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Robert Lucas’s celebrated paper, “Expectations and the Neutrality of Money” (Lucas (1972)), set a
new standard for elegance and rigor of theoretical analysis in monetary economics. It also presented a
new view of the connection between monetary instubility and fluctuations in aggregate economic activity,
which challenged the foundations of much of the conventional wisdom of the time about the potential role
of monetary policy. )

In Lucas’s analysis, unexpected variations in the money supply affect economic activity because the
suppliers of goods have incomplete information about the current state of aggregate demand. (The exact
way that this occurs in his model is by now so well-known as not to require summary here.) This type of
explanation of the observed non-neutrality of money has the implication that only unexpected variations
should have significant real effects. This in turn suggested that the possible gains from systematic monetary
policy should be small. Sargent and Wallace (1975) argued, on the basis of a model of aggregate supply
inspired by Lucas’s analysis, that optimal monetary policy required making the money supply each period
completely predictable, and that there were no gains to be had from making the growth of the money supply
depend upon past econonic conditions. Thus a simple “k-percent rule” for the path of the money supply,
of the kind long advocated by Milton Friedman, belonged to the class of optimal rules.

This resuit depends, however, upon an assumption that if a rule for monetary policy is not to rely upon
superior information on the part of the monetary authority as to the current state of the economy, relative to
that possessed by the suppliers of goods, it must make the money supply a function only of lagged variables
(information also possessed by suppliers) and of noise unrelated to economic “fundamentals”. Variation of
the first kind is argued to have no effect, while variation of the second kind is unambiguously bad.

I wish to reconsider this conclusion, in the context of a model of the real effects of monetary instability
that not only aspires to a level of theoretical rigor comparable to that of Lucas’s model, but that proposes
a broadly similar account of the real effects of monetary instability. In this madel — which is even more
closely related to models used by Lucas (1979), Lucas and Woodford (1994), Eden (1994), and Williamson
(1993) - ! monectary surprises again have real effects because the suppliers of goods do not learn about
the current value of the money supply {or, more generally, about the current state of aggregate demand)
sufficiently quickly to incorporate this information into their pricing policy. Here this is modelled through a
sequential service constraint on transactions in the goods market, as a result of which supply commitments
made to individual buyers cannot be contingent upon the overall state of demand. The intention is to model
equilibrium in a goods market where goods are sllocated through non-price rationing, as seems to be true in
many actual markets (Carlton (1991)), due to the prohibitive informational requirements for the organization
of a competitive spot market. This device differs from that used by Lucas (1972) in that monetary instability
has real effects even i exogenous variation in the money supply is the only source of variations in demand,
and also in that buyers need not be assumed to have superior information to that of sellers. Nonetheless, it
is similar in the crucial respect that it again implies that only unanticipated variations in the money supply
have any effect upon economic activity. It also provides a clear justification for the view that unnecessary
noise in monetary policy is to be avoided, as it results not only in more variable output but in a lower average
level of utilization of productive capacity as well. ?

Nonetheless, I find that a coustant-growth-rate rule for the money supply (or, since [ here restrict attention
to rules that make the money supply o stationary variable, a constant-money-supply rule) is not generally
optimal. Under a certain extreme specification of the nature of the exogenous uncertainty in the economy,
a completely elastic money supply is actually optimal (by which I mean that the central bank supplies as
much money is demanded, at a fixed nominal interest rate), and more generally, it is usually desirable to
allow the money supply to vary to some extent in response to exogenous shocks to aggregate demand.

These results differ from those of Sargent and Wallace (1975} for two important reasons. The first is
that while | insist that the monetary policy rule not require the central bank to have superior information
to that of suppliers of goods, I do not restrict attention to the class of feedback rules for the money supply
that they consider. The money supply is allowed to vary in response to changes in the demand for funds in

VThe relation of the present model to these others is discussed further at the end of section 1.
2The model's consequences in these regards are identical to those of the related model analyzed in Lucas and Woodford
(1994).



an interbank warket; 10 is auly the central bank's supply schedule in this market that is not allowed to vary
with the current state of ageregate demand. This allows consideration of varying degrees of elasticity of the
endogenous response of the woney supply to climges in the demand for (unds, that result from exogenous
non-monetary disturbancees o aggregate demand. A crucial innovation of the present model, relative to that
of Lucas (1978} ur Lucas and Woodlord (10945 is awccordingly the introduction of both stochastic variation
in consumer preferences (as a siple source of non-monetary demand disturbances) and of a credit market
in which buyers must bortow Lo finanes their purchases {(in order to provide the channel through which
monetary policy may acconumodate such disturbances Lo a greater or lesser degree). Since actual operating
procedures for monetary policy in the United States and elsewhere typically involve short-run control of
an interest rate (such as the Federal funds rate in the 17.8.) rather than a monetary aggregate, 3 such an
extension of the analysis secems amply justified. ?

The second difference is that [ do not assume. as Sargent ani Wallace do, that stabilization of aggregate
output is an end in isell. {n fact, in the model presented here. a more elastic funds supply schedule will
generally mean greater variation in the money supply in response to shocks, and as a result greater instability
of aggregate output. * However. this need not imply o lower level of welfare, and this despite the fact that in
the present madel it alsa means o greater average yuantity of unused capacity. The reason is that the degree
of monetary accommwodation affects the allocation of output across alternative uses, as well as its aggregate
quantity. Since critics of policies that accept sharp fluctuations in interest rates in order to meet monetary
aggregate targets often conmplain hat the required nterest rate fluctuations affect some kinds of spending
much more thun others, s a way that distorts the overall pattern of spending in the economy, an explicit
analysis of the consequences of hicterogenecity in borrowers’ situation for the welfare effects of alternative
policies is called for.

In the case that fluctiations in aggregate demand have mainty to do with variations in the number of
potential buyers who have productive uses for resources at a given time, rather than in the intensity of the
demand of the typical buyer who enters the market, a relatively elastic central bank supply of funds [i.e.,
a policy that smooths the interbank intorest rate) increases welfare despite the increase in the volatility of
aggregate output, because it results i a lesser concentration ol available resources in the supply of goods
for those uses that result in the most stable demands. Because of the sequential service constraint, it is
not possibile in equilibrium for stuble-demand buyers to obtain all of the output in low-demand states while
sharing some of it with volatile-demand buyers in high-demand states. A inelastic money supply policy
therefore stabilizes spending, and hence aggregale output, only because it prevents the demands of volatile-
demand buyers from being expressed in thie market, even in high-demand states. Such “stability”, however, is
purchased at the expense of efficiency in the allocation of resources. Efficiency {in the sense of maximization
of the expected utility of the representative househiold) would instead require a policy that allows volatile-
demand buyers to obtain some resources in the states in which they have productive uses for them, even
though the capacity committed for that purpose niust as a result remain unused in other states.

The paper proceeds as follows. In section |, I introduce the model of a goods market subject to a
sequential service constraint, and show how this implies effects of monetary instability upon aggregate
output. In section 2, [ introduce the model of stochastic consumer demand, including the heterogeneity
among “types” of buyers upon which the wellare analysis turns. Finally, in section 3, I complete the model
by presenting an analysis of the behavior of lenders in the consumer credit market and in the interbank
market, which latter market represents the lever through which monetary policy affects aggregate demand.

3Even the operating procedure bricHy adopted by the Fed in 1979, which targeted non-borrowed reserves, involved a signif-
icant degree of endogeneity of Lthe money supply in response to demand shocks, through the endogenous response of discount-
window borrowing to such shacks. Sev, ... Auderson et al {1986),

*Sargent and Wallace du consider a second type of policy rule, in which an interest rate, rather than the money supply is
sat equal to s predetermined guantity plus noise, but they argue that all such rules should be excluded from consideration on
the ground that they lead to indeterminacy of the price level. This issue is addressed below in section 4.

SThis result, hawever, depends upun the fact that 1 do aot allow {or shocks to money demand, in the sense of stuchastic

disturbances_to_the relat:on-bepween-desired-spendmg-and—desired-money bEIARCES: such shocks can easily result in greater

instability of aggregate demand, and Lence of output. under a constant-money-supply rule than with an elastic money supply,
83 in the analysis of Poole (1970). Extension of the model to allow for such shocks is briefly discussed in footnote xx below.
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Section 4 then analyzes the ¢uestion of optimal wonetary policy, showing that completely inelastic and
completely elastic central bank supply schedules ure each optimal in contrasting polar cases. Section 5
concludes.

1 Sequential Service in the Goods Market and Aggregate Supply

In this section, I begin the development of the model within which I propose to analyze the consequences of
alternative monetary policies. [ describe the organization of the goods market, and introduce in this context
the type of sequential service constraint with which I amn concerned. I then discuss the consequences of
this constraint for aggregate supply, and show that unexpected variations in the nominal value of aggregate
spending will be associated, in equilibrium, with variations in output of the same sign. Thus this aspect of
the model is responsible for the real effects of monetary policy.

Each period, sellers llave a total productive capacity of ¥ > 0 units of a homogeneous good. 8 Bach seller
seeks to maximize expected sales revenues during the period, subject to its capacity constraint. Unused
productive capacity depreciates completely at the end of the period; thus there is no intertemporal decision
problem for sellers. 7

Exchange is assumed to occur each period in two stages. In a first stage, buyers and seilers negotiate
supply contracts, that are then executed during the second stage. Prior to the negotiation stage, buyers
learn their individual “types”, but do not yet know the aggregate state; prior to the execution stage, the
value of an aggregate state variable s is revealed to buyers, but not to sellers, Each buyer’s demand for the
good in the execution stage depends (in & way made precise in the next section) upon its type i and upon
the aggregate state s,

The significance of the negotiation stage is that it is assumed that at this stage, buyers and sellers are able
to costlessly negotiate supply contracts in a competitive environment with full information. (The types of
individual buyers are assumed to be public information.) On the other hand, once the state s is realized, it is
assumed not to be possible to organize a centralized Walrasian spot market for the good. Instead, suppliers
must be able to fill orders placed by individual buyers without waiting to learn the state of aggregate demand
s. (This is the “secuential service” constraint, 8)

Suppliers negotiate in advance the terms under which they will supply goods to particular buyers, should
these buyers present them with orders during the execution stage. But the supply commitment made to
an individual buyer cannot be contiigent upon tlie purchases made by any other buyers, and so cannot be
contingent upon the aggregate state s. The existence of the negotiation stage makes it possible for types
that are more certain of their desire for the good to negotiate a secure supply of the good on favorable terms
(which sellers will grant them, on the basis of their type, in order to reduce the risk of ending with unused
capacity). ® However, since the state of demand is not known to sellers, buyers da not have an enforceable
obligation to buy any amount. Rather, a seller is comimitted to supply any amount demanded by the buyer,
up to a certain quantity limit, at a prearranged price schedule (that may make the supply price depend
upon the quantity that the buyer purchases}. The actual quantity purchased under this commitment, ¢;{s},
remains at the discretion of the buyer, and will in general depend upon the realization of the state s. Thus
sellers are not able to “sell forward” their output in the negotiation stage, and unused capacity is possible
in equilibrium.

SEventually, these “sellers” are identified as firms owned by the same househalds that enter the goods market as “buyers”,
but at this stage we need not consider how the interaction here described in a single period’s goods market is imbedded in &
larger, dynamic general equilibrium model.

"Maximization of expected revenues serves the interesta of each firm’s shareholders, as is explained in the next section.

8The terminology follows Diamond and Dybvig {1983}, who assume a constraint of this kind on the form of commitment
that & financial intermediary can make with its depositora regarding the terms of withdrawal. See Wallace (1987) for further
discussion of the kind of communication barriers implicit in such a constraint.

9Carlton (1991) discusses evidence that firms do charge different prices to different customers based upon the stochastic
properties of their demand. According to this evidence, customers pay more the more positive the correlation between their
individual demand and the firm’s aggregate demand. Such a relationship is predicted by the model developed here.



Finally, 1t is assumed thar the supply commitments must indicate the price (if any) at which each
successive additional purchase by w buyer cun be made, simply as a function of the number of units already
purchased by that buyer. and not contingent upon the eventual quantity that the buyer might subsequently
purchase. This is taken to be a cousequence of sequential service, like the requirement that an individual
buyer’s price cannot depend upon the eventual total purchases of others.

Thus a supply committnent for a buyer of type ¢ takes the form of a quantity limit &, and a right-continuous
function p,(-) defined on the terval {0,8,) Here pi(c) denotes the price at which the next increment of
the good is available to the buyer, after a quantity ¢ has already been purchased. {The assumption of
right-continuity means that if p{cj = p, it Is possible for some additional positive quantity of the good to be
purchased at an average price that is arbitrarily close to p: in the absence of this, it would not be meaningful
tosay that further purchases ave possible at the price p. Treating purchases as a continuous variable simplifies
the anaiysis of competitive equilibrinm, as usaal ) Allowing p, 1o depend upon the quantity purchased makes
it possible for sellers to raise their prices to sume extent in high-demand states, but in a way that respects
the sequential service constrainr,

Competitive equilibrivm iu the market for supply contracts results in the existence of a single quantity
limit & and a single equilibriuny supply function p,(-) for each type i I assume that there is competition
between sellers to supply the next increment of the good purchased by any buyer of type i who has already
purchased quantity « {for any 0 < ¢ < ¢,); p(¢) is the market-clearing price for such commitments. The
analysis is simplified if we assuime that u seller in competing to offer additional supply commitments to such
buyers are unable to distingnish whether the buyer obtaining an incremental commitment has obtained his
prior supply commitment from the same seller or from someone clse, and are similarly unable to observe the
terms of the buyer’s prior supply commitinent; but it is assumed that a seller can verify the total quantity
already purclinsed by the buyer at the thme that the buyer places an order under the commitment. Thus
there is clearly u single market-clearing price depending only upon the type + and the previously purchased
quantity c¢. The equibibrinm quaatity limit & represeuts the lowest quantity such that no seller is willing to
offer further cotimitinents to bhuyers of type ¢ whao have already purchased that smount of the goad.

In the negotiation stuge, buyers of type ¢ voluntarily accept price commitments up to the quantity limit
&i. of the form indicated by the equilibrium supply function p,(c). (Since buyers are not obligated to make
ony purchases, there 15 no rensou not 1o keep accepling incremental commitments if they are available, at
the lowest prices at witich they are available.) Sellers choose the quantity of commitments that they wish to
make to buyers of each type. at the competitive prices for each possible type of incremental commitment.
Equilibrium requires that sellers choose to supply exactly the quantity of commitments that buyers demand,
which is to say exactly one full commitinent (allowing purchases up to c;) per buyer of type ¢. In addition,
equilibrium requires that no seller be willing to offer incremental commitments at prices lower than the
equilibrium prices. or be willing to offer incrementul commitiments beyond the equilibrium quantity limit &
at any finite price.

[n the execution stage. each buyer of type t decides what quantity 0 < ¢; < & to purchase, given the state
s that is realized. The purchasing decision ¢;(s) depends upon the commitment (Ei,p:(-)) obtained during
the negotiation stage. Rational auticipation of this decision, in turn, determines the willingness of sellers
to extend such commitients during the negotiation stage. Individual sellers take as given the equilibrium
values {¢i(s)}, just as they do the equilibrium supply terms {&.p.(-)}, in deciding which supply commitments
to offer themselves. Expected revenues per unit of capacity committed, in the case of incremental supply
commitments to buyers of type 1 who have already purchased quantity ¢, are equai to

Pl Y md{e(s) > o),

where 7, > 0 is the probability that state s occurs (conditional upon information available as of the negoti-
ation stage), and [{x) is the function whose value is 1 if statement z is true, and 0 otherwise.

A-supply Tomunitinent To a given buyer can be made only if it is feasible for the seller to honor the
commitment with certaisty. It fullows that optimization by a seller requires that each unit of capacity be
committed in the way that yields thie highest expected revenues. Asin equilibrium it is necessary that supply
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commitments be made to each type of huyer, up to the guantity limit &, it follows that one must have
pile) > md(ei(s) > ¢) = A (1.1)

for each i aud each 0 € ¢ < &. Here A indicates the maximum available rate of expected revenues per
unit, of capacity. Furthermore, il A > 0 (i.e., il orders are placed at positive prices by some kind of buyer
in some state), optimmization by a seller requires that all capacity be committed. {I assume that the same
communication barriers that diuring the execution stage that prevent organization of a centralized market
also preclude purchases from being made other than under previously negotiated commitments.) Then
equilibrium requives thal if A > 0,

Z e =y, (1.2}

1
where n; > 0 denotes the fraction of buyers that are of type 1.

But equilibrium in the negotiation stage requires more than mere indifference on the part of sellers
between the various types of supply commitiments that are actually offered in equilibrium; sellers must also
be content net to offer any of those that are not offered in equilibrium. There is plainly no point in a seller’s
offering an incremental supply commitinent to buyers of type i after a quantity ¢ has been purchased at a
price p > p;(c], since no huyer will accept such a commitient, given the availability of supply commitments
at a lower price. In the cuse of a quantity ¢ such that in every state, either ¢;{s) < ¢ or ¢;{s} > c, there is
equally plainly no point in offering an incremental supply commitment at a price p < p;(c). For in states s
in which ¢;(s) < ¢ without Lhe price reduction, the ineremental commitment will not be drawn upon despite
the lower price, while i states s in which ¢;{s) > ¢ without the price reduction, it would be drawn upon
even if the price were p;(¢). llence such a price reduction can only reduce expected revenues per unit of
capacity so committed,

A more complex case, however, is that of a quantity ¢ such that ¢;(s) = ¢ for some state s. This means
that at the equilibrium ineremental supply price p;(c), buyers choose not to draw upon the commitment in
state s. However, it may be that they would purchase more in state s in the case of an incremental supply
commitment at some lower price, and so one must consider whether a seller could increase expected revenues
by offering such a commitment. Consideration of this requires that we specify what sellers expect about
whether additional commitments, not offered in equilibrium, would be drawn upon in various states. Given
the equilibrium comuitment (&, p;(-}), the determinants of type i demand (further specified in the next
section) determine not only the quantity ¢;(s) that is purchased in state s under that commitment, but also
the lowest price p;{s) at which type ¢ would be willing to buy an additional positive quantity, after having
purchased ¢;(s) under the equilibrium commitment. (Technically, I will use p;(s) to denote the greatest
lower bound of the set of such prices.) An incremental commitment to buyers of type i after purchases of
a quantity c at a price p < p;(c) will thus be accepted by such buyers in the negotiation stage, and drawn
upon in the execution stage with probability

S meils) > ¢) + Ieuls) = ) I{pis) > p)].

k-2

(Note that this reduces to 3, x,J(ci(s) > c), as assumed in (1.1}, in the case that p = p;(c), for one must
have p;(s) < pi(ci(s)) in every state.)

Expected revenues per unit of capacity committed under incremental commitments of this kind are just
p times this probahility. It foltows that a further requirement for equilibrium is that

p Y wI{ci(s) > o) + [eils) = I (Bi(s) > p)] € A (1.3)

for all types i and all prices p < pi(c), in the case of any quantity 0 € ¢ < &. Furthermore, condition (1.3)
must hold for all types i and all prices p, in the case that ¢ = &; for only if this is so will sellers not wish to
increase the quantity limit &.



Conditions (1.1) - (£.3) detennine the equilibrinm supply commitments {¢i. pi( 1}. given a specification
of the determinants of buver denrand in eaeh state s, Detailed characterization of such an equilibrium is not
possible without further specitication ol buyer behavior. Still, several observations are already possible as to
the nature of aggregate supply v such w maodel,

I shall assume that states are ordered so that for cach buyer type 1, s° 2 s implies ¢,(s') 2 ¢i(s); and
if eils') = e, (), it anplies that g (s > p0s) ™ Thus higher s corresponds to a state of uniformly higher
demand. The lowest-demane state s numbered s = 1 Then it follows from (1.1) that each equilibrium

supply schedule p, () 15 & noedecrewsing. piecewise constant function, 't of the form
HaGr = P for all (s = 1)< ¢ <o () (1.4)

for each s such that ¢,(») > ¢ (s — 1), where ¢,{0) = 0. The sequence of prices {p.} is furthermore given by

1
pe=A [Z r,.] (1.5)
1%
for each state s, Assmning A > 0, this is an increusing sequence ol positive prices. (I shall assume below
properties for buyer demand that preehnde (1.3} holding with A = 0.) Note that these prices are the same
for all types 1 Condition (J 1) ulso inplies that for any ¢ < &, there exists a state in which ¢;(s) > ¢, so
that

¢ = sup,fe(s). (16)

If there is a highest-demand state 3. ¢; = ¢,(3). Thus (1.1) specifies p,{-} over its entire domain [0, é,).
Condition (1.4} 1uplies that cvery order thut is placed if and only if state s oceurs is made at the same
price p,, tegurdiess of the buyet’s type. Il we rank orders so that orders that are placed in a larger number
of states have an carlier rank, then the pice associated with each order is a function solely of its rank
{independent of the type of buyer). This price is given by the aggregate supply schedule p{-), a function
defined on 10,3), such that pic) is the next price al wlich orders are placed when aggregate purchases in
excess of quantity ¢ are macke. Conebitions (1.4} -(1.53 imply that p(-) is a non-decreasing, piecewise constant
function, of the form
o) = py forall e¢(s = 1) € ¢ < ¢(s) (1.7}

for each s such that ¢{s) > ofs = 1), where o(s} = 3, o, (s). The aggregate supply schedule indicates the
distribution of transaction prices us a function of the total quantity purchased, Note that the schedule (1.7)
is defined for all guantities U € ¢ < . since (1 6) implies Lthat

sup,{c(si} = ». (1.8)

It is now apparent that unexpected variations in the nominal value of aggregate spending - unexpected,
that is, relative Lo information available during the negotiation stage - must be associated with variations
in capacity utilization. For aggregate spending is given by

Y(sh= D palets) - els = )] = R(e(s)),
<y

where

Re) = / (e (1.9)
0

Y91n the next section. these results are derived from an wssumption stated in terms of primitives of the model.
1115 the_formalism-were-cxtonded-to—ntlow-for -contInucuT ILKIE ¥PACE, Totlier tHAN Bssuming & countable set of possible

states, the functions would not in general be precewise canstant. See the characterization of aggregate supply in Lucas and
Wondford {1994},

«
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indicates the total cost of the lirst ¢ orders, under the ranking described above. The function R(.) also gives
total revenues of sellers, as a function of the aggregate quantity purchased. If A > 0, R{.) is a continuous,
strictly increasing function. One cun therefore invert it, to determine the equilibrium quantity purchased as

¢(s) = R7H(Y (s)). (1.10}

This implies that if ¥ (') > ¥ (s}, one must have ¢(s’) > «{s) as well, so that the fraction of total capacity
y that is unused must be lower in state s’

If, as in the unalysis of Lucas and Woodford (1994}, aggregate spending is determined (through a cash-in-
advance constraint on purchases) by the size of a random monetary injection, it is evident that unexpected
variations in the money supply will result in variations in capacity utilization. On the other hand, expected
variations in the money supply huve no such effect. For if the money supply (and hence the nominal value
of aggregate spending) is known with certainty at the negotiation stage, it follows from (1.10) that the real
quantity purchased is known with certainty as well. Condition (1.8) then implies that the certain value must
be y; that is, capacity is fully wtilized with certainty. Thus even il the money supply depends upon a random
state variable z, that is revealed prior to the unegotiation stage, equilibrium output will equal capacity y
regardless of the state » that is realized; the equilibrium price level will instead differ across states z in
proportion to Lhe money supply.

Thus unexpected variations in the money supply, and only unexpected variations, affect output in this
model, as in Lucas {1972). The reasou, as in that model, depends upon incomplete information on the
part of sellers as to the state of aggregate demand; but here this matters because of the sequential service
constraint on transactions in Lhe execution stage, Note that it is not the mere fact that supply commitments
are negotiated in advance that makes unexpected variations in the money supply non-neutral. For if it were
possible to negotiate (and enforce) state-contingent forward contracts, as assumed in the Arrow-Debreu
model, unexpecled variation in the money supply would have no effect. Suppliers would sell forward their
entire capacity in each state, and the supply prices in the different states would vary as necessary to clear the
market for each of the state-contingent forward contracts. Hence there would be no variation across states
in the quantity sold, and transaction prices would vary across states in proportion to the money supply.

[Add nere further discussion of the previous literature]

2 Preference Shocks as a Source of Aggregate Demand Variation

I now further specify the demand side of Lthe model, indicating the source of the variations in aggregate
demand to which monetary policy may be more or less accommodative. The economy consists of a continuum
(normalized at length one) of infinite-lived households, which are ex ante identical (i.e., prior to the random
assignment of “types”). Each household seeks to maximize the er ante expected value of its lifetime utility

> Buuley).
t=0

Here u(:) is a strictly increasing, strictly concave, continuously differentiable period utility function, defined
for all non-negative levels of consumption, and 0 < § < 1 is a discount factor; both are common to all
households. The process {6,} is a random preference shock that is household-specific. It is assumed that
each period’s value of the preference shock is given by

5;———5(3¢;i,), (21)

where the function 6{-;-) is time-invariant, ¢ is the aggregate demand state variable referred to in the
previous section, and i, is a household-specific random variable (the household’s “type” in period t). The
random variable s, represents an exogenous disturbance to aggregate demand through a change in the
population distribution of values for the factor 8. (The population distribution of values of i is the same each



period, only the asstument of iypes to honseliolds is vandom ) An individual household’s type affects its
demand behavior through its offect on the houschold’s value of &, ‘The lunction §(-;-) is further specialized
in examples discussed helow,

As explatned in the previons section, i each period there is a negotiation stage fallowed by an execution
stage. The types {4} wre vandomly assigned 1o houschaolds at the beginning of the period ¢ negotistion
stage, while the state s is revealed 10 honseholds (in their capacity as buyers) only at the beginning of the
execution stage. (It is awetially vuly necessary Lo suppose that cach household learns its current value of 6, at
that time.) For siplicitv, ivis assned that both {i0} and s, are independently and identically distributed
each period. Fuach period, cacli household has o probability »#, of being assigned type i the total fraction
ol households with type i cach periad is detenministic and eqnal to n;. Each period, the aggregate state s,
takes the value s with puobalnliny =,

Purchases each periad are subject 1o a eash-in-advance constraint, which requires that

Yils) € Mo(s) (2.2)

for each type i in cach passible state 5. 12 Here Y, () represents the nominal value of type i's expenditure
on goads in period {if the stale is 5. which is to say R, (¢, (s)), where

R} =/ e )de (2.3)
0

by analogy with (1.9) wiil M {s) is the mnount of woney held by type i in that state. Money holdings may
vary depending upou the realization of s,, die to the existence of a credit market during the execution stage.

The credit market, like the goods market, is assumed to be subject to a sequential service constraint.
This means that duting the negotintion stage. buyers negotiate loan commitments, specified by a quantity
limit M; and a supply [unction r,;(-), indicating the terms upon which that buyer can borrow. Here A7, is
the maximum quantity that may be borrowed during the execution stage, and r (M) indicates the interest
rate at which the next incremental loan is available, after a quantity A has already been borrowed. As
before, r;(-}) is assumed to he o right-contineons fnction defined on the interval [0, M,). The quantity r, (M)
is a gross nominal interest rate va loans of cashi. so that if the guantity borrowed is Al (s), the repayment
obligation B, (s) due a the cael of the period is given by H,(Af,(s)), where

At
B\ = / r MDA (2.4)
0

Note that this notation assumes that the quantity of cash available to finance purchases {in constraint (2.2))
is equal to the quantity borrowed in the credit market. This is because all money holdings of a household
at the beginning of a period are assumed to be deposited with financial intermediaries, which intermediaries
then lend the funds back to households in the credit market to finance their purchases of goods.

The complete sequence of events during period ¢ is as follows. Let a household begin the period with
nominal wealth Wy, held in the form of cash. {For simplicity, all financial claims are assumed to mature at the
end of the period, so that a household begins the next periad with no financial assets other than cash.) There
is first a securities trading stage, before honsehold types {i,} are revealed. During this stage, three types
of transactions occur, in perfectly competitive markets. First, the household deposits a quantity D, of cash
with intermediaries, in exchange for a promise of repayment with interest at the end of the period. (What

129 ne could ensily generalize the inodel, 10 alluw & utility benefit from the ugse of money in transactions, without requiring
fixed proportion Letween money huldings and spending. [n that case, the simple case for a policy of fixing the money supply
as & means of stabilizing nggregate demand is complicated in familiar ways. A fixed money supply would no longer suffice
to ensure predictability of aggregate spending. and in the case of exogenous random variation in the desired ratio of money

W

holdings to spending, monetary accommadation wouid serve-to-stabilize-sggregate-demand,-rather-shan-destabilrzing-it—as-in

the analysis of "LM shocks™ by Poole (1970}, These cumplications, despite their obvious relevance, are ignored here 1o simplify
the model, and allow concentration upon a ditferent reason for monetary accommodation to be welfare-improving than the one
stressed by Poole.
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the intermediaries do with these deposits is taken up in the next section.} Second, households exchange
contingent claims that pay ofT ut the end of the period, depending upon which aggregate state s, is realized.
And third, households exchange insnrance contracts that pay off at the end of the period, depending upon
which type i, the household has drawn. The position that a household takes in these latter two markets can
be represented by w vector {A,{(i.s)}, where A.(i,s) indicates the cash payment that the household receives
at the end of the poriod il its type i, = ¢ and the aggregate state s, = s. The household’s budget constraint
in the securities trading stage is given by

De+ > Y was)Adi,s) < W, (2.5)

where the vector {«,{s)} is an usset pricing kernel. Note that prices of payments contingent upon a house-
hold’s being of type 1 are proportional to n;, because this risk is completely diversifiable.

Next the houschold’s Lype i, is revealed, and the negotiation stage occurs. In this stage, a household of
type i negotiates a goods supply commitment (&,pi(-)) and a loan supply commitment (M;, r;(-)). After
this, the aggregate state s, is realized, and the execution stage occurs. In this stage, if the state is s, the
household chooses its horrowing Af;,(s) and its purchases ¢;(s), subject to (2.2). Finally, at the end of the
period, the househoid receives payments due ou its portfolio, and repays the amount B;,(s) due as a result
of its borrowing. It alsv receives a distribution of profits IT,(s) from its ownership share in the firms that
supply goods and in the financial intermediaries that supply credit, and pays its lump-sum tax obligation
Ty(s) to the government. Both profit distributions and tax obligations are assumed to be independent of a
household’s type.

The household thus begins Lthe next period with cash holdings W, given by

I-V,:"-H (s) = rfD, + Agfi, )+ [M{s) = Y (8)) = Bi(s) + 1. (s) — T:(s), (2.8)

where 7¢ is the gross nominal interest rate paid by intermediaries on deposits. The household is subject to a
borrowing limit, that requires that its portfolio, borrowing, and spending decisions in peried t be such that

[ae]
Wi > =3 > qeitawstsl ) Merslsers) — Toas(seas)] (2.7)
=1 £z
under every possible realization of the random variables (i,,s,). Here 3 g, denotes summation over all
possible histories siﬂ- = {$t41..-.,94;), and for each such history,

Qe (8h, ) = @eetlser1) o0 @eai(Seey)

defines present values in terms of the prices of the contingent claims traded in the securities trading stage
each period. Constraint (2.7) states that beginning-of-period wealth must be no lower than the negative of
the present value of all subsequent profit distributions net of taxes. '* The sequences of constraints (2.5)
and (2.7) imply the existence of an intertemporal budget constraint of the form

Z Z qt.c+j(sfijl) Z Tl(ifI;)[Bf+j(Sa+j) + Vii(sess) — My (se45))

=0 gi+1 Jidt

[x+]
leg W, + Z D deeri (T M Mer j(5e45) = Tewiloess)] (2.8)

=0 g5+1

restricting a household’s spending from period ¢ onward, where 3,,,, denotes summation over all possible
il . ,

histories i}, = (4y,...,iv4;). and

i1 . .
Wi = nli) o (i)

138¢e Woodford (1944) (ur further discussion of a similar borrowing finit in the context of & standard cash-in-advance model.



is the probabality of such w nstory

The borrowing linsit (2 7) is assied to apply to eachi household, in addition to the quantity limits
(&, M}). This is beeanse the tatte gquantity limits (and the associated supply schedules) depend solely upon
a household’s type. and tol upon its wealth. (It s assunted, for simplicity, that individual households’
wealths are not obsorved by sellers and Tenders duning the negotiation stage; the assumptions that sellers
and lenders miake abont the extent to which their commitments will be drawn upon are based upon their
knowledge of the typrced woenlth of honsehiolds of each type, but not upon each household’s individual wealth.
It is for this reason that there exist competitive markets for the service of each type of buyer, rather than
an individual market for cach honsehold. o equilibrium, the wealths of households of a given type are in
fact always the same ] At the exceution stage, instead, the wealths of individual borrowers are verified, so
as to ensure that eredit 15 extended only when repayiuent is possible with certainty.

I now consider houseliold trading. given preference shocks and budgel constraints of the kind just de-
seribed. I ltere take as given thie loan connuitients (M, r,(+)) offered by lenders: the determination of lender
behavior is taken up in the nextsection. Let us first consider optimal portfolio choice in the securities trading
stage. The govermment is assimaed uot to intervene in the market for contingent securities, as a result of
which there is zero net supply of such securities Equilibiem thus requires that aggregate demand for them
be zero, so that

Z o Adns) =0 (2.9)
1
for each possible state s, Sice optintization 1equives that {2.5) hold with equality, it is evident that in
equilibrium one must huve [, = W, as well, This is consistent with optimization only if

rd = D ads)] (2.10)

so that a household is iudilfereut hetween holding a greater or lesser level of deposits, given the availability
of the contingent claitns.

Risk aversion hnplies that honseholds choose to perfectly insure one another against the risk associated
with random drawing of types. "Fhus the portfolio {A(i,5)} is chosen so as to make W) independent of
the household’s drawing of . Given (2.6) aned (2.9), this implies that

Aca,s) = [Buls) = Bels)] + [Yuels) = Yels)} = [Mieks) — M(s)) (211)

where B;,(s}) and so on represent the anticipated decisions ol houseliolds of type i, while B,(s) and so on
represent the corresponding aggregate variables, defined as in (2.9). This portfolio represents an optimal
choice for a household if and only if. in addition wa (2.10), the series of state prices {a(s)} satisfies

veae(s) = 3n(8)wresi(s) {2.12)

for each possible state 5. Here v, represents the household’s marginal utility of nominal income in the
securities trading phase of perivd £, and v, (s} its marginal utility of nominal income in the corresponding
phase of period ¢ + 1. 1y the case that s, = 5. {Note that v, is independent of the household’s drawing of
ig, as & result of the perfect insurance implied by (2.11).)

The analysis ts simplificd if we consider only stationery equilibria, in which both the real allocation of
resources and the distribution of transaction prices (including interest rates) depend each period only upon
the current aggregate stule s, and depend upon the current state in the same way at all dates. '* Since
optimization requires that {2 8) liold with equality, stationarity of the variables (e, B',Y*, M* I, T) implies

14The restriction of attention to equidibria 1) winch the peice level has ne teend does not restrict the attainable level of
expected utility, since 14:¢ form of cash-in-advance consiramt asssimed nere does nol inttoduce any distorlions that {oilgw_from

the-absolute-tevet-of 111 €TEFUTAITS, ns Gppused Lo d:Ferentinls betweesn the inlerest rates charged for different transactions. This
is because there is here axsumed to be no oppoeitunily te cconomize on money holdings by substituting “credit” purchases or
teisure for purchases subjecl to the cashein-atvance constiamt. There thus appears 10 be no loss of generalily, for purposes of
the welfare analysis. 1 restricting alteunion 1o stativnacy equilthria (and hence a zeta aversge rate of inflation).
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that W, must be constant vver time, The existence of an equilibrium of this kind is ensured by an appropriate
fiscal policy rule. Let 17 > U be the constant value of beginning-of-period nominal wealth, and assume as
an initial condition that Wy = 1V, Then the fscal policy rule T, = T'(s;), where

T(s) = [{s) + [M{s) = Y (s} = B(s)] + (¢ = )W, (213

implies that in equilibrinun W, = W forever, independently of the sequence of ag seregate states {s,}. (This
follows from substitution of (2.11) and (2. [3) into (2.6).)

In the case of a stationary equilibrium, each household faces an identical infinite-horizon decision problem,
locking forward from the boginning of any period t, regardless of the date t and of the history of aggregate
states prior to date ¢ It follows that the marginal utility of nominal income in the securities trading stage
is equal to the same positive constant, v, = v > 0, for all dates ¢ and all histories to that date. Condition
(2.12) then implies that a,(s) = F=(s} at all dates £, and for each possible state s. This in turn implies, using
(2.10), that v¢ = 37! in a stationary equilibrium. It also implies that firms maximize the present value of
the profits distributed Lo thair shaveholders (3, a,(s)1T(s)) by maximizing expected profits, which in the
cese of goods suppliers means muximization of expected sales revenues, as assumed in the previous section,

This result also tmplies that

lim A7 E,\lurWyr] =0,
T—ou

so that the usual transversality condition for intertemporal optimization is satisfied. !5 It thus suffices to
show that a candidate Lime-invariant decision rule {A{3, s), ¢;(s), M;(s)} would be optimal during a single
period ¢, given beginning-of-period wealth W, = W and assuming a marginal utility of income vy, = v at
the beginning of the following period, regardless of the realizations of (i,, s;}. If so, the rule represents an
optimal program for the household’s stationary infinite-horizon problem. 18

Using this result, we can turn to the characterization of optiinal borrowing and purchasing decisions
during the execution stage. Given a goods supply commitment (&, pi())) and a loan supply commitment
(M;,r:(-)), and the realization of state s, a buyer of type i chooses purchases borrowing M;(s) and purchases
ci{38) to maximize

8(s; iules(s)) + Bu[Mi(s) = Yils) = Bi(s)] (2.14)

subject to constraint (2.2), and the constraints ¥;(s) = Ri(c,-(s)), Bi(s) = Bi(M;(s}), where the functions
R;(-) and Bi(-} are defined in (2.3) - (2.4).

Let us assume that (p;(-),ri(-)) are both non-decreasing functions over their respective domains, with
pi(c) > 0 for all ¢ and ri{Af) > 0 for all M. (The assumed properties for the goods supply schedule were
shown to be necessary for equilibrium in the previous section, and the corresponding properties for the loan
supply schedule are established in tlie next. Note that »;(M) > 0 means a non-negative cost of incremental
borrowing.) Then let E;(c) denote the total cost for type 2 of purchasing a quantity ¢, counting both the
direct cost of the purchases and the interest paid for the money borrowed to make the purchases, for any ¢
such that 0 € ¢ € &, 0 < Ri{c) € M;. This demain can be written as [0,ci%], where ¢;x = & if M; > Ry(&),
and ¢;x = R;’I(Aff.;) otherwise. Then on this domain, E;{(c) = B;(R;(c)). It follows from the assumptions
just made, and definitions (2.3) - (2.4), that E;(c) is an increasing, convex function, with E;(0) = 0.

Maximization of (2.14} subject to (2.2) then requires that ¢;(s) be chosen so that

(B)7'8(s 00w (eifs)) € BE(ails)), (2.15)
where 8E; denotes the subdifferential of £;(-) (Rockafellar (1970}). That is, for any 0 < & < ¢;+,

BE:(¢) = {A > 0|Ei(c) = Ei(8) + Alc—&) forall 0<c<ein).

I$This condition implies that if (2.5} holds with equality each period, and (2.6} and {2.11} hold each penod then (2.8) holds
with equality each period, so that the household exhausts its intertemporal budget constraint.

18The sort of dynamic progeamming argument that may be used to demonstrate this rigorously is illustrated in Lucas and
Woodford {1994). Tt involves demonstration of the existence of a value function for the household's continuation problem,
v(Weia), that is differentiable at the value Wepp = W, with decivative v'(W) = v

It



It is evident that J£, 15 o non-decreasing, closed and convex-vatued, upper-hemicontinuons correspondence,
such that U € J£,{0). that 0 ¢ JF () Tor uny ¢ > U, and that sup dE,{c,») = oc. It then follows (given that
w() is positive-valued. couttnuons, and strictly deeveasing) that (2.15) is satisfied by exactly one value of
c(s). 17
Borrowing st then sanisfy the cash-in-adviaice constraing (2.2}, together with the complementary
slackness condition
e (0 (e s ) = UML) = Ro(e (s = 0. (2.16)

In the event that »; (M} > | for all AfL this implies that
Miisy = Rie,(s)). (2.17)

so that M, (s) is uniguely deterined ws well

Condition (2.15) iudicates how vadh houseliold’s demand depends upon its type and the state s that is
realized. It follows frow this God the monotonicity of v° and £, that a state with a higher value of 6(s; 1)
must result in a ligher value of ¢, {s). Hence 1t sulfices to ussume that states are ordered so that for each
type i, 8" = s tnplies that €0« ¢) 2 &(si ), tn order Tor all types’ demands to be non-decreasing in the index
of the state s, as assmined in the previous section. This assumption will be maintained in what follows.

These relations detenome equilibrnnn purchases, given the supply commitments offered by sellers and
lenders. [lowever, as voted catlier, equuilibrinm supply behavior depends upon suppliers’ understanding of
the conditivus under which buvers would make use of additional supply commitments (not actually offered
them in equilibrium). It renains to specily this aspect of buyer behavior.

Consider a buyer of Lype 7 in the case of state 5. Given the equilibrinm supply commitments, the buyer
chooses to purchase <, {s). It is evidenl from (2.15), however, that the buyer weuld have made use of an
incremental supply cominitment hevoud this point, had additional goods been available beyond the quantity
¢i(s) at a price p. and loans been available beyond the quantity f,{¢,(s}) at an interest rate r, such that
pr < é(s), where

éds) = Ly e (s 0 (o, (5)). (2.18)

Note that {2.15] hplies that é,(s} € &L {c,(5)). and hence that

¢i(s) € pile,(s)relfti(c(s))) (2.19)

If we Lake as given the loan supply comnmitnients, and consider only incentives to deviate from the equi-
librium supply commitinents on the part of sellers (as in the previous section), then an incremental supply
commitment beyond the quantity ,(s) at a price p would be made use of in state s if and only if p < p.(s),
where

Fuls) = ey Rule(s))), (2.20)

(Note that given (2.20), (2. 11) iuplies that j;(s) € p,(s), as asserted earlier. Furthermore, if s’ > s and
ci(s') = ci(s), then given (2.20), (2.18) implies that p,(s’) 2 p.(s), as indicated earlier.) This description
of buyer behavior in the cise of conunterfactnal supply conunitments then enters into the determination of
equilibrium supply commitments, through equilibrinm condition (1.3).

3 Monetary Policy and Equilibrium Loan Commitments

It remains to specify the determiuation of the equilibrium loan commitments {M,.r;(-)}; it is at this point
that monetary policy affects the nature of equilibriuin. The nature of the sequential service constraint in the

17Note that if P~} is cantinuous at the value ¢,(3), and r (-} 15 continuous at the value R,(ci(s}), then E\{-) is differentiable
nt the value c;{s), and_2£,[c.(a)k consigts ol a singlevalue,-the-defivative—[In-Lhis-case-{ not-unfortunately—the typicatonein

equilibrium, under the nssumplion of a countable nuinber of states), {2.15) reduces to the frst-order condition 8(s; {Ju'{ci(8)) =
Buple s, (e, (501, More generally, supAE () = p,lclr, (R, {c)). for any 0 € ¢ < ¢,v.
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credit market has already been discussed in the previous section. Here I describe the objectives of lenders
and complete the development of the requirements for a stationary equilibrium.

Lenders are interediaries, that hold no cash or other financial claims at the beginning of a period, and
seek to maximize the expected profits that are distributed to their shareholders at the end of the period.
They offer loan cummitments Lo buyers in the negotiation stage of each period; cash is actually lent to the
buyers under these comuitinents in Lthe execution stage, and is then repaid {with interest) at the end of the
period. Lenders must themselves oliain the cash that they lend out in the execution stage, in an interbank
matket for funds that must be repaid with interest at the end of the peried. Their profits at the end of the
period are given by the difference between the amount that buyers repay and the amount that the lenders
maust repay for the [unds they Lhave bhorrowed in the interbank inarket.

Letting p(s) denote the interest rate paid for funds in the interbank market, contingent upon the aggregate
state s, aggregate profits of lenders are Lthus equal Lo B{s) — p{s)M (s). The intermediaries that accept the
deposits of households in the securities market stage lend these funds in the interbank market, and thus
obtain aggregate profits of (p(s) — +¥[D. ({t does not matter whether we assume that these depository
institutions are themselves the lenders, or a separute category of competitive intermediaries.) Since the
revenues of sellers equal total expenditure on goods, Y (s}, the total profits distributed per househald at the
end of the period are given by

[(s) = Y'{s) + [B(s) = p(s)M(s)] + [pls) = 4| D. (3.1)

(This is the quantity referred to in the household’s budget constraints (2.6) — [2.7).)

The interbank market is & competitive spot market, assumed to involve no sequential service constraint,
as only specialists participate in it. It is held following the conclusion of the execution stage; thus the market-
clearing cost of funds depends upon the nggregate state s. (I stipulate that it is held after the execution
stage so that no issue urises of the state s being revealed to lenders prior to the execution stage, and hence
of loan commitiments being contingent upon the aggregate state.) The participants in this market are the
lenders in the credit market, the depository institulions, and the central bank. The lenders demand the
quantity of funds necded to cover the loans that tlicy have made in the execution stage (that need not be as
large as the commitmenis extended in the negotiation stage). The depository institutions supply the funds
deposited with them by households. The net demand for funds by these two categories of participants is
thus completely inelastic. The central bank’s supply schedule for funds then determines the interest rate at

- which the market clears. Market clearing requires that

M(s) =W + F(s), (3.2)

where F'(s) denotes the net funds supplied by the central bank in state s. (Recall that in equilibrium the
nominal quantity of deposits equals W, the nominal value of beginning-of-period wealth.)

Monetary policy in this model consists of the central bank’s supply schedule in the interbank funds
market. This policy can be described by a funds supply correspondence T, indicating the pairs of interest
rates p and net supplies ol funds £ that are consistent with the bank’s supply rule. (Because of (3.2), this
is equivalent to a rule that determines the money supply as a function of the interest rate in the interbank
market.) This correspondence is a non-empty subset of the Buclidean plane, assumed to satisfy the following
properties:

() if (p, F), (¢, F') € U, and p’ > p, then £ > F; similarly, if F” > F, then p’ > p; and

(ii) for any (p, F') € [, there exists another point (o', F') € Gamma, with p/ > p, F' 2 F, and at least one
inequality strict; similarly, there exists another point (o', F') € Gamma, with o' < p, F' < F', and at
least one inequality strict.

Condition (i) is a weak monotonicity requirement; alternative meonetary policies thus amount to different
decisions as to how rapidly or slowly interest rates will be allowed to rise in the interbank market in response
to an increase in the net demand for funds. Condition (i) implies that the correspondence gives a complete
description of the central bank’s stance in the face of an arbitrarily high or low net demand for funds.

13



1t s useld to distipenish hetwern twu pussibile clusses of policies, that 1 shall call direct and indirect
monetary pohcies. Under wdineer poliey. the central bank diveey controls the volume of credit extended to
households by the lenders, and henee the money sepply. whereas under an indirect policy the central bank
restricts itsell to contral siiply of Lhe supply of Duids to lenders in the interbank market. In terms of the
formalisni just inbaduced. aadiveet policy cortesponds 1o the choice of a correspondence with properties (i)
(i), whereas ln the cose ob wn nedivect policy the funds supply correspondence must satisfy an additional
property:

(i) i (p. Flet. p2 .

Condition (iii} st be satisfied in the case of an indirect policy, because if the central bank does not monitor
the lending of the lenders thea it cannaot prevent them, in the cose of a negative interest rate in the interbank
market {p < 1}, froue borrowing an arbitranly large quantity of funds and simply holding them rather than
lending them out. Henee equubibriuny in the interbank narket cannot involve an interest rate less than p = 1,
and we can represeut this as o constraiut un the possible supply correspondences of the central bank (in
which case we need not intradiee natation for a distinetion between lender’s lending Af (s) and the quantity
that they borrow in the mterbank macket]. In the case of o direct policy, by contrast, the central bank
can provide incentives fur lendes to actually lend, and not simply to borrow from the central bank, and
so equilibria are possible with uegative iterest rates in the interbank market. Thus the class of possible
indirect policies 1s a proper subset of the class of possible divect policies,
Simple examples of sucl poliey correspondences include the ease of 4 completely elastic supply of funds
at some interest rote ps,
U= {(p. Flip = pa} (3.3a)

and the case of a completely melastic supply of fuuds at some net supply Fo,
U= {(p. F)F = Fs}. (3.35)

Each of these corresponds 1o i possible direct policy, and given condition (i), one can say that all possible
direct policios lie between these two extrenes. Example (3.3a) also corresponds to an indirect policy, in the
case of an interest rate ps > L. On the other hand. (3.3b) does not correspond Lo an indirect policy; the
closest approximation to it, within the ¢lass of indirect policies, would be

U= {{p. Pip = landF < Fx, orp > landF = Fa}. (3.3¢)

"T'his represents a policy in which the central bank insists upon a net supply of funds Fs, but does not control
whether they are actually lent out to households. Then. in the case that the market clears at a zero interest
rate, lenders miay be tending auy quantity M(s) such that M {s) < W + F».

It will be abserved that a description of monetary policy in these terms does not allow policy to be
stochastic. This is because urbitrary randomization of the terms on which funds are supplied by the central
bank disrupts the exchange process in this model (as i Lucas and Woodford (1994)), and so is not plausibly
part of an optimal policy. '* A wore important restriction is that " is assumed to be independent of the
aggregate state s; that is, the point (p(s), F{s)) € 1" that is selected as the spot equilibrium of the interbank
market may depend upon s, but the set I may not. This is intended to capture the idea that the central bank
is not able to respond to the revelution of the aggregate state s any faster than can sellers of goods. Thus

" The real effecty of monetary pulicy shocks could be nnalyzed in the present framewaork by allowing the correspondence [
to depend upon a randoum siate 2, renlized al the beginning of the negoliation stage, snd revealed at that time to lenders and
to buyers, but not to sellers. Sellers wouid Lhen negotiate supply comrmitments taking into account the ez ante probability
distribution for the stale z, which would affect the degree to which buyers plan to draw upon the commitments, just as with
the random state . [n 1he case of a single preference state s (and hence a single “type™ each period), the random variation in
the supply correspandence T would be the only source of uncertainty on the pact of sellers ay 10 their_ynles, and_this random
variation-would-rexutt T Tess than TalT Ghilizaton of capacily in some states. With a fixed correspondence I', by contrast,
regardless of its nature, there would be foll wtilization of capacity in equilibrium, and hence the maximum possible level of
expected utility for the repesentalive noasehoid, Just a3 s Luens wnd \Woodford. For the sake of simplicity, 1 omit any analysis
of the interaction hetween rancdum vaimtion in both siates 1 and s,
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the possible benefits of an avcomnodalive monetary policy discussed in the next section do not depend upon
any informational advantage asswmed for the central bank. However, the restriction of the central bank to
act upon the basis of no wore information than sellers have when they enter into their supply commitments
does not mean that there is to non-trivial choice to be made with regard to monetary policy, for the central
bank can choose u flatler or steeper supply schedule I, implying a greater or lesser degree of accommodation
of shacks to aggregate demand [rom other sonrces.

I turn now to the churacterization of equilibrium interest rates and the equilibrium supply of loan com-
mitments. Maximization of expected profits by depositury institutions implies that in the securities trading
stage, any such iustitntion will be willing to offer an interest rate equal to the expected value of the interest
rate p(s) in the interbank market, so that in equilibrium

ré = Z Tep(s). (3.4)

Similarly, maximization of expected prolits by lenders implies that in the negotiation stage, any lender will
be willing to supply incrementat loan commitments at an interest rate equal to the expected value of p(s} in
the interbank market, conditioual upon Lhe loan commitment’s being drawn upon. Thus each loan supply
schedule 7;(-) must satisly

S, mopls)[(Mi{s) > M)

Yo w f(Mi(s) > M)

for all 0 € M < sup,M;(s). We may without loss of generality assume that lenders do not bother to offer
commitments that they know will uever be drawn upon, so that

(M) = (3.5)

M; = sup,M(5) {3.6)

for each 4, by analogy with (1.6). Then ({3.5) defines r;(-) over its entire domain.

Another necessary coudition for equilibrium in the credit market during the negotiation stage is that
ri(M) > 1 over the entire dommain of the function, as asserted in the previous section. In the case of an
indirect monetary policy, this follows from {3.5). However, it is necessary for equilibrium even if negative
interest rates are possible in the interbank market. This is because no lender could expect, to gain by offering
an incremental loan connnitnient at an interest rate r < 1, rather than some other rate r' with r < v’ < 1.
For a buyer with cither commitment will draw upon it with certainty, in any state in which he borrows
quantity M and thus becomes eligible to do so. (The money thus borrowed need not be spent; part could
simply be held in order to repay the loan at the end of the period.} Furthermore, there is no possibility
that competition between lenders could force them to offer commitments at the rate r. for even For if other
lenders offer incremental commitments at that rate, a lender can offer his own commitment at the rate +',
to apply after the buyer hus already borrowed M’, where M’ = M is the quantity of commitments obtained
at the lower interest rate. Such an incremental commitment will still be accepted (as it does not preclude
acceptance of the lower-rate loan commitments first), and it is exercised in the same states as the other
ones (since whenever the buyer borrows A, lie will borrow MY, given the negative cost of the additional
borrowing); therefore it results in higher expected revenues. This conclusion does not contradict the necessity
of (3.5); it simply means that the equilibrium interest rates in the interbank market must be such that the
right hand side of (3.5) is never lower than 1, lest an arbitrage opportunity be created for lenders.

I shall impose as an additional regularity condition on the class of equilibria under consideration the
assumption that for each type ¢, {M,(s}} i5 a non-decreasing series. This assumption amounts simply to
a particular assumption about how buyers decide among alternative levels of borrowing among which they
are indifferent. The chiaracterization of the buyer's problem in the previous section implies that his level of
borrowing M;{s) can he any level in the closed interval with lower bound R;(c;(s)) and upper bound

inf Ri(ei(s)) < M < M|ri{ M) > 1,
where the infimum is defined as A, if the set is empty. It has been shown in the previous section that

{ei(s)} is a non-decreasing series, and his implies that the lower bound of the interval optimal values is
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non-decreasing witli = 11 s ths possible to select sernes ol optimal choices { M, (s}} that are non-decreasing,
and [ assuine that cadi househald clhooses w borrowing plan of this kind.
It then follows fronn {3.5) tiea cach eemilibrimne loan supply schedute is a piecewise constant function, of
the form
rd M) =T, for allM, (s = 1) < M < M (s) (3.7

for each state s such thar A, 0s) » A {s = 1) where (0] = 0. The sequence of interest rates {r,} referred
to in (3.7} is given by
Eu), F.<'f‘(-'5’)

T z.‘Z«"‘""'

Furthermore. aggioesate borrowimy {M{s)} is also o non-decreasing series. Given the monotonicity assump-
tion on [' {condition ij above), this mphes that the series {p(s)} must be non-decreasing, except passibly
in the case of successive states over which Y (s) remains coustant, at o value corresponding to a vertical
segment of the cotrespondence I Fshall impose us a further regularity condition on equilibria that {p(s)}
be a non-decreasing series in sucli o cuse as well. {This amouits to consideration only of equilibria that can
be approximated arbitrarily closely by equitibria associated with monetary policies which niake the money
supply a well-definsl, increasing funetion of ) Then {3.8) implies that the series {r,} is non-decreasing as
well.

Finally, comparison of £3.8) with (3.1} indicates that vy = »%, so that r (M) 2> r¢ forall i and all M > 0.
In the case of a stationary eeprilibrinm, as shawn in the previous section, % = 37, und so one has r (M) > 0
for all 7 and all M [hen equiiibiinm borrowing must be given by £2.17) in each state and for each type.

As with sellers. oplitil behavior by fenders requires alse that expected profits be non-positive in the
case of all loan connuitineuts that are rot olfered m equilibrium. 1 shall strengthen the requirements for
equilibrium, by demuding ot merely that no sellor wish to offer any other supply commitments given
the equilibrium loan comnutiaenis. and that no lender wish to offer any other loan commitments given the
equilibrivnt suppiy comnnitments of selluts, bul furtheriiore that there be no jouint deviation by a seller and
a lender that would be jointly profitable. Because inercased borrowing occurs if and only if a buyer increases
his purchases of goods. Ly {3.9), it suffices Lo consider the condition under which the combination of an
tncremental goods supply commitnient and an ineremental loan commitment would induce an increase an
increase in the gouuds purchased i some state, and a corresponding increase in the money borrowed to pay
{or those additioual pwchasces,

It has been shown in the previous section that a buyer of type i would make use of an incremental
supply commitment Leyond the point ¢ = ¢;(s) and an incremental loan commitment beyond the point
M = Ri(c.(s}). inv stuke s i and only if the incremental supply price p and the incremental interest rate r
are such that p € p(e). + < r (M), and pr < €,(s). It is then a requirement for equilibrium that for each
type 1, and for any gquantity § € ¢ < ¢,, there exists no price p < p;(c) and interest rate r < r,{R,{¢)) such
that

(3.3)

p Y mlleds) > ¢} + Heds) = (s} > pr)] 2 A (3.9)
and
3 mr = p{s)[Heils) > o) + [{ei(s) = ) (&(s) > pr)] 2 0, (3.10)

-

unless both (3.9) - (3.10) hold with equality. For if such a pair (p,r) were to exist, it would represent a
joint incremental commitiment that wonld increase the expected profits of at least one party (the seller or
the lender), without reducing the expected profits of the other. Similarly, in the case that ¢ = &, there must
exist no pair (p,r} that satisfy (3.9) - (3.10). unless both hold with equality.

Note that in Uhe case that ¢ = ¢,{s) and » = ,(£2,(¢)), the left hand side of (3.10) is equal to zero when

p = ple), using [2.39) and (3.5) Tt then_{ollows that (3 10) bholds for-all-p-<-p,{c)—Hence-for-this-choice

of r, there must exist wo p < p,(e} for which (3.9) holds. unless it holds with equality. But, using (2.20),
this requirenmient is seen to be equivalent to {1.3). Thus requirements (3.9} - (3.10) imply {(1.3), and can be
regarded as an extension of the previous requirenient.
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Now in the case thul ¢ does not equal ¢;(s) for any state s, requirements (3.9) - (3.10) are implied by
(1.4) ~ (1.5) and (3.7) = (4.8). Thus we need ouly to consider the case ¢ = ¢;(s) for some state s. There are
three subcases to consider. These consist of states s aud pairs (p,r) such that (i) s = 5 or ¢;(s + 1) > (s),
and pr > & (s); (i) s = L or ¢;(s) > ci(s — 1), and pr < é;(s); or (iii) e;(s) = ci(s — 1), but &(s) > &'(s — 1),
and é'(s — 1} < pr < &{s). Every pair {p,7) belongs to one of these three subcases. In subease {i), {3.9)
becomes p 2 pi{c) and (3.10) becomes v > i R;{c)). s0 that the requirements are trivially satisfied. In
subcases (ii) or (iii). (3.9) becomes p = p, and (3.10) becomes » > r, as a result of which the requirements
are satisfied if and ouly if

gils) € pery (3.11)

for each state s belonging to vither of those two classes (i.e., such that s = 1, ¢;(s) > ¢;(s ~ 1), or ¢;{s) =
cis — 1) but &;{s) > (s — 1)). Thus (3.1} is necessary and sufficient for requirements (3.9) - (3.10) to be
satisfied.

Furthermore, the fact that {3.7) holds for all states in the classes just listed implies that it must hold
at all states. [or in the case of any sequence of states (s°,...,s" + j) such that ¢;(s" + k) = c;(¢') and
Ei(s' +k)=¢&;{¢)for all 0 < k < 4. (8.7) must Lold for state s” as long as s’ — 1 does not also have the same
property. But then the fact that series {p,} and {r,} are both non-decreasing implies that (3.7) holds as
well for each of the states (s',..., 5" + 7} Thus (3.7) must hold for all states.

It is now possible Lo dispose of the possibility of equilibrium in which (1.5) holds with A = 0. Let us
assume that for each type 1, thore exists o stale s for which 8(s;i) > 0, and let s; be the lowest such state,
(The monotonicity assuniption wade earlier implies that §(s; i) > O for all s > s,.) Then (2.18) implies that
é(s) > 0 forall s > s, Butil A= 0, (1.5) wonld imply that the right hand side of (3.11) equals zero for
all 8, so that (3.11) would be violated tu the states just mentioned. Thus equilibrium necessarily involves
A > 0, as announced earlier.

Let us return o the characterization of the equilibrium relations between prices and quantities. Using
the characterizations (1.4) - (1.5} and (3.7) - (3.8) of the equilibrium supply schedules, {2.15) becomes

Pom () (s) S (Bu)7H8(s 00 (0:(8)) € Pyr(ayT s+ (o) (3.12)

where for each state s, s7(5) denotes the lowest state s for which ¢;(s') = ¢;(s), and s¥(s) denotes the
immediate successor ta the highest state s with this property. (If there is no higher state for which the
property does not hold, then the second inequality in (3.12) is vacuous. Also, the first inequality does not
apply if ¢i(s) = 0.) Substitution of (2.18) into (3.11) and comparison with (3.12) shows that the upper
bound in (3.12) can be tightened, to yield

Ps*(s)""s“(s) S (,ﬁu)_lé(s;i)u’(c,-(s)) S PsTs) (313)

where the first inequality again must hold only if ¢;(s) > 0. .(Note that p,r, cannot exceed p,+(5)7s+(s)»
because of the monotonicity of the series {p,} and {r,}.)

It follows from (3.12} {or equivalently, (3.13)) that in any state s < s;, so that §{s;i) = 0, one must have
c;(s) = 0. {Note that (1.3) and (3.8) imply that p,r, > O in all states, given that A > 0 as just shown.) It
is also necessary that ¢i(s) > ci{s — 1} for all s > 5; {(where in the case s = 1, we again define ¢;(0} = 0). If
ci(s) > ci(s — 1}, s7(s) = s, and (3.13) implies that

u'{c;(s)) = Brd(s;d) " Ip,r,.

On the other hand, f the second inequality in (3.9) is strict, one must have s >‘s‘(s), so that one must
have ¢;(s) = ci(s — 1). and henee o/ (ei{s)) = «'(c;{s = 1}). Thus for all s > s,

w'(ei(s)) = minfu’ (ci(s — 1), Bré(s; 1) " por,],
from which it lollows that

W {c;(s)) = min [u’(()), . !é]i'll< {,Bué(s’;z‘)‘lp,zr,f}]. (3.14)

=
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Given sequences {p,. 1.} and a value # > U0 03011 uniquely determines the sequence {e,{s)}.

We may now collect o vesults chatacterizing stationary equilibrium. A stationary equilibrium is
described by non-decreasing series of prices {p, v, p(s)}. collections of purchasing and borrowing plans
{oufs), Mils)} Lennh of wineh vunsists of twe non-decreasing series), and yuantities A, v > 0, such that

{i) given A > U, thie paices {po} are civen by {150
{i1) given the tterbank narker rates {pis)}. the crodit murket rates {r,} are given by {3.8);

(i) given the pices {0} and v > 00 the consmnpeion plans {¢;(s)} are given by (3 14), together with
the requirenient that ¢ (s = 0 for all » < 5.0 and the borrowing plans {M,(s)} are given by (2.17),
where the hnction 160 s defined by (121) and 12,33

(iv} given the plans {c. i) AL (5]}, the quantity Tinits {¢, A1} are given by {1.6) and (3.6);
{v) the quantity linuts {<,} satisly (1.2);
(vi} the interbank market vates {p(s)} aud the plans {A7,{s}} are such that
{pls), Mis) =By er {3 15)
for cach state s wheve Mis) = 3 A (s): wnd

{vity the interbank market vates Lpfs)) ave such that

Y marls) =377 (3.16)

Here (3.15) follows fram (3.2}, aud (3.16) follows from the requirement that ry = r¢ = 3% in a stationary
equilbrium, nsing (3.8). Given series satislying conditions (i) - {vii}, it is then straightforward to compute
the equilibrium values of {{I{x). 7(s}}. {A{c. 51}, and so on, using the other equilibrium conditions set out
carlier.

For arbitarily chosen valies for A v > U and an arbitary series p = {p(s)}, conditions (i) - {iv) indicate
how one may comypnike univue equilibrinm values for the aggregate supply commitment & = 2.-"-5&- the
expected interbauk wmterest rate g = ¥ rop(«), wied aggregate borrawing M(s) in each state. Then such
values for (A, v, p) deseribe a stationary ecquilibvium if and only if

(A v p) =y, (3.170)
plp) = 97, (3.178)

and
(p(s) M{s:A v.p)-W)eT (3.17¢)

for each state s. The munber of independent equilibrium conditions in (3.17) is equal to the number of
endogenous variables (A, v.p). This does uot in iwself prove that equilibrium is either possible or uniquely
determined in the case of any partteular monetary policy [, but should suggest that the proposed definition
of equilibrium satisfies at least winimal standards of colerence. Rather than pursue further questions of
existence or uniqueness ol stationary equilibrium for geners! policies, | turn instead to the welfare properties
of the equilibria associated with certain policies.




4 Optimal Monetary Policy in Two Polar Cases

I now turn to the question of optimal monetary policy in Lhe context of the model just set cut. An obvious
welfare criterion in the present context is the ex ante expected utility of the representative household. In a
stationary equilibrizim of the kind deseribed above. this is proportional to the quantity

=20 3 mimls)uleds)). (4.1)

I thus wish to compara the fevel of W obtuined in the alternative stalionary equilibria associated with
alternative possible central bhank supply correspondences I

In a certain extreme case, a simple answer is possible, and it follows directly from the discussion in section
1. Suppoese that all households are identical; that is,

§(s;4) = 6(s) (4.2)

for each type ¢, where {8(5)} is an increasing series. Any leasible allocation of resources clearly must satisfy
the constraint

>onmiels) Sy (43)
i
in each state 1. Given (-1.2), the allocation that maxinizes {4.1) subject to constraint (4.3) is clearly given
by e;{s) = y for each Lype in eacdi state, Then sinee there exists a direct monetary policy that achieves this,
it is plainly an optimal policy, among the ¢lass of direct policies.
A policy that achieves this first-best outcone is a constant-money-supply policy, i.e., a correspondence
T of the form (3.3D), for any f« > — IV {50 that the constant money supply is equal to M» = W + Fx > 0).
The associated stationary equilibrium is given by ¢;(s) = y, M;(s) = M« for each type i in each state s;
g =y, M; = M+ for each Lype;

o M (4.4a)
Y
S( )y’ (y)
- ¥l 4b
Me (4.4b)

and the sequence {p.} implied by (L4a), using (1.5). The sequence {r,} is chosen so that #; = 7}, and

re > % l) 2 {4.4¢)
for each s > 1. The sequence {p(s)} is then given by
p(3) = rs, (4.4d)
and
pis) = Pl Tel ~ et 0504 ol (4.de)

w(s)
for all s < 4. (If there exists no terminal state §, then {4.4e) applies to all states s.) Substitution of these
values into the equilibrinm conditions listed at the end of the previous section allows one to verify that all
conditions for a stationary equilibrvinm are satisfied.

Furthermore, any policy that achieves the fitst-best outcome in case {2.2) must be essentially of this kind.
For, as explained in section 1, it is only possible to have a common value of ¢(s) in all states if aggregate
expenditure, and hence the money supply M (s), is the same in all states. Letting the common value for the
money suppiy be denoted M x, then the fact that all purchases occur at price p, requires that pjy = M,
which implies (4.4a}, using (1.5). Given that »; = 37! in any stationary equilibrium, condition (3.14) for
state s = 1 implies (4.4b). Using these values for A, v, and substituting (1.5), condition (3.14) for any state
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s > 1 then implies {obed Flually, comDittons {1 1dy - (4 de) shmply invert {3 8). Thus all of conditions (4.4)
necessarily hold in any linst-hest equilibrinm.

If for any state s > 1.
¢la) L T &L,

‘—'2.,

then (1. d¢) cannot Lo satisficd by woseries feyb with oy = 37 for all 5. Butif vy, > ») = 4!, then it follows
from (L4d)  (Fode) that the sevies {pist) cannot takie asingle value for all states s either. But then {3.15)
implies that the conespondence " nmst possess o vertical segment. And while the entire correspondence
need not be vertical, 1t is ouly the verticad segirent that plays any role in equilibriuim determination.

This conclusion, Liowever, is dependent upon asswining that direct control of the volume of lending {and
of the money supply} is pussible. There need not be any mdirect policy that can achieve the first-best
allocation. I have just argued thas any first-besy stitionary equilibrium must satisly conditions (4.4). But
there need not be any setjes {7, } consiston with L c), that s also consistent with (4.4d) - (4.4e), if one is
to have p(s; = | Tue adl » fas st be the case Tor an indireet policy).

Multiplving the vight haod side of £10e; by 7.0 and summing over s between the valuesof 1 and k- 1 (for
some k = 1}, one abtiuns rp = o [30 o 7ol Hp(s) 2 Vot all 1 €5 € k=1, this guantity must not exceed
2,'51.---1 e Fhus one olians an upper bonnd on the pussible value of v in any stationary equilibrium
associated with a indinect poliey, wannely

G~ Zu«::.-_] Ty

P €
Z 23 Py

(4.3)

This means that if for any s > |,

&{s) o
:\:‘:“l_)‘ [Z :,']'+'J Z s > L,

N a1

there is a contradiction between (e} and (155, su that no indirect policy is consistent with the Brst-best
outceoine,

A policy of the Torn (3 3¢, for example, 1esults 1 Auctuations in spending and hence in output, despite
the inelastic supply of fauds by the cenvtal bank, becuuse lenders choose to commit some of the gvailable
funds under lowuy conmnitinents that are drawn wpon only in igh-demand states. This is tempting because if
no loan commitments of thns kind were made, the interest rates at which buyers would be willing to borrow
additional amnonnts in the high-dentand states waould be high enough to make incremental loan commitments
more profitable thun the loan conitinents that are drawn upon in state s = 1. (The interest rates in
question are given by the right lund side of (4.1c).)

Rather than develop further the question of what can be achieved by indirect policy in such a case, §
wish Lo point out that even in the ¢case of direct pulicies, the above conclusion holds only for the special type
of preference variations indicated by (4.2) If the demand of some types of buyers is more “cyclical” than
that of others, an inelastic money supply is generally not optimial. As an opposite extreme to [(4.2), suppose
that the preference varialions wre given by

bisii) = I{s 2 3,). (4.6)

and suppose that 5, = | for al lawst one type, while 5, > 1 for others. In this contrasting extreme case,
preferences are the swme. for any given type, across all the states in which that type desires to consume at
all; what varies across states is the namber of types with any desire Lo consume.

In case (4.6). the first-best allocation is no longer attainable under any monetary_policy, for it is-incon

sistent-with-sequeiittalservice. Mlaxinnization of (4.1} subject to {4.3) in this case would imply choosing

Y

}:‘”.f(b‘ 2 .\‘;.)

cils) =
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for each ¢ and cach 5. But his makes {ei(s)} non-increasing in s for each type i, and decreasing at each
successive stale s > s; ul whicl one or more additional types of buyers enter the market (i.e., obtain positive
utility from consnmption). Il 5; is not the same for all types, then c;(s) must decrease at some states, for some
type i. This violates the sequential service constraint, which, as argued earlier, results in a non-decreasing
series {¢;(s)} for vach Lype. _
Let us define Lhe sccond-hest allocation of resources as the allocation that maximizes (4.1) subject to
constraints {4.3) and
cils) 2 cifs = 1) (4.7)

for each type ¢ and encl stute s (again defining ,(0) = 0). This amounts Lo restricting allocation rules that
do not violate the sequential service constraint. Iu case (4.6), the second-best allocation is given by c;{s) = 0
if s < g, ¥ while ¢;(s) = ¢; if s > s,. for each type i. Furthermore, the quantity limits {¢;} satisfy

w'(E) = o[z m{s)]7, {4.8a)

$>s.
=3

where e > 0 is determined by the requirement that the selution to (4.8a) satisfy {1.2) as well.

In case (4.6), the second-best Wlocation can be achieved by an appropriate choice of monetary policy
rule. A rule that achieves it, and is therelore optimal, is the perfectly elastic supply of funds deseribed by
(3.3a), where the nominal interest rate r+ is equal to 3~'. (This is the only rule of the form (3.3a) that is
consistent with a stationary equilibrium, because it is the only one that satisfies (3.18). *9) The associated
stationary equilibrium is given by the second-best allocation described above; borrowing plans according to

which, for each type, M;(s) = 0 for all s < 5, and M(s) = M, for all s > $;, where

."\.'[L = u_lfiu'(éi) (485)

for some v > 0 (independent of i}; and the quantity limits {¢,, M;} are defined by (4.8a) - (4.8b). The series
{p,} is given by (1.5). using thie vaiue A = ar™}, while the series {»,, p(s)} are given by r, = p(s) = 3! for
each 5. Again, substitution of these values into the equilibrium conditions at the end of the previous section
allows one to verily that all conditions for a stationary equilibrium are satisfied.

Furthermore, eny policy rule thut achieves the second-best outcome in case (4.6) must be essentially of
this kind. For given the second-best allocation, as characterized above, {3.14) requires that for each type 1,

W(E) = Bupg T,
Substitution of (1.5) into this and comparison with {4.8) then implies that
rs, = o(BrA) 7

for each i. Furthermore, any state s such that M{s) > M(s — 1) is a state in which s; = s for some type
i, and hence a state for which one must have r, = a(BrA)~!. As there is assumed to be a type for which
s; =1, 71 = a(BrA)”!, as a result of which one must have Av = «, so that r, = 8~! for each state such
that M(s) > M{s ~ 1}. Then {3.8). together with the assumed monotaonicity of T', implies that p(s) = 8~}
for all s. Thus, even if [ is not globally horizontal (as specified in (3.3a)), it must have a horizontal segment
at height 87, which segnient includes all of the points at which equilibria of the interbank market occur in
any state. One consequernce is that a constatit-money-supply rule is clearly not optimal, as it is inconsistent
with the second-best allocation in this case.

12Actuslly, the specification of {c;(s)} in the states s < 3; is indeterminate; it may be any non-decreasing sequence taking
values between the bounds of 0 and &;. The second-hest allocation described in the text is the unique one that also satisfies the
constraint that if 8{s;i) = 0, ¢;(s) = 0. Since the latter property necessarily obtains in any stationary equilibrium, this is the
obvious second-best allocation to consider.

20The result that a policy rule of the form (3.3a) makes the second-best aliocation an equilibrium allocation does not, however,
depend upon this particular choice of r*. Other values of r* are associated with other equilibria in which the allocation of
resources is the same, but the average rate of inflation diflers from zero. Equilibria of this kind are not treated here because of
the extension of the notation that would be required.



The elastic meney supply for niterest rate sioothing) rule {3.34) does increase the volatility of aggregate
demand, in this case, as i nsdicionad analyses like that of Poole (1970), And, as explained in section 1,
the resulting meertainty abont aggregate demand tesilts o equilibrium supply commitments that cause
some capacity to be left nased i some states 3 this does not imply that such a policy leads to a less
efficient allocation of resoees. tdle capacity s eonsistent with attainment of the first-best allocation,
but it may be consistent witl attaimnent of the second-lest, as it is in this case. 71 Given the sequential
service constraiut, the idle capacity e low-demaned states is a necessary consequence of the fact that an
optimal fraction ol capacity s committed to the supply of gonds to types of buyers that consume only in
high-demanel states,

The efliciency resudt obtained here is elosely refated to Prescout’s (1975) argument for the efficiency of
ant equilibrium with idle capacity. Prescott’s model is one in which prices are fixed in advance for individual
units of capacity, bitt these are not connmitted ta the supply of goods to individual buyers. Yet, as noted in
section 1, the equilibrine i lns maodel js Tormalty analogous to the goods market equilibrinm described here;
the cructai difference s That as he assirges vo cash-im-advance constramt on purchases, his buyers behave in
the way that buvers do it the prosent model whaen facing o perfectly elastic supply of credit at a zero interest
rate. However. in the prosenr nzodel. s elastic supply of eredit at a positive interest rate results in the same
allocation of resources as would o zero merest 1ate; equilibriun goods prices and borrowing are simply all
rescaled by a certain positive factor, Thus the equilibrinm allocation here in the case of an elastic supply of
credit at the interest e e = 2770 s the samie as in Prescolt’s maodel, whiclt he shows to be efficient in the
case of certain prefercuces tha constivnie o special cuse of (LG

(Further discussion Lo be added.)

21This depends upon a relatively special feature of case (4.6), namely, the fact that some types have §{s;1) = 0 in low states,
rather than mcrely having n low positive value, If ${s;1) > O fuc all 1ypes in all states, then the second-best allocation alse
must invelve full utilization of capacity v all states: and in ail cases, st least one second-best allocation involves full utilization

in all states (see fuoliuie xx). However. .n ihe thore genecal cose. the-second—besti-aHocation—{in—the-senye propoded above) is

not-sttalmable under any monetary policy. The ¢lass uf allocations attainable in stationary equilibria is & more restrictive class
than that defined by constrnints (1.3) and (4.7}, 50 that a “third-best™ allocation {not defined here) is in general the best that
can be achieved. And tivs “thivl-best™ allocation does not in general inveive full utilization of capacity in all states. It is in
this sense that the situation illustinted Ly ¢ase (4.6) 1% rabust,
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