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Anumber of developing countries have adopted deficit finance regimes involving multiple-
(currency and bond) reserve requirements. A key characteristic of these regimes is that the
real interest rates on reservable bonds are higher than the real return rates on currency,
so that the nominal interest rates on the bonds are positive. We seek an efficiency-based
explanation for the existence of multiple-reserve regimes and for this key characteristic.
We find that there are economies in which some of the efficient allocations can be sup-
ported only by multiple-reserve requirements, and that positive nominal bond rates may
be needed to support some of these allocations. We also find that there are economies in
which allocations supported by multiple-reserve regimes with negative nominal bond rates
Pareto dominate single-reserve allocations, even when the latter are efficient relative to
other single-reserve allocationsJournal of Economic Literatur€lassification Numbers:

E42, E58, H62. © 2001 Academic Press

1. INTRODUCTION

A multiple-reserve requirements regime is a monetary regime in which t
banking system is required to hold reserves of two different types: governm
currency and government bonds. Multiple-reserve regimes have been adopte
anumber of developing countries at various times in recent years: examples incl

1 We thank the managing editor and an anonymous referee for helpful comments. The views expre
here are those of the authors and not necessarily those of the Federal Reserve Bank of Atlanta ¢
Federal Reserve System.
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Chile, Korea, Mexico, and Pakistan. In each case, the country had a large pt
sector deficit and was using seigniorage to finance a substantial portion of
deficit.

The government agencies that administer multiple-reserve requirements o
have considerable discretion about the levels of the two reserve ratios and/ol
interest rates on reservable bonds. One regularity of observed multiple-res
regimes is that the real interest rates on reservable bonds are higher than the
return rate on government currency, so that the nominal interest rates on the b
are positive. We will refer to regimes of this type as “conventional.” While th
fact that the nominal interest rates private bonds must be positive makes con-
ventionality seem natural, nothing about the structure of multiple-reserve regir
seems to force the government to pay positive nominal rates on reservable ¢
ernment bonds. Typically, the government designates a particular class of bc
that banks are required to hold as reserves. Since the government is free to
different and higher-yielding bonds to nonbank lenders, it should also be free
pay the banks any nominal bond rate it chooses, either positive or negative
practice, however, we do not see reservable bonds with negative nominal inte
rates.

The principal purpose of this paper is to use welfare analysis to explain w
governments choose multiple-reserve requirements, and why they always pay
itive nominal interest on reservable bonds. Our analysis follows Freeman (19t
Mourmouras and Russell (1992), and Espinosa (1995) by assuming that the go\
mentuses reserve requirements to help finance a budget deficit through seignio
and that the government’s monetary policy decisions are based explicitly on c
siderations of public welfare. Our analytical framework is a simple nonstochas
overlapping generations model of fiat money and privately intermediated credit.
use this framework to study two different types of reserve requirements regir
In the simplest “single-reserve” regimes, the government controls the real rat:
return on fiat currency and sets the level of a currency reserve requirement. Ir
alternative “multiple-reserve” regimes, the government has access to these
policy instruments, plus two others: the level of a bond reserve requirement
the nominal interest rate on reservable bohds.

Our analysis is based on the assumption that the government chooses policy
tings that are efficient, given the alternatives available to it. For our purposes, a
icy setting is efficient if the equilibrium allocation it supports cannot be Pareto do
inated by the allocation supported by any other policy setting from any availa
policy regime? Except where noted, we will assume that the set of policy regim
available to the government includes both single- and multiple-reserve regime

2 0ur model is essentially identical to the model developed by Espinosa (1995). Espinosa’s mi
is similar to a model devised by Freeman (1987). The key features that distinguish Espinosa’s m
from Freeman'’s are the presence of heterogeneity within generations and the possibility that the ce
bank might impose bond reserve requirements.

3 The government is assumed to face a fixed deficit that it must finance through seigniorage.
deficit is assumed to be too large to be financed without reserve requirements.
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Since there will usually be more than one efficient allocation, the assumpti
that the government selects an efficient allocation raises the question of ho
might choose from among the alternatives available. We assume that each ¢
ernment ranks efficient allocations based on their implications for the welfz
of different socioeconomic groups. If governments behave in this way, then:
should expect to see multiple-reserve requirements only in economies wh
they are the only reserve requirements regime that supports some of the
cient allocationg.We also consider the possibility that the government choos
single-reserve policy settings in the manner just described, but faces political c
straints that prevent it from changing regimes (that is, from switching to multip
reserves) unless it can promise to increase the welfare of every socioeconc
group. Ifthisis this case, then we might expect to see multiple-reserve requireme
only in a subset of the economies just described—the subset in which there
multiple-reserve allocations that can Pareto improve efficient single-reserve a
cations.

In light of these possibilities, the basic goal of our paper is to determine whett
the model we study has specifications in which some of the efficient allocatic
can be supported only by multiple-reserve requirements. The hypothesis guic
our search for these specifications is that the increased policy-setting flexibi
the government gains by adopting multiple-reserve requirements—the powe
control the return rate on a second reservable asset, and to control the fractic
the reserves that consist of that asset—may give it a broader range of option:
earning seigniorage revenue at the expense of different groups of agents. G
the prevalence of conventional multiple-reserve regimes, we will be especic
interested in finding specifications in which some of the efficient allocations ¢
be supported only by multiple-reserve policy settings featuring positive nomir
interest rates on reservable bonds. The hypothesis guiding this search is tha
government can use reservable bonds with relatively high real return rates to c
duct more effective price discrimination in favor of the depositors of the banks tf
hold these bonds.

As we have indicated, however, the fact that we do not observe unconventic
multiple-reserve requirements does not make them inconceivable. For this rea
we will also look for specifications in which some of the efficient allocations ca
be supported only by unconventional multiple-reserve regimes. If our model ru
out such specifications, then they may provide a relatively complete explanat
for the characteristics of observed reserve requirements regimes. If it does not
them out, then its implications may help policymakers identify situations in whic
they can improve social welfare by structuring multiple-reserve regimes in wa
they may not have considered previously.

4 For a given economy, the identity of the highest-ranking efficient allocation(s) will be different fc
different governments—that is, for different ranking schemes—and there will always be some sche
with standard properties under which a particular efficient allocation is optimal.

5Bryant and Wallace (1984) use a price discrimination argument of a somewhat different sor
provide an explanation for the minimum denominations on government bonds.
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The next section of this paper presents an abbreviated description of a b
reserve requirements model. Section 3 presents our analysis of the model,
Section 4 offers some concluding remarks. The proofs of the paper’s two prop
tions are presented in the Appendix, as are three examples.

2. MODEL

We analyze a two-period overlapping generations model with limited intr
generational heterogeneity and a number of legal/technological constraints ot
tertemporal trades. The model is essentially identical to that described by Espir
(1995). Economic activity occurs at discrete dates 1, 2, ... . At each date
a generation of agents is born; these “members of generdtliwe during dates
t andt + 1. Each generation of agents consistdNgf‘poor savers” andN; “rich
savers.” Rich savers differ from poor savers only in the magnitude and time ¢
tribution of their endowments of the single consumption good. The endowm
patterns of rich and poor savers are invariant to the dates at which these agent
born. At each date an arbitrary number of private, competitive banks are opera
in the economy. These banks may hold one or more of the following types
assets: private one-period bonds, which are available on the international ci
market at an exogenously determined gross real interesRrate > government
currency, which yields a gross real return rRtg(t) > 0 that is determined by the
government through its ability to control the growth rate of the stock of curren
and government one-period bonds, which yield a gross real returiRgée> 0
that is specified by the government.

The liabilities of the banks consist of deposits that are offered to the public
competitively determined gross real interest i@§ét). The banks are assumed to
have zero operating costs and to maximize their tdatefits, which must be zero
in equilibrium.

The government is assumed to have imposed a legal minimum denomina
on the real market value of a bank deposit. The endowments of the poor sa
are assumed to be too small to permit them to purchase bank deposits. It is ful
assumed to be illegal and/or infeasible for them to pool their funds to purch:
deposits or to finance deposit purchases with unsecured b savers’ en-
dowments are assumed to be large enough that this minimum denominatic
irrelevant to them. Private and government bonds are assumed to have larger |
mum denominations that make them inaccessible to any agents except banks.

6 Note thatR > 1 implies that the net rate of return in the international credit market exceeds t
net rate of growth of the economy, which, under these assumptions, is zero.

" Formally, these are nominal bonds, but since the central bank sets their nominal yield and
perfect foresight regarding the currency inflation rate, it effectively sets the real interest rate on
bonds (see below).

8 For earlier examples of the use of minimum denomination restrictions of this type to gener
demand for government currency, see Sargent and Wallace (1982) and Bryant and Wallace (198
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the only asset available to poor savers is government currency, while rich sa\
may purchase government currency and/or bank deposits.

The aggregate real saving (first-period asset demand) functions of the p
and rich savers are denotat{ Ry (t)) andd(Rk(t)), respectively, wherd(t) =
max{ Rm(t), Ry(t)}. These functions are assumed to be continuous and stric
increasing forRy(t) > R, andR¢(t) > R, with0< R, <land 0< R, < R.

If R, > 0 then we assumm(Rn(t)) = 0 for 0 < Ry(t) < R,, and similarly for
R, > 0andd(-).°

The government is assumed to finance a fixed real defic sf O per period
by issuing bonds and/or currency. The aggregate nominal stock of currency
circulation at date is denotedM (t); the datet price of a unit of the consump-
tion good in terms of government currency (the daterice level) is denoted
p(t). Thus Ru(t) = p(t)/p(t + 1). The government is assumed to increase th
stock of currency at a constant gross rate 1, so thatM (t) = zM(t — 1) for all
t>1.

Government bonds are payable in government currency: a bond is a title to.
unit of currency next period. The aggregate face value of the government bo
issued at datkis denoted(t). The currency price of a bond issued at datehich
is chosen by the government, is denoi@). The gross nominal interest rate on
such bonds iRom(t) = 1/Py(t); note thatR,(t) = Ryom(t) Rn(t). Government
seigniorage revenue at dates 2 is given by

[M(t) — M(t — 1)]/p(t) + [Po(t) B(t) — B(t — 1)]/p(t).

The welfare of the poor and rich members of any generdtismssumed to be
strictly increasing iRy (t) andRg(t), respectively. Itis assumed that at date 1 ther
are an arbitrary number of “initial old” agents (the members of “generation 0
who live for one period and are endowed, in aggregate, with an exogenous ini
stock of government currenadyl (0). The welfare of these agents is assumed to b
strictly increasing in 1p(1), the inverse of the initial price level, which determines
the purchasing power of the initial stock of currency.

The government is assumed to impose bond and/or currency reserve reqt
ments on private banks. The fractions of a bank’s assets that it is required to t
in the form of currency and government bonds are den@igdnd 6, respec-
tively. We assumé@p,, 6, € [0, 1] andd = 6, + 6, € (0, 1). Each reserve ratio is
the minimum ratio of the market value of a bank’s holdings of one of the reserval
liabilities (currency or bonds) to the market value of its entire portfolio of liabilities

9 The purpose of these assumptions is to allow us to use examples involving asset-demand func
that have negative values at low positive gross return rates. We are implicitly assuming that agents
borrow on the international credit market, unintermediated, at gros&radter example, iRy < R,
then poor savers may choose to consume their endowments or to borrow on the international c
market atR; in either case their real currency balances will be zero. Similarlgik R, then rich
savers may choose to consume their endowments or borrBnimeither case, the assets of domestic
intermediaries will be zero and their real reserves of fiat currency will also be zero.
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We will confine ourselves to the study of stationary equilibria with resen
requirements; hereafter, simply “reserve requirements equilibria.” These are ¢
petitive equilibria in which (1) the rate of return on private bonds exceeds t
rates of return on government currency or bonds, so that the banks will hold g
ernment liabilities only to meet the reserve requirements, (2) the rate of ret
on bank deposits exceeds the rate of return on government currency, so that
savers will hold only bank deposits, and (3) the values of all real variables anc
nominal return rates are constant, while the values of all nominal variables exc
return rates grow at a common fixed rate (which may be Z8@jvenR, G, and
M(0), a reserve requirements equilibrium can be characterized as values of
government policy variables Py, 6, andd, that satisfyz € [1, co), Py € (0, 00),
Om, 6p € [0, 1], andé = 6, + 6, € (0, 1), plus values of the endogenous variable
Rm, Ro, Rg, andmg = M(0)/ p(1) that satisfymg > 0,

1
= > Q)

_ Pm
=B 2
Ry < R, )
Ri = (1 —6m — )R+ 0pRy + Om R, (4)
Rn < Ry <R, (%)
G = (1 — Rn) [M(Rn) + Omd(Ry)] + (1 — Ry)6bd(Ry), (6)

and

Mo = M(Ry) + (Om + Op)d(Ry) — G. (7)

The first equation follows from the fact that in a steady-state equilibrium, aggreg
real balanceM (t)/ p(t) must be constant. The second equation rules out profital
arbitrage in the government currency and bond markets. Inequalities (3) anc
guarantee that banks hold government liabilities only as legal reserves and
rich savers hold only bank deposits. The fourth equation expresses the relation
between the interest rate on bank deposits, the two reserve ratios, and the rat
return on the three nonbank assets that is implied by the assumption that banks
zero profits. The sixth and seventh equations ensure that the government mee
budget constraint at datés> 2 andt = 1, respectively.

In a reserve requirements equilibrium we hapé)/p(t +1)=Rn=1/z2,
Rnom(t) = Riom= Ro/Rm,  M(t)/p(t) = m(Rm) + 6md(Ra), and B(t)/p(t) =
Omd(Ry) for all t > 1. These equations imply thafl(t + 1)/M(t) = B(t + 1)/

101t is easy to generalize the model to cover situations in which the values of real variables gro
fixed, exogenously determined rates.
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B(t)=1/Rn=zfor all t > 2. Note that under our assumptions, the governmel
can use its control overand P, to setR,, and R, at any values between 0 aiRd
For purposes of simplicity, we will think oR,, and R, as policy variables.

Note that any positive reserve requirementis binding on the rich savers, since
banks will not hold government liabilities in the absence of such a requirement
stationary equilibrium without reserve requirements would consist of valugg of
and p(1) such thatG = (1 — Ry)M(Ry,) andmg = m(Ry) — G; the government
would have to earn all its seigniorage revenue from the poor savers. For simplic
we assume that the value Gfis large enough to rule out equilibria of this type.

Hereafter, we will describe a “reserve requirements policy setting” as vé
ues Rn, Ry, Om, 6p) that satisfyR,, > 0, Ry > 0, 6, 6y € [0, 1], and6 = 6, +
6p € (0,1), and a “reserve requirements allocation” as the val@sRq, Ry,
mp) that can be supported as a reserve requirements equilibrium. A reserve
quirements policy setting is a “single-reserve policy setting’djff= 0 and/or
Ry, = Ry; it is a “multiple-reserve policy setting” ifR, # Ry, and 6, > 0.1
A single-reserve policy setting can be characterized by valigsd). A re-
serve requirements equilibrium supported by a single- (multiple-) reserve p
icy setting is a “single- (multiple-) reserve equilibrium,” and a reserve requir
ments allocation supported a single- (multiple-) reserve equilibrium is a “sing|
(multiple-) reserve allocation.” We will assume that the valueGofis small
enough to ensure that each specification has at least one equilibrium of €
type.

We will refer to a reserve requirements allocation as “efficient” if it is Paret
optimal relative to all other reserve requirements allocations. In some cases,
may refer to a single-reserve allocation as “single-reserve efficient” if it is Pare
optimal relative to all other single-reserve allocations. As we shall see, an allocat
can be single-reserve efficient without being efficient by the broader definition

3. ANALYSIS

Before beginning the analysis, it may be useful to review the monetary poli
problem confronting the government. Monetary policy must accommodate fis
policy, so it must be conducted in a way that allows the government to earn a fi»
amount of real revenu& from seigniorage. The government is also concerne
about the welfare of the three groups of agents: the poor savers, the rich sa\
and the initial old. The welfare of the poor savers depends entirely on the r
rate of return on currencR,. The welfare of the initial old depends on the real
demand for bonds and/or currency, which depends largely, though not entirely,
the level of the aggregate reserve ratiorhe welfare of the rich savers depends

11 Note that according to our definition, a policy setting in whiRhs Ry, andé, = 0 is a multiple-
reserve policy setting, even though there will be only one asset (bonds) held as reserves. For an an
of these “single-bond reserve requirements,” see Espinosa and Russell (1999).
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entirely on the real deposit raty, which is influenced by botlR, and6. In a
single-reserve regime, these are the only policy variables that influence the
deposit rate. In a multiple-reserve regime, however, the real deposit rate is
influenced by two additional policy variables. One of these is the real reserva
bond rateRy; the other isf,/6, the fraction of a bank’s total reserves that mus
consist of bond reserves.

As we indicated in the Introduction, the goal of our analysis is to search 1
specifications of the model in which some of the efficient allocations can be s
ported only by multiple-reserve policy settings. In economies like these, it m
be possible for an optimizing government to increase social welfare by adopt
multiple-reserve requirements instead of single reserve requirements.

Why might we expect to be able to find specifications of this type? As we he
just noted, under either type of reserve requirements regime the welfare of the |
savers is determined exclusively by the rate of return on currency, while the welf
of the initial old agents is profoundly influenced by the aggregate reserve ratio. |
der a single-reserve regime, there is no way the government can change the de
interest rate, which determines the welfare of the rich savers, without changing
values of these two variables. Conversely, there is no way it can change the valt
either variable without changing the deposit interest rate. Under a multiple-rese
regime, however, it is possible for the government to use changes in the bonc
serve fraction and/or the reservable bond rate to change the deposit rate wit
changing the currency return rate or the aggregate reserve ratio, and it is also
sible for the government to change either of these variables without changing
deposit rate. It seems reasonable to suspect that increasing the government’s
ity to manipulate these three welfare-determining variables independently mi
allow it to support efficient allocations that would not be available otherwise.

For reasons described in the Introduction, we are looking with particular inter
for specifications that have efficient allocations that can be supported only by c
ventional multiple-reserve requirements. To see why we might expect to find the
imagine that the government delegates its monetary policy decisions to a mone
authority that behaves in the manner described in the Introduction: it chooses
efficient allocation that ranks highest on its social welfare scale. Up to now, hc
ever, the government has not given the monetary authority the power to imp
bond reserve requirements. Consequently, the current reserve requirements [
setting is a single-reserve setting that is efficient, relative to other single-rese
allocations, and ranks higher than any of these allocations. The monetary auth
could engineer higher-ranking allocations if it could change policy in a way th
increased the welfare of the initial old at the expense of the poor savers, with
hurting the rich savers, but the limitations of single-reserve regimes prevent it fr
doing this. To increase the welfare of the initial old, the government must incre
the reserve ratio. A higher reserve ratio reduces the deposit rate, which hurts
rich savers, but it also produces more revenue from seigniorage. The governr
needs to find a way to use this increased revenue to finance a second policy ch
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that restores the deposit rate to its original level. Under a single-reserve regi
there is only one other policy instrument available: the currency return rate, wh
will have to be increased. Unfortunately for the government, an increase in-
currency return rate also reduces the amount of seigniorage revenue from the
savers, whose contribution to total seigniorage revenue is large and whom the (
ernment is not interested in helping. Any increase in the currency return rate la
enough to restore the deposit rate to its original level will result in a substantial |
loss of seigniorage revenue, leaving the government unable to cover its deficit

Now suppose that the government gives the monetary authority the power to
pose multiple-reserve requirements. It responds by increasing the aggregate re:
ratio, as above, but it also converts part of the new aggregate reserve ratio in
bond reserve ratio. The government can now increase the deposit rate by incree
the real interest rate on reservable bonds instead of increasing the real currenc
turnrate. As aresult, it can return the deposit rate to its original level without losi
any seigniorage revenue from the poor savers. There will be a net loss of reve
from the rich savers, but this loss can be offset by reducing the currency returnr
which will increase the revenue from the poor savéfso the government has ac-
complished its goal. It has increased the welfare of the initial old, who benefit frc
the higher aggregate reserve ratio, at the expense of the poor savers, who are hi
the lower currency return rate. It has done this without hurting the rich savers, w
face an unchanged deposit rate, and since the real reservable bond rate is highe
the real currency return rate, the new multiple-reserve regime is conventiona
nature.

A situation of this type is described in Example 1. In this example, the gover
ment monetary authority ranks efficient allocations using a social utility functic
with standard featuré4nitially, the monetary authority is assumed to have acce:
only to single-reserve requirements. Thus, the initial allocation is a single-rese
allocation that produces higher social utility than any other allocation of that tyg
butthere are multiple-reserve allocations that produce higher levels of social util
The utility-maximizing (and thus, efficient) multiple-reserve allocation features
higher aggregate reserve ratio and a lower initial price level. The currency ret
rate is also lower, but the deposit rate is virtually unchanged. This is possi

12The cause of the net loss of revenue from the rich savers is a phenomenon described by Fre
(1987). In models of this type, seigniorage is an inefficient tax because the government liabilities 1
provide its tax base are socially inefficient: their pretax of return is lower than the pretax rate of ret
on private liabilities. Increasing the aggregate reserve ratio deepens this inefficiency by forcing ag
to substitute inefficient assets for efficient ones. As a result, setting the reservable bond rate at a
that exactly rolls back the increase in seigniorage revenue produced by the higher reserve ratio
not restore the deposit rate to its original level. Complete restoration of the deposit rate require:
even higher reservable bond rate. The higher reservable bond rate must be financed by a lower cur
return rate that increases the seigniorage revenue from poor savers.

13The class of social utility functions we use in our examples is described at the beginning of
second section of the Appendix.
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because the government has converted part of the currency reserve require
into a bond reserve requirement, and it has issued reservable bonds with pos
nominal interest rates. If the government had tried to restore the deposit rat
its original level by increasing the real currency return rate, then it would ha
suffered a large loss of revenue.

Although examples like this one can help explain the existence of conventio
multiple-reserve regimes, they do not help explain our failure to observe unc
ventional regimes. As our second example demonstrates, the economies we ¢
may also have efficient allocations that can be supported only by multiple-rese
regimes in which the reservable bonds have negative nominal rates.

Example 2 also illustrates a different way in which the government may
able to use multiple-reserve requirements to achieve welfare improvements
the economy of this example, the social-utility-maximizing single-reserve regit
involves a relatively low real rate of return on currency, and thus a relatively hi
inflation tax rate. In fact, the inflation tax rate is so high that a marginal incree
in the real currency return rate would cause the seigniorage revenue from
savers to risé* Under a single-reserve regime, however, increasgwould
causetotal seigniorage revenue to fall: the loss of seigniorage revenue from ri
savers would exceed the gain from the poor savers. The government could rec
the lost revenue by increasing the reserve ratio, but the required increase w
be large enough to cause the deposit rate to fall. Thus, there is no way for
government to help the poor savers without hurting the rich savers, and the te
of this welfare tradeoff are such that any attempt to exploit it would cause soc
utility to fall.

Under a multiple-reserve regime, in contrast, the government can increase
return rate facing poor savers without increasing the return rate facing rich savel
the seigniorage revenue earned from them. First, it must convert part of its curre
reserve requirement into a bond reserve requirement, and some of its outstar
currency into bonds. Of course, this conversion will not matter if both liabilitie
have the same real return rate, but the government is now free to increase the
currency return rate without changing the average tax rate on rich savers, bec
increases iRy, can be offset by decreases in the real bond Ratel'he increases
in Ry, increase poor savers’ currency demand, which increases the welfare of
initial old agents. In addition, the increased seigniorage revenue from poor sa
allows the government to give up some revenue from rich savers, which me
that it can set the reservable bond rate at a level that produces a higher deposi
Thus, in this example, increasing the currency return rate independently from
real bond rate can produce multiple-reserve allocations that Pareto dominate
initial single-reserve allocation. However, the multiple-reserve policy settings

14 Anincrease in the real currency return rate reduces the inflation tax rate on poor savers, but it
increases base for the tax by causing poor savers’ demand for currency to rise. In this example, :
initial real currency return rate the tax base effect is stronger than the tax rate effect.
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support these allocations are unconventional in nature: the nominal interest r
on reservable bonds are negative.

Examples 1 and 2 establish that there are indeed situations in which som
the efficient allocations can be supported only by multiple-reserve requiremel
Example 1 establishes that in some of these situations, the supporting multi
reserve policy settings can feature positive nominal interest rates on reserv:
bonds. Example 2 establishes that in other situations, the supporting policy sett
can feature negative nominal bond rates.

The multiple-reserve allocations described in these examples can be suppc
by a continuum of different policy settings, each of which features different cu
rency and bond reserve ratios and a different nominal bond rate. These exam
are not special: indeterminacy of the supporting policy settings is a general ct
acteristic of the multiple-reserve allocations in this model. Given our interest
allocations that can be supported by policy settings with positive nominal bo
rates, this indeterminacy raises some important questions. Is it possible that s
multiple-reserve allocations, or even all such allocations, can be supported by
ternative policy settings featuring nominal bond rates with opposite signs? If
is it possible that the government can always find a positive-nominal-bond-r
setting that will support a given efficient allocation? A result like this might pro
vide a very convincing explanation for our failure to observe negative nomir
bond rates. Conversely, is it possible that positive nominal bond rates are ne
necessary to support a given efficient allocation?

It turns out that the answer to all these questions is “no.” As we indicate in t
Appendix, every policy setting that supports the Example 1 allocation involv

15 Aninteresting feature of Example 2 is that the ability of independent increases in the real curre
return rate to produce Pareto improvements does not stop at the point Rhéseno longer set at a
value from which an increase would cause seigniorage revenue from poor savers to rise. Thus, avo
single-reserve policy settings in whid®, is set at such values is necessary, but not sufficient, for th
government to achieve an efficient reserve requirements allocatiorRroalues somewhat higher
than the value that maximizes the revenue from the poor savers, a further incrégseinduces
a relatively small decline in revenue but a relatively large increase in poor savers’ currency demd
The lost revenue can be recovered from the rich savers, without reducing their welfare, by redu
both the reservable bond raRg and the aggregate reserve ratim a way that holds the deposit rate
constant. Although this second change in policy causes rich savers’ reserve demand to decline
decline is more than offset by the increase in currency demand from the poor savers. This situe
reflects the phenomenon described by Freeman (1987) that was discussed in Footnote 13 above
single-reserve regime, a simultaneous reductid®yrandd that holdsRy constant will always increase
the amount of seigniorage revenue, while a reduction in both policy variables that holds seignior
revenue constant will always increase the deposit rate. It follows that if the government is not concel
about the level of money demand (that is, if it does not care about the welfare initial old) then it sho
always reduce both variables as far as it can, which turns out to be a pointévisgresitive butRy, is
zero. In Example 2, the reserve requirements allocation that maximizes social utility can be prodt
by increasingRy, and decreasin&, andé, in the manner just described. The currency return rate i
now high enough to eliminate free lunches. Given the government’s budget constraint, there is no
to increaseRy, further without reducing the total demand for government liabilities, which hurts th
initial old.
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positive nominal bond rates, and every policy setting that supports the Examp
allocation involves negative nominal rates. More generally, we can show that e\
policy setting that supports a given multiple-reserve allocation features a nom
bond rate with the same sign: they are either all positive or all negative. It follo
that we can divide multiple-reserve allocations into two categories: allocatic
supportable only by conventional multiple reserves regimes, and allocations ¢
portable only by unconventional regimes.
We establish this result formally as our Proposition 1:

PrROPOSITIONL. Suppose a reserve requirements alloca(iGn Ry, Ry, Mp)
can be supported by a multiple-reserve requirements policy settindRyith Ry,.
Then the set of alternative multiple-reserve requirements policy settings that:
support this allocation can be indexed By € Rg"” R], where Fg"” > Rp. Sup-
pose a reserve requirements allocation can be supported by a multiple-rese
requirement policy setting witR, < Rny,. Then the set of alternative reserve re-
quirements policy settings that can support this allocation can be indexed
Ry € [0, Rmax] where R”‘aX < R

The logic behind Proposition 1 is simple. Any reserve requirements allocat
in our model can be uniquely characterized by a currency return rate, a dep
rate, and an aggregate reserve ratio. The currency return rate and the deposi
uniquely determine the welfare of the poor savers and the rich savers, respecti
The welfare of the initial old depends on the level of real demand for nomir
assets. The currency return rate uniquely determines small savers’ currency
mand; given the deposit rate, the aggregate reserve ratio determines rich sa
aggregate real currency and bond demand.

Under a multiple-reserve regime, one can think of the government as usir
two-stage process to implement a policy that supports the allocation it has selec
In the first stage, it sets the real currency reserve rate and the aggregate re
ratio at the unique level®, andé*, respectively, that support the allocation. In
the second stage, it uses its two additional policy instruments—the real reserv
bond rateR,, and the fraction of total reserves that consist of borg&*—
to produce the single desired deposit r&g Not surprisingly, there are many
ways to do this. However, the desired deposit rate is either higher or lower tl
Ry = (1—-6")R+ 6*R;,, the deposit rate in a single-reserve regime where tt
government imposes the target aggregate reservefratiad the target currency
return rateR’:,. If the desired deposit rate is lower (higher) tiigqthen the real rate
of return on bonds must be lower (higher) th&f, becausé, Ry, + (0* — 0p) R},
must be higher (lower) thadi* R. Thus, while the real and nominal interest rate:
on government bonds will not be unique, it will be true either that all of the possit
nominal rates must be positive or that all of them must be negative.

It is readily seen that if the equatidR = (1 — 6*)R+ 6, Ry + (6" — 6p) R},
has legitimate solutions faf, and R, that featureR, < R}, then it will also
have legitimate solutions featuring, = 0. Thus, the range of unconventional
multiple-reserve policy settings described in the second part of Propositio
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always includes settings involvin@b = 0. Stated differently, Proposition 1 es-
tablishes that any allocation supportable by an unconventional multiple-rese
requirement can be supported by a multiple-reserve policy setting in which t
gross real rate of return on reservable bonds is zero. As Espinosa (1995) points
if the gross real return rate on areservable government liability is zero then the a:
ciated reserve requirement is equivalent to a direct proportional tax on dej§osi
It follows that, in our model, any allocation supportable by an unconvention
multiple-reserve requirement can be supported by a combination of a single-rest
requirement and a direct deposit tax. This implication of Proposition 1 may he
explain our failure to observe negative nominal interest rates in actual econom
Governments that find themselves in situations in which issuing negative-nomir
interest bonds would increase social welfare may consider bonds of this sor
peculiar that they resort to direct deposit taxation instéad.

In Example 2, we describe an efficient allocation with two distinctive chara
teristics. First, it is achievable only through multiple-reserve requirements wi
negative nominal bond rates. Second, it Pareto dominates a single-reserve all
tion that is efficient, relative to the other single-reserve allocations—an allocati
that the government might select if its policy choices were restricted to sing
reserve requirements. In Example 1, we describe an efficient allocation that cau
supported only by multiple-reserve requirements with positive nominal bond rat
However, this allocation does not Pareto dominate the optimal single-reserve &
cation, and it can be shown that it does not Pareto dominate any allocation th:
single-reserve efficient. In these circumstances, it seems natural to wonder whe
there might also be specifications of our model in which allocations supported
conventional multiple-reserve requirements Pareto dominate allocations that
single-reserve efficient—specifications, that is, in which the government might
able to improve efficiency by adopting conventional multiple-reserve requiremer

It turns out that we will not be able to find specifications of the type we au
looking for. As we establish in Proposition 2, any single-reserve allocation tf
is Pareto dominated by a conventional multiple-reserve allocation is also Pat
dominated by another single-reserve allocation. Thus, a single-reserve alloca
thatis efficient relative to all other single-reserve allocations is also efficient relati
to all other reserve requirements allocations.

16|t is important to distinguish deposit taxwhich is collected when funds are deposited, from a
deposit returns taxwhich is collected when funds are returned to depositors. In our model, a depo
tax is equivalent to a reserve requirement with a zero gross real return rate on the reservable goverr
liability, but a deposit returns tax is not. A deposit returns tax will not raise any government revenue
date 1 and thus is not, strictly speaking, consistent with a steady-state equilibrium as we have de
it. However, such a tax will produce higher welfare than a deposit tax in a steady state that abstr
from the situation at date 1: see Freeman (1987). Mourmouras and Russell (1992) also study de
returns taxes, while Espinosa (1995) studies deposit taxes. Our discussion follows Espinosa (19¢

17 A potential problem with this explanation for the absence of unconventional multiple-reser
regimes is the fact that the power to impose or change the level of direct taxes on deposits (or anyt
else) typically belongs to the fiscal authorities rather than to the monetary authority.
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PrROPOSITION2.  Suppose an allocation supported by a single-reserve requir
ment with policy settingRn, 8) is Pareto dominated by an allocation supportec
by amultiple-reserve requirement whose policy setting features ¢ithey, > Rn,
or (2) Ry < Rm = Rm. Then there is an alternative single-reserve policy settin
that supports an allocation that Pareto dominates the original single-reserve
location.

The logic behind Proposition 2 is suggested by Example 2, which descril
two closely related types of situations in which the government can Par
improve single-reserve allocations by switching to a multiple-reserve regime ¢
setting the real reservable bond rate at a lower level than the real currency
turn rate. In one of these situations, increasing the currency return rate incre
the seigniorage revenue from poor savers. In the other situation, increaging
decreases poor-saver seigniorage—but the decrease is slight, and the incr
currency return rate produces a large increase in their currency demand. In
cases, increasingy, independently fronRR, allows the government to take advan-
tage of the situation without losing revenue from the rich savers, but since the |
currency return rate ends up higher than the real bond rate, the Pareto-impro
multiple-reserve regimes are unconventional.

Why isn'tit possible to have cases of the opposite type, in which the rich sav
are taxed too heavily? In these cases, increasing the real bond rate indepenc
from the currency return rate would increase the seigniorage revenue from |
savers, allowing conventional multiple-reserve regimes to produce Pareto impre
ments. It turns out that cases of this tygre possible. When they occur, however,
there is always another strategy for producing Pareto improvements that does
require changing reserve requirements regimes. This alternative strategy invc
reducing the reserve ratio—another way to increase the welfare of the rich sa
by reducing their implicit tax rate. It can be shown that whenever increasing
real bond rate will increase the seigniorage revenue from rich savers, redu
the reserve ratio will have the same effect. Since changes in the reserve ratic
irrelevant to the poor savers, a reduction in the ratio will have no effect on th
welfare or on the amount of seigniorage revenue obtained from them. In ac
tion, a reduction in the reserve ratio that increases the seigniorage revenue |
rich savers must also increase their money demand, which benefits the initial
Thus, when the rich savers are taxed too heavily, the government can solve
problem, and improve efficiency, without switching reserve requirements regim
Example 3 describes a situation of this type.

18 At first glance, our Proposition 2 seems hard to reconcile with results obtained by Espin
(1995). Espinosa derives a condition under which conventional multiple-reserve allocations can P:
dominate single-reserve allocations, and he presents a class of examples. It turns out, however, th
single-reserve allocation that satisfies Espinosa’s conditions is inefficient relative to other single-res
allocations. Each of the single-reserve allocations from his class of examples is Pareto dominate
an alternative single-reserve allocation that features a lower reserve ratio. This alternative alloc:
is Pareto noncomparable to the multiple-reserve allocation that Pareto dominated the original sit
reserve allocation. Our Example 3 is based directly on one of Espinosa’s examples.
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4. CONCLUSION

We conclude by summarizing the relationship between our results, the res
reported in Freeman’s (1987) analysis of single-reserve requirements, and
results reported in Espinosa’s (1995) analysis of multiple-reserve requirement

Freeman’s analysis differs from Espinosa (1995), and from our analysis, in t
important ways. First, Freeman’s model lacks intragenerational heterogeneity
an optimal seigniorage policy requires only one type of tax on saving. There
no role for a second (bond) reserve requirement, which derives its usefulnes:s
our model, from the fact that it allows the government to tax saving by one gro
of agents at a rate that is independent from the rate at which it taxes saving
the other group. As we have seen, Espinosa (1995) introduces intragenerati
heterogeneity in order to provide a role for multiple-reserve requirements.

Second, Freeman implicitly assumes that policymakers give no weight to 1
effects of different policies on the welfare of the agents who are alive at the tir
the policies are implemented (the initial old). This assumption is critical to h
distinctive findings, which are that the optimal reserve ratio is the smallest feasi
ratio and that the optimal gross real currency return rate is zero (a hyperinflatic
In Freeman’s model, reducing the (single-) reserve ratio reduces the demanc
fiat currency. Since the initial old are endowed with fiat currency, and monetz
policy has no other effect on them, a policy that minimizes the reserve ratio a
minimizes their consumption. Thus, a government that was sufficiently concerr
about the welfare of the initial old might choose a single-reserve regime with
reserve ratio higher than the minimum feasible ratio, producing a positive grc
real currency return rate.

Espinosa (1995) shows that his model produces a form of Freeman'’s resul
the government does not care about the initial old, then it is optimal for it to s
the real return rate on reservable bonds #tl9e also shows, using an argument
similar to Freeman’s, that increasing the gross real reservable bond rate incre
the consumption of the initial old, other things equal. This result suggests tl
if the government cares about the initial old, then reservable bonds with posit
gross real return rates might be part of an optimal policy. However, Espinosa d
not establish that positive-gross-real-rate bonds are ever necessary for optim:

Our analysis, which is conducted using Espinosa’s model, extends these
sults in several ways. First, we show that there are efficient allocations that car
supported only by multiple-reserve requirements. This result verifies that multip
reserve requirements can be necessary for optimality and thus provitasaa
facieexplanation for their existence. We also show that some of these allocati
can be supported only by conventional multiple-reserve requirements, while ¢
ers can be supported only by unconventional reserve requirements. Thus, ther
situations in which the optimal reserve requirements policy necessarily involy

19 Espinosa and Russell (1999) show that the analogy between the two models can be extendec
further: it is also optimal for the government to set the currency reserve ratio at 0.
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bonds with positive nominal interest rates—the only type of reservable bonds
actually observe. On the other hand, there are also situations in which nege
nominal bond rates are necessary for optimality. However, we show that in s
ations of the latter type, the range of supporting multiple-reserve policy settir
always includes settings in which the gross real rate of return on reservable bc
is zero. This result extends the Freeman/Espinosa results about the optimali
government liabilities with zero gross return rates to many situations in which
government cares about the welfare of the initial old. It may also have a m
practical implication. A multiple-reserve requirement with a zero gross real bo
rate is equivalent to a single-currency reserve requirement combined with a di
tax on bank deposits. It is possible that the reason we do not observe uncon
tional multiple-reserve requirements is that in economies where regimes of |
sort would be optimal, the government levies deposit taxes instead.

Espinosa (1995) also shows that there are circumstances in which conventi
multiple-reserve allocations can Pareto improve single-reserve allocations.
qualify this result and we also extend it. We begin by showing that any sing
reserve allocation that can be Pareto improved by a conventional multiple-rest
allocation can also be Pareto improved by another single-reserve allocation. T
the finding that conventional multiple-reserve requirements can produce Pa
improvements is not robust to the assumption that the government chooses si
reserve policy settings in an efficient way. Stated differently, we show that tl
model cannot provide an explanation for conventional multiple-reserve requi
ments that is based solely on efficiency comparisons. We go on to provide
example in which an unconventional multiple-reserve allocation can Pareto
prove an allocation that is single-reserve efficient. These results, combined \
the results summarized in the second half of the preceding paragraph, suc
an interesting question for future empirical research on the properties of rese
requirements regimes: Is it common for governments to combine single-curre
reserve requirements with direct taxation of deposits?

Our model is grounded on the assumption that government decisions abou
serve requirements policy are based largely on considerations of seigniorage
enue, rather than financial stability or monetary control. For developing countr
in which seigniorage provides a substantial fraction of government revenue,
assumption seems very reasonable. Goodfriend and Hargraves (1987) con
that seigniorage considerations have also been a powerful force driving reserv
guirements policy in the United States, even though the contribution of seignior
to total U.S. government revenue has been relatively small. This conclusion ra
the question of why we have not seen bond reserve requirements in the Ur
States, and why the level of currency reserve requirements has gradually decli

One answer to this question that seems plausible to us is that the United S
has been in a uniquely favorable position to earn seigniorage without impos
reserve requirements. During the postwar period, the average real interest ra
U.S. government debt has been substantially lower than the average U.S. ot
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growth rate, despite a debt/GDP ratio that has averaged almost’58éothe
U.S. government has been able to earn substantial quantities of bond seignio
without forcing U.S. banks to hold bond reserves. In addition, the nonbank putk
in the United States has been willing to hold substantial quantities of governm
currency, and this domestic demand has been augmented by very large for
demand for U.S. currenéy.Indeed, the period of relatively rapid decline in U.S.
reserve requirements has roughly coincided with a period of growing forei
demand for U.S. currency. This situation may have allowed the U.S. governm
to substitute seigniorage earned from foreigners for seigniorage earned from |
banks and their domestic depositors.

APPENDIX

Proofs

Recall thatt = 6, + 6. In what follows it is useful to defin = m(Ry,) +
0d(Ry), which represents aggregate real balances of government liabilities, an
note that Egs. (1)—(3) imply tha1 (0)/ p(1) = A — G = Ry[M(Ry) + Omd(Ry)] +
Rofpd(Ra).

Proof of Proposition 1. The deposit interest rate equati®y = (1 — )R +
OmRm + 6y Ry + implies that, in any binding stationary multiple-reserve equilib
rium, the government budget constraint can be rewri@esa (1 — Ry)M(Ry) +
(1 - R)0d(Rg) + (R — Ry)d(Ry). In the original single-reserve equilibrium we
have Ry = 0Rm + (1 —6)R and M(0)/p(1) = A— G, where A= m(Rn) +
6d(Rg) andG = (1 — Ry)M(Rm) + (1 — R)Gd(Rd) +(R- Rd)d(Rd) A Pareto
dominant multiple-reserve equmbrlum would %_ a- em Gb)R + GmRm +
fpRo+and M(0)/p(1) = A — G, where A = m(Rp) + 6d(Rq) and G = (1 —
Rm)M(Rm) + (1 — R)Ad(Rq) + (R — Ry)d(Ry), with 6 =0m+0p, Rn>Rm,

Ry > Ry, 1/p(1) = 1/p(1), andG > G.

Suppose we choose an alternative single reservedatich thatRy = 6 R, +
Q- Q)R Ry. The multiple-reserve deposit-rate equationimplies that this choit
requwese Rm +@1- 9)R HmRm + 0pRy + (1—60m—0p)R < O(Rm R) =
(9m+9b)(Rm R)+9b(Rb— Rm)

Case 1. Ry > Rn. Inthis caséi(Ry — R) = (0m + b)(Rm — R) + Gp(Ry —
Rn) e (@—0)(Rn—R) >0s6 <. SmceRd Rg, the equilibrium govern-
ment budget equations now imply thét > G; since G > G by assumption,
they also imply thats > G. In single-reserve requirement equilibria, moreover
we can writeG = (1 — Rpy)A < A= G/(1 — Ry) < (using the money demand

205ee Bullard and Russell (1999).
21 For estimates of the amount of U.S. government currency circulating abroad, see Porter and Ju
(1996).
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equation)M (0)/p(1) = RnG/(1 — Ry). ThusG > G andRy, > Ry, implies that
1/p(1) > 1/p(2).

Case 2. Ry < Rn = Rn. In this caseJ(Rm — R) = (fm + 0p)(Rm — R) +
eb(Rb — Rm) & 6 > 0.SinceRy = Ry, the  money demand and government buo
get equations imply _thatM(0)/p(1)= A-G= Rm[m(Rm)+0d(Rd)] and
M(0)/p(1)= A — G = Rn[M(Rey) + Omd(Ra)] + Rufud(Ra). ThusM (0)/ (1) —
M(O)/p(l)_[Rme — (Rmfm + Rbeb)]d(Rd) SORn > Ry, andd > 4 imply that
1/p(1) > 1/p(1), and since Ap(1) > 1/p(1) by assumption, we have fi(1) >
1/p(1). As we have just seen, for a single-reserve requiremg0)/ p; = RnG/
(1— Ry). Thus, ¥p(1) > 1/p(1) andRy, = Rn=G>G. m

Proof of Proposition 2. 1/py = 1/py requirestha — G = A — G, andG =
G then |mpI|es thaid = A. This equality, together W|tIRd Rd and Rm = Rm,
implies thatd = 6. These three equalities |mply thmeb + Ryfp = Rnfm +
Ry, and this equation can be used, along Witk 6, to produce

Case 1. SupposeR, < Rm. Sinced, must be nonnegative we must have <
Rm = Rm, which is an unconventional regime. The minimum vaIua?ﬁpconS|s-
tentwnh@b e [0, 6] occurs wherR, = 0, which produceé”"'n = 0p(1 — Ry/Rm).
Smce@m'“ > 0 there is always an equmbrlum of this type. The maximum valu
for O |59 which is produced bR = (Rnfm + Rbeb)/e Itis readily seen that
Ry < Rmax < Rm, SO there is always an equilibrium of this type. It follows tha
there is an equilibrium for everig, < [0, Rb ).

Case 2. SupposeRb > Rm In this casedy, nonnegative requireéb > Ry =
Rm, which is a conventional regime. The minimum value @grconsstent with
equilibrium is produced byR, = R; it is 0”"” = (Ro — Rm)/(R = Rmn)fp. Since
Om'” € (0, 6] there is always an equmbnum of this type. The maximum valu
for Gb consistent with equilibrium i, which is produced byfz”"” = (RmGm +
Rbeb)/e In this case we havB,, < Rm'” < Rb, so there is always an equilibrium
of this type. It follows that there is an equilibrium for evelRy € [R”“n Rl. =

Examples

For the purposes of these examples, define the poor savers’ seigniorage
enue function (Laffer curve) &Sy(Rm) = (1 — Rn)M(Rm). The rich savers’ ver-
sion of this function is5;(Rn, 8) = (1 — Ry) 8d(Ry(Rm, 0)), whereRy(Rn, 6) =
(1-0)R+6Ry,. The aggregate seigniorage revenue functio®iéRy, 6) =

Gp(Rm) + Gi(Rm, 0). In the latter two cases, holding fixed and varyingRy,
produces a “currency-return-rate Laffer curve,” while holdiRgfixed and vary-
ing 6 produces a “reserve-ratio Laffer curve.” To avoid confusion, we will ofte
refer to the poor savers’ seigniorage revenue function as their currency-return-
Laffer curve.
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If a value of Ry, is on the “wrong” (left-hand) side of a currency-return-rate
Laffer curve, then increasinB,, while holdingé fixed will increase seigniorage
revenue. If avalue df is on the “wrong” (right-hand) side of a reserve-ratio Laffer
curve, then decreasimgwhile holdingRy, fixed will increase seigniorage revenue.

The (indirect) social utility functions we use in these examples have the fol
W(mo, Ry, Rm) = @ 10g(mo/m) + &1 1og(Ra/R) + a2 log Rm, wheremo = M(0)/
p(1),m=m(1)+d(1)— G,a > 0fori =0,1,2,and} >, & = 1.

ExampPLE 1. LetR=12,m(Ry,) =5(5-2/Ry),d(Ry) = 16 (48— 43/Ry),
M(0) = 1, andG = 10. Let the parameters of the social utility functiondge=
0.2, a; = 0.75, anda, = 0.05. The social-utility-maximizing single-reserve al-
location includesRy, = 0.8250, Ry = 1.062, andmg = 47.13, producing social
utility W = 0.7805. The single-reserve policy setting that supports this allocatic
features an aggregate reserve rati@ et 0.3689. The social-utility-maximizing
multiple-reserve allocation featur&y, = 0.744Q Ry = 1.061, andmg = 49.41,
producing social utilityV = 0.7845. The multiple-reserve policy setting that sup-
ports this allocation features an aggregate reserve #atd).3998. The values
(6m, Rp) that support this allocation are not unigue: they lie along a line segme
in R? connecting (00.8529) to (0304318 1.2).

ExAMPLE 2. LetR=1.2,m(Ryn) =5(5— 2/Rn), d(Ry) = 16(48— 43/ Ry),
M(0) = 1, andG = 14.75. Let the parameters of the social utility functiorege=
0.1999,a; = 0.8, anda, = 0.0001. The single-reserve allocation that maximize
social utility includesRy, = 0.5886 Ry = 1.0418, andny = 21.11. The policy
setting that supports this allocation featuées: 0.2588. The equilibrium value
of Ry is on the “wrong” (left-hand) side of the currency return rate Laffer curv
for poor savers, which peaks Bt, = 0.6325. It is readily seen, however, that the
equilibrium value ofRy, is on the “right” side of the aggregate currency-return:
rate Laffer curve, so that increasesRg, reduce total seigniorage revenugif
is held constant. The initial equilibrium is also on the “right” (right-hand) sid:
of the reserve-ratio Laffer curve, so that reducthghile holding Ry, fixed will
not produce any additional revenue, and while it is possible to incieégean
amount that restores the revenue lost by a small increaRg,iany such increase
produces a decline iRy and hurts the rich savers. For example, the largest valt
of Ry that will support a single-reserve equilibrium is approximatel§y909.
(Note that this value remains on the wrong side of the poor savers’ curren:
return-rate Laffer curve.) WheRy, is set at this value, the value éfneeded
to financeG is approximately 677> 6, which produce®Ry = 1.0370< Rg.
Thus, the initial single-reserve allocation is efficient relative to all other singl
reserve allocations.

If the government switches to a multiple-reserve regime, then it can increz
Rn to 0.6325, the value corresponding to the peak of the poor savers’ curren
return-rate Laffer curve, without losing any seigniorage revenue from rich save
For this value ofR,, the optimal multiple-reserve regime featutes- 0.2490,
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and the associated allocation includegs= 1.0485 andmg = 22.28. Thus, this
allocation Pareto dominates the optimal single-reserve allocation.

The optimal multiple-reserve policy setting in this economy featlRgs=
0.6929 and = 0.2423. The associated allocation includys= 1.0489 andng =
2297, so it Pareto dominates both the optimal single-reserve allocation and
optimal multiple-reserve allocation wheRy, is set at the value associated with
the peak of the poor savers’ Laffer curve. The policy settifigs R,) that support
this allocation lie along a line segment connectingd(8763) to (02014 0).

ExamPLE 3. Let R=12, m(Ry) =2(5—-2/Ry), d(Ry) = 48— 43/Ry,
M(0) = 1, andG = 1.9233. This economy has a single-reserve equilibrium th
was described by Espinosa (1995): itinvolves setRagt 0.65 andb, at 0.4, and
it producesRy = 0.98 andmgy = 3.572. However, the allocation supported by this
equilibrium is Pareto-dominated by the equilibrium allocation associated witt
single-reserve policy setting that keelRg at 0.65 but reduce®, to 0.1874. This
equilibrium keepsng unchanged but allowRy to increase to D97.

In his example, Espinosa (1995) showed that the allocation produced b
multiple-reserve policy setting witlR, = 1.1 Ry, 6, = 0.3, andé, = 0.1 also
Pareto dominates his single-reserve allocation. However, Espinosa’s multij
reserve allocation doext Pareto dominate the allocation supported by the a
ternative single-reserve equilibrium just described. Espinosa’s equilibrium val
of Ry, andmg are approximately. 8748 and 4.091, respectively, but his equilibriun
value of Ry is only 0.9967.
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