q– when all credit markets are closed.

Passive Policies

Passive policies keep taxes constant for any value of public debt. Figure 1 shows how these
policies fail. Keeping the tax T(B) constant anywhere in the interval [0,t–], even if we choose
the optimal value t* = a(1 – b), leaves the value B of debt indeterminate in the interval [0,a]
and thus open to shocks in expectations. The price of debt is also indeterminate in the interval
[b,1/R–]. Equilibria are indeterminate under the red law of motion in Figure 1, the black law
of motion in the same figure, and anything in between.

The red law describes the bubble dynamics of an overlapping-generations economy ana-
lyzed by Tirole (1985) and many others. It has the shape of a “reflected” offer curve—that is,
the mirror image, relative to the vertical axis, of an offer curve for a two-period-lived house-
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hold with life cycle endowment (1 + a, 1 – a). Offer curves are monotone if the IES is high
enough to make current and future consumption gross substitutes, but can bend backward
for low IES values. Bubble equilibria of this type exist if the no-bubble allocation is dynami-
cally inefficient—that is, if

It is worthwhile to reiterate here the argument by Farhi and Tirole (2012, p. 692) that
“dynamic inefficiency is a sufficient but not necessary condition for the possibility of bubbles.”
Figure 1 clearly shows that public debt can command a positive price in a dynamically efficient
but illiquid economy, as shown by the black and yellow laws of motion depicted in Figure 1.
Under those laws, there is private demand for public debt, but it remains fragile and sensitive
to adverse expectations.

The Optimal Taylor Rule

How do we keep the price of debt unchanged at the value q = b, which corresponds to
the socially desirable allocation,

for all time? Equation (20) suggests a tax policy that will deliver tomorrow the optimum
amount of liquidity B* = a for any value Bt today that is sufficiently close to the optimum
liquidity B*.

The literature on equilibrium selection4 provides some guidance on how to proceed. The
key idea is to put Bt+1 = a in equation (20) and solve for T(B)—that is, to choose the policy rule:

(23)

Under this policy, the law of motion G becomes the horizontal green line in Figure 1. For
example, in the neighborhood of (T(B*),B*) = (a(1 – b),a), equation (23) takes the linear form
of Taylor rules:

(24)
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The parameter l depends on the amplitude of income shocks and on the reciprocal of the IES.
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More generally, the nonlinear policy rule in equation (23) always keeps the public debt at
the right value by raising taxes whenever public debt exceeds the target value a and lowering
taxes in the reverse event. Liquidity is maintained at its socially desirable value B* by manipu-
lating primary budget surpluses or, equivalently, taxes on buyers of public debt. These taxes
exert an income effect on the private demand for public debt. When debt exceeds B*, for exam-
ple, taxes increase more than proportionally to contain the burgeoning demand for liquidity
and future consumption. Overreactions to public debt movements are particularly appropriate
when the income effect is small because investors are wealthy (high value of the parameter a)
or when the propensity to save out of income is relatively insensitive (large value of b or low
IES).

Any change in taxes will also feed into the bond price q and the interest rate r, which
satisfies

(26)

In particular, tax increases on high-income investors at time t will raise their income growth
from t to t+1, reduce liquidity demand, and exert upward pressure on yields. Policy rules such
as equation (23) then can be expressed in terms of real yields if we rewrite equation (20) in
the form

(27)

with Bt+1 set to equal its optimum value a. Expanding (rt,Bt) about the optimal value (1/b – 1,a)
we obtain a linearized interest rate rule that is completely equivalent to equation (24)—that is,

(28)

The government raises yields to curb excessive demand for liquidity and lowers yields to prop
up liquidity.

Since taxes cannot exceed the modest upper bound t–, we need to know the range over
which the linear approximation (28) is really useful. Clearly, the Taylor rule applies if T(B) is
in the interval [0,t–]—that is, whenever B lies in the interval [B1

C ,B2
C] around the target value

B*, where

If public debt falls below B1
C , a linear tax rule with a sufficiently strong reaction coefficient

will prevent the bubble from bursting, as shown in the blue law of motion in Figure 1. When
the economy is dynamically inefficient, this policy amounts to a negative tax on investors—
that is, on people with temporarily high incomes (type-2 households in periods t = 0,2,… and
type-1 households in periods t = 1,3,…). This subsidy will boost investors’ flagging demand
for assets and help achieve an optimum allocation of resources. As shown earlier, dynamic
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efficiency is a sufficient but not necessary motive for the holding of public debt. Illiquidity
turns out to be a sufficiently plausible motive for policy intervention even in dynamically
efficient economies.

CONCLUSION
This article reviews what we know about public debt management in economies facing

severe liquidity shortages. In these circumstances, public liabilities are a substitute for private
ones, and the demand for public debt has little or nothing to do with the dynamic inefficiency
conditions identified in Tirole (1985): low interest rates relative to growth rates.

Even as it provides needed liquidity, public debt remains a bubble whose price is sensitive
to forecasts of its future value. Thoughtful fiscal policy in these circumstances must balance
the liquidity needs of the private sector against adverse expectations of devalued debt. A good
way to strike this balance is to tie private sector demand for new debt with the current value
of maturing debt. The necessary link is provided through a Taylor rule for public debt that
acts as an automatic stabilizer on investor demand for public debt. It raises taxes on investors
whenever debt exceeds the socially optimal amount of liquidity and lowers taxes in the reverse
situation. The extent to which taxes should overreact to debt depends on structural parameters,
notably the amplitude of income fluctuations and the intertemporal elasticity of substitution.

It is worth noting that fiscal policy is most successful in providing the optimum amount
of liquidity when public debt and private debt are perfect substitutes, as we have assumed
throughout this article. It would be interesting to see how  this rule would work in an environ-
ment with uninsurable idiosyncratic income uncertainty in which public debt must replace not
just one missing credit market but as many markets as there are idiosyncratic income states.

A related and perhaps weightier issue is averting financial distress in the first place.
Liquidity provision seems to be the flip side of last-resort lending.5 It seems natural to design
policies that would pursue both goals simultaneously. n

NOTES
1 A typical modern example is Farhi and Tirole (2012), who analyze how “outside liquidity” complements private

liquidity for financially constrained firms. Non-liquidity aspects of public debt include tax smoothing (Barro, 1979)
and improving intertemporal allocations in life cycle economies (Auerbach and Kotlikoff, 1987).

2 This simple deterministic endowment process is the degenerate case of a stochastic economy with two Markovian
states and a zero probability of remaining in the same state. Markovian endowments with two states are a
straightforward extension.

3 Martin (2006), Ennis and Keister (2010), and Humphrey (2010) discuss policies that prevent large reductions in pri-
vately issued liquidity.

4 See Antinolfi, Azariadis, and Bullard (2007) and Pintus (2008) for recent examples of this procedure applied to
monetary policy. Earlier examples include Grandmont (1986) and Woodford (1986).

5 See Bordo (1989) for an insightful historical review of last-resort lending.
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