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Abstract

How should a government use the power to commit to ensure a desirable equilibrium outcome? In
this paper, | show a misleading aspect of what has become a standard approach to this question, and
| propose an alternative. | show that the complete description of an optimal (indesal) gfolicy
scheme requires outlining the consequences of paths that are often neglected. The specification of
policy along those paths is crucial in determining which schemes implement a unique equilibrium and
which ones leave room for multiple equilibria that depend on the expectations of the private sector.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

How should a government use its limited set of policy instruments to achieve desirable
equilibrium outcomes?

While there is a vast literature that studies the features of optimal macroeconomic policy
and the characteristics of the equilibria that it can attaionsiderably less attention has
been devoted to their implementation. Can the government adopt strategies that ensure
that its preferred outcome will be the unique equilibrium? Is it instead possible that all
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the strategies that support a good outcome imply multiple equilibria, any of which may be
triggered by the whims of private expectatioRs?

In the analysis of optimal policy, the standard framework follows from the pioneering
work of Ramsey26]. The Ramsey problem focuses only on the actual policy the government
undertakes within an equilibrium and does not contain a full description of a government
strategy. This is justified by the fact that most macroeconomic models assume a large
number of agents, whose individual deviations are undetectable: as a consequence, within
an equilibrium, each household takes government policy as given and independent of its own
actions, and does not need to know the full strategy of the government. The Ramsey outcome
is commonly viewed as the benchmark that the government could attain if it were able to
commit, and is then compared to the equilibrium outcomes that prevail when commitment
is impossible.

In this paper, | describe environments where assuming that the government can commit
to unconditional actions (the “Ramsey timing”) contradicts the description of the physical
constraints present in the environment. | then describe an alternative view of commitment.
Rather than being the choice of an unconditional action, commitment is the choice of the
strategythat the government will unconditionally follow for the remainder of its interaction
with the private sector (the “Schelling timing”). The essential difference between the Ramsey
timing and what | will call the “Schelling timing” is captured by the following passage from
Schelling[29]:

The threat differs from the ordinary commitment, however, in that it makes one’s course
of actionconditionalon what the other player does. While the commitment fixes one’s
course of action, the threat fixes a course of reaction, of response to the other player.
The commitment is a means of gainifiiggt movein a game in which first move carries

an advantage; the threat is a commitment to a strateggefoond mové

In macroeconomic games, the government faces a continuum of players rather than a single
opponent. In such an environment, strategies that (strictly) implement desirable outcomes
do not usually take the nature of direct “threats”, but achieve their aim in a more indirect
way. For this reason, | will refer to them as “binding promises” instead.

Compared to the standard Ramsey problem, the analysis of binding promises attributes
a much more prominent role to the constraints the government is forced to respect away
from an equilibrium. These constraints limit the strategies the government can adopt, even
when full commitment is assumed.

This alternative way of modeling commitment does not affectstequilibrium that
can be attained when the government is able to commit. However, it may dramatically
affect theuniquenesgproperties of such an equilibrium. This calls into question whether
the Ramsey outcome is truly a benchmark for what the government would be able to attain
under commitment.

2The problem of equilibrium indeterminacy and its implications forimplementation has received some attention
in reference to monetary economics. Some of the early contributions in this area belong to Sargent and Wallace
[28] and to Matsuyamp22,23] Clarida et al[10] provide a survey of the recent literature on interest-rate rules and
their determinacy properties. | will discuss in Sectf®@ the relationship between this literature and the formal
treatment of implementation presented here.

3Pp. 124. Italics are from the original.
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Studying the implementation problem has important policy implications. The appropriate
policy advice differs radically depending on whether a strategy for implementing a desirable
equilibrium exists. If it does, the appropriate advice calls for ensuring that the government is
able to commit: this typically calls for the design of institutions, such as independent central
banks, thatonstrainpolicy and prevent the government from giving in to the temptations
coming from time inconsistency. If no such strategy exists, policy advice should instead
first explore new instruments that could be used to ensure the favorable outcome: this calls
for giving the governmeniore optionghan the ones it currently has.

In Section2, | introduce my remarks through two simple examples. Se@ioantains
the general framework. The notion of a Ramsey outcome is introduced, and the implica-
tions of government commitment to actions vs. strategies are explored in detail. Section
considers an application to sovereign debt crises, and suggests some policy implications.
Section5 briefly discusses other environments in which the general framework can be
fruitfully adopted, and Sectioé concludes.

2. Two simple examples
2.1. Optimal taxation

This example is adapted from Fischig8] and Chari and Kehgg] (CK from now on).

The economy has two periods, 1 and 2n the first period, a continuum of households is
endowed withw units of a good that can be either consumed or invested. Each unit invested
deliversR > 1 units in period 2. Household preferencesate, c2, G), wherecy >0 is
consumption in period kp >0 is consumption in period 2, a@> 0 is a public good that
is provided by the government in the second period. We assuma ihatrictly concave
in private consumption. Fisch¢t8] and CK assume that the government must finance
an exogenously given level of spenditf in per capita terms, in which case the way
depends o1 becomes redundant. To raise resources, the government uses a proportional
tax on capital incomerj. The budget constraints for an individual household are thus:

c1sw —k,
c2 < Rk(1— 7). (1)

A competitive equilibrium for this economy is a veci@t, ¢z, k, 7, G) such that;
() givenz andG, (1, &2, k) solves the household maximization problem;
(i) the government budget constraint holds:
TRk>G. 2

It is assumed thaG*>0 but that it is not too large, so that there exist competitive
equilibria that attain the exogenously given level of spending. When this economy has

4 CK consider an infinite repetition of this game, in which sustainable plans have the potential of delivering
outcomes that are better than what can be achieved without commitment in a one-shot situation. Given that my
interest lies with commitment, | only consider the one-shot game.
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multiple competitive equilibria that attaii* (when a Laffer curve is present), the one that
achieves the highest welfare is the one with the lowest tax rate, which we call the Ramsey
outcome and will denote b, 5, k*, v, G*).
The key question for our purposes is (strict) implementation: can the government behave
in such a way to ensure that the Ramsey outcome will prevail and not any other?
Under the assumption of commitment, it is standard to let the government move first and
chooser, taking into account the households’response. We will call this the Ramsey timing.
Formally, the equilibrium of this economy, which we will call Ramsey equilibrium follow-
ing CK, involves a government poliay and an allocation rulg (t) = (c1(7), c2(7), k(7))
such that:

(i) for each policyt’, f(t") maximizes the utility of the households given that the tax rate
is 7 and given the exogenous level of spendiiig
(ii) givenf, t* is a policy that maximizes(c1(z), c2(7), G*) subject torRk(7) > G*.

Under the Ramsey timing, the government can implement the Ramsey outcome simply
by settingt = t*. This happens because the household maximization problem has a unique
solution for each choice af givenG*. When the government announces a tax raté ahd
households anticipaté*, their maximization problem leads them to chosg c5, k*). At
this outcome, the government budget constraint holds, which ensures that we are considering
a competitive equilibrium.

How does this government policy rule out other equilibrium outcomes? To find all the
possible equilibria, we solve for the household’s best response to what the government and
other households do; we have an equilibrium whenever the best response (as a function of
the actions of other households) is at a fixed point. If the policy is truly always characterized
by (t*, G*), no matter what households do, then it is easy to see that the household’s best
response is alway@j, c3, k*), and hence this is the only equilibrium.

But, is adherence to this policy really feasible? As an example, let us consider the optimal
course of action should all households chobse 0. In this case(t*, G*) is physically
impossible, because there are no tax revenues. What would the government do@auld
just? Wouldr adjust? By assumption, all of these possibilities are ruled out. The households’
best response is thus computed based on the assumption that the government will pursue
a policy that is patently impossible under some scenatidis approach to analyzing
governm%nt policy under commitment is common to many papers in the macroeconomic
literature.

5n order to avoid this difficulty, CK in Section V.A assume that the government will receive a large penalty
— M whenever the economy attains an outcome in whith> TR K, whereK is aggregate capital. In other words,
their solution relies on assuming that it is possible for the government, albeit very costly, to pay for spending from
resources that come from outside the model. In private conversation, Chari explained to me that CK implicitly
assumed that government spending would have to adjust, rather than being financed from resources outside of the
model, and that government spending is assumed to be weakly separable from consumption and the labor supply.
The implications of these assumptions are studied below.

6 Even many papers that do not assume commitment face a similar problem. It is almost universally assumed
that the tax rate on labor is set unconditionally before the labor supply is observed, even when no commitment is
allowed along many other possible dimensions. This implicit commitment not to revise the tax on labor is open to
exactly the same criticism, as the reader can verify e.g. by looking at CK’s “no-commitment game”.
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We now describe the alternative “Schelling” timing, under which the government can
make binding promises about its conditional course of action, but must respect its feasibility
constraint®) no matter what households choose. As our previous reasoning shows, if capital-
income taxes are the only source of revenues, it is impossible for the government to ensure
G =G*.

The following two cases show that the government may or may not be able to ensure that
the Ramsey outcome is the unique equilibrium outcome (i.e., that the Ramsey outcome is
“Schelling-implementable”).

First, suppose that household preferences are giveridiy1, c2), G), with uy > 0 for
all levels ofG, i.e., government spending does not affect the marginal rate of substitution
between current and future consumptibiThis case includes the common assumption that
government spending is “thrown into the ocean” without affecting household utility.

In this case, the Ramsey outcome is Schelling-implementable. One way to implement it
is for the government to set= t*, and letG adjust as a residuali = t*RK. Given that
the level ofG does not affect saving, the optimal choicédd independent of the choices of
other households (that affect aggregate capijals an example, if all households choose
k = 0, the government can still tax capital income at the t&fend provide no spending.

In this case, the optimal choice for an individual would be to save- 0, which implies
thatk = 0 cannot be an equilibrium.

Suppose instead preferences are givem(ay, Geo). As an example, this may happen
becaus& represents expenses to enforce property rights (such as police) that are needed for
households to enjoy private consumption in the second period. With these preferences, there
is an equilibrium in which all households chodse= 0, no matter what the government
does. If the aggregate capital is 0, the government budget constraint implies thad
independently of the tax rates. When households ex@eet 0, it is optimal to choose
k = 0. As a consequence, no matter what the government strategy is, there always exists
an equilibrium in whichk = G = 0.

In this case, the Schelling timing reaches a dramatically different conclusion from the
Ramsey timing. In the latter, households believe iatG*, even when there are no
resources for this to happen; in the former, households realize that the government may be
forced toG=0 and it is impossible to rule out an equilibrium with no consumption in
the second period. It is worth emphasizing that this does not imply that the economy will
necessarily be stuck in such an equilibrium. The government can still set its strategy so that
taxes and spending afe*, G*) if aggregate capital is*. In this case, the Ramsey outcome
is still one of the possible competitive equilibria for the economy. What fails is the ability
of government policy tselectamong equilibria and steer the economy to the preferred
outcome.

2.2. Production externalities

We consider here an example adapted from Cofi8dr8 In this economy, households
choose a labor supplye [/, []. Each household has access to a production technology that

7We can assume that preferences are such(tfiatG*) yields the best competitive equilibrium even wheén
can vary, or we can still inquire whether the government can implem&n&*), independently of this being the
best from the households’ perspective.

8 See pp. 148-149.
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requires labor and is also affected by the average lalsapplied by other households. The
amount produced by a household that chooses labgjiven byz = [*L7, wherex, y > 0.
The household preferences over consumption and labor are given hif, wherecis the
consumption levely > 0, andf > o + 7. The government of this economy can set up a
tax administration, which requires a fixed cegb run. If the administration is set up, the
government can collect a lump-sum téxe R that can be used to provide a proportional
subsidy to production at a rates R, .

The government budget constraint is

T<Z,
SZLT — 7, 3

whereZ is aggregate output of the economy. The first constraint stems from the assumption
that taxes are collected before the subsidy is paid out.

Each individual household consumes thts” (1 +s) — T.

If the government does not set up the tax administration, this economy has a unique
equilibrium:®

I=l= (An_ﬂb) = "

Depending on the value of, the Ramsey outcome either coincides wi#t) 6r is
given by

5 1
ok oty 0=y
z=z"= ("

c=c*=7*—1, ®)
— =1

s=3s =

TZT*EaZ*—‘r’C.

We assume thabj is the Ramsey outcome, which will happen whenevé not too
large.

Cooper studies the Ramsey timing, in which the governmentsefy first. In this case,
the Ramsey outcome can be implemented by settihdg *). If each household believes that
the government will choose*, T*) independently of the actions of all other households
and believes the average labor supply by other household4 tatbenaximization problem
becomes

maxi* L7 (1+s) — T* - ni?. (6)

Solving @) and imposing the equilibrium conditidr= L, it can be verified that the Ramsey
outcome is the unique equilibrium outcome.

9We assume that & [ < [ < I* < I, wherel < [* is not an assumption, but a result.
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The Ramsey timing is unsatisfactory for two reasons:

(i) If all households choose low labok {s sufficiently low), each individual household
might not able to meet its tax obligatiods, even if it chosd = [. In this case, the
implied consumption would be negative. What should we conclude about the optimal
labor supply for a household that believes it will not be able to pay taxes no matter
what work effort it chooses? What impact would this have on the actual government
revenues ing)?

(ii) If all households choose a higher supply th&nthe government budget constraint
(3) fails to hold: the government would not have enough resources to pay its subsidy.
However, by assumption households must believe that taxes are still goingito be
and the subsidy is still going to ke, for it is under this assumption that the higher
level of work effort was ruled out as an equilibrium.

As in the previous section, the Ramsey timing is not an appropriate representation of the
strategic interaction between households and the government in this instance. | now propose
a more complete description.

We assume that government taxes must be collected before the subsidy is paid out. The
lump-sum nature of the tax is translated into the assumption that the government can inflict
a very large nonmonetary penaRyon households that fail to pay the due Ta¥Ve assume
—P < min{—yl?, =T}, so the penalty is sufficiently harsh that any household will want to
avoid it if at all possible. The government does not gain any direct benefit from imposing
the penalty. In order to operate a tax administration and meet penalties out, it is necessary
that tax revenues cover at least the fixed ao&?

Government revenues from each household are gy -~ 7, wherel is the indicator
function: the government collects taxes only if the household output exceeds the tax obli-
gation, otherwise no tax is collected and the penalty is impd$ethe government budget
constraint is thus

TILa+j:>T >SZ — T, (7)

orT =0ands =0.
Under the Schelling timing, a strategy for the government is a map from aggregate labor
supplyL 12 into pairs of taxes and subsidi¢g, s) € R.. subject to 8) and (7). 3

Oifthe policy specifies a smaller tax revenue, the employees of the tax administration will realize that they will
not be paid in full and will refuse to work.

11| make this assumption because it is the closest to lump-sum taxation: the household cHoisenof
distorted whether it can or cannot meet the tax obligation, and a household will choose to meet the obligation
whenever feasible. Other assumptions could be made; while those assumptions will change the nature of the second
equilibrium that the government cannot avoid, they typically share the feature that such a second equilibrium exists.
12 complete description of the environment would specify a government strategy as a function of the distribution
of actions taken by private households. Appendli explains in detail why it is not necessary to consider
nondegenerate distributions.
13 Christiano and Harrisof®] study an implementation problem in an environment similar to this one. While
they do not fully consider the details of how the government raises lump-sum taxes, their mechanism relies on an
explicit government strategy and is thus more similar to the approach | advocate here.
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Now suppose that < 7.1 In this case, if households do not expect the government
to provide any subsidies, they will all choose the work ledeading to a production
level z. If production isz, there are not enough resources for the government to set up a
tax administration: even with commitment, the government will be unable to intervene,
validating the expectations that led households to chbdgeerefore, it < 1, the Ramsey
outcome is not Schelling-implementable.

Once feasibility restrictions are taken into account, the subsidization scheme cannot
ensure that the economy will attain the Ramsey outcome. The best the government can do is
to commit to a strategy that admits the Ramsey outcome as one of the equilibria in the game
played by the households; the option to subsidize output offers the government the chance
to improve upon the laissez-faire equilibrium, but not the definite ability to coordinate the
economy to a welfare-improving equilibrium.

3. A general setup

In this section, | introduce a general setup to formally analyze the implications of com-
mitment. In SectiorB.1, | introduce the notation and review the standard definition of
commitment, based on the Ramsey timing. In Sec3i@nl study the Schelling timing and
| explain its advantages. Secti@3 generalizes the discussion to a multiperiod environ-
ment.

3.1. Ramsey timing

We follow here the notation in Stokg81]. The players of the economy are a continuum
of identical households and a government.

Households choose an actiowfrom a selX, and the government chooses an acjitnom
a sety. Given that the focus is on symmetric equilibria, the economy is only described along
paths in which all households, except at most a measure 0 set, take the same action. The
economy is subject to an aggregate feasibility constraint that requirgs € D C X x Y.
We will refer to a feasibléx, y) pair as aroutcome

Preferences for the households are described by a functioki x D — R, ® where
the first argument is the individual household choice and the second is the pair of aggregate
choices by (almost) all households and the government.

141t is worth pointing out that there is an open set of parameter values that satisfies all of the implicit restrictions
that we have assumed. As an example, there is a neighborhoog @9, y = 0.6, 0 = 1.6, = 0.8, 7 = 0.5,
e = 0.01,e = 100 for which all restrictions hold.

151n stokey[31], individual households are subject to a constraint in their choices, which is represented by a
correspondencé : D — X. This constraint is inconsistent with representing the economy as a game, which is
essential for establishing results on implementation. The consktaimuld require the choice set of a household
to depend on information (the moves of other households) that is not yet available at the moment in which the
decision is takenH is meant to capture individual budget constraints. We will consider applications in Which
can be chosen so that(x, y) = X V(x, y) € D, i.e., the households can choose any acti@enX independently
of what the government does or other households do. In the first example, this is achieved by assuming that the
household choice is abolt so thatc; andcy are determined bylj. Whenever prices are an important part of
the economy, we assume they are explicitly formed through a well-specified market mechanism by the actions of
the households and the government, g2]n
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Government preferences are described by a funetionD — R. It is often assumed,
though not necessary for our analysis, that the government is “benevolent”, i.&5, that

w(x,y) =u(x,x,y) VY(x,y)eD. @)
A competitive equilibriunis a pair(x, ¥) with the following properties:

(i) (x,¥) € D;
(i) x =argmaxu(, x, ).

As expected, a competitive equilibrium is not a strategic notion of an equilibrium; rather,
it only involves an outcome at which each household is taking a best response to what the
government and other households are doing Hle¢ the set of competitive equilibria.

A Ramsey outcorrie a competitive equilibriunix*, y*) such that

(x*, y") =arg max w(x, y).
(x,y)€E

The Ramsey outcome is the best possible outcome among competitive equilibria. The re-
striction to a competitive equilibrium follows from the assumption that the government
does not have access to a way of enforcing directly the actions of each individual house-
hold; rather, it can only affect the households’ behavior through the choigelioforder
to attain this outcome, commitment is often necessary. Without it, the households would
have to choosg based on the anticipation of what the government will do, rather than on
its actual choice; onceis chosen, the government would no longer percéive)) € E
as a constraint, but would rather take as given the households’ choices. This is the basic
time-consistency problem.

Fig. 1illustrates the Ramsey timing. In this case, the government moves first and commits
to an actiory. Households then respond, with a chaicand an outcome is determined.

In order to define a Ramsey game (and study its equilibrium), CK need to overcome an
important difficulty. When the government moves first, the feasibility restri¢tion) € D
cannot be imposed, since:

(i) by choosing an actiow first, the government cannot make sure that the households
will choose an actiox such thatx, y) € D.

(ii) the restriction tdD is a restriction on aggregate quantities and not on individual house-
holds. In the game, each household is free to choose any actoX.

CK extend the set of possible (symmetric) outcomeX teo Y, but setw(x, y) to a very
large penalty wherix, y) ¢ D, so that the government will act in such a way to ensure
an outcome irD whenever possible. This is the key difference between their structure,
which represents the view of commitment often adopted in macroeconomics, and the one |
advocate. In CK’s game, violating a feasibility constraint is “less impossible” than violating
the terms of commitment’!

16The only advantage ofg] is that it provides unambiguous results on the welfare properties of different
equilibria. When ) does not hold, the welfare implications become harder to interpret.

17K formalize a notion of equilibrium with commitment that others have used. However, their focus is on
equilibria in which commitment is not assumed; in their work, the inconsistency about the treatment of the
feasibility constraint under commitment is only an additional reason for moving to a game without commitment.
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Government chooses y

Households choose z

Outcome is realized
In equilibrium: symmetric, (z,y)

Fig. 1. The Ramsey timing (commitment to actions).

We now turn to the implications of this timing for the ability of the government to attain
the best possible competitive equilibrium.

Definition 1 (Ramsey implementability Let (X, ¥) be a competitive equilibriun(x, ¥) is
said to be Ramsey implementable if, foralts x, (x, ) € E. If (X, y) is implementable,
theny is said to implement it. Similarly, given a set of competitive equilitfie€ E, we
say thatSis implementable if there exists a government acticguch that, for any € X,
() ¢gS=(x,y) ¢ E.

A competitive equilibrium(x, ¥) is implementable if the government can behave in a
way that makesx, y) the inevitable equilibrium outcome.

The definition of implementability does not address the issue of whether the government
will choose a strategy that implemenfs y): it is silent on the government’s incentives.

With the Ramsey timing, the government poligythat implements an outcomg, y)
does not need to be feasible for all choicesxpthe government can incur the risk of
receiving an arbitrarily large penalty if households chaosech thatx, y) ¢ D, because
this will never happen on the equilibrium path.

In many applications, the following proposition shows that all competitive equilibria are
implementable with the Ramsey timing.

Proposition 1. Suppose the set of competitive equilibria E can be represented as a function
of y, defined on a subset of Y

df : Yo C Y — X suchthat(x,y) € E < x = f(y). 9)

Then any competitive equilibriufand in particular the Ramsey outcojrie implemen
table

Proof. Let(x, y) be acompetitive equilibrium. EqR)implies thai(x, y) is nota competitive
equilibriumunlesss =x. 0O
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3.2. Committing to strategies

In many economic examples, the government cannot really take its action first; rather,
commitment is best described as the ability to tie its hands with respect to actions that will
be taken later. It is thus more fruitful to model commitment as a process of threats and
promises that the government is able to bind itself to; after such threats and promises are
made, the interaction between households and the government is subject to all the feasibility
restrictions that we would impose on the government if the commitment stage of the game
was not present. Before introducing binding promises, we thus model the interaction as it
would be without any power to commit.

Households move first and choase X . We will consider here only the consequences
of almost all households taking the same action; we will not consider what happens when
households choose actions according to anondegenerate distribution. Under the assumptions
on preferences that we make, Appendlik shows that explicitly considering nondegenerate
distributions is irrelevant for implementabilit}?

After the households have moved, the government picks an agtianY such that
(x,y) € D. We need to assume thatis such thavx € X, 3y : (x, y) € D. In words, the
government must always have at least one feasible action no matter what the households
played. This action may depend of course on the specific valye of

Household and government preferences are defined as in S8ctioffe assume that
u is strictly concave in the first argument and tia convex, which ensures that, in any
equilibrium, all households will take the same choice.

The definition of a competitive equilibrium is also the same as previously. The set of com-
petitive equilibria is unaffected by the difference in timing, because competitive equilibrium
is a non-strategic notion of equilibrium.

A strategy for the households is now simply a choice;a strategy for the government
is a functione® : X — Y such thatlx, ¢8(x)) € DVx € X. As an example, the choice of
setting a fixed tax rate* and lettingG(K) = t*RK adjust as a residual is a government
strategy in the example of Secti@ril

We now introduce commitment according to the Schelling timing. In this case, the gov-
ernment can commit to a strategybefore households choose their actigrthough its
actiony will be carried out after the households have moved. This timing is displayed
in Fig. 2.

Definition 2 (Schelling implementabili)y A competitive equilibrium(x, ¥) is Schelling
implementable if there exists: X — Y such that

Vx € X,x £ % = (x,0(x)) € D\E.

18 ntuitively, our assumptions ensure that the household problem has a unique optimum. As a consequence, if
an outcome envisions a nondegenerate distribution of household choices, it automatically follows that it is not a
competitive equilibrium, independently of the government move: some households would be taking a suboptimal
choice. Any feasible play by the government after a nondegenerate distribution is enough to rule out such an
outcome as an equilibrium path.
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Government commits

to a strategy 0 : X —» Y
subject to (z,0(z)) € D

Households choose z

Government adopts
y = o(z)

Outcome (z,y)

Fig. 2. Schelling timing.

In words, a competitive equilibrium is Schelling-implementable if the government can
respond to any choiceby the households with some actiatx) that is feasible when all
households choosebut that is not a competitive equilibrium with

Ramsey implementability and Schelling implementability are distinct. Suppose is
Ramsey-implementable, but there existsuch that(x’, ) ¢ D and(x’,y) € E Vy :

(x’, y) € D.In this casey is not a feasible government action after the households chose
x’; the Ramsey game lets the government choose such an action ex ante, but this is ruled out
by commitment to a strategy. Furthermore, any government respor$evtuld validate

x" as part of an equilibrium, so that there is nothing the government can do to persuade
households not to play’ if they believe all other households will play: (%, §) is thus

not Schelling implementable. This is what happens in the examples of S@ctinthose
examples, there is a unique competitive equilibrium associated with the Ramsey policy, but
the Ramsey policy is not feasible for all possible households’ choices. When we take into
account that the government is forced to change its plans of taxes, spending or subsidies
in response to what households do, a second competitive equilibrium that the government
cannot rule out may emerge, and Schelling implementation fails.

Suppose instead thét, ) is Schelling-implementable, and suppose there ekists)

E with x’ # . Then(x, ¥) is not Ramsey-implementable. By having to chogdiest, the
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government cannot responditausing some other actiori that does not form a competitive
equilibrium withx’; by contrast, with the Schelling timing, the strategythat implements
(x, y) may prescribe such aresponse. Notice that this example relies on findifig € E,
which is impossible under the assumptions of Propositidfi

The following proposition formalizes the reasoning above:

Proposition 2. In order for (X, y) to be Schelling-implementabli¢ is neither necessary
nor sufficient thatx, ¥) be Ramsey implementable

Under the Ramsey timing, by choosing an unconditional actioather than a condi-
tional response, the government may lose the flexibility that is necessary to implement
the desired outcome. In this case, Ramsey implementability is a stronger requirement than
Schelling implementability. However, under the Ramsey timing the government has the
power to exclude many household choigess part of the equilibrium outcome simply by
setting an actiory that is physically impossible whenis chosen. In many applications,
this power makes Ramsey implementability a much weaker requirement than Schelling
implementability.

The difference between Ramsey and Schelling implementation is very important for
policy advice. According to the former, if the set of Ramsey outcomes is implementable,
then the government simply needs to setits policy to the preferred outcome; e.g., itonly needs
to specify a tax rate (or a sequence of tax rates) and a level of spending, or the level of the
money supply. Policy advice becomes thus relatively simple. In the latter, implementability
simply means that it is possible to design a strategy such that any competitive equilibrium
of the game that ensues will be a Ramsey outcome; the role of the policy advisor is thus to
design such a strategy, or “reaction function”, that will typically involve different actions in
response to different choices by the households. It is necessary to contemplate all possible
choices by the households, and to recommend a policy that is consistent with the Ramsey
outcome but that makes it optimal for individual households to deviate from what other
households do whenever what they do is not a Ramsey outcome.

3.3. Many periods

We now extend the discussion to dynamic, multiperiod environments. We retain the
assumption of convexity of the household’s problem which ensures that, in an equilibrium,
all households take the same action: this enables me to focus only on histories in which
almost all households take the same action and disregard other, more-complex ones.

We characterize the environment in terms of histories, which are defined recuvely.
Ateach timet, we denote a#/’ the set of public histories anfd; the set of private histories.

A public history contains the record of play for the government and almost all households

19when government spending is separable from private consumption in SRdtitime flexibility of being able
to adjust spending in response to households’ choices is essential for implementation. If we insisted on a fixed
level G* (whenever feasible), with taxes adjusting as a residual, the government might be faced with multiple
equilibria if a Laffer curve is present.

20The structure we introduce here is similar to the definition of a garf@sh



92 M. Bassetto / Journal of Economic Theory 124 (2005) 79—-105

up to timet. A private history contains the same information, plus the record of past play of
the individual household facing such history; this record may be important to assess what
actions are feasible for the household in peti@lg., past saving decisions affect the current
opportunities for consumption). At tintethe set of feasible actions for a household whose
private history isi’ "1 is denoted;, (htl‘l), and the set of feasible actions for the government

is denoted?,(hf*{, x:), Wherex, is the action taken by (almost) all househofdss;, is
assumed to be a convex-valued correspondence. Starting from the null (public and private)
historyh~1 = ¢, the sets of public and private histories are defined recursively as follows:

H = (A" x, y)lh e H'7 x € S1(p ('Y, v € Si(h' ™1 ),

Hy = (07 & oW € L € S,
X € Sty (dp(hy)), v € Si(dp ()™, x),

whereg, is a function that maps a public histaky into the private history of a household
that has played the same actions as almost all other householgs.aadhe function that
extracts the public component of a private history, i.e.,

¢1((xt, }’t);:o) = (X, X¢, )’t)f:(),
¢P((£t’ Xts Yt)f:o) = ((xfs yt)f:0)~

Let T be the number of periods the game lasts, which could be finite or infinite. Individual
outcomes are the eIementsIeﬁf , and aggregate outcomes are the elements’afHouse-

hold preferences over outcomes are givenEi0 Bu(é,, x;, vi),%% whereuis strictly
concave irt.
A competitive equilibrium is a public histor§t;, 3,)”_, € H such that

T
(r){_o = arg max ) flu(&,. %, 5n),
{ér},:o t=0

subjectta(é,, Xy, y,)fzo € H,T. In words, a competitive equilibrium is a sequence of actions
for the households and the government such that the households’ actions are optimal given
what the government and the other households are doing. As before, B/bddahe set of
competitive equilibria.

Competitive equilibria and their welfare properties can be studied without any reference
to dynamics: it is a standard result that it does not matter whether all actions are decided

211n the one-shot economy, a crucial difference between Ramsey implementation and Schelling implementation
arose from the assumption that the set of feasible actions for the government depends on the actions of the
households, so that the government s effectively the second mover within the period. In a multiperiod environment,
the same difference may be caused by the fact that the set of feasible actions for the government depends on what
households did in previous periods. As a consequence, this important component of the distinction between Ramsey
and Schelling implementability would be present even if the government were the first mover within the period.
The analysis could thus apply equally well in the case in wisiobnly depends oa’ ~1 ands;, depends orh’,’l
and the government action.

22\\e could consider more-general preferences, as long as they are time consistent.
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upon at time 0, or they are decided as history unfdféif\s an example, this is the basis for
the extension of Ramsey{g6] results on optimal taxation in a static context to dynamic
problems2*

Definition 3. A competitive equilibrium(x;, y,)tTZO is Ramsey-implementable if, for all
{Xt}szo # {)Zt}tho, (xz5 yt),T=o ¢ E.

Under the Ramsey timing, the government moves first and sets its entire sequence of
actions; once the government policy is set, households move competitively. As for competi-
tive equilibria, dynamics play no special role for Ramsey implementation. From a strategic
perspective, it does not matter whether the government is setting a single action or a single
sequence of actions at time 0.

As in the one-shot economy, Ramsey implementation of a dynamic competitive equilib-
riumis based on implausible assumptions about household beliefs. Households must believe
that the government will plaj&l}f:O no matter what history will unfold, even though the
sequence of government policies is infeasible in some contingencies.

We now turn to Schelling implementation, in which dynamics play an important role: the
feasible set of actions for the government evolves over time, which has to be reflected in
policy design.

Schelling implementation is based on a government strategy, which is a fuadtiarn
specifies a feasible action for the government after any nonterminal public history and after
each possible choice by the households:

oWt x) e Si(h' Y x) t<T, VR Vx, € Sp(¢,(h'TY).

Let H (o) be the set of all the possible aggregate outcomes for the economy if the gov-
ernment plays according ta

H(o) = {(x, v g e HT : 3 = a((x5, y9)' 2§, %), 1 = 0, ..., T}.

Definition 4. A competitive equilibrium(x;, &I)IT:O is Schelling-implementable if there
exists a strategy such thatd () () E = {(%;, 31)[_o}: (&1, 51)_, is the only competitive
equilibrium among all possible outcomes when the government is committed to behave
according to the strategy.

Dynamics play also a second, subtler role in the way the government is able to select
among competitive equilibria. In a multiperiod environment, the Schelling timing creates a
distinction between Nash implementation, which corresponds to the definition above, and
the notion of sequential equilibrium implementation, which is stronger in the case of the
games we are studying. This issue is explored in detail in Appehaix

23\\e are assuming here that household preferences are time consistent. If not, this would introduce a strategic
element of choice within individual households.

24 Early examples of this vast literature §6¢20,21]
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4. Sovereign debt crises

Most models of sovereign debt afut exchange rate crises that include the government
as an optimizing entity have worked under the assumption that the government does not
have the ability to commit to its polic§®

| present here a model in which itis notlack of commitment, but rather lack of options that
may prevent the government from averting a self-fulfilling economic downturn, whether
accompanied by a sovereign default or bt.

We consider a one-period, small open economy, populated by a continuum (of measure
1) of domestic households, whose preferences @rg c2, [), wherecy is consumption of
a domestically-produced gooch is consumption of an imported good ahis the labor
supply.u is strictly concave, strictly increasing in consumption and strictly decreasing in
the labor supply. A household that suppliamits of labor produces output in an amount
[ + g, whereq is a random variable, common to all households, with an almost everywhere
continuous density functiofi(¢) on an intervalg, §1.2’ The total endowment of time Is
and eithel; >0 or a household must supply at leasinits of time. The world price of the
domestic good relative to the import is 1. The economy has a government thaBonits
(of either good) to some foreign creditors at the end of the period, and uses a proportional
tax on output to raise resources to repay its debt. If the government defaults on its debt,
foreign trade is disrupted; we make the extreme assumption that households are completely
excluded from foreign trade and must thus consume only the domestically-produced output.

The timing of the economy is as follows:

(i) The government commits to a (measurable) strategy which it will follow in part (iv).
(i) Households choose their labor supply. The realization of the shock is not yet known
when they make their decision.
(iif) The production shockyis realized.
(iv) The government sets a tax rateand a repayment rat@, subject to the budget
constraint

©(L +q) > 0B, (10)

wherelL is the aggregate labor supply. We assume the government does not dbserve
or g independently, but just aggregate output, and its strategy must thus be a function
of output.

(v) If 6>1, households trade in the foreign markets at the world price of 1.

2550me examples include,4,12,19,27]

26 The economic forces at work in this example are similar to those that opefatin

27The presence of the shock and the assumption that the government only observes total output prevent the use of
discontinuous strategies to “jump over” undesired equilibria. This restricts the government’s ability to implement
outcomes more than in previous sections. The results in the text apply for interv@lghat are arbitrarily small
and close to 0. B
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A competitive equilibrium is given by a labor supglgnd a random vectdfs, éo, 7, d),
adapted ta, such thatZ8

(i) Households are maximizing their utility given the technology, taxes, and the opportunity
to trade?®

ui (@1, &2, 1) = E[(1 = Dua(Cr, &2. D),
u1(¢1, ¢2,1) = ua(c1, ¢z, 1) if 6>1,
c2=0 ifo<l,
G+é=0-D+q).
(i) The government budget constraiiQ] is satisfied.

We assume the government only cares about domestic households, so we define the
Ramsey outcome as the competitive equilibrium that has the highest welfare for them. We
assume that parameter values are such that the Ramsey outtojecs, 7, 6*) involves
no default, independently of the realizatiorqod™ = 1. According to the Ramsey outcome,
output will for sure be contained {t* + ¢, /* 4 g1, hence the Ramsey policy only specifies
taxes and repayment rates for levels of output that fall in this range.

Whether the government can implement the Ramsey outcome relies crucially on the
properties of the labor supply. To show this, we first define the best reply for a household
when the government is committed to a strateggnd other households choose a labor
supplyL. We denote the best reply &4, ¢2, [)(L, o), which is given by

(é1, é2,1)(L, 0) = arg ma>l<E[u(c1, ¢2,1)] subject to
C1,C2,

caat+c2<[1—-1(L+q@)Il+q),
c2=0 if 05(L+¢q) <1,

wheret, andd, are the tax rate and repayment rate that form the strategy

Proposition 3. The Ramsey outcome is implementable if and only if there is a government
strategys™ such that (/*, ¢*) = [* and

I(L,o*)> L VL €[0,1"). (11)

The proof of the proposition is presented in the appendix. We discuss here the intuition.
The crucial problem for the government is how to respond to low levels of output. In order to
repay foreign debt, the government would need to raise the tax rate above the Ramsey level,
however, this discourages production and may be a source of a self-fulfilling downturn when
preferences are such that a Laffer curve arises. Alternatively, the government may respond
by defaulting on foreign debt; however, the anticipated inability to engage in foreign trade
can also be a disincentive for households to work, validating once more the expectations

28There is no contradiction between the previous assumption that the government cannot set its strategy as a
function ofgand the definition of a competitive equilibrium, in whitando are adapted tq. Within a competitive
equilibrium, / is known, and hence a function of aggregate output is equivalent to a function of the shock.

2941, up, andu; are the marginal utilities with respectdg, c2, andl.
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Fig. 3. Policy design wittB = 0.5.

that led to a low output level. This situation is reminiscent of the crisis recently faced by
Argentina.

To illustrate this point, we consider a numerical example. We consider the following
preferences:
1-p a2  1-p

1_pC1 +1_pC2 ,

u(cy, c2,1) =

with a1 = 1, a2 = 2, p = 0.5, andq uniformly distributed between 0 and +0.01. Simple
algebra shows that the functidms implicitly defined as follows:

P N
E {[ai/p + a%/pléa(LJrq)?l] 4+ "1 —te(L+ 1 "} =1 (12)

Fig. 3 displays what happens for low levels of debt. Equilibria of the economy occur along
the 45-degree line, where the individual best response coincides with the aggregate labor
supply. The Ramsey outcome is the poinfRBy its choice of a strategy, the government

30The Ramsey outcome is the solution to the following problem:

e e 1- 1—
max  E{———(ay"" + a5 Is) > 1)’ A— @) P L+t - L
{e(@).5(q). L} {17 p 1 2 )=

subject to

E{la}” +a) " Isigy -1V (L + @) =@t = 1,
0(q)B =t(g)(L +q),

wheret(q) andd(q) are theequilibriumtax and repayment rate as a function of the shock.
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Fig. 4. Policy design wittB = 1.

dictates the shape of the best response, which will be some continuous function within the
shaded ared! Fig. 3 plots the best response for some strateggs an example.

The upper contour of the region is given by the strat@gyat maximizes in (12), which
is given by

(B/7,1) i (ay” + a;/ﬂ)” (1— B/Z)Y " > a3,

(13)
(0,0) otherwise

(15, 05)(Z) = {

This strategy compares the consequences of a tax rate that is just enough to repay the debt
vs. full default and no taxes, and it chooses the option that offers greater work incentives. In
Fig. 3, this strategy is successful at strictly implementing the Ramsey outcome: the upper
contour of the shaded area has a unique intersection with the 45-degree line.

Fig. 4 displays what happens for higher levels of debt, such as1. In this case, the
Ramsey outcome still involves full repayment; however, the upper-contour strat8gy (
now has two more equilibria, one on the wrong side of the Laffer curve, and the other with
no taxes and default. For this level of debt, any strategy is bound to imply a fixed point
below R, and multiple equilibria are unavoidate.

When the Ramsey outcome is implementable, as in the first case, the appropriate policy
advice calls for building institutions capable of ensuring adherence to commitment, avoiding

3lwithin the shaded area, the government only faces a constraint on the steepness of the best response. As
the size of the intervdly, ¢] shrinks to 0, any continuous function contained in the shaded area would become
possible. B

32|f debt is pushed even higher, eventually it surpasses the peak of the Laffer curve; in this case, it is impossible
for the government to repay its debt for sure. Up to a point, it is then possible and desirable to sustain a random
policy of repaying with some probability, rather than defaulting for sure.
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the potential time-inconsistency probleth.As an example, the country could delegate
the choice of a tax rate to an independent authority, shielded from political pressure in the
short run2*

When the Ramsey outcome is not implementable, commitment does not help to over-
come the risk of a self-fulfilling crisis. In this case, optimal policy design must confront
the existence of multiple equilibria. As Ennis and Keidte8,17] point out, if the pol-
icy choice interacts with the likelihood that one equilibrium will prevail over another, the
optimal choice will be altered and will not coincide in general with the simple Ramsey
prescription3®

Unless the government has reason to believe that the “good” equilibrium will always be
selected by the private sector, it is useful to explore ways of providing the policymaker with
new policy instruments, that could avoid entirely the potential for unwanted equilibria. In
this application, an example of such an instrument would be the ability to own securities
whose payoff is contingent to the realization of GDP. This would allow the government to
prevent undesirable equilibria, much in the same way as deposit insurance prevents bank
runs in[14]. To illustrate this mechanism simply, consider the case in which O for
sure38 Since we assume that the Ramsey outcome involves debt repayrfiéns B.
Suppose the government has securities that pay*off — L) if output (i.e., the labor
supply) isL, thereby effectively insuring against fluctuations in tax revenues. With these,
the government would be able to set the tax rate*and still repay the debt, no matter
what output turns out to be. When this is anticipated, the households’ best response implies
a unique solution, with the labor supplyl/at Since the equilibrium payoff of the securities
would bet*(I* — [*) = 0, this insurance would be free to provide for an external agency
acting as a lender of last resort (the IMF?).

As the policy prescriptions above suggest, analyzing implementability has important
implications when thinking of ways to avoid sovereign debt crises such as the one that has
affected Argentina recently.

33Time inconsistency arises in the example because the government can vary its tax rate on output after house-
holds have made their labor choice.

34 Holding infrequent elections as opposed to continuous referenda may be one way societies deal with the
problem.

35Carlson and Van Damnié] and Morris and Shifi24] suggest a specific selection criterion to pick a unique
equilibrium in environments in which multiple equilibria arise from complementarities in the players’actions, as is
the case here. While multiplicity of equilibriais then avoided, it can be shown that in general the limit of the Ramsey
outcomes in a sequence of global games in which idiosyncratic information vanishes is not the Ramsey outcome
under perfect information. It is therefore still extremely important to fully specify the government strategy, so that
the emergence of complementarities in the households’ actions is revealed.

36The same reasoning applies wieeis random, at least if the support of the distribution of aggregate output
does not overlap across the 3 equilibria. However, wdnisrrandom, the presence of this additional market would
change the Ramsey outcome itself.

37To pursue the analogy with bank runs further, the insurance scheme described above is likely to gener-
ate severe moral hazard problems in a richer environment, which might justify monitoring the government’s
actions.
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5. Other applications
5.1. Fiscal theory of the price level

The fiscal theory of the price levé is based on the assumption that the government
can commit to a sequence of real taxes and spenfifigG,)}:°, that can violate the
present-value budget constraint for some price levels.

Compared to the previous examples, the fiscal theory of the price level is much more
complex. Thisis partly of course because the environmentis much richer, but mainly because
the definition of a competitive equilibrium includes a sequence of prices that are not a choice
of any player in the economy.

Introducing prices ) in the definition of a competitive equilibrium does not require
an explicit account of the way they form out of the actions of househa)dand of the
governmenty). In the equilibrium, households take prices as given, just as government
policy.

Ramsey implementation shares the simplicity of competitive equilibria. To check whether
a competitive equilibrium(x, ¥, p) is Ramsey-implementable, it is sufficient to know
whether there exists a unique competitive equilibrium when households take as given the
government policy.

Unfortunately, Ramsey implementation does not allow a proper distinction between equi-
librium conditions and restrictions on government policy, such as its budget constraint. The
failure of this distinction is the main cause the debate on the fiscal theory has been so
contentious.

To study Schelling implementation, it becomes crucial to establish which actions each
of the players in the economy can take in all contingencies. This is impossible without
a full description of the strategic environment as an anonymous game, that must include
an explicit account of the way prices form out of the actions of the government and the
households. In the case of the fiscal theory of the price level, | analyze such a game in detail
in[2].

5.2. Monetary policy rules

In recent years, there has been significant research on the welfare and equilibrium
determinacy properties of monetary policy ruf%sThe goal of this research is to find
how monetary policy can be used to implement desirable equilibrium outcomes.
Svenssorj32] and Svensson and Woodfof8l3] distinguish between a policy rule and
a reaction function. A policy rule is a “prescribed guide for monetary-policy conduct”. It
usually takes the form of a simple relationship that may involve government policy, exoge-
nous variables and endogenous variables, both past, present and future (in expectation). A
reaction function “specifies the central bank’s instrument as a function of predetermined
endogenous or exogenous variables observable to the central bank at the time that it sets the
instrument”. The solution to any implementation problem should thus include a reaction

385eg[11,30,34]
39see e.g[10] and references therein.
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function and not simply a policy rule. A policy rule may only be useful as a simple tool to
evaluate whether the government is adhering to its commitment. For this purpose, it might
have the advantage of being much simpler and hence more transparent than the reaction
function itself.

A reaction function corresponds to what | called in this paper a government strategy, so
the analysis | developed here supports the view that implementation should be studied at the
level of government reaction functions. Svensson and Wood88Hare mainly focused
on interest-rate rules, in which the instrument used by the central bank is the nominal
interest rate. The only restriction they identify is that this instrument should be a function
of predetermined variables only, a necessary requirement for a strategy in a game. A fuller
description of the economy as a game is likely to offer new insights in the way monetary
policy can be used to select desirable equilibria. As an examplg] ihadopt such an
approach to analyze whether the nonnegativity constraint on nominal interest rates is a
constraint on monetary policy or an equilibrium condition that could be exploited to rule
out unwanted outcomes.

6. Conclusion

In many macroeconomic problems, the policy actions available to the government depend
on previous choices made by the private sector. In this paper, | have shown that modeling
government commitment as the ability to take (or set) its actions before any other player
moves is unsatisfactory from the perspective of designing optimal policy schemes. When the
potential for multiple equilibria is present, this approach may also paint a misleading picture
of the ability of the government to determine the equilibrium outcome that will prevail. |
have presented an alternative description of the strategic interaction between the government
and private agents, one in which the ability of the government to commit corresponds to
the ability to set astrategythat it will adhere to.

In the examples | have presented, the restrictions on government policy came from clear
and unavoidable physical constraints, such as the impossibility of spending resources that
do not exist. The approach developed here can also be useful for constitutional design, in
which institutions with limited commitment power are studied. Rather than merely reflecting
physical constraints, the restrictions on the strategies available to the government would then
come from the explicit model of these further limits.

Acknowledgments

| am indebted to Florin Bidian, V.V. Chari, Harold Cole, Russell Cooper, Mariacristina
De Nardi, Jeffrey Ely, Jesus Fernandez-Villaverde, Larry Jones, Christopher Phelan, the
editor and two anonymous referees, and especially Narayana Kocherlakota for useful con-
versations and advice. | also benefited from comments received at various seminars and
conference presentations. Financial support from the National Science Foundation (Grant
#0095766) is gratefully acknowledged. The views expressed herein are those of the author



M. Bassetto / Journal of Economic Theory 124 (2005) 79-105 101

and not necessarily those of the Federal Reserve Bank of Minneapolis, the Federal Reserve
System, or the NSF.

Appendix A.
A.1. Nonsymmetric outcomes

The environment we described in Sectidr2 is not a full description of a game, in
that only symmetric histories are considered. We show here that, under our assumptions,
considering nonsymmetric outcomes is redundant to establish what can be implemented.

To fully describe an anonymous game (1€t X)) be ameasurable space, andi¢be the
set of probability measures oveX, X). After the households have moved, the government
observes the distribution of their choices (but not the individual actions), which can be any
elementy € M. In the main text, we only focus on the case in whiclis degenerate,
attributing probability 1 to a specific elementXfThe set of possible aggregate outcomes
for the game is now expanded to B € M x Y: it contains a distribution of actions
for the householda and a government action The relationship betweeh andD is the
following:

(x,y) €D & (5y,y) €D,

whered, is the measure that attributes probability 1{1¢. As we did forD, we need to
assume that the government has at least one feasible action after any possible history of the
game¥u e M, Jy: (u,y) € D.

Itis likewise necessary to extend household and government prefererx:esﬁmndf),
respectively. Crucially, we assume that the household utility functisnstrictly concave
in its first argument for eacty, y) € D.

A government strategy is now a mapping M — Y such thatu, o(u)) € D Vi € M.

Schelling implementation corresponds to a specific mechanism design problem. Once the
government has committed to play a specific strategwhat remains is an (anonymous)
game among households only, whose payoff structure depends on the way the government
is committed to respond to those actions. A choice aforresponds thus to choosing a
specific game that the households will play.

The following proposition shows the connection between competitive equilibria as de-
scribed in the main text and the Nash equilibria of the games the government can design by
its choice ofs.

Proposition A.1. (i) Let (x, y) € E. Then(Jy, y) is a Nash equilibrium outcome for the
game that ensues whenever the government commits to a strategy suctdthat y.

(ii) Let (i, y) be a Nash equilibrium outcome in a game after the government has com-
mitted to a strategy. Theny attributes probabilityl to a single poink € X, and(x, y) is
a competitive equilibrium
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Proof. (i) Immediate from the definition of Nash equilibrium and competitive equilibrium.
(i) By strict concavity ofu, we know that arg maxu (&, u, y) is unique. This implies
that the support of an equilibrium distributipnmust be a singleton. The fact that a Nash
equilibrium (d,, y) coincides with a competitive equilibriurgx, y) follows immediately

from the appropriate definitions.]

The relationship between Nash equilibria and competitive equilibria has an immediate
counterpart for the implementation problem. A competitive equilibriurry) is Schelling
implementable if and only if the government can design a game among households (by
choice ofe) that hagd,, y) as its unique Nash equilibrium outcome. Since nondegenerate
distributionsy cannot be an equilibrium outcome no matter what choice the government
takes, it is unnecessary to specify how the government would react in such a case.

A.2. Nash vs. sequential equilibrium implementation in multiperiod settings

As for the one-period version of the game, the multiperiod environment of Se&8on
can also be described as an anonymous game, if a full description of the consequences of
nondegenerate distributions is included. However, the assumption of strict concavity of the
households’ utility function implies that the results of Sectioh still hold.

When households are called to move more than once, a distinction arises between Nash
and sequential equilibrid® Accordingly, we distinguish between Nash implementation,
in which the government designs a game that has a unique Nash equilibrium outcome,
and sequential equilibrium implementation, in which the government designs a game that
has a unique sequential-equilibrium outcome. Unlike what happens in games with a finite
number of players, implementation in sequential equilibrium is here necessarily a stronger
notion than Nash implementation. In games with a finite number of players, implementation
in sequential equilibrium allows for the design of games that have a unique sequential
equilibrium but more than one Nash equilibrium. This does not happen in anonymous
games with a continuum of players, in which each player’s individual move does not have
any impact on other players’ actions. Both in games with a finite number of players and in
anonymous games, Nash implementation allows for the design of games that have a unique
Nash equilibrium but potentially no sequential equilibffa.

The following example clarifies the distinction: in the example, the Ramsey outcome is
Nash implementable but not implementable in sequential equilibrium.

Consider repeating twice the first example of Secti®n {o distinguish between the
timing within each repetition and across repetitions, we now call stages the “periods” within
each repetition, and we use the word “period” to refer to the repetition number. Neither the

401n an anonymous game, we cannot properly speak of subgame-perfect equilibria, because the actions of each
individual household are never observed. However, the distribution of actions of the households is observed,; for
each household and for the government, this is the only payoff-relevant aspect of the actions of other households.
We only analyze equilibria in which a household is thus indifferent among all nodes of an information set and will
take the same choice independently of the belief over the specific node the game is at within the information set.
For this reason, we can omit specifying beliefs.

41 |n standard mechanism-design problems, a common trick to obtain Nash implementation is to design a game
in which an “integer game” with no equilibrium follows any undesired outcome.
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households nor the government are allowed to save from one repetition to the next, so
that the two periods are independent, unless the strategies of the governmentthed
households dictate second-period choices that depend on first-period actions. We assume
that preferences in the first period are givendgy;1, G1c21) and preferences in the second
period are given by:(v(c12, c22), G2), Wherec;; is the consumption in stageof period
j and G; is the provision of the public good in periadLet z; be the tax rate in period
i. We usex superscripts to denote Ramsey allocations and policies. Given that the two
periods are independent of each other, we might expect that the government can guarantee
the Ramsey outcome in the second period, but not in the first. We now show that this is true
for sequential equilibrium implementation, but that the Ramsey outcome is implementable
in Nash equilibrium.

Let ¢ be a government strategy such that, if the government is committed to fellow
the game among households has a sequential equilibrium whose outcome is Ramsey. Let
" be the household strategy in such an equilibrium. We show that there also is a sequential
equilibrium in whiche21 = G1 = 0. The new equilibrium has the same strategy in period 2,
but it prescribes households to choese= w in the first period. We now work backwards
to check that this is indeed a sequential equilibrium. In the second period, independently
of the historyh up to that pointg” (h1) must prescribe an action that is optimal for the
households given that other households will also ptéyz;) and the government will
respond by (h1, " (h1)). This is true in particular even after the history in which almost
all households chosg; = w, even though that history is not on the equilibrium path for
the original strategy”. In the first period, it is optimal for a household to choese=
whenever it expect&§1 = 0. As we already observed;; is necessarily O if all households
choose11 = w. Itthus follows that the modified strategy is indeed a sequential equilibrium.

We now display a government strategy that implements the Ramsey outcome in a Nash
equilibrium:

o(c1)) =17 Ve € [0, o],

0 ifer1# CIl andcio = Ciz,

a(c11, T1, €12) = )
(c11, 71, €12) {r§ otherwise

If the government adopts this strategy and households do notcpjay c7, in the first
period, there is no equilibrium in the second period: the government strategy is designed
so that a household would always have an incentive to deviate from what other households
do. By contrast, it11 = 7, in the first period, then in the second period there is only one
equilibrium, in which the second-period Ramsey outcome is attained.

The definition of Schelling implementability in the main text corresponds to Nash im-
plementation in this mechanism design problem, and was chosen because of its simplicity.

A.3. Proof of Proposition 3

First, suppose a strategy such thHt)(holds can be found; let such a strategysh&Ve
prove that the following strategy implements the Ramsey outcome:

a(Z) if Z<I* +4,

d(Z) = (15, 05)(Z) = { (B/Z,1) otherwise 4
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¢’ and o coincide for all the levels of output that are possible when the labor supply is
at most/*. As a consequendéL, o) = I(L,¢’) if L<I*, which implies that there can
be no equilibria with a labor supply belait if the government commits ta’. With this
strategy, we also prove by contradiction that there can be no equilibrium/’with*. If
such equilibrium existed, Eql14) implies that it would entail no default and a tax rate
that is lower than Ramsey’s for each realizationgofHowever, it is easy to show that
household welfare is a decreasing function of the tax rate for a givags a consequence,
the equilibrium at’ would have higher welfare than the oné*atwhich contradict$* being
part of the Ramsey outcome.

Now, suppose instead that there is no strategy such ttiphflds. We first prove that,
given any strategy, I(L, 6) is continuous irL. Define

v(l, q,7,0) = maxu(cy, cz, 1)
c1,¢2,0

subject tocy + c2< (1 —1)(l + ¢) and toc; = 0 if 6 < 1.vis the indirect function after
uncertainty is resolved for a household that has chosen a labor dupgly continuous
in ({, g, 1), but it is discontinuous i; it is also strictly concave ih Given a government
strategyo, the function/ is defined as

g

I(L, o) =arg mlax/ v(l,q, (L +q),0q(L +q)Y(q)dq
q

L+§
=arg m[ax/ v(l,Z — L,15(Z),05(Z))Y(Z — L)dZ.
L+g

Continuity of/ in L follows thus from the theorem of the maximum. Given that the labor
supply must be nonnegative, it follows thi#d, o) > 0. If Eq. (11) does not hold, it follows

that there must be a fixed point of the functib@at a level that is strictly smaller than

I*, which implies that™* is not the unique equilibrium. The exact location of the second
equilibrium (or of the other equilibria, if there are more than 1) depends on the government
strategyo, and will usually not happen dt = 0. O
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