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Abstract

Can the price level be determined by a requirement that taxes should be paid in money? We
study this question in a dynamic endowment economy where households have to pay a money
tax of a fixed real value and money enters the economy through government expenditures and
open market operations. When government expenditures only consist of purchases of real goods,
the price level is bounded from above, but not uniquely determined. A unique price level can be
obtained if the government also has access to money transfers, and uses these to fix its expenditure
level in nominal terms.
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I. Introduction

“A prince who should enact that a certain proportion of his
taxes should be paid in a paper money of a certain kind might
thereby give a certain value to this paper money.” (Smith, 1776)

For a long time, economists have posited that tax requirements in money
can be used to determine the price level. The idea goes back at least to
Adam Smith, and has been repeated in different versions ever since.1 A
simple static logic supports the basic idea. If the government requires a

*We would like to thank three anonymous referees as well as Marco Bassetto, John Hassler, Per
Krusell, Dirk Niepelt, José-Vı́ctor Rı́os-Rull, Kenneth Rogoff, and seminar participants for useful
comments and questions. We gratefully acknowledge financial support from Handelsbanken’s
Research Foundations. All errors are our own.
1For more historical examples, see Knapp (1905/1924) and Lerner (1947). More recently,
Cochrane (2005) supports the idea in the context of the fiscal theory of the price level. It is
also one of the cornerstones in the (highly controversial) modern monetary theory, which has
been a topic in recent US policy discussions (Nersisyan and Wray, 2016).
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tax of fixed real value τ to be paid in money and the price level is P,
households need τP in money to pay their taxes. If the government also
fixes the money supply M , there is a unique price level P = M/τ. A higher
price level implies excess demand for money from households wanting to
pay their taxes, and a lower price level implies excess demand for goods
from households wanting to get rid of their money.

In this paper, we show that this static logic does not extend to
the dynamic case.2 In general, even with a fixed money supply M and
a fixed money tax τPt , the price-level path is not uniquely determined.
Instead, the uniqueness of the price level depends on how money is emitted
and on how government expenditures vary with the price level.

Formally, we consider an endowment economy where the government
fixes the money supply M , real government consumption g, and the real
value of taxes τ. Money enters the economy through open market operations
and government expenditures (in the form of purchases of real goods as
well as money transfers). At the end of every period t, the government
requires taxes τPt to be paid in money. Consistent with the static intuition,
we show that the tax requirement places an upper bound on the price level
and implies a unique stationary equilibrium with Pt = M/τ. However, we
show that there are additional deflationary equilibria, unless the government
employs a particular set of price-level contingent money transfer policies.

What is the intuition for these results? First, note that if τPt > M , then
the money supply M is not sufficient to cover the tax liability τPt and there
is excess demand for money. This cannot be an equilibrium, so Pt ≤ M/τ;
the tax requirement places an upper bound on the price level. If τPt < M ,
the tax constraint is lax, and a positive amount of money M̂t = M−τPt > 0
is carried into the next period. In this case, the nominal interest rate has to
be zero, because households only carry money between periods if it is not
return-dominated by bonds. As long as the real interest rate is positive, the
price level has to fall. Hence, the tax constraint is lax in the next period as
well and, by iteration, the price level follows a deflationary path indefinitely.
Thus, the price level is bounded from above by M/τ, and Pt = M/τ is the
only stationary equilibrium. The question of uniqueness reduces to whether
the deflationary paths are also equilibria.

2While the connections between the price level and tax requirements have been widely discussed,
there has not yet, to the best of our knowledge, been a formal analysis of how an explicitly
modeled money–tax requirement affects price-level determination in a standard dynamic general
equilibrium model. Starr (1974) studies how tax requirements can be structured in order to give
money a positive value in a static environment, but he never extends his analysis to a dynamic
setting. Goldberg (2012) studies a dynamic search-matching model of money where there is a
probability of meeting a tax collector who requires money payments, and provides conditions
under which non-monetary equilibria are excluded.
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We first consider the case without money transfers, that is, when
government expenditures only consist of purchases of real goods. With
purchases fixed in real terms, variations in the price level translate into
proportional variations in the amount of money entering the economy
through government expenditures. Thus, when Pt < M/τ, government
expenditures alone do not suffice to meet the money supply target, and
the government responds by lending to households through open market
operations. The increased debt burden of the households perfectly offsets
the real balance effect coming from deflation, so the goods market clears,
and the deflationary paths are equilibrium price sequences.

Next we consider the case when the government also uses money
transfers. In this case, we show that the government can implement a unique
equilibrium by using these transfers to increase real household wealth for
prices below the stationary equilibrium price level. One such policy is when
the government adjusts the nominal transfers to keep total expenditures
fixed in nominal terms. This policy excludes the deflationary equilibria,
because a price level Pt < M/τ implies a higher real value of the money
entering the economy through government expenditures, which increases
household wealth and generates excess demand for goods. Hence, with total
government expenditures fixed in nominal terms, the stationary equilibrium
is the unique equilibrium.

Note that this mechanism for excluding the deflationary equilibria does
not rely on the money–tax requirement per se. Instead, an excess demand
for goods is created by the government increasing the quantity of household
wealth without changing its consumption of real goods. This equilibrium
selection mechanism can also be used in settings without explicit tax
requirements in money (Niepelt, 2004). In this sense, a tax requirement in
money is neither sufficient to establish a unique price level, nor necessary
for using fiscal policy as an equilibrium-selection device.

As discussed, tax requirements in money provide an upper bound for
the price level, independent of whether the government policy implements
a unique equilibrium or not. Hence, tax requirements are relevant for a
long-standing issue in monetary economics, namely that of speculative
hyperinflations. Hyperinflationary equilibria are a generic feature of models
with fixed money supply and where money has liquidity value; they arise
in money-in-the-utility models (Obstfeld and Rogoff, 1983), in overlapping
generation (OLG) models of money (Woodford, 1984), and in search-
and-matching models of money (Williamson and Wright, 2010). Adding a
money-in-the-utility function to our model, we show that hyperinflationary
equilibria are excluded when households face a tax requirement in money.
The reason is that hyperinflationary equilibria depend on a self-fulfilling
belief in an ever increasing price level. Because tax requirements place an
upper bound on the price level, these equilibria are excluded.
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The model is presented in Section II. In Section III, we study the set
of equilibria under different monetary-fiscal policies, and we also comment
on the relationship between our model and the Fiscal Theory of the Price
Level. Section IV treats speculative hyperinflations. We conclude with a
discussion of policy implications and future lines of research.

II. The Model

Environment and Equilibrium Definition

We study a discrete-time infinite-horizon endowment economy.3 There is a
representative household that consumes a single good. The household has
a per-period utility function u(·), which is concave, increasing, and satisfies
the Inada conditions. Money holdings do not enter the utility function, and
money plays no special role in private transactions.

The household is born with zero assets.4 It enters each period with
money holdings M̂t−1 and receives bond payouts Bt−1, money transfers St ,
as well as a constant endowment of y consumption goods. The household
trades consumption goods for money Mt at a price 1/Pt , and for nominal
government bonds Bt at a price Qt/Pt . After trading, the household uses
its acquired money holdings Mt to pay nominal taxes Tt . Any remaining
money M̂t = Mt − Tt is carried over to the next period. We denote Mt as
within-period money and M̂t as between-period money.

With this timing and set-up, the household solves

max
{ct,Bt,Mt,M̂t}

∞∑
t=0

βtu(ct ),

subject to the following per-period budget constraints

ct +
Mt

Pt
+

QtBt

Pt
≤ yt +

Bt−1

Pt
+

M̂t−1

Pt
+

St
Pt
, (1)

the initial conditions

M̂−1 = B−1 = 0, (2)

3We conjecture that adding production and capital to the model will not change any of the results
that we present. Carlstrom and Fuerst (2003) have pointed out that adding capital-investment
decisions can change the set of equilibria in models with money in the utility. However, this
mechanism relies on the real interest rate varying with the price level, whereas in our model, the
real interest rate will be constant across all potential equilibrium price-level paths.
4We assume no initial assets to ensure that our theory of price-level determination does not violate
the notion of a rational expectations equilibrium in period t = −1, consistent with Niepelt (2004)
and Daniel (2007).
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and the two per-period constraints

M̂t + Tt ≤ Mt, (3)

0 ≤ M̂t . (4)

The constraints (3) and (4) describe the money–tax requirement. The
constraint (3) states that money is used to pay taxes and to purchase a
non-negative amount of between-period money M̂t . The constraints (3) and
(4) jointly imply that the household needs to buy enough money to cover its
tax liability (i.e., Mt ≥ Tt ). Lastly, the household faces a no-Ponzi constraint

lim
T→∞

{∏T−1
t=0 [(QtPt+1)/Pt ]

}
(M̂T + BT )

PT
= lim

T→∞

( ∏T−1
t=0 Qt

)
(M̂T + BT )

P0

≥ 0. (5)

The government issues money Mt − (M̂t−1 + Bt−1) − St and bonds Bt to
acquire goods gt . This formulation of money issuance guarantees that there
is always Mt money available for the household to pay its taxes. Trading
takes place before taxes are levied, and the per-period government budget
constraint is

Mt − (M̂t−1 + Bt−1) = gtPt + St − QtBt . (6)

A feasible government policy is a sequence {gt,Mt,Tt, St, Bt } (possibly
a function of prices and the allocations in earlier periods) such that
equation (6) holds for all {Pt,Qt, M̂t−1}.

Our model of the government consolidates the treasury and the central
bank, so the total money stock Mt represents conventional M0 money
supply minus the treasury’s money holdings. In every time period, the
purchases and transfer payments of the government augment the money
stock, and the sales of government bonds deplete the money stock. Sales
and purchases of nominal bonds can be interpreted as “open market
operations” and the money transfers St can be interpreted as “helicopter
drops”.

Definition 1. A competitive equilibrium under a feasible government policy
{gt,Mt,Tt, St, Bt } is a sequence {ct, M̂t, Pt,Qt } such that {ct, Bt,Mt, M̂t }
solves the household problem, given {Tt, St,Qt, Pt }, and the markets for goods
and money clear:

ct + gt = y, (7)

M̂t + Tt = Mt . (8)
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Equilibrium Characterization

To derive the household’s optimality conditions, we use the fact that the
per-period budget constraint (1) and the tax constraint (3) always bind. We
substitute the tax constraint into the budget constraint and obtain

ct +
Tt
Pt
+
(1 − Qt )M̂t

Pt
+

Qt

Pt

(
M̂t + Bt

)
= y +

St
Pt
+

1
Pt

(
M̂t−1 + Bt−1

)
. (9)

This expression shows that equilibrium requires a no-arbitrage condition on
interest rates

Qt ≤ 1, (10)

as the household could otherwise obtain unbounded consumption by
increasing M̂t .

The first-order conditions of the household problem with respect to M̂t ,
Bt , and ct give

u′(ct ) = β
Pt

QtPt+1
u′(ct+1), (11)

(1 − Qt )M̂t = 0. (12)

Equation (11) is the Euler equation and equation (12) states that money
is never held between two periods if the nominal interest rate is positive.
Optimality also requires that the solution satisfies a transversality condition,

lim
T→∞

( ∏T−1
s=0 Qs

)
(M̂T + BT )

P0
≤ 0, (13)

and if we combine it with the no-Ponzi constraint (5), we obtain an
equilibrium condition for asymptotic wealth holdings:

lim
T→∞

( ∏T−1
s=0 Qs

)
(M̂T + BT )

P0
= 0. (14)

The initial condition (2), the non-negativity constraint on money (4), and
equations (9)–(14) jointly characterize the solution for M̂t, Bt , and ct , given
prices Qt and Pt , and the government policy variables Tt and St . Using the
fact that the constraint (3) binds at the optimum, we can also solve for
Mt . An equilibrium is fully characterized by the market clearing conditions
(7) and (8), the zero lower bound on interest rates (10), and the household
optimality conditions (2), (4), (9), (11), (12), and (14).

III. Equilibria

We are interested in whether the price level is determined under a stationary
parametrization of government policy, where money supply, the real value of
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taxes, and government consumption are all fixed at constant levels: Mt = M ,
Tt = τPt , and gt = τ. Note that a fixed real value of taxes is equivalent to a
standard proportional income tax, because such a tax is implicitly indexed
to the price level.

However, before turning to the determinacy properties of the stationary
policy, we first note that the policy needs to be augmented to deal with
Pt = ∞, the case when money is not valued. The reason for this is that the
policy prescribes that a constant consumption level τ should be attained by
selling money. However, at Pt = ∞, no amount of money will procure any
positive amount of goods.

Therefore, the stationary government policy with positive government
consumption must be accompanied by a regime switch at Pt = ∞ in order
to be well defined. Such regime switches are already well-known tools in the
monetary literature for eliminating unwanted equilibria; see, for example,
Obstfeld and Rogoff (1983) and Atkeson et al. (2010). For example, in
Obstfeld and Rogoff (1983), the government excludes inflationary equilibria
by being ready to exchange money for real goods if the value of money
falls too low. In our context, a simple switching rule is that the government
does not consume when Pt = ∞, and instead satisfies the money supply
rule by making a helicopter drop to the household. If tax payments are
set larger than the money supply at Pt = ∞, then Pt = ∞ is excluded.
Formally, Pt = ∞ is not an equilibrium if gt = 0, Mt = M , Tt = T > M ,
and St = Mt − M̂t−1 − Bt−1 at Pt = ∞.5

The question remains whether the government can attain a unique
monetary equilibrium under the stationary government policy. First,
we consider the standard set-up in the literature, where government
expenditures only consist of purchases of real goods (i.e., where St = 0 for
all price levels). Note that, as the price level varies, such a policy keeps
total government expenditures gtPt + St fixed in real terms. After this, we
consider a policy where the government adjusts the nominal transfers St to
keep total expenditures gtPt + St fixed in nominal terms.

Indeterminacy with Constant Real Expenditures

In Proposition 1, we show that if the government does not use money
transfers St , the stationary government policy does not achieve a unique
equilibrium.

5The assumption of gt = 0 when Pt = ∞ is not essential. If we extend the policy set to include a
real tax, the government could sustain positive consumption for all price levels. Indeed, there is
even an implicit assumption that, at gt = 0, the government still has access to some endowment
sufficient to enforce the tax constraint.
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Proposition 1. Suppose that the government policy is given by

{Mt,Tt, gt, St, Bt } =

{
{M, τPt, τ, 0, Bt } if Pt < ∞

{M,T, 0,Mt − M̂t−1 − Bt−1, 0} if Pt = ∞
, (15)

where Bt is given residually from the government budget constraint (6) and
T > M . Then, there exists a unique stationary equilibrium, with Pt = M/τ,
and an infinite number of non-stationary equilibria with Pt ≤ M/τ for all
t and Pt → 0.

For the proof, see the Appendix. To see the existence of the stationary
equilibrium, note first that the policy specification (15) eliminates Pt = ∞
by using the regime switch discussed above. Second, note that, in any
equilibrium, the real interest rate is positive, which means that a stationary
monetary equilibrium requires a positive nominal interest rate. With a
positive nominal interest rate, households carry no money between periods,
M̂t = 0, which means that the tax constraint (3) holds with equality,
τPt = M . Hence, Pt = M/τ is the unique stationary equilibrium. Any
lower price level would imply M̂t > 0, and any higher price level would
imply that the tax constraint is violated.

We construct a continuum of non-stationary equilibria by showing that
a deflationary equilibrium exists for any P0 < P̄ = M/τ – note that there
can never be an equilibrium with a price level larger than M/τ, as the tax
requirements (3) and (4) would then be violated. If P0 < M/τ, then the non-
negativity constraint (4) is slack, and the household carries between-period
money M̂0 > 0. When the household voluntarily carries between-period
money, the nominal interest rate must be zero (i.e., Q0 = 1). The Euler
equation (11) then implies P1 = βP0. As P1 < M/τ, the tax constraint is
also slack for t = 1, and iterating on t we obtain Pt = β

tP0. Money has
to earn a real return 1/β, and the price level falls over time. Between-
period money holdings M̂t−1 will approach M as the nominal value of tax
payments tends to zero:

lim
t→∞

Tt = lim
t→∞
τPt = 0; (16)

lim
t→∞

M̂t−1 = lim
t→∞

M − τPt−1 = M . (17)

To test whether the transversality condition holds, we substitute the tax
policy Tt = τPt and the market clearing condition ct + τ = y into the
household budget constraint (9), and obtain a law of motion for nominal
wealth:

Qt (Bt + M̂t ) = Bt−1 + M̂t−1. (18)
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Using the initial condition B−1 = M̂−1 = 0, equation (18) shows that
nominal wealth is zero in all periods. The transversality condition therefore
holds.

In sum, when Pt < M/τ, the real consumption target gt = τ is achieved
without the government injecting enough money to cover the households’
tax requirement. The government satisfies the constant money supply rule
through bond purchases (open market operations) such that households
borrow from the government. Because open market operations do not affect
real household wealth with a zero interest rate, this policy does not affect
households’ demands for real goods, so no market clearing condition is
violated.

Taking stock, it is not surprising that there is a stationary equilibrium
Pt = M/τ. As soon as the nominal interest rate is positive, the tax
constraint binds, and the price level is proportional to the money supply.
The mechanism resembles price-level determination in a model where there
is a money supply rule and money has liquidity value through a cash-in-
advance (CIA) constraint, which posits that some expenditure items must
be transacted with money in the private market.6

From this perspective, it might be more surprising that the equilibrium
is not unique. This contrasts with the unique equilibrium obtained in a
perfect-foresight model with fixed money supply, a single good, and a CIA
constraint. The difference arises because the money supply rules in the
two models have different implications for household wealth. In a CIA
environment, households start with a fixed stock of money, and a zero
interest rate combined with a fall in the price level leads to an increase in
household wealth, which creates excess demand. In our model, as money
is absorbed through tax payments in each period, a constant money stock
implies that money is issued in each period. A lower price level implies
that less money is issued through expenditures, and that more money is
issued through lending. So while a lower price level allows the households
to retain some money after taxes, this is perfectly matched by a higher debt
burden, leaving household wealth unaffected.

Determinacy with Constant Nominal Expenditures

In Proposition 1, there is indeterminacy because the government fixes real
consumption expenditures. Because both nominal government expenditures

6Arguably, the constraint might be even more similar to a cash-when-I’m-done (CWID) constraint
as the money tax is levied after trading in the goods market have taken place. Interpreting money
as a medium of exchange, Carlstrom and Fuerst (2003) argue that the CWID timing assumption
lacks a reasonable microfoundation. With money serving as an instrument for tax payments, the
money–tax requirement considered here provides a microfoundation of a particular form of a
CWID constraint.
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and nominal tax requirements fall proportionally with the price level, a
lower price level does not make households richer.

This reasoning suggests that the government could achieve determinacy
if it used the money transfers to fix nominal expenditures instead. In this
case, a lower price level would lower the nominal tax requirement, but
keep constant the amount of money households receive through government
expenditures. Hence, a lower price level would increase households’
nominal wealth and lead to excess demand for goods.

In particular, consider the transfer policy

St (Pt ) = (P̄ − Pt )gt, (19)

where P̄ = M/τ is the price level in the stationary equilibrium. This policy
ensures that total government nominal spending satisfies

Ptgt + St = P̄gt .

Thus, with gt = τ, total spending is fixed in nominal terms. Interpreted
as an instrument controlled by the treasury, the policy corresponds to a
set-up in which the treasury budget (including fiscal transfers) is fixed in
nominal terms. Interpreted as an instrument controlled by the central bank,
the policy corresponds to a state-contingent rule for helicopter drops.7 For
the policy to be feasible, Bt must again be determined residually from the
government per-period budget constraint (6). Proposition 2 shows that with
this policy, the stationary equilibrium is the unique equilibrium.

Proposition 2. Suppose that the government policy is given by

{Mt,Tt, gt, St, Bt } =

{
{M, τPt, τ, (P̄ − Pt )τ, Bt } if Pt < ∞

{M,T, 0,M − M̂t−1 − Bt−1, 0} if Pt = ∞
, (20)

where Bt is given residually from the government budget constraint (6) and
T > M . Then, there exists a unique equilibrium, and this equilibrium has
Pt = P̄ = M/τ for all t.

For the proof, see the Appendix. To see why determinacy is achieved,
note first that the tax constraint is violated if Pt > M/τ, just as before.
If Pt < M/τ, then the tax constraint is not binding. Therefore, if an
equilibrium exist, it must feature Qt = 1 and the price level following a
deflationary path. Substituting Tt = τPt , the goods market clearing condition

7In our model, we use a consolidated budget constraint for the government, and there is no
separation between the fiscal and the monetary authority. Benigno (2017) has shown that, in the
context of the fiscal theory of the price level, it is possible to design the capitalization and transfer
policy of the central bank in such a way that operations conventionally thought of as fiscal can
be conducted by the central bank.
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ct + τ = y, and the transfer St = (P̄ − Pt )τ into the consolidated budget
constraint (9), we find that nominal wealth in any period t satisfies

M̂t + Bt = (P̄ − Pt )τ + M̂t−1 + Bt−1.

Because Pt → 0, total nominal wealth tends to infinity, which violates the
transversality condition (14) when the nominal interest rate is zero.

Put differently, by ensuring that nominal government expenditures
including transfers (gPt + St ) are constant, the transfer policy (19) achieves
a determinate price level as it generates excess demand in the goods market
for off-equilibrium price levels. If the price level is too low and the tax
constraint is not binding, the government can use less money than M to
attain its target consumption gt = τ. To achieve its target money supply,
the government supplements purchases both through lending to households
and with additional money transfers. The latter creates excess demand. This
contrasts with the no-transfer policy in Proposition 1, where the government
attained the money supply target solely by lending to households, which
did not affect the households’ consolidated nominal asset position.

We have focused on the case in which the government keeps total
nominal expenditures fixed, but the uniqueness outcome extends to a wider
class of policies in which a price-contingent rule for the money transfers
is used to create excess demand for “undesired” price levels. In the Online
Appendix, we show that another policy that can attain the same unique
equilibrium is one where transfers adjust so that the government budget is
balanced for all price levels. Moreover, we show that the constant nominal-
spending policy implements a unique constant price level also if government
real consumption is time-varying.

Finally, note that the mechanism whereby the use of state-contingent
transfers eliminates “undesired” price-level paths does not rely on the
money–tax requirement per se. Instead, the government creates excess
demand for goods by increasing the quantity of household wealth without
changing its consumption of real goods along these paths. The mechanism
resembles the nominal-flows approach in Niepelt (2004), where it is shown,
in an environment without money–tax requirements, that state-contingent
transfers can similarly be used as an equilibrium-selection device.8

Is This Equivalent to the Fiscal Theory of the Price Level?

In using fiscal policy to determine the price level, the mechanism in
Proposition 2 is related to the Fiscal Theory of the Price Level (FTPL), as

8See Atkeson et al. (2010) for a more extensive discussion on the game-theoretic considerations
in using state-contingent policies for achieving determinacy in monetary economies.

C© 2020 The Authors. The Scandinavian Journal of Economics published by John Wiley & Sons Ltd on behalf of Föreningen
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proposed by Leeper (1991), Sims (1994), and Woodford (1995). Cochrane
(2005) asserts that the FTPL is equivalent to the view that the price level
is determined through a money–tax requirement. Here, we elaborate on the
difference between the mechanism for price-level determination outlined in
Proposition 2 and the FTPL.

The FTPL asserts that the price level is determined by equating the value
of nominal government liabilities to the present value of future primary
surpluses. The theory assumes that there is an initial stock of nominal
liabilities B−1, and that the government commits to a surplus sequence
{τt − gt }. Restricting attention to stationary parametrizations τt = τ, gt = g,
the government’s intertemporal budget constraint is given by

B−1

P0
=
∑
t≥0

βt (τ − g) =
τ − g

1 − β
. (21)

The FTPL posits that given τ, g, the price level P0 adjusts so that
equation (21) holds in equilibrium.

The main difference between our model and the FTPL is that we
analyze a setting where the government places a legal constraint that taxes
must be paid in money. In contrast, the FTPL simply allows taxes to be
paid in money (or maturing bonds). To see how this difference implies a
different logic of price-level determination, we introduce an initial stock of
government debt to our model. Formally, we change B−1 = 0 to B−1 = B > 0
in equation (2).

Proposition 3. Suppose that the government policy is given by

{Mt,Tt, gt, St, Bt } =

{
{M, τPt, g, (P̄ − Pt )g, Bt } if Pt < ∞

{M,T, 0,M − M̂t−1 − Bt−1, 0} if Pt = ∞
, (22)

where Bt is given residually from the government budget constraint (6), B−1 =

B > 0 and T > M . Then, there exists an equilibrium if and only if

B
M/τ

=
∑
t≥0

βt (τ − g) =
τ − g

1 − β
,

and this equilibrium is stationary with Pt = M/τ.

For the proof, see the Online Appendix. In contrast to the FTPL,
Proposition 3 shows that the government in our set-up cannot cannot freely
select a surplus sequence to implement a price level. Instead, the model
has the price level pinned down by P = M/τ, and the government has to
satisfy the intertemporal budget constraint at this price level. If the surplus
is too small,

τ − g

1 − β
<

B
M/τ
,
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the intertemporal budget constraint implies P0 > M/τ, which is is
inconsistent with the money–tax requirement. Similarly, if the surplus is
too large,

τ − g

1 − β
>

B
M/τ
,

we need a price level with P0 < M/τ if consumers are to afford c = y−g.9

This implies a slack tax constraint, and a falling price level. With the
constant-expenditure transfer policy St = (P̄− Pt )g, consumers violate their
transversality condition on such deflationary paths, so deflationary paths
cannot form part of an equilibrium.

The FTPL has been repeatedly criticized for relying on the government
being able to pursue policies that break the intertemporal budget constraint
(21) at off-equilibrium prices; see, for example, Kocherlakota and Phelan
(1999), Marimon (2001), Buiter (2002), and Buiter and Sibert (2018).
The government policy in our Proposition 3 shares this feature too, as
households violate their transversality condition at off-equilibrium prices.
Does this mean that our proposed mechanism can be criticized on the same
terms?

The exact problem with specifying a policy that breaks the intertemporal
budget constraint has been analyzed by Niepelt (2004) and Bassetto
(2002). Niepelt (2004) shows that the standard formulation of the
FTPL simultaneously invokes and contradicts the assumption of rational
expectations. The reason for this is that there is a unique price level P0
that would have made the investors at time t = −1 willing to buy B−1. If
the government freely selects τ and g, it can violate rational expectations
by forcing a revaluation of B−1 at time t = 0. At the same time, the theory
relies on rational expectations to derive equation (21) in period t = 0. Our
baseline model features B−1 = M̂−1 = 0, and is therefore not prone to this
criticism.

Bassetto (2002) showed that a game-theoretic specification of the market
environment implies that the government cannot commit to an arbitrary
surplus sequence, as some surplus sequences imply that the government
has to force the households to buy bonds against their will. In the Online
Appendix, we show that bond issuance is not essential to our mechanism
of determining the price level. Based on the same logic as with the
constant nominal expenditure policy, the government can implement a
unique equilibrium by using a balanced-budget rule in which Bt = 0 for all
prices. A corollary to this observation is also that balanced-budget rules in

9An interesting case to study is whether there are equilibria with c < y − g and a slack resource
constraint. However, we follow the standard in the FTPL literature and study equilibria with a
binding resource constraint.
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our model do not induce indeterminacy problems of the type identified by
Schmitt-Grohé and Uribe (2000).10

IV. Excluding Hyperinflations

In this section, we analyze the role of tax requirements in a
model where money also has a liquidity value. Our main finding is
that tax requirements can exclude so-called speculative hyperinflations.
Hyperinflationary equilibria are a generic feature in models where money
has a liquidity value, and are characterized by the price level going to
infinity due to a set of self-justifying expectations.11 To see why a tax req-
uirement can rule out such inflationary equilibria, recall that a tax
requirement provided an upper bound for the price level (regardless of
the type of government expenditure rule that was used).

Formally, we extend the model in Section II by adding money holdings
as an argument in the utility function, following the set-up in Obstfeld
and Rogoff (1983). To simplify the exposition, we focus on the case
with a stationary government policy without any money transfers. We find
that without a tax requirement, speculative hyperinflations arise just as
in Obstfeld and Rogoff (1983). When we introduce the tax requirement,
these speculative hyperinflations are excluded (even if deflationary equilibria
might still exist).

A Model with Money in the Utility Function

We start with the baseline model in Section II and add within-period money
Mt as an argument in the utility function in period t.12 The utility gain from
money is separable from consumption and given by the function v(·), where

10More recently, Bassetto and Cui (2018) have also pointed out that the FTPL faces a problem
whenever the real interest rate is lower than the growth rate, which implies that the net present
value of future surpluses is unbounded. Although we have not explored this scenario here, we
conjecture that we will still be able to define a unique stationary equilibrium in this set-up, as
the stationary equilibrium only relies on the tax constraint being binding on a period-by-period
basis.
11For example, hyperinflationary equilibria arise when money is included in the utility function
(Obstfeld and Rogoff, 1983), in OLG models of money (Woodford, 1984), and in search-and-
matching models of money (Williamson and Wright, 2010). Under a stationary parametrization
of government policy, all these models feature one stationary equilibrium where money is not
valued, one stationary equilibrium where the value of money is positive, and an infinite number
of equilibria where the value of money tends to zero.
12We make this timing assumption to be consistent with Obstfeld and Rogoff (1983). Arguably, a
more appropriate timing assumption is that households receive utility from ingoing money M̂t−1

(see Carlstrom and Fuerst, 2003).
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v is non-decreasing, concave, and satisfies the Inada conditions. We also
assume that limm→0 v(m) > −∞, v′′′ > 0, and that v(m) is constant for
large m (money holdings have a saturation point). The household solves

max
{ct,Bt,Mt,M̂t}

∞∑
t=0

βt
[
u(ct ) + v

(
Mt

Pt

)]
,

subject to the constraints (1), (3), and (4) from Section II. However, in
contrast to Section II, we add an initial stock of government debt, which
compensates for seigniorage profits and ensures that the government is
able to satisfy its intertemporal budget constraint. We modify the initial
conditions:

M̂−1 = 0 (23)

B−1 = B > 0. (24)

The government per-period budget constraint is unaffected and is given by
equation (6).

An allocation and a price vector form an equilibrium if there exists
some initial government debt level B such that the allocation and price
vector together with B form an equilibrium according to Definition 1. We
consider the same stationary parametrization of government policy as in
Proposition 1.

The equilibrium conditions are identical to those in Section II except for
the bonds going into the initial conditions in equation (9), and the money
optimality condition (12) being replaced by

u′(ct )
Pt
=

[
v′(Mt/Pt )

Pt

]
+ β

u′(ct+1)

Pt+1
+ μt, (25)

where μt is the Lagrange multiplier on the non-negativity constraint on
money holdings (4), and the v′-term captures the marginal utility flow
of having larger money holdings. With money in the utility function, the
intertemporal tradeoff in the household choice of money holdings captures
not only forgone consumption and the shadow value of relaxing the non-
negativity constraint, but also the flow utility of holding money. Substituting
in the market clearing condition for goods (7) and money (8) together with
gt = τ, we obtain

mt+1 =
1
β

mt

[
1 −

v′(mt )

u′(y − τ)

]
−

μtM
βu′(y − τ)

, (26)

where we have multiplied both sides of equation (26) with M and expressed
the equation in terms of real money balances mt = M/Pt . Because the tax
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constraint binds if and only if mt = τ, an equilibrium to this model is
characterized by equations (2), (4), (7)–(11), (14) and

mt+1 ∈ Ψ(mt ) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

1
β

mt

[
1 −

v′(mt )

u′(y − τ)

]
if m > τ

(
−∞,

1
β

mt

[
1 −

v′(mt )

u′(y − τ)

] ]
if m = τ

. (27)

Given a sequence that satisfies these equations, we can iterate on the
consumer’s budget constraint to find an initial bond level that makes this
an equilibrium. With M̂−1 = 0, equilibrium requires

B−1 =

∞∑
s=0

Q0,s [τ − g + (1 − Qs)] M̂s .

In particular, in a steady-state equilibrium with Q0,s = Qs = βs and a
balanced budget, B−1 = M̂ . That is, seigniorage income is compensated by
initial nominal government debt being equal to the steady-state between-
period money holdings.

Speculative Hyperinflations

Suppose that the tax requirements in money are removed in equation (4),
and we instead add a tax τr = τ to be paid in real goods in the household
budget constraint (1). In this case, the equilibrium price sequences will
be identical to those in Obstfeld and Rogoff (1983), and we follow their
analysis closely.

Without the tax requirement, μt = 0 for mt > 0 in the Euler equation
(26) and

Ψ(mt ) =
1
β

mt

[
1 −

v′(mt )

u′(y − τ)

]
in equation (27). We analyze the equilibrium properties by plotting mt+1 =

Ψ(mt ) together with the 45-degree line mt+1 = mt , as depicted in Figure 1.
The shape of the function Ψ is derived from our assumptions on v.13 We
find that there is one stable equilibrium with mt = m∗ for all t, one stable

13Note that limmt→0 v(mt ) > −∞ implies that limmt→0 mtv
′(mt ) = 0 (see Obstfeld and Rogoff,

1983). This means that limmt→0 Ψ(mt ) = 0. By the Inada conditions, Ψ(mt ) starts below the
mt -axis for small mt and its slope is 1/β as mt → ∞. As v′(·) is strictly concave, Ψ(·) is strictly
convex, and Ψ(mt) has a unique strictly positive fixed point m∗.
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mt

m
t+
1,

Ψ
(m

t)

m*m

mt+1=Ψ(mt)
mt+1=mt

Fig. 1. Correspondence Ψ(m) without tax requirements

equilibrium where mt = 0 for all t, and a countably infinite number of
equilibria where mt → 0.

The speculative hyperinflations constitute equilibria even though the
household foresees that its money holdings will be worthless in finite time.
The reason for this is that in the last period t̄ when real money balances are
positive, and mt̄ = m̄, the cost of withholding one unit of extra consumption
exactly equals the marginal utility flow from having this real money balance.
The household is exactly compensated for the fact that its money holdings
will be worthless in the next period. Given that the household foresees
this period, it is likewise consistent with optimizing behavior that it holds
money willingly in an inflationary path leading to this point.

Reintroducing the Tax Requirements

Now consider the case where we reintroduce the tax requirements. Under
this assumption, there is a lower bound τ on real money balances due to
the tax requirements. We split the analysis into two cases depending on
whether τ is larger or smaller than m∗.

First, let 0 < τ ≤ m∗, where m∗ is the stationary equilibrium with a
positive price level in the model without tax requirements. This case is
depicted in Figure 2. The unique stationary equilibrium is m = m∗, and
there are no hyperinflationary equilibria. Indeed, any initial value of real
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mt

m
t+
1,

Ψ
(m

t)

m*τ

X

mt+1=Ψ(mt)
mt+1=mt

Fig. 2. Correspondence Ψ(m) with tax requirements, when 0 < τ < m∗

money balances m0 < m∗ must lead to inflation and mt → 0. However, then
mt < τ for some future t, which violates the tax requirements.14

Second, let τ > m∗, which is depicted in Figure 3. In this case, there
is a unique stationary equilibrium m = τ, and no inflationary equilibria, as
any initial value m0 starting below this value immediately violates the tax
requirement.

We summarize these cases in the following proposition.

Proposition 4. For any τ > 0, there is a unique stationary equilibrium and
no equilibria with mt → 0. In the stationary equilibrium, if 0 < τ ≤ m∗,
the equilibrium real value of money holdings is mt = m∗, where m∗ is given
by

v′(m∗)

u′(y − τ)
= 1 − β, m∗ > 0,

and if τ > m∗, the equilibrium real value of money holdings is mt = τ.

For the proof, see the Online Appendix. Our analysis suggests that,
whenever a tax requirement is in place, inflation should not be a result

14The attentive reader might note that because any hyperinflationary path reaches mt = 0 in
finite time, the switching policy at Pt = ∞ in itself would have been sufficient to exclude the
hyperinflationary equilibria. However, the argument shows that the switching rule at Pt = ∞

is not essential for ruling out these equilibria. Also, note that because we have not added the
state-contingent transfers, there might still be deflationary equilibria.
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mt

m
t+
1,

Ψ
(m

t)

m* τ

mt+1=Ψ(mt)
mt+1=mt

Fig. 3. Correspondence Ψ(m) with tax requirements, when τ ≥ m∗

of pure speculation, but rather it should be caused by a change in the
underlying fundamentals.15 It also suggests that for currencies that lack
fiscal backing (e.g., cryptocurrencies), speculative hyperinflations cannot
be ruled out.

V. Discussion

In this paper, we have analyzed how a money–tax requirement affects price-
level determination. In this section, we discuss the implications of our
theory for the conduct of monetary policy, and we outline avenues for
future research.

A first conclusion is that if money supply is only regulated through
government purchases of real goods and open market operations, then
the government cannot guarantee a unique equilibrium. Money–tax
requirements, in themselves, are not a universal solution to implementing
a desired price-level path. However, if coupled with a specific institutional
set-up, in which money supply is also regulated through state-contingent
money transfers, a unique equilibrium can be attained, and the government

15This is in line with Sargent et al. (2009), who estimate a hidden Markov model of LatinAmerican
inflation episodes, and find that these episodes are, in general, best understood as the result of
excessive monetization of deficits, rather than as the outcome of speculative forces.
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can control the price level through regulating money supply and the level
of real taxes.

Such a policy mix is potentially attractive, as it addresses a key dilemma
with money supply rules used for inflation management: the difficulty of
selecting a monetary aggregate for which there is a stable demand, and
which is simultaneously possible to control. In essence, if the monetary
authorities select a narrow monetary aggregate, demand might be unstable
as financial innovation can generate close substitutes. However, if they
instead select a broad aggregate, its supply might be difficult to control.

With a money–tax requirement, the government tax policy can control
the demand for the monetary aggregate required for tax payments. This
monetary aggregate can be chosen to be M0, which also gives the
government direct control over its supply. In this situation, the government
controls both the demand and the supply curve of money, and can use this
to influence the price level. In light of recent events, where central banks
have struggled to control the inflation rate using interest rates alone, it is
interesting to explore alternatives based on money supply.

However, more research would be needed to clarify exactly how a policy
based on a money–tax requirement could be expected to work, and how
it could be implemented in practise. With this policy, equilibrium inflation
will be determined by both fiscal and monetary policy decisions, which
raises the question about consistency in the government’s objective function
and the degree of commitment when making these decisions. It is not
clear that the monetary and fiscal branches of the government can credibly
commit to a common policy rule for Mt and τt that eliminates the inflation
bias problem long recognized in the literature. Moreover, if applying our
method to a currency union, tax policy in one member state will affect
the price level in the other member states – this is also true in the FTPL
(see Bergin, 2000) – and it is not clear that the parties can commit to a
common objective function.

From a theoretical perspective, one interesting avenue for future research
is to study how a money–tax requirement works under an interest rate rule,
which is typically associated with price-level indeterminacy (Sargent and
Wallace, 1975; Cochrane, 2011). Such an analysis would facilitate a closer
comparison between our proposed mechanism for price-level determination
and the FTPL, which in many cases is studied under an interest rate
rule.

Another interesting avenue is to extend our model to allow for taxes that
are distortionary and not indexed to the price level. Edge and Rudd (2007)
has shown that this can matter for price-level determinacy in the context
of interest rate rules. Furthermore, if taxes are distortionary, then policy
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för utgivande av the SJE/The editors of The Scandinavian Journal of Economics.



H. Malmberg and E. Öberg 641

configurations that produce nominal indeterminacy can also be associated
with real indeterminacy, as noted in Schabert and von Thadden (2009).

Appendix

Proof of Proposition 1: We guess that an equilibrium is formed by

ct = y − τ, M̂t = 0, Pt =
M
τ
, Qt = β.

Recall from the proposition statement that Mt = M , St = 0, and Tt = τPt .
The government budget constraint (6) then implies Bt = 0.

The guess is an equilibrium if it satisfies the market clearing conditions
(7) and (8), the zero lower bound on interest rates (10), and the consumer
optimality conditions (2), (4), (9), (11), (12), and (14). We check these
conditions one by one.

Equations (2), (4), (7), and (10) are satisfied by assumption. The money
market clearing condition (8) holds as Tt + M̂t = Ptτ = M = Mt . The
household per-period budget constraint (9) holds because

ct +
Tt
Pt
+
(1 − Qt )M̂t

Pt
+

Qt

Pt

(
M̂t + Bt

)
= (y − τ) + τ + (1 − Qt ) × 0 +Qt (0 + 0)

= y +
St
Pt
+

1
Pt

(
M̂t−1 + Bt−1

)
,

together with Bt−1 = M̂t−1 = 0 and St = 0. The Euler equation (11) holds as
the price level and consumption are constant, and Qt = β. The optimality
condition (12) holds as M̂t = 0. The transversality/no-Ponzi condition (14)
holds as Bt = M̂t = 0. The guess is therefore an equilibrium.

To show that the guess is the unique stationary equilibrium, we do
a proof by contradiction. Assume that there is a stationary equilibrium
with Pt = ∞. In this case, the regime switch features Tt > Mt and
households cannot meet their tax requirement. Assume that there is a
stationary equilibrium with Pt = P̃ and M/τ < P̃ < ∞ for all t. Then
M̂t < 0 by the money market clearing condition (8). This contradicts the
non-negativity constraint on between-period money holdings (4). Assume
that there is a stationary equilibrium with Pt = P̃ and 0 < P̃ < M/τ for all
t. Then, the money market clearing condition (8) implies that M̂t > 0. The
optimality condition for money holdings (12) then requires that Qt = 1. In
that case, the Euler equation (11) yields Pt+1 = βPt < Pt , contradicting
the fact that the price level is constant. Therefore, the proposed stationary
equilibrium is the unique stationary equilibrium.
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We now show that we can construct a non-stationary equilibrium for
any arbitrary P0 < M/τ. If P0 < M/τ, we know that M̂0 > 0 by money
market clearing, and the optimal choice of money holdings implies that
Qt = 1. The Euler equation, in turn, implies that P1 = βP0. This means
that the tax constraint is lax for t = 1 as well, and by iterating forward on
t, we obtain Pt = β

tP0.
We now propose an equilibrium with B−1 = M̂−1 = 0 and

ct = y − τ, M̂t = M − τPt, Pt = P0β
t, Qt = 1,

for t ≥ 0. The government budget constraint (6) then implies Bt = −M̂t .
Equations (2), (4), (7), (8), and (10) are satisfied by assumption, and

the budget constraint (9) holds as

ct +
Tt
Pt
+
(1 − Qt )M̂t

Pt
+

Qt

Pt

(
M̂t + Bt

)
= (y − τ) + τ + 0 × M̂t +

1
Pt

× (M̂t − M̂t )

= y +
St
Pt
+

1
Pt

(
M̂t−1 + Bt−1

)
,

together with Bt−1 = −M̂t−1 and St = 0. The Euler equation (11) holds as
we derived the price-level path under the assumption that it did, and the
money optimality equation (12) holds as Qt = 1. The transversality/no-
Ponzi condition (14) holds as total nominal wealth is zero in all
periods. �

Proof of Proposition 2: Note that if Pt = P̄ = M/τ for all t, the transfer
policy implies St = 0, Qt = β, and M̂t = 0. The equations characterizing the
equilibrium are then identical to those in Proposition 1. Thus, the stationary
equilibrium proposed in the proof of Proposition 1 is also an equilibrium
under the conditions in the current proposition.

We prove that the stationary equilibrium is the unique equilibrium by
contradiction.

By identical reasoning as in the proof to Proposition 1, Pt = ∞ for any
t is not an equilibrium. Assume that there is an equilibrium with M/τ <
Pt < ∞ for some t. Then M̂t < 0 by the money market clearing condition
(8). This is inconsistent with the non-negativity constraint on between-
period money (4).

Assume that there is an equilibrium with Pt < M/τ for some t. Then,
M̂t > 0 by the money market clearing condition (8). This means that Qt = 1
from the money optimality condition (12). Then the Euler equation (11)
with constant consumption ct = y − τ gives us Pt+1 = βPt . Hence, Pt+1 <

M/τ and the tax constraint is slack, and thus M̂t+1 > 0. By successive
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iteration, we have that Pt+s = β
sPt . Substituting Qt = 1, the market clearing

condition (8), and the transfer policy St = (P̄ − Pt )τ into the household
budget constraint (9), we obtain

M̂t+s + Bt+s = M̂t−1 + Bt−1 +

s∑
j=0

(P̄ − Pt+j)τ.

Hence, the transversality condition (14) is violated, as

lim
T→∞

(∏T−1
s=0 Qt+s

)
(M̂t+T + Bt+T )

P0
= lim

T→∞

1
P0

[
M̂t−1 + Bt−1+

T∑
j=0

(P̄ − Pt+j)τ
]

= ∞. (A1)

�

Supporting Information

Additional supporting information may be found online in the Supporting
Information section at the end of the article.
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