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The Tax-Foundation Theory of Fiat Money

Dror Goldberg
Department of Economics

Bar Ilan University

Abstract

A government can promote the use of an object as the general medium of exchange by accepting it in
tax payments. I prove this old claim in a dynamic model and compare the mechanism to convertibility.
The government can often keep its favourite money in circulation even while increasing its quantity and
thus causing it to decrease in value. This opens the door for an inflationary policy. Most successful fiat
moneys have been acceptable for tax payments, typically due to legal tender laws. Numerous historical

failures of fiat moneys are consistent with the theory.

* dg@drorgoldberg.com. The paper is based on Chapter 1 of my Ph.D. dissertation at the University of
Rochester. I thank Per Krusell for his guidance. I benefited from suggestions of Leonardo Auernheimer, Charles
Goodhart, Paula Hernandez-Verme, George Selgin, Alan Stockman, Neil Wallace, Randall Wray, Randall Wright,

and seminar participants (Rochester, Midwest Macro Meetings, U. of Georgia).



“In practice credible sovereign power—specifically, the ability to enforce the legal tender status of fiat money—
is necessary to create the expectations that support a viable fiat money. (Recall that the defeat of the Confederacy
rendered Confederate fiat money worthless). ... The reconciliation of theory with ‘facts’ about fiat money remains

a central problem in monetary economics.”

Herschel Grossman (1991)

1 Introduction

The circulation of inconvertible, intrinsically useless money is a fundamental puzzle in monetary theory.
Standard models, such as the random matching model and the overlapping generations model, attribute
it to self-fulfilling expectations. In these models there is always an equilibrium in which such money does
not circulate because nobody believes that it will. This equilibrium must exist in any model that takes
the micro-foundations of such money seriously. Studies have shown that this non-monetary equilibrium
can only be eliminated by introducing an external entity, i.e., a government. The government can simply
force agents to accept fiat money in trade.! Alternatively, if the government itself accepts the money in
trade, it can induce agents to do the same.? However, the application of either mechanism to modern
capitalistic democracies is questionable. In these countries the government’s favourite money is not forced
on spot transactions. Although some believe that legal tender laws force money on all transactions, this

is clearly not true, as central banks openly admit.®> As for government sales, in many countries they

IE.g., Lotz and Rocheteau (2002), Selgin (2003).

2E.g., Aiyagari and Wallace (1997), Li and Wright (1998).

3Legal tender laws are only about settling an obligation that had already come into existence as a result of a previous
contract or a tax law. There is nothing illegal in a seller posting an announcement in his shop, saying that he would not
accept the domestic legal tender. For official explanations see http://www.bankofengland.co.uk/banknotes/about/fags.htm,

http://www.federalreserve.gov/generalinfo/faq/faqcur.htm#2 . See Goldberg (2008a) for a detailed discussion.



amount to nothing more than sale of postal stamps.

This paper explores another mechanism of government intervention, which appears in every modern
legal tender law. The government chooses which objects to accept in tax payments and in turn, affects
the value of these objects and their potential to circulate as media of exchange. In order to explore this
mechanism, I insert it in a monetary search model. The mechanism is shown to be successful, as long as
the government is expected not only to survive but also to maintain an effective tax-collection system. As
opposed to convertibility, the government’s ability to sustain the money’s circulation may be unharmed
by excessive money printing.

This theory, succinctly named “the tax-foundation theory” by Ellis (1934, p. 11), had been practiced
in China for centuries, reinvented in Massachusetts in 1690, and was briefly discussed by Smith (1776)
and Lerner (1947).% Tt is modeled in Starr (1974) in a Walrasian model with a cash-in-advance constraint
on consumption, and again in Starr (2003) in a trading post model. In both models, which are static,
everyone is taxed with probability one. This paper is novel in its use of a dynamic model to analyze
the tax-foundation theory. Thus, it can take into account expectations about the future viability of the
government. This is important when analyzing the correlation between a political change and a monetary
change. Furthermore, I prove that the theory does not require all agents to be taxpayers at every period.
Thus, it is robust to some degrees of tax deferment, tax evasion and tax exemption. The need to reconcile
the tax-foundation theory with random matching models is clearly emphasized by Charles Goodhart’s
critique; he claims that economists are attached to such “nicely constructed models, whatever the facts
may be” even though the tax-foundation theory “does far better in explaining and predicting historical
reality” (Goodhart [1998], p. 408-9). This paper demonstrates that Goodhart’s preferred theory can be

well formalized in a variant of the random matching model.

40n China, see von Glahn (1996). On Massachusetts, see Goldberg (2008b). Wray (1998) and Forstater (2006) survey

the history of economic thought on this theory.



The mechanism explored here should not be confused with similar ones. It is an ingredient of Knapp’s
(1905 [1924]) state/chartal theory of money, according to which the government must support the money
in many additional ways.” The tax-backing theory (Wallace [1981], Sargent [1982], Smith [1985]) and
the fiscal theory of the price level focus on the determination of the price level given that the money
does circulate. In contrast, the present issue is whether any monetary equilibrium is realized at all, and
the key determinant of that is not the tax rate or deficits, but rather which object is used to pay taxes,
and what the penalty is for paying taxes with other objects. To emphasize the different focus of the tax-
foundation theory, in my model public deficit can never exist. On the surface, the tax-foundation theory
is similar to the legal restrictions theory (Cowen and Kroszner [1994], pp. 148-9). Both theories claim
that government-issued fiat money may be valued only because of government regulation. Yet the two
theories differ on an important matter as the legal restrictions theory claims that only the government is
strong enough to suppress market-created money. The tax-foundation theory has occasionally been seen
to imply that markets are too weak to create their own fiat money.

The paper is organized as follows. Section 2 presents the basic model with exogenous prices, a unit
upper bound on money holdings, and a fixed money supply. Section 3 introduces a competing outside
money or inside money. Section 4 allows multiple money holdings. Section 5 features endogenous prices
and an increasing money supply. Section 6 shows that the model can account for important historical

episodes. I conclude in Section 7.

5These include: accepting the money for any other payments such as fines, fees, payments for government-produced
goods and services, and payments of banks to the central bank; using the money in its purchases; declaring it legal tender

in private contractual debts; and fixing the money’s exchange rate with the previous domestic money.



2 The Basic Model

The goal of this paper is to model the tax-foundation theory in a monetary search model. Such models
typically exhibit complete randomness of all meetings between agents; therefore they are also known as
random matching models. However, a salient feature of real-life taxation is some lack of randomness.
People know when they are going to be taxed and they usually know the terms: how much, where, how
and in what medium of payment. They also have enough time to prepare for a tax payment. Some
taxes can be completely, and legally, avoided by eschewing certain activities. It is thus important to use
a model in which taxation is not completely random.® As for the trade meetings, I maintain the same
randomness as in random matching models. I do this for the sake of comparison with random matching
models of competing mechanisms. In particular, the model is designed to be as close as possible to Li

and Wright (1998), who model sales of government goods for fiat money as a way to support that money.

2.1 Environment

Time is discrete. A continuum [0, 1] of infinitely-lived agents are randomly matched in pairs according to
a Poisson arrival rate . A fraction v € [0,1) of them are potential government buyers and the rest are
private agents. Each private agent derives utility U > 0 from the consumption of one indivisible unit of
some goods. It can produce only one type of good and it does not consume it. Production of one unit of
any (perishable) good is instantaneous and involves disutility C' € (0,U).” Production is independent of
previous consumption, but agents can produce if and only if they do not hold money.® The probability

that any private agent consumes the good of its trading partner is = > 0, and the conditional probability

6For a model of the tax-foundation mechanism with completely random taxation, see Goldberg (2002).
"While commodity money is ruled out here by assumption of perishability, I do allow it in Goldberg (2002).
8This assumption differs from Li and Wright (1998). It allows agents who were just taxed to resume market activities,

while keeping one unit of money as an effective upper bound on their holdings.



that the converse holds too is y > 0. The discount rate is r > 0.

At present, the only durable object is fiat money called a pound bill, which has a storage cost ¢ > 0
and a fixed supply M, € [0,7].% A fraction m, of private agents are endowed with one pound each and
are called private buyers. The other private agents hold nothing and are called sellers. Variables that
relate to sellers and real goods have a subscript 0.

The potential government buyers participate in the matching process described above. They have
the potential to consume all goods, cannot produce anything, and cannot store any real good. These
assumptions, starkly different from Aiyagari and Wallace (1997) and Li and Wright (1998), emphasize that
the tax-foundation mechanism, unlike convertibility, can work even for a government which is completely
parasitic and cannot credibly promise convertibility into real goods. Among the potential government
buyers, I focus on the fraction m, of them who hold money (one pound each). These are called government
buyers. When a government buyer is randomly matched with a seller, the former receives a taste shock.
With probability x it wants to consume the good that the seller can produce. The government buyer
then offers its money for the seller’s good. It does not force the seller to trade. If the money is accepted,
the government buyer consumes and becomes a potential government buyer. Being moneyless, it can do
nothing until it receives a new pound, as described below.

In addition to all these randomly matched agents, there is another class of government agents, called
tax collectors. They operate outside of the matching process described above. They are idle during trade
meetings and operate right after them.!® The tax collectors are capable of identifying agents who had
just produced, say because these sellers show signs of exhaustion. Tax law in the economy states the

following:

9As in Aiyagari and Wallace (1997), this upper bound on money simplifies the analysis because then all the money is
held by the government when private agents reject it.

10For a similar interaction of private agents with the government after trade, see Shi (2005).



1. Only current income is taxed.

2. An agent who just sold is taxed with probability 7 € (0, 1).

3. The size of the tax payment is the entire income just earned.

4. Tax collectors cannot reject tax payments in pound bills.

5. Tax collectors are allowed to choose whether to accept a tax payment in a real good.

6. Agents whose payment is rejected face a non-monetary punishment P > 0.!!

After taxes are collected all the proceeds are transferred to the potential government buyers, with
each buyer getting one pound at most. Then a new period begins.

This tax law is different from totally random taxation. Agents know that only a sale will make them
eligible for paying the tax. They can choose never to be exposed to the tax. They can also choose to
make a sale only if it leaves them well prepared for the tax collector’s visit (say, sell for pounds but avoid
barter). Nevertheless, some randomness (7 < 1) must remain for the sake of analytical tractability.!?
A good by-product of this limited randomness is that it approximates tax evasion, tax exemption, tax
deferment and the fact that income taxes are not paid after every single sale. Note that the only existing
models of the tax-foundation theory already have 7 = 1 (Starr [1974, 2003]). Let G denote the subjective
probability that private agents assign to the existence of a taxing government in the next period. Denote
the expected probability of being taxed as t = 7G.

Section 4 of the tax law specified above is a real legal tender law. Explicitly, it imposes an obligation
only on tax collectors, and it says nothing about objects other than pound bills. However, its silence

regarding other objects means that tax collectors have full discretion whether to accept such objects

H'The punishment can be thought of as beating. It is possible to model it as a fine paid in real goods produced by the
offender, as in Soller-Curtis and Waller (2000).

121f + = 1 was allowed, the only way to keep production incentive-compatible would have been to tax only a fraction of
one’s income. This would have necessitated an increase in the upper bound on the indivisible money holdings and would

have precluded closed-form solutions.



(Section 5 of the tax law). For example, in the U.K., the tax authority chooses to accept checks (to be
modeled below) but generally refuses to accept real goods. According to basic legal principles, it is the
silence of the U.K. legal tender law regarding real goods that empowers the tax authority to make such
a decision.

Finally, note that the government always has a balanced budget in the sense that taxation precedes
consumption for all government buyers. With no government borrowing, the controversial fiscal theory

of the price level is irrelevant to the current discussion.

2.2 Strategies

Trade meetings allow sellers to barter in some cases and sell for money in other cases. Let IIy be the
probability that a random seller agrees to barter. Let II» be the probability that a random seller accepts
money. Let the probabilities my and ¢ be the best responses of a maximizing seller who is offered a
good it consumes, and a pound, respectively. Let s = (1 —v)(1 — m,) be the proportion of sellers. Let
Ty indicate whether tax collectors accept real goods (Tp = 1) or not (7p = 0). If Vy and V¢ are the value

functions of sellers and private buyers respectively, then

rVo = aszylly -II;%XWO{U —C+t[TH(-C)+ (1 -Ty)(—P)]} —i—aM,ga%rr}gxmg [-C+(1-t)(Ve—T)], (1)

rVe=—c+asallg(U+ Vy— V). (2)

In (1) a seller has two interesting matching possibilities. It may have double coincidence of wants
with another seller. In this model the choice of barter is not trivial. Barter, which directly yields U — C,
also makes both agents eligible for paying income tax. With probability ¢ a bartering agent meets a tax

collector. If the tax collector agrees to accept the agent’s produce then the agent produces. Otherwise, it



faces the punishment P. If the seller meets any buyer (public or private), it chooses whether to accept a
pound. If it does, then it produces and gets £1. Again, this makes the seller eligible for taxation. With
probability ¢ it is taxed of all its money so it remains a seller. With probability 1 — ¢ it is not taxed so
it becomes a buyer. Note that because agents can choose 7y = 7 = 0, we have Vy; > 0. No matter how
large P is, agents can choose not to be exposed to the punishment.

In (2) a buyer pays the storage cost of money and it can buy a good if the seller it meets accepts
money. Following Li and Wright (1998), ax is henceforth normalized to 1. Assume that agents want to

trade if and only if the trade would strictly increase their lifetime utility.

2.3 Equilibrium

The analysis is restricted to symmetric, pure strategy, stationary, non-autarkic equilibria.

Definition 1. A pure monetary equilibrium is an equilibrium in which all sellers accept fiat money
but do not barter.

Definition 2. A monetary equilibrium is an equilibrium in which all sellers accept fiat money and
barter.

Definition 3. A non-monetary equilibrium is an equilibrium in which all sellers barter but reject
fiat money.

At the heart of the model stand two decisions. First, the tax collectors decide which objects are to be
received in tax payments in addition to pound bills. Second, the legislature determines the punishment
for those whose tax payment is rejected.

Definition 4. An object i, i € {0, £}, is taz-receivable iff T; = 1.

The tax law already stated that Ty = 1.

It is easy to discourage barter (and production in general), by simply setting a high enough probability

of taxation. The point of this paper, however, is not to describe such a mechanism, but to relate to the



discrimination regarding tax-receivable objects. The focus here is not on the probability of payment
but rather the medium of payment. Assumption 1 below ensures that without such discrimination,

barter—and therefore the non-monetary equilibrium—can exist.

Assumption 1. t <U/C — 1.

The first result is that if all objects are tax-receivable, money may not circulate at all.

Proposition 1. If all objects are tax-receivable, then: (i) the non-monetary equilibrium exists; (ii)

the monetary equilibrium exists for some parameter values; (iii) a pure monetary equilibrium does not
exist.

Proof. (i) Set Tp = IIp = 1 and Iz = 0 in (1) and (2). Clearly, 7 = 0, while Assumption
1 implies mg = 1.

With barter and rejection of fiat money, we have the non-monetary equilibrium.
(11) Set T() = H() = Hf

1. Then —C 4+ (1 —t)(Ve — Vo) > 0 (so mg

1) iff ¢ < c3, where c3
(1—y)U + [sy(1 +t) — =)C, and s =1 —y — Mg(1 —t). (iii) Assumption 1 implies 7 = 1.

]
As usual, fiat money’s circulation depends on both its intrinsic properties and agents’ beliefs.

2.4 Policy

The government may be able to affect existence of equilibria by discriminating between various objects.

Specifically, the government can make the pound bill the only tax-receivable object.

Theorem 1. The government can guarantee the existence and uniqueness of the pure monetary
equilibrium iff ¢ > 0 and the money’s storage cost is small enough.
Proof. Set Ty = 0 and P = (U — C)/t. This implies 9 = 0 so there is no barter. This rules out the

non-monetary and monetary equilibria for all parameter values. Setting II = 1 implies that 7, = 1 iff

c < ¢y, where cuEsU—’i—ﬁC’. O

Without the policy, money may circulate only if ¢ < c¢3. With policy, money circulates for sure

iff ¢ < ¢,. It is always the case that c¢3 < ¢,, which means that in some cases policy enables money to

10



circulate when it otherwise would not. Looking at P in the proof, it is clear that the lower the probability
of meeting tax collectors in the future, the higher the minimal punishment needs to be.'3

It is important to compare the tax-foundation mechanism to convertibility. The latter is a commitment
of the issuer to convert paper money into gold or any other good or service. In the tax-foundation
mechanism the government does not give anything useful for paper money, but it does give something
harmful if one does not have paper money when it is time to pay taxes. One might say that here
paper money buys immunity from punishment, or that it is implicitly convertible into immunity. The
mechanism is therefore somewhat analogous to convertibility. However, it is not an equivalent. It involves
the government by definition, because only the government taxes. Convertibility, on the other hand, has
been practiced by both governments and a wide variety of private entities. Close to convertibility are the
models of the government as a seller of goods (Aiyagari and Wallace [1997] and Li and Wright [1998]).
In both these models and the current one, more interaction with the government implies that more
private agents face an exogenous pro-money behaviour, which inspires general circulation of money. The
difference is that here the government’s crucial role is modeled as a tax collector. In a modern economy
the government sells very few goods in the marketplace, but its taxation is considerable.

In fact, this model does not critically depend on any government involvement in, or monitoring of,
trade: the government does not convert money into real goods, it does not directly force agents to trade
with each other with fiat money (barter in itself is legal), and it does not force sellers to accept fiat
money from government buyers. Here, the only role that the government has in trade is a technical one:

to return the money that it collects to the economy through its buyers, as real-life governments do.'*

131 vary only the punishment and keep the tax rate fixed, since tax rates today are usually determined by the fiscal needs
of the government, rather than by the need to support monetary equilibria. It is the insistence that these taxes be paid in
fiat money and the associated punishment, that can serve monetary equilibria as a positive externality. In colonial America
many tax rates were determined so as to deliberately support monetary equilibria (Brock [1975]).

MInstead, it could be assumed that the government destroys the collected money and then injects new money by helicopter

11



Is the policy optimal?

Proposition 2. (i) The pure monetary equilibrium has lower welfare than the monetary equilibrium.
(ii) If y is small enough, the pure monetary equilibrium is better than the non-monetary equilibrium.

The proof is trivial. The result is a trade-off, very similar to the one in Aiyagari and Wallace (1997).
In that model, the government supports money by refusing some barter opportunities. This means that
some welfare is lost, compared to a monetary equilibrium without such policy. However, the resulting
monetary equilibrium may be better than the non-monetary equilibrium that could have existed if the
policy had not existed. The only difference is that the foregone barter opportunities in this model are
always between private agents. The policy induces them to give up those trades, but guarantees the use
of money. Monetary trade is more likely to be the optimal form of trade if direct barter is difficult (i.e.,
y is small).

One more policy should be considered, because it relates to the historical discussion below. Suppose
that the tax is denominated in goods rather than money. In particular, it is set at one good per taxpayer.
In addition to accepting goods, tax collectors also accept money, but only according to its market value.
If an agent pays in money and the money’s market value is zero (IIx = 0) then the tax collector forces

this agent to produce one more good as payment. A seller’s value function is now

Vo = syllp - maxmo[U — C(1 + )] + Mg - maxmg[—C — t(1 = g)C + (1 — ) (Ve — Vp)]. (3)
™0 T

Proposition 3. A policy of accepting money for taxes at market value is ineffective.
Proof. my = 1 because there is no punishment. For there to be any equilibrium at all, set Iy = 1
as well. Setting Iz = 0 replicates the qualitative outcome of Proposition 1(i), while II, = 1 exactly

replicates Proposition 1(ii). Proposition 1(iii) holds here too. O

drops; the results would remain unchanged.

12



The key point with regards to government intervention is that it introduces exogenous behaviour,
which is unrelated to endogenous market expectations. Once the policy itself succumbs to these expec-

tations and accommodates them, it has no hope of any real impact.

3 Competing Currencies

In the real world pound bills compete not only with barter but also with other currencies. I will now
turn to examine another kind of outside money (euro, denoted €) and inside money (banknote, denoted
b). Let M;, V;, T;, m;, and I;, i € {0, £, e, b}, be the obvious generalization of the above notation. I

consider these competing currencies one at a time.

3.1 Another Fiat Money

Suppose that euro bills have the same physical properties of pound bills, including the storage cost c.
To simplify the analysis, I assume that currency trading of pounds for euros is impossible. Due to
the symmetry between agents and between currencies, such trading could not be mutually beneficial in

equilibrium, and thus would not occur in any case. The value functions are now determined as follows.

rVy = sylly -II}%XW(){U —C +t[To(—C)+ (1 —=To)(—P)]} + Mg 'II}%XW_};[—C + (1 =t)(Ve—Vo)l+ (4)

M e [-C 4 61 = T)(—P) + (1= (Ve — Vo)),

Vi = —c+ sIL(U + Vo — V3), (5)

fori= £, e.

13



Proposition 4. If all objects are tax-receivable and ¢ < c3 there are four equilibria coexisting: a
non-monetary equilibrium; a monetary equilibrium with the pound as the unique money; a monetary
equilibrium with the euro as the unique money; and a monetary equilibrium with both pounds and euros
as money. There is no pure monetary equilibrium.

Proof. Essentially identical to the proof of Proposition 1.

Suppose that the government wants to promote the use of pounds as money.

Theorem 2. The government can guarantee the existence and uniqueness of the pure monetary
equilibrium with pounds iff ¢ > 0 and the money’s storage cost is small enough.

Proof. Setin (4) To = T, = 0. Setting P = (U—C)/t is sufficient to rule out barter (and therefore all
non-monetary and monetary equilibria). It is also sufficient for ruling out the pure monetary equilibrium

in which the euro is the unique money. A possibly higher punishment (P = (lzf?fs(i_(f ) _t)cl\/([z—]'rb)

) is needed
to rule out the pure monetary equilibrium in which both pounds and euros are money. This leaves only
the pure monetary equilibrium with the pound as the unique money. O
In general, if there are n types of intrinsically useless objects with the same low storage cost, then
without government intervention there are anl (z) pure monetary equilibria and the same number of
o=
monetary equilibria. The non-monetary equilibrium also exists if the government does not intervene, so

overall there are 2”1 — 1 equilibria. The government can make any of the n objects the unique money

in a unique pure monetary equilibrium.

3.2 Inside Money

Instead of euros let us now assume that there is another entity in the economy called a bank. It has a fixed
location which is costlessly accessible to all agents between trading and taxation. The bank is monitored
by the government and can therefore make commitments. It has a unique technology which enables it to

produce banknotes, which are durable, indivisible and are not consumed. Their advantage over pound

14



bills is that they have no storage cost. This advantage represents the convenience of banknotes compared
with gold coins in the past, and the convenience of checks and electronic money compared with pound
bills today.

An agent who holds a pound bill after a trade round can go to the bank, deposit the pound bill, and
receive a lighter banknote instead. In return for this service the agent has to produce for the bank.!> The
bank consumes all the real goods. Any agent holding a banknote can go to the bank after a trade round
and try to convert it into a pound bill. There is no cost to such conversion. The bank keeps a 100%
reserve ratio but might vanish with probability 1 — R, where R € [0,1). Therefore, conversion succeeds
with probability R.

Let wfj, 1,7 € {£,b}, be the strategy of a seller who just earned some money i and chooses whether
to convert it at the bank into money j # i. Let 7T5 be the similar strategy of a buyer who had money
i before the last trade round and failed to spend it. Due to the increased complexity of the model, it

is useful to let y = 0 here, and to assume that buyers cannot swap a pound and a banknote among

themselves. These simplifications do not affect the results. The value functions are now

Vo = (Mg —My)- max 7e{~C+(1—)(Ve = Vo) + 75y [~C +t(1 = Ty)(=P) + (1 = t)(Vo = Vi) |}+ (6)

LT p

My, - max mp{—C + The R =) (Ve = Vo) + (1 = mi  R)[H(1 — Tp)(—P) + (1 — £)(Vs — Vo)l},

T, g
rVe = —c+slle(U+ Vo — Vi) + (1 = sIlg) -max 72, (=C + V, — V), (7)
b
Vo = sy(U + Vo = Vo) + (1 — sIy) - max me R(Ve — V). (8)
The

15The seller can produce only after it gives the pound to the bank and before receiving the banknote.

15



In (6) the probability of meeting a pound holder depends on how many pounds are stored at the bank
(i.e., how many banknotes are outstanding). A seller who just earned a pound can exchange it for a
banknote by producing for the bank. If it is later taxed and the tax collector refuses to accept banknotes
then it is punished. If it accepts a banknote in trade (second line of (6)) it can try to redeem it at the
bank for a pound bill. The motivation for this is the possibility that banknotes are not tax-receivable.
Not only a recent seller can deposit a pound at the bank: in (7) a buyer who fails to buy with a pound
can deposit it. In (8), a buyer holding a banknote can try to convert it into a pound. Since barter is
ruled out by assumption, only pure monetary equilibria are possible.

Proposition 5. If all objects are tax-receivable, then: (i) the pure monetary equilibrium with pounds
exists for some parameter values. (ii) for another set of parameter values there is a pure monetary
equilibrium in which banknotes circulate and are used in tax payments, while all the pound bills—
although not rejected in trade—are actually always at the bank. (iii) if pounds are rejected in trade the
pure monetary equilibrium with banknotes may or may not exist.

Proof. (i) Set in (6)-(8) T, = Iz = 1, II, = 0. Banknotes are rejected in trade (m, = 0) iff

(R47r)[r4+s+(1—t)Me]McC (1—t)M
c<sU~ [r+(17t)M£[]r[(17t)(lfR)]’\Z]ng(lJrr)] and R < m

. It is optimal to convert banknotes into

sMeC

rEa gy v This condition is sufficient to prevent depositing of

pounds (7j, = 72, = 1) iff ¢ < sU —

pounds (7%, = 72, = 0). The rest is exactly as in Proposition 1(ii). (ii) Set 7 = I, = II, = 1.

Banknotes are accepted in trade iff sU > ’i—ij.w Pounds are deposited by sellers iff ¢ > (;fi — s) C.
This condition is sufficient for a buyer with a pound to deposit it. It is not optimal to convert banknotes
into pounds. (iii) With pounds rejected in trade, equations (6) and (8) are essentially the same as (1)
and (2), only that the notation "b" replaces "£" everywhere, there is no barter, and there is no storage

cost. Thus Proposition 1 applies. O

Theorem 3. The government can guarantee the existence and uniqueness of the pure monetary

16 This is the same condition from Proposition 1(ii), only here y = 0 and banknotes have no storage cost.
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equilibrium with pounds iff ¢ > 0 and the money’s storage cost is small enough.

Proof. Set T, = 0 and II; = 1. It is easy to see in (6) that regardless of the value of II,, a high
enough P results in rejection of banknotes in trade and no depositing of pounds. The rest is the same as
in Theorems 1 and 2. (I

As with any piece of paper, the circulation of a banknote or a check depends on agents’ beliefs. The
tax law does not specifically address these banknotes, therefore tax collectors have full discretion whether
to accept them. If they choose to reject them, they can drive the banknotes out of circulation, but they

can also choose to accept them and not disrupt this efficient use of a lighter medium of exchange.!”

4 Multiple Money Holdings

An obvious shortcoming of the model is that agents never hold more than one object at a time. One
might suspect that allowing more flexibility would allow agents to diversify their portfolios or at least be
flexible about what they accept in payment. Assume then that agents can produce only if they hold up
to one object of any type. This effectively increases the upper bound on money holdings from one unit
to two units. Prices are still fixed for now at 1.

The point can be made by considering the economy with barter and only pound bills as potential
money. Let m;, i € {0, £, £2}, be the fraction of private agents holding . For 4,5 € {0, £}, let II;; be
the probability that a random seller holding 7 accepts j, and let 7;; be the best response of an agent who

holds i and is offered j. Let Vo be the value function of an agent holding £2. The value functions are

TVE) = (1 — ’}/)(m()H()o + m£H£0)y . IE(?;)X’]TO(]{U -C + t[Tg(—C) + (]. - T())(—P)]}+ (9)

17The assumption R < 1 is critical. If the costless redemption is also riskless, then agents never reject banknotes even if
banknotes are not tax-receivable. The reason is timing: agents can go to the bank between trade and taxation and convert

a banknote into a tax-receivable pound bill.
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(Mg = (1 =7)mgz] - max woe[=C + (1= )(Ve = Vo),

Ve =—c+ (1 —)(mollgg + mell o)y - maxmeo[U — C + t(Vy — Vi) |+ (10)
T£0

[Me = (1 =7)mugo] - maxmee[~C+ (1 - t)(Vez = Ve)l+

(1 =) (mollpe + mellee)(U 4+ Vo — Vi),

TV£2 = —20+ (1 — fy)(moﬂo,e + m£H££)(U + V£ — Vgg). (11)

In the first line of (9) a seller meets a barter partner who has either £0 or £1. The second line is a
meeting with a buyer who has at least £1. In (10) an agent with £1 has three interesting matches. First,
it may meet a barter partner. In this case, if it makes a sale it may be taxed and then it ends up with
no money. Second, it may make a monetary sale and accumulate another pound. Third, it may spend
the money in shopping. In (11) the agent suffers the storage cost twice because it holds two pound bills.
It can only buy.

Proposition 6. (i) The government can guarantee that the non-monetary equilibrium does not exist
iff ¢ > 0. (ii) For some parameter values the government can guarantee the existence of a monetary
equilibrium. (iii) The government cannot guarantee the existence of a pure monetary equilibrium.

Proof. (i) Set Ty = 0. By setting P = (U — )/t as before, moneyless agents will not barter (mpo = 0).
(ii) Also set IIgg =0, Igg = Iy, = H g = 1. There is no closed-form solution because the distribution
of money is too complicated. However, it can be verified that indeed wg9 = moe = wepe = 1 for the

following parameter values: U =5, C =1, My =.5,r=.01,vy=.1,t = .25, y = .3, ¢ = .01. This means
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that agents always accept money, but they barter only if they already have money. (iii) No matter how
high the punishment is, an agent who already has £1 may still barter. The reason is apparent from (10):
such an agent barters (mgo = 1) iff U — C' +t(Vy — Vg) > 0. It cannot be punished. Although it does not
earn money during this barter sale, it already has a pound bill to begin with, so it can use that bill to
pay the tax. |

These results obviously generalize to any larger upper bound on money holdings. For the same
reason, the government cannot guarantee equilibria without other outside or inside moneys. An agent
who already holds a pound bill may trade in any other way and pay that bill as a tax. On the other
hand, the government can at least make sure that the moneyless agents accept pound bills in sales. The

result is that the government’s favourite money still circulates, but not exclusively.

5 Endogenous Prices

Following Li and Wright (1998), I proceed by making goods divisible, while keeping everything else as
in Section 2. Along with checking the robustness of the previous results, this also serves to show the

robustness of the tax-foundation mechanism to money printing.

5.1 Robustness of Results

As in Li and Wright (1998) and similar papers, a private agent now derives utility u(q) > 0 from consuming
a quantity g of one of its preferred goods, and the cost of producing a quantity ¢ is ¢. Also u(0) = 0,
uw'(q) > 0 and u”(¢) < 0 for all ¢ > 0. In meetings between sellers the bargaining power is equal, so
both sides produce the efficient ¢* which satisfies u/(¢*) = 1. In meetings between buyers and sellers,
the buyers (whether private or public) make take-it-or-leave-it offers. The quantity produced in all other

matches is denoted ). The only new notation, compared with the literature, is ¢¢, which is the quantity
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that may be produced for the tax collector after a barter meeting. The value functions are now

rVo = syllo - maxmo{u(q") = ¢" +#{To(=¢") + (1 = To) (= P)]} + Mg - maxm g[—¢ + (1 = )(Ve = Vo)], (12)

Ve =—c+ SH_g[u(Q) + Vo — Vag}. (13)

Assume that ¢* = Ve — V4. This makes the utility loss from tax identical for all taxpayers, regardless
of how they pay.

Proposition 7. If all objects are tax-receivable, then: (i) the non-monetary equilibrium always exists.
(ii) there are two monetary equilibria, which exist only for some parameter values. (iii) there is no pure
monetary equilibrium.

Proof. (i) and (iii) are as in Proposition 1. (ii) Set Ty = IIy = Iz = 1. The bargaining rule

implies ¢ = (1 — t)(Ve — Vi), which is strictly positive iff ¢ < s{u(Q) — ylu(q*) — ¢*]}. A buyer’s offer is

q(Q) = max [(1 —1) S{U(Q)T_ﬂ%f;t_)q*]}_c, 0} . |

These equilibria are shown in Figure 1, where an equilibrium is any intersection of the offer with the
45 degrees line (i.e., ¢(Q) = Q).

The uniqueness result of Theorem 1 is replaced by something weaker.

Proposition 8. The government can guarantee the existence of two pure monetary equilibria, and
that no other equilibria exist, iff ¢ > 0 and the money’s storage cost is small enough.

Proof. Setting P = [u(¢*) — ¢*] /t and Ty = 0 eliminates barter. Setting ITz = 1 results in equilib-
rium iff ¢ < su(Q). A buyer’s offer is ¢(Q) = max [(1 - t)%, 0} . O

The offer has the same shape as in Figure 1.
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5.2 Money Printing

I will now show that the government can maintain the circulation of its favourite money while increasing
its supply and decreasing its value. Suppose that the government makes an unannounced, once-and-for-all
money injection at the end of a period. The money supply doubles and is given in proportional transfers,
so that all agents, including government buyers, either have £0 or £2.1%

For i € {£, £2}, let n; be the probability that a seller meets a buyer who offers ¢ (note that the buyer
might hold £2 and yet offer only £1), let ¢; be the quantity demanded by such a buyer, let Q; be the
quantity produced in all other matches for i, let II; be the probability that a random seller accepts a

payment ¢, and let 7; be the best response of a seller who is offered a payment 4. The value functions are

rVo = sylly - rerzzxwo{u(q*) — ¢ +t[To(—q¢") + (1 = To)(—P)]}+ (14)

n - maxm . [~qe+ (L —=1)(Ve — Vo) +nea- 1}3?;”?,62[—%62 + (1 =t)(Ve2 — Vo),

rVe=—c+ SHpg[u(ng) + Vo — V,{;L (15)

Vs = —2c+ S{(l — H£)H£2[u(Q£2) + Vo — V,eg]-i— (16)

Oe(l —Teo)[u(Qe) + Ve — Vea] + Hellgo - max(u(Qe2) + Vo — Viea, u(Qr) + Ve — Veal}.

18Recall that throughout the paper agents are not physically prevented from holding more than £1 at a time. Only
restriction on their production capabilities prevents such accumulation in most of the paper. I maintain the assumption

(relaxed in the previous section) that only moneyless agents can produce.
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In (14), in addition to the usual possibility of barter, there is also the possibility of meeting a buyer
who offers £1 for gz, and a buyer who offers £2 for qg5. Meeting with a tax collector results in a total
loss of that monetary income, whether it is £1 or £2 (in accordance with the tax law). In (16), the buyer
might meet a seller who accepts only £2, a seller who accepts only £1, or a seller who accepts either £1
or £2. In the latter case, the buyer chooses how much to pay.

Theorem 4. The government can still guarantee the existence of two pure monetary equilibria, and
that no other equilibria exist, iff ¢ > 0 and the money’s storage cost is small enough. All payments are of
£2. The threshold storage cost is smaller than in Proposition 8. The price level is almost exactly twice
as it was before the increase in the quantity of money.

Proof. Setting P = [u(q*) — ¢*] /t and T = 0 eliminates barter. Setting IT = 0 and I3 = 1 results
in equilibrium iff ¢ < su(Q)/2. A buyer’s offer is ¢(Q) = max [(1 — t)%, 0. O

The only change is that after the increase in the quantity of money all buyers carry twice as much
money. Every trade involves a payment of £2. Pound bills need to be even lighter now to sustain the
pure monetary equilibria. The added cost also affects the bargaining outcome and thus the curve is a
bit lower than in Figure 1. Depending on which equilibrium is realized, the output per meeting can be
slightly higher or lower than before. Given that almost the same quantity of real goods is traded for twice
as much money, money is almost neutral. The important point is that guaranteeing the circulation of
money is almost as easy with more money than with less money. Put differently, the transfer is neutral
not only in terms of allocations, as could be expected, but also in terms of the strength of the monetary
equilibria and the policy’s viability. Of course, even these minor changes in allocations can be avoided if
the government orders that every two pound bills must be converted into one “new pound” bill.

Section 2 shows that the tax-foundation mechanism is similar to convertibility in its ability to guar-
antee circulation. However, it cannot guarantee the value of fiat money (Woodward [1995], p. 929);

because unlike convertibility, the tax-foundation mechanism enables the money supply to be entirely dis-
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cretionary. The government can print money at will, causing higher prices, higher nominal incomes—and
thus higher nominal tax obligations. The price of immunity from the tax collectors’ punishment increases
proportionately, and therefore the money’s acceptability is sustained.

While some see this “indeterminacy” of the price level as a fatal flaw for a theory of money (e.g., Ellis
[1934], Klein [1974]), abusive governments have realized that “indeterminacy” is their ultimate victory:
they can guarantee that their money is acceptable (as with convertibility), even though they can print
more of it at will. The tax-foundation mechanism allows a government to have its cake and eat it too.
Therefore, “indeterminacy” of the price level is not grounds to ignore the tax-foundation theory, but

rather a crucial reason for economists to understand it.

6 Monetary History

I will now turn to discuss the model’s application in the real world. Parts of the tax law described in
Section 2 are in the legal tender law of every modern country. Every such country declares at least one
type of fiat money to be legal tender for taxes (and contractual debts). Usually only one type of fiat
money—that issued by the domestic government—has this status. The tax collecting authority cannot
reject tax payments made in the various objects that belong to this type of money (i.e., various coins and
notes of different denominations). As for all other objects, such as checks, used cars, grain, or Monopoly
money, the legal tender law is silent. Standard legal principles dictate that this silence grants the tax-
collecting authority complete discretion on whether to accept such objects in tax payments. It just so
happens that most tax-collecting authorities accept checks but reject anything else.

Casual observation clearly favours the hypothesis that there is a relation between what is declared
legal tender and what circulates as money. Given political and economic stability, the domestic legal

tender is indeed typically the general medium of exchange. Countries and currency unions seem to be
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able to change currency at will, as recently seen in Iraq and the European Union. As Goodhart (1998)
notes, money tends to follow political unification and disintegration of federations (e.g., German and
Soviet currencies, 1871-1991).

It is easy to find cases of fiat moneys that have failed even though they were receivable for taxes. The
following discussion explicates such cases within the theoretical frameowrk of the model outlined above.

1. Non-Unique Legal Tender: the greenbacks of the American Civil War were rejected in the West
Coast (Mitchell [1903]) even though they were legal tender for taxes. Their failure is consistent with the
theory because gold was also considered legal tender. Proposition 1 shows that if all objects are receivable
for tax payments (T; = 1 Vi), a fiat money equilibrium always coexists with an equilibrium without fiat
money. More recently, the American public has rejected the half-dollar coin, the Susan B. Anthony dollar,
and the two-dollar bill. According to Proposition 4, if two types of fiat money have the same storage
cost and both are receivable for taxes, then either one of them or both may circulate. Since people do
not have to pay taxes in coins and notes of particular denominations, the failure of some denominations
does not contradict the theory. Thus, in both cases the model features multiple equilibria. Indeed, other
evidence points to the opposite behaviour: during the American Revolution gold was hoarded while the
paper continental was used in trade (Calomiris [1988]); and the recent Sacagawea golden dollar coins
were happily received by sellers but were hoarded instead of being spent (Lotz and Rocheteau [2002]).
The same goes for rejection of slightly damaged notes in modern India (Jordan [1996]).

2. Regime Transition: the correlation observed between a paper money’s circulation and the existence
of its issuing regime is highly positive but not perfect. Saddam Hussein’s money circulated in Iraq half
a year after his regime collapsed. On the other hand, Germans abandoned their paper money a few
months before the Nazi surrender (Einzig [1966], p. 299). Yet these facts are still in line with the
theory. The propositions and theorems above that show the government’s power to promote its favourite

currency include the condition ¢ > 0, where t = 7G is the expected probability of being taxed in the
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future by a government that accepts this currency (recall that 7 is the probabilistic tax rate and G is
the government’s survival probability). In such cases of extreme political instability it is not the policy
of the residing government that is of issue, but rather the subjective expectations regarding the future
government and its policies (Goodhart [1998], King [2004]). Iraqis expected the Coalition Provisional
Authority to convert Hussein’s money into its new legal tender; therefore, there was no reason to reject it.
Russian acceptance of the dead Czar’s money during the chaotic hyperinflation of the 1920s (Friedman
[1992], p. 11-12) can also be explained by a belief that whoever ends up in power would either convert
that money or accept it in various payments. The hasty abandonment of German money can be seen to
reflect expectations that the Allies would treat Germans harshly and not conduct such a conversion.’
3. Ineffective Tax System: the mechanism may fail if the tax system is not functioning (Wray [1998],
p. 36), i.e., 7 = 0. This may be the case even if the government is expected to remain in power (G > 0
still results in ¢ = 7G = 0). It is particularly true for new regimes because it takes time to establish
effective tax systems that detect and punish tax offenders. This may explain the failure of Japanese
money right after Japan occupied Taiwan (Li and Wright [1998]), and the problems of new fiat moneys
in disintegrated federations where tax collection was not important beforehand (e.g., the Confederacy
during the American Civil War and formerly communist countries). This situation is similar to the loss,
or expected loss, of the Treasury’s gold holdings under convertibility. With no immunities to sell to
taxpayers, the fiat money becomes unbacked. Alternatively, the government may denominate the tax
in one unit of account and accept another money as well. If it accepts the other money according to
market value rather than at a pre-determined exchange rate, there is nothing to prevent the collapse
of the other money, as shown in Proposition 2. An equilibrium in which both the market and the tax

authority deem money valueless always exists. This actually happened with the continental currency of

19 Alternatively, perhaps they expected to be treated in the same manner that they treated some occupied peoples. The

predictions of monetary theory regarding fiat money in finite horizon economies are well-known.
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the American Revolution (Calomiris [1988], p. 59) and the mandat currency of the French Revolution
(Nussbaum [1950], p. 50).

4. Non-exclusive Circulation: in many countries the legal tender currency circulates side by side
with foreign currency. It is especially common during high inflation, when people prefer a foreign, stable
currency whenever possible. As shown in Proposition 6, when agents can hold more than £1, sometimes
they might choose to conduct transactions in other ways. They may do so as long as they already hold
the minimum they need for tax payments in the domestic currency. This is an important constraint
on the government’s power and the extent to which it can encourage the use of its favourite money in
trade. However, it does not contradict the theory. Occasionally, agents do demand the domestic currency
because they need it for tax payments. Perhaps it is this demand that keeps the price level finite even

after people realize that their government is bent on hyperinflation (Bruno [1993], p. 8).

7 Conclusion

In the real world, there is more to government-issued fiat money than intrinsic uselessness and incon-
vertibility: its acceptance in tax payments is guaranteed. Generally, no other objects can be forced on
the tax authority. The main contribution of this paper is the use of a monetary search model to prove
in a dynamic economy that receivability for taxes can make fiat money the general medium of exchange.
Other contributions are comparison of this mechanism to convertibility and exploration of its limitations.

There are many ways for a government to promote the circulation of its paper money. The ideal way
would assure money-holders that their money could be put to good use, be robust to inflation in the
sense that the money will not be completely abandoned, and also be easy and cheap to implement. The
tax-foundation mechanism could very well prove ideal. Its assurance that the money can be put to good

use was shown to be somewhat equivalent to convertibility. Its robustness to inflation was also shown:
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circulation can be maintained even while prices increase. As for implementation, this method is also the
cheapest. There is no need to obtain and store gold. There is no need to monitor market transactions.
There is no need to conduct searches for illegal currencies. Given that the government collects taxes in
any case, it can easily promote any money simply by insisting on accepting only that money.

As mentioned in the Introduction, the tax-foundation theory is part of Knapp’s (1905) state theory of
money. The German economist celebrated the fact that the government determined what was money and
he entirely disregarded issues such as the quantity of money and inflation. His theory was very popular
in Germany in the early twentieth century and was viewed by German policy-makers as a license to print
money. The disastrous results are well-known. In contrast, this paper aims to promote an understanding

of this menace and its limitations so that we can better protect ourselves from it.
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Figure 1: Equilibria with Endogenous Prices

q(Q)1

31




Bar-llan University
Department of Economics
WORKING PAPERS

1-01 The Optimal Size for a Minority
Hillel Rapoport and Avi Weiss, January 2001.

2-01 An Application of a Switching Regimes Regression to the Study of Urban
Structure
Gershon Alperovich and Joseph Deutsch, January 2001.

3-01 The Kuznets Curve and the Impact of Various Income Sources on the Link
Between Inequality and Development

Joseph Deutsch and Jacques Silber, February 2001.

4-01 International Asset Allocation: A New Perspective

Abraham Lioui and Patrice Poncet, February 2001.

5-01 n'TINN A'7apal ITvma 7Tin

.2001 XM 270170 Ay

6-01 Multi-Generation Model of Immigrant Earnings: Theory and Application
Gil S. Epstein and Tikva Lecker, February 2001.

7-01 Shattered Rails, Ruined Credit: Financial Fragility and Railroad Operations in
the Great Depression

Daniel A. Schiffman, February 2001.

8-01 Cooperation and Competition in a Duopoly R&D Market
Damiano Bruno Silipo and Avi Weiss, March 2001.

9-01 A Theory of Immigration Amnesties

Gil S. Epstein and Avi Weiss, April 2001.

10-01 Dynamic Asset Pricing With Non-Redundant Forwards
Abraham Lioui and Patrice Poncet, May 2001.

11-01 Macroeconomic and Labor Market Impact of Russian Immigration in Israel

Sarit Cohen and Chang-Tai Hsieh, May 2001.

Electronic versions of the papers are available at
http://www.biu.ac. 11/soc/ec/wp/working_papers.html



12-01

13-01

14-01

15-01

16-01

17-01

18-01

19-01

1-02

2-02

3-02

4-02

5-02

Network Topology and the Efficiency of Equilibrium
Igal Milchtaich, June 2001.

General Equilibrium Pricing of Trading Strategy Risk
Abraham Lioui and Patrice Poncet, July 2001.

Social Conformity and Child Labor
Shirit Katav-Herz, July 2001.

Determinants of Railroad Capital Structure, 1830-1885
Daniel A. Schiffman, July 2001.

Political-Legal Institutions and the Railroad Financing Mix, 1885-1929
Daniel A. Schiffman, September 2001.

Macroeconomic Instability, Migration, and the Option Value of Education
Eliakim Katz and Hillel Rapoport, October 2001.

Property Rights, Theft, and Efficiency: The Biblical Waiver of Fines in the
Case of Confessed Theft

Eliakim Katz and Jacob Rosenberg, November 2001.

Ethnic Discrimination and the Migration of Skilled Labor

Frédéric Docquier and Hillel Rapoport, December 2001.

Can Vocational Education Improve the Wages of Minorities and
Disadvantaged Groups? The Case of Israel

Shoshana Neuman and Adrian Ziderman, February 2002.

What Can the Price Gap between Branded and Private Label Products Tell
Us about Markups?

Robert Barsky, Mark Bergen, Shantanu Dutta, and Daniel Levy, March 2002.

Holiday Price Rigidity and Cost of Price Adjustment
Daniel Levy, Georg Miiller, Shantanu Dutta, and Mark Bergen, March 2002.

Computation of Completely Mixed Equilibrium Payoffs

Igal Milchtaich, March 2002.

Coordination and Critical Mass in a Network Market — An Experimental
Evaluation

Amir Etziony and Avi Weiss, March 2002.



6-02

7-02

8-02

9-02

10-02

11-02

12-02

13-02

14-02

15-02

16-02

17-02

1-03

2-03

Inviting Competition to Achieve Critical Mass

Amir Etziony and Avi Weiss, April 2002.

Credibility, Pre-Production and Inviting Competition in a Network Market

Amir Etziony and Avi Weiss, April 2002.

Brain Drain and LDCs’ Growth: Winners and Losers

Michel Beine, Fréderic Docquier, and Hillel Rapoport, April 2002.
Heterogeneity in Price Rigidity: Evidence from a Case Study Using Micro-
Level Data

Daniel Levy, Shantanu Dutta, and Mark Bergen, April 2002.

Price Flexibility in Channels of Distribution: Evidence from Scanner Data

Shantanu Dutta, Mark Bergen, and Daniel Levy, April 2002.

Acquired Cooperation in Finite-Horizon Dynamic Games

Igal Milchtaich and Avi Weiss, April 2002.

Cointegration in Frequency Domain

Daniel Levy, May 2002.

Which Voting Rules Elicit Informative Voting?

Ruth Ben-Yashar and Igal Milchtaich, May 2002.

Fertility, Non-Altruism and Economic Growth: Industrialization in the
Nineteenth Century

Elise S. Brezis, October 2002.

Changes in the Recruitment and Education of the Power Elitesin Twentieth
Century Western Democracies

Elise S. Brezis and Francgois Crouzet, November 2002.

On the Typical Spectral Shape of an Economic Variable

Daniel Levy and Hashem Dezhbakhsh, December 2002.

International Evidence on Output Fluctuation and Shock Persistence

Daniel Levy and Hashem Dezhbakhsh, December 2002.

Topological Conditions for Uniqueness of Equilibrium in Networks

Igal Milchtaich, March 2003.

Is the Feldstein-Horioka Puzzle Really a Puzzle?

Daniel Levy, June 2003.



3-03

4-03

5-03

6-03

7-03

8-03

9-03

1-04

2-04

3-04

4-04

5-04

Growth and Convergence across the US: Evidence from County-Level Data

Matthew Higgins, Daniel Levy, and Andrew Young, June 2003.

Economic Growth and Endogenous Intergenerational Altruism

Hillel Rapoport and Jean-Pierre Vidal, June 2003.

Remittances and Inequality: A Dynamic Migration Model

Frédéric Docquier and Hillel Rapoport, June 2003.

Sigma Convergence Versus Beta Convergence: Evidence from U.S. County-
Level Data

Andrew T. Young, Matthew J. Higgins, and Daniel Levy, September 2003.
Managerial and Customer Costs of Price Adjustment: Direct Evidence from
Industrial Markets

Mark J. Zbaracki, Mark Ritson, Daniel Levy, Shantanu Dutta, and Mark Bergen,
September 2003.

First and Second Best Voting Rules in Committees

Ruth Ben-Yashar and Igal Milchtaich, October 2003.

Shattering the Myth of Costless Price Changes: Emerging Perspectives on
Dynamic Pricing

Mark Bergen, Shantanu Dutta, Daniel Levy, Mark Ritson, and Mark J. Zbaracki,
November 2003.

Heterogeneity in Convergence Rates and Income Determination across U.S.
States: Evidence from County-Level Data

Andrew T. Young, Matthew J. Higgins, and Daniel Levy, January 2004.

“The Real Thing:” Nominal Price Rigidity of the Nickel Coke, 1886-1959
Daniel Levy and Andrew T. Young, February 2004.

Network Effects and the Dynamics of Migration and Inequality: Theory and
Evidence from Mexico

David Mckenzie and Hillel Rapoport, March 2004.

Migration Selectivity and the Evolution of Spatial Inequality

Ravi Kanbur and Hillel Rapoport, March 2004.

Many Types of Human Capital and Many Roles in U.S. Growth: Evidence
from County-Level Educational Attainment Data

Andrew T. Young, Daniel Levy and Matthew J. Higgins, March 2004.



6-04

7-04

8-04

1-05

2-05

3-05

4-05

5-05

6-05

1-06

2-06

3-06

When Little Things Mean a Lot: On the Inefficiency of Item Pricing Laws
Mark Bergen, Daniel Levy, Sourav Ray, Paul H. Rubin and Benjamin Zeliger,
May 2004.

Comparative Statics of Altruism and Spite

Igal Milchtaich, June 2004.

Asymmetric Price Adjustment in the Small: An Implication of Rational
Inattention

Daniel Levy, Haipeng (Allan) Chen, Sourav Ray and Mark Bergen, July 2004.

Private Label Price Rigidity during Holiday Periods
Georg Muiller, Mark Bergen, Shantanu Dutta and Daniel Levy, March 2005.

Asymmetric Wholesale Pricing: Theory and Evidence

Sourav Ray, Haipeng (Allan) Chen, Mark Bergen and Daniel Levy,

March 2005.

Beyond the Cost of Price Adjustment: Investments in Pricing Capital

Mark Zbaracki, Mark Bergen, Shantanu Dutta, Daniel Levy and Mark Ritson,
May 2005.

Explicit Evidence on an Implicit Contract

Andrew T. Young and Daniel Levy, June 2005.

Popular Perceptions and Political Economy in the Contrived World of Harry
Potter

Avichai Snir and Daniel Levy, September 2005.

Growth and Convergence across the US: Evidence from County-Level Data
(revised version)

Matthew J. Higgins, Daniel Levy, and Andrew T. Young , September 2005.
Sigma Convergence Versus Beta Convergence: Evidence from U.S. County-
Level Data (revised version)

Andrew T. Young, Matthew J. Higgins, and Daniel Levy, June 2006.

Price Rigidity and Flexibility: Recent Theoretical Developments

Daniel Levy, September 2006.

The Anatomy of a Price Cut: Discovering Organizational Sources of the Costs
of Price Adjustment

Mark J. Zbaracki, Mark Bergen, and Daniel Levy, September 2006.



4-06 Holiday Non-Price Rigidity and Cost of Adjustment
Georg Miiller, Mark Bergen, Shantanu Dutta, and Daniel Levy.
September 2006.
2008-01 Weighted Congestion Games With Separable Preferences
Igal Milchtaich, October 2008.
2008-02 Federal, State, and Local Governments: Evaluating their Separate
Roles in US Growth
Andrew T. Young, Daniel Levy, and Matthew J. Higgins, December 2008.

2008-03 Political Profit and the Invention of Modern Currency
Dror Goldberg, December 2008.

2008-04 Static Stability in Games
Igal Milchtaich, December 2008.

2008-05 Comparative Statics of Altruism and Spite
Igal Milchtaich, December 2008.

2008-06 Abortion and Human Capital Accumulation: A Contribution to the
Understanding of the Gender Gap in Education
Leonid V. Azarnert, December 2008.

2008-07 Involuntary Integration in Public Education, Fertility and Human
Capital
Leonid V. Azarnert, December 2008.

2009-01 Inter-Ethnic Redistribution and Human Capital Investments
Leonid V. Azarnert, January 2009.

2009-02 Group Specific Public Goods, Orchestration of Interest Groups and
Free Riding
Gil S. Epstein and Yosef Mealem, January 2009.

2009-03 Holiday Price Rigidity and Cost of Price Adjustment

Daniel Levy, Haipeng Chen, Georg Miiller, Shantanu Dutta, and Mark Bergen,
February 2009.

2009-04 Legal Tender
Dror Goldberg, April 2009.

2009-05 The Tax-Foundation Theory of Fiat Money
Dror Goldberg, April 2009.



2009-06 The Inventions and Diffusion of Hyperinflatable Currency
Dror Goldberg, April 2009.

2009-07 The Rise and Fall of America’s First Bank
Dror Goldberg, April 2009.

2009-08 Judicial Independence and the Validity of Controverted Elections
Raphaél Franck, April 2009.

2009-09 A General Index of Inherent Risk
Adi Schnytzer and Sara Westreich, April 2009.

2009-10 Measuring the Extent of Inside Trading in Horse Betting Markets
Adi Schnytzer, Martien Lamers and Vasiliki Makropoulou, April 2009.

2009-11 The Impact of Insider Trading on Forecasting in a Bookmakers' Horse
Betting Market
Adi Schnytzer, Martien Lamers and Vasiliki Makropoulou, April 2009.



