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1 Introduction

The recent �nancial crisis has led the US Federal Reserve to set the policy rate close to its

zero lower bound. It further introduced several lending facilities and direct asset purchases,

which eased access to reserves in a way that led to a doubling of its balance sheet after

September 2008. These policies demonstrate that there are more instruments available

for central banks than the pre-crisis view on monetary policy has suggested by its focus

on pure interest rate policy. In contrast to the latter view, central banks usually do not

accommodate money demand in an unrestricted way. The Federal Reserve, for instance, has

created a structural de�ciency, i.e. "permanent additions to the supply of reserve balances

that are somewhat less than the total need", and has additionally lent money in open

market operations via repurchase agreements (repos), which are essentially collateralized

loans.3 Hence, by relaxing collateral requirements or by direct asset purchases it can ease

rationing of money supply, which has been thought to be e¤ective during the recent crisis

by reducing interest rate spreads and facilitating private sector credit �ows (see Blinder,

2010, and Goodfriend, 2010).

This raises the questions if rationing of money can be justi�ed in terms of welfare and how

it should be used in non-crisis times. Economic theory has however not considered the role of

money rationing via collateralized central bank lending for the optimal conduct of monetary

policy. This paper aims to �ll this gap. It will be shown that a central bank can enhance

welfare by employing additional instruments that are neither considered in stylized textbook

models (see Woodford, 2003) nor in larger models developed for estimation purposes (see

Smets and Wouters, 2007, or Christiano et al., 2010).

For the analysis of optimal monetary policy we apply a model that accounts for the fact

that money supply is mainly conducted in form of asset purchases and collateralized loans

(repos) via open market operations.4 Given that we depart from the standard assumption

of lump-sum money supply, private sector holdings of securities that are eligible for outright

3See Fedpoints "Open Market Operations" (http://www.newyorkfed.org/aboutthefed/fedpoint/fed32.html)
and "Repurchase and Reverse Repurchase Transactions" (http://www.newyorkfed.org/aboutthefed/fedpoint/
fed04.html). Similarly, the European Central Bank applies "allotment rates" in open market operations.

4The framework relates to Reynard and Schabert�s (2010) model, which has been used to explain the
systematic di¤erence between the policy rate and the Euler rate found by Canzoneri et al. (2007) and
Atkeson and Kehoe (2009).
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sales or repurchase agreements matter for the access to money. The eligibility of assets

for open market operations will a¤ect their prices in an arbitrage-free equilibrium through

(il-)liquidity premia. By changing the terms of lending, the central bank alters access to

money and a¤ects the spreads between interest rates on di¤erent assets and the policy rate,

i.e. the price of money in terms of eligible assets. It can thereby impact on �nancial markets

and macroeconomic aggregates beyond the e¤ects of pure interest rate policy.

Since we do not aim to model a �nancial crises, we focus on central bank lending against

collateral that is free of default risk, which accords to common central bank practice.5 While

fully eligible assets, e.g. short-term government bonds, are priced at an interest rate that

closely follows the policy rate, interest rates on non-eligible securities, like on corporate

bonds, exceed the policy rate by a liquidity premium. Thus, a positive corporate bond

spread can exist in an arbitrage-free equilibrium even without credit-default risk,6 consis-

tent with empirical evidence (see Longsta¤ et al., 2005, or Covitz and Downing, 2007).

Accepting corporate debt as collateral will then reduce the spread by increasing their liq-

uidity/resaleability. Hence, changing the terms of central bank lending a¤ects interest rate

spreads via liquidity premia in accordance with empirical evidence on the e¤ects of recently

introduced Fed lending facilities (see Fleming et al., 2010, and Sarkar and Shrader, 2010).

The model accounts for frictions that are typically considered in the (New Keynesian)

literature on optimal monetary policy, which facilitates comparisons with related studies.

Speci�cally, we allow for prices to be set in an imperfectly �exible way and for cost-push

shocks, modelled as disturbances to wage mark-ups. Pure interest rate policy, i.e. interest

rate setting associated with endogenous lump-sum money supply, cannot implement the

�rst best allocation and leads to the well-known trade-o¤ between stabilizing prices and

closing output-gaps (see e.g. Clarida et al., 1999). In contrast, we consider that access to

money is e¤ectively constrained by private sector holdings of eligible assets, predominantly

5The US Federal Reserve has for example mainly accepted securities issued by the treasury and federal
agencies, which meet high credit quality standards (see e.g. Meulendyke, 1998). In section 5, we brie�y
discuss the case of collateral associated with default risk.

6The absence of imperfections in private �nancial intermediation is a main di¤erence between our set-
up and the models developed by Curdia and Woodford (2010), Gertler and Karadi (2010), and Gertler
and Kiyotaki (2010), where central bank (direct) lending matters due to the existence of costs of private
intermediation.
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short-term government bonds. Given that money is rationed, easing or restricting the terms

of lending serves as an e¤ective instrument in addition to setting the policy rate. To be

more precise, the central bank can additionally use money supply policy, i.e. the maximum

amount of money supplied against collateral, and collateral standards, i.e. the ratio of public

to corporate debt held under repos, to a¤ect prices and macroeconomic aggregates.7

To motivate issuance of corporate debt, we assume that �rms rely on loans for working

capital, which provides an additional transactions friction, since positive loan rates increase

marginal costs of production. We focus on the (empirically relevant) case where the policy

rate is set by the central bank below the standard consumption Euler rate, i.e. the interest

rate on non-eligible assets. Eligible assets then exhibit an interest rate that closely follows

the policy rate and private agents economize on holding eligible assets, since they o¤er

a pecuniary rate of return that is smaller than the interest rate on non-eligible assets.

Nevertheless, eligible assets will be held in an arbitrage-free equilibrium given that they

provide liquidity services as an imperfect substitute for money. Regardless of the supply of

potentially eligible assets, which, for example, depends on short-term government borrowing,

the central bank can independently control money supply and thus long-run in�ation by

adjusting its terms of lending.

Within this framework, we �rst examine the long-run e¤ects of monetary policy. We

show that the central bank can implement the �rst best allocation in the long-run, which

requires i:) targeting long-run price stability to avoid price dispersion, ii:) accepting all loans

as collateral such that the loan rate equals the policy rate, and iii:) setting the policy rate

at its zero lower bound to eliminate the transactions friction.8 In contrast, if loans are not

eligible, the loan rate exceeds the policy rate such that costs of borrowing are raised and

production is ine¢ ciently low. Likewise, the �rst-best can also not be implemented under a

standard monetary policy regime, where the policy rate equals the Euler rate and is linked

to in�ation (by the Fisher equation) such that i:) and iii:) are incompatible.

A similar principle applies for short-run stabilization policy. In contrast to the standard

7Money supply policy and collateral standards correspond to the terms quantitative easing and qualitative
easing used in Bernanke et al. (2004). These additional instruments are further related, though not identical
(see section 5), to the instruments examined in Goodfriend (2010) and Curdia and Woodford (2010).

8Notably, interest rates on non-eligible assets and thus opportunity costs of money holdings are still
positive (implying a well-de�ned money demand) when the policy rate is at the zero lower bound.
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case of pure interest rate policy, the central bank can use money supply policy and collat-

eral standards to eliminate welfare costs of short-run �uctuations. The e¤ectiveness of its

instruments requires accepting at least some (but not all) loans as collateral.9 The central

bank can then directly control the loan rate by setting the policy rate, which serves as an

e¤ective tool to eliminate distortionary changes in �rms�marginal costs. At the same time,

it can stimulate or dampen aggregate demand by changing its terms of lending. Speci�cally,

by using all instruments, the central bank can simultaneously o¤-set cost-push disturbances

and stabilize the price level by manipulating aggregate demand, which is impossible in the

standard case of pure interest rate policy (see Woodford, 2003, or Ravenna and Walsh,

2006). Hence, monetary policy can enhance welfare and overcome the above-mentioned

trade-o¤ by �exibly rationing the supply of money.

The di¤erence to a standard pure interest rate policy regime is most evident for the policy

rate response to macroeconomic shocks. When the economy is hit by a positive cost-push

(wage mark-up) shock, the policy rate would have to rise under a pure interest rate policy

regime to reduce in�ationary pressure by depressing aggregate demand (see Clarida et al.,

1999). Under an optimal central bank lending regime, the policy rate has to be lowered to

o¤-set the cost-push e¤ect of the wage mark-up shock by reducing the costs of borrowing.

At the same time, the terms of lending need to be restricted to stabilize money supply and

thus aggregate demand in face of a lower price of money. Likewise, under both regimes the

policy rate will respond to productivity shocks in opposite directions.

The paper is related to several strands in the literature. It relates to studies on opti-

mal monetary policy under sticky prices and transactions frictions associated with money

demand, like Kahn et al. (2004), Ravenna and Walsh (2006), and Christiano et al. (2010),

showing that the central bank should predominantly stabilize prices and deviate from the

Friedman rule. Optimal policy is also mainly characterized by price stability when prices

are sticky and taxes are distortionary, even though in�ation serves as a substitute for tax-

ation (see Schmitt-Grohe and Uribe, 2004, and Benigno and Woodford, 2004). While the

9Though the US Federal Reserve mainly accepted "Treasuries only" in the pre-crises period, corporate
debt securities � like commercial papers � have also been considered as substitutes for treasury debt in
case of "large budget surpluses and the associated steep reductions in Treasury debt" (see Federal Reserve
System Study Group on Alternative Instruments for System Operations, 2002).
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allocation under optimal policy depends on the degree of price stickiness in these studies,

Correia et al. (2008) show that the same allocations can be implemented regardless of price

stickiness when su¢ ciently many tax instruments are available. This corresponds to our

result that the optimal allocation can be implemented under �exible prices as well as under

sticky prices when monetary instruments in addition to the policy rate are used. In con-

trast to the case considered by Adao et al. (2003), where the central bank simultaneously

controls the policy rate and lump-sum supply money, the long-run �rst best allocation can

be implemented by the central bank in our framework.

The paper also relates to three recent studies on central banks acting as a direct lender

to the private sector, such that private debt is held outright by the central bank rather

than temporarily as collateral. Curdia and Woodford (2010) analyze monetary policy in a

sticky price model with two types of households (borrower and lender) and imperfections in

private �nancial intermediation. A central bank�s "credit policy" (i.e. unsecured lending to

the private sector) is associated with costs that di¤er from private costs of intermediation,

and can be bene�cial at times of unusual �nancial distress. They conclude that the central

bank should apply a pure interest rate policy under normal circumstances, which contrasts

the results in our paper. Gertler and Karadi (2009) develop a model without transactions

frictions, where central bank credit policy can also matter due to costs of �nancial interme-

diation. While private intermediaries face balance sheets constraints, the central bank can

inelastically raise funds, such that central bank credit policy can enhance welfare during

�nancial crises. Applying a purely real framework, which is based on Gertler and Karadi�s

(2009) model augmented by idiosyncratic investment risks, Gertler and Kiyotaki (2010)

also �nd that credit policy is bene�cial in crises situations when private intermediaries are

�nancially constrained.10

The paper is organized as follows. Section 2 presents the model. In section 3, we examine

the long-run e¤ects of monetary policy. In section 4, we describe optimal stabilization policy

under �exible prices and sticky prices. Section 5 discusses the impact of default risk and

direct central bank lending. Section 6 concludes.

10In section 5, we discuss how credit policy di¤ers from central bank lending as speci�ed in our model.
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2 The model

In this section, we develop a model that accounts for frictions, which are standard in the

New Keynesian literature on monetary policy. In particular, we account for sticky prices

(à la Calvo, 1983), cost push shocks (i.e. time varying wage mark-ups), and transactions

frictions. Money is required by households as a means of payment in the goods market

and by �rms to �nance the wages in advance.11 The central bank supplies money either via

outright purchases of assets or by lending temporarily against collateral, for which it accepts

government bonds or corporate loans. We neglect default risk and restrict our attention to

the case where the central bank treats all securities of each type in an identical way (see

section 5 for a discussion of default risk and directed lending). The central bank sets the

price of money in open market operations, it can decide on the rationed quantity of money

(i.e. the amount of accepted assets), and the collateral standards (i.e. the type of eligible

assets). There are further intermediate goods producing �rms, who exist for one period and

employ labor, retailers, who set their prices in an imperfectly �exible way, and the �scal

authority, who issues short-term debt.

2.1 Timing of events

Households, indexed with i 2 [0; 1], enter a period t with money, government bonds, and

household debt, MH
i;t�1 + Bi;t�1 +Di;t�1. At the beginning of the period, aggregate shocks

are realized. Then, the central bank sets its instruments, i.e. it announces the fractions

of government bonds and corporate loans that are accepted in open market operations,

�Bt 2 (0; 1] and �t 2 [0; 1], and the policy rate Rmt � 1. The remainder of the period can be

divided into four subperiods.

1. The labor market opens, where a perfectly competitive intermediate goods producing

�rm j hires workers nj;t. We assume that it has to pay workers their wages in cash

before the goods are sold. Since it does not hold any �nancial wealth, it has to borrow

11The model relates to Reynard and Schabert (2010) model with open market operations for the case
of "Treasuries-only". This model mainly di¤ers from theirs by considering a standard working capital
constraint, non-treasury collateral, and, most importantly, additional monetary policy instruments beyond
pure interest rate policy.
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cash. Firm j thus faces the cash constraint

Lj;t=R
L
j;t � Ptwtnj;t; (1)

where wt denotes the real wage rate, Pt denotes the �nal goods price, Lj;t=RLj;t the

amount received by the borrowing �rm. Firm j commits to repay the amount Lj;t at

the end of the period, such that RLj;t is the interest on the intra-period loan. Lender

then sign loan contracts with all �rms, taking into account that a fraction �t of all

loans can be used as collateral for repurchase agreements.

2. The money market opens where the central bank sales or purchases assets outright

or under repurchase agreements for money at the rate Rmt . In contrast to household

debt, corporate loans and government bonds can be eligible, where only the latter can

be purchased outright by the central bank. In period t, household i receives money

(injections) from the central bank, Ii;t =MH
i;t�MH

i;t�1+M
R
i;t+M

L
i;t, whereM

H
i;t�MH

i;t�1

is the amount of money received from the central bank�s outright bond purchases, and

MR
i;t and M

L
i;t denote money received in repos for bonds and loans. Speci�cally, the

central bank supplies money against a randomly selected fraction �Bt of bonds and

a randomly selected fraction �t of loans, MH
i;t �MH

i;t�1 +MR
i;t � �Bt (Bi;t�1=R

m
t ) and

ML
i;t � �t (Li;t=R

m
t ), such that Ii;t is constrained by

Ii;t � �Bt (Bi;t�1=R
m
t ) + �t (Li;t=R

m
t ) : (2)

After receiving money injections from the central bank, household i delivers the

amount Li;t=RLt to �rms according to the loan contract, while it can re�nance a fraction

� of loans. Its holdings of money, bonds, and loans are then MH
i;t�1 + Ii;t � (Li;t=RLt ),

Bi;t�1��Bc
i;t, and Li;t�LRi;t, where �Bc

i;t are bonds received by the central bank and

LRi;t are loans under repos, such that Ii;t = (�B
c
i;t=R

m
t ) + (L

R
i;t=R

m
t ).

3. Wages are paid, and intermediate as well as �nal goods are produced. Then, the goods

market opens, where �nal goods can only be bought with money. Hence, household i

faces the cash-in-advance constraint

Ptci;t � Ii;t +MH
i;t�1 �

�
Li;t=R

L
t

�
+ Ptwi;tni;t: (3)
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Final goods producing �rms receive cash for their sales, and pay for the intermediate

goods. Both further pay out dividends to their owners (households), which sum up

to Pt�i;t for household i, such that its money holdings are MH
i;t�1 + Ii;t � (Li;t=RLt ) +

Ptwi;tni;t � Ptci;t + Pt�i;t.

4. Repurchase agreements are settled, i.e. household i buys back government bonds

BR
i;t and corporate debt L

R
i;t from the central bank with money. Household i�s bond

and money holdings are therefore given by eBi;t = Bi;t�1 � �Bc
i;t + BR

i;t and fMi;t =

Ii;t +MH
i;t�1 �

�
Li;t=R

L
t

�
+ Ptwi;tni;t � Ptci;t + Pt�i;t �BR

i;t � LRi;t. In the asset market,

loans are repaid and households receive payo¤s from maturing assets as well as gov-

ernment transfers Pt� i;t. Further, the government issues new bonds at the price 1=Rt.

Household i can thus carry wealth into t+1 in form of bonds, state-contingent claims,

or money, such that its asset market constraint is

(Bi;t=Rt) + Et[qt;t+1Di;t] +MH
i;t � eBi;t +Di;t�1 + fMi;t + Li;t + Pt� i;t; (4)

where qt;t+1 denotes a stochastic discount factor (see section 2.3). The central bank

reinvests its payo¤s from maturing bonds in new government bonds and leaves money

supply uncahnged,
R fMi;tdi =

R
MH
i;tdi.

2.2 Firms

There is a continuum of identical intermediate goods producing �rms indexed with j 2

[0; 1].12 They exist for one period, are perfectly competitive, and are owned by the house-

holds. A �rm j distributes pro�ts to the owners and hires the aggregate labor input nj;t at

a common rate rate wt. We assume that wages have to be paid in advance, i.e. before goods

are sold. For this, �rm j borrows cash Lj;t from households at the price 1=RLj;t and repays

the loan at the end of the period. Hence, �rm j faces the working capital constraint (1).

It then produces the intermediate good according to the production function IOj;t =

atn
�
j;t, where � 2 (0; 1) and at is a stochastic productivity level with an unconditional mean

equal to one, and sells it to retailers who pay them in cash (after they have received house-

12In section 5.1, we consider the case where intermediate goods producing �rms face idiosyncratic pro-
ductivity shocks.
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holds�money for goods). With these revenues, it repays intra-period loans. We follow large

parts of the literature on New Keynesian macroeconomics, and allow for the elimination of

long-run distortions by introducing a constant subsidy (see Woodford, 2003). In particular,

we assume that intermediate �rms receive a �xed wage subsidy �n after it paid the wages.

The problem of a pro�t-maximizing �rm j is then given by

max (PJ;t=Pt) atn
�
j;t � (1� �n)wtnj;t � lj;t

�
RLj;t � 1

�
=RLj;t, s:t: (1), (5)

where lj;t = Lj;t=Pt and PJ;t denotes the price for the intermediate good. Throughout the

analysis, we restrict our attention to the case, where intermediate goods producing �rms

borrow not more then required to pay wages, such that (1) holds with equality. Then, the

following conditions determine labor demand and the volume of loans,

(PJ;t=Pt) at�n
��1
j;t = (1� �n)wtR

L
j;t; (6)

lj;t=R
L
j;t = wtnj;t; (7)

while remaining pro�ts are transferred to the owners in a lump-sum way. Condition (6)

shows that the working capital constraint can distort labor demand through the costs of

borrowing (RLt � 1). Since intermediate goods producing �rms are ex-ante identical, they

will only di¤er with regard to their labor demand, if they face di¤erent costs of borrowing

(6). This would, for example, be the case, if lenders perceive loans of di¤erent �rms as

imperfect substitutes. For the benchmark version of the model, we disregard this possibility

and assume that the central bank treats all �rms in an ex-ante identical way, such that the

cost of borrowing will be identical, RLj;t = RLt (see section 5.2 for a discussion).

Monopolistically competitive retailers buy intermediate goods IOt =
R 1
0
IOj;tdj at the

common price PJ;t. A retailer k 2 [0; 1] relabels the intermediate good to yk;t and sells it

at the price Pk;t to perfectly competitive bundlers, who bundle the goods yk;t to the �nal

consumption good yt with the technology, y
"�1
"

t =
R 1
0
y
"�1
"

k;t dk. The cost minimizing demand

for yk;t is then given by yk;t = (Pk;t=Pt)
�" yt.

Retailers set their prices to maximize pro�ts. Following Calvo (1983), we assume that

each period a measure 1� � of randomly selected retailers may reset their prices indepen-

dently of the time elapsed since the last price setting, while a fraction � 2 [0; 1) of retailers

9



do not adjust their prices. Maximizing discounted future pro�ts, a fraction of 1�� retailers

set their price Pk;t to maximize the expected sum of discounted future. For � > 0, the �rst

order condition for Pkt is given by

Pk;t =
"

"� 1
Et
P1

s=0 (��)
s c��t+syt+sP

"
t+smct+s

Et
P1

s=0 (��)
s c��t+syt+sP

"�1
t+s

; (8)

where mct = PJ;t=Pt denotes retailers�real marginal cost. De�ning ~Zt = Pk;t=Pt and rewrit-

ing the denominator and numerator in a recursive way, condition (8) can be expressed as

~Zt = Z1t =Z
2
t , where Z

1
t = c��t ytmct + ��Et�

"
t+1Z

1
t+1 and Z

2
t = c��t yt + ��Et�

"�1
t+1Z

2
t+1. Using

the price index Pt for the �nal consumption good, Pt = (
R 1
0
P 1�"k;t dk)

1=(1�"), and the demand

constraint, yk;t = (Pk;t=Pt)
�" yt, we obtain a law of motion for in�ation depending on the

�rms�pricing decision ~Zt, 1 = (1� �) ~Z1�"t + ��"�1t (see, Schmitt-Grohé and Uribe, 2006).

2.3 Households

There is a continuum of in�nitely lived households indexed with i 2 [0; 1]. Households have

identical asset endowments and identical preferences. Household i maximizes the expected

sum of a discounted stream of instantaneous utilities

E
1X
t=0

�tu(ci;t; ni;t); (9)

where E is the expectation operator conditional on the information set in the initial period,

� 2 (0; 1) is the subjective discount factor, and the instantaneous utility function is given

by u(ci;t; ni;t) = c1��i;t (1� �)�1 � �n 1+�i;t (1 + �)
�1 ; � > 0, and � � 0.

Households are assumed to monopolistically supply di¤erentiated labor services ni;t that

are transformed into aggregate labor input nt employed for the production of intermediate

goods. The transformation is conducted via the aggregator n1�1=�tt =
R 1
0
n
1�1=�t
i;t di. We

follow Smets and Wouters (2007) and assume that the elasticity of substitution between

di¤erentiated labor services #t > 1 varies exogenously over time. Cost minimization leads

to the following demand for di¤erentiated labor services ni;t,

ni;t = (wi;t=wt)
��t nt; with w

1��t
t =

Z 1

0

w
1��t
i;t di; (10)

where wi;t and wt are the individual and the aggregate real wage rate, respectively.
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A household i is initially endowed with money MH
i;�1, government bonds Bi;�1, and

privately issued debt Di;�1. In each period, it supplies labor, consumes the �nal good, lends

money to intermediate goods producing �rms, trades with the central bank in open market

operations, and reinvests in assets. Before household i enters the goods market, where it

relies on cash for goods purchases (see 3), it might lend money to �rms. In addition to

government bonds, it can eventually use a fraction of these loans to get additional money

in open market operations (see 2). At beginning of the period, the central bank announces

how many loans and bonds it will accept in open market operations (�t and �Bt ), while

it randomly selects them after households have signed the loan contracts. Hence, loans

to ex-ante identical intermediate goods producing �rms are perfect substitutes, such that

households will demand the same loan rate for all �rms.

In the goods market, household i can use wages, money holdings net of lending, and

additional cash from current period open market operations for its consumption expenditures

(see 3). Before the asset market opens, repurchase agreements are settled and loans are

repaid. In the asset market, household i receives payo¤s from maturing assets, buys bonds

from the government, and borrows/lends using a full set of nominally state contingent claims.

Dividing the period t price of one unit of nominal wealth in a particular state of period t+1

by the period t probability of that state gives the stochastic discount factor qt;t+1. The

period t price of a random payo¤Djt from investments in state contingent claims in period

t + 1 is then given by Et[qt;t+1Djt]. Substituting out the stock of bonds and money held

before the asset market opens, eBi;t and fMi;t, in (4), the asset market constraint of household

i can thus be written as

MH
i;t�1 +Bi;t�1 + Li;t

�
1� 1=RLt

�
+ Ptwi;tni;t +Di;t�1 + Pt�i;t + Pt� i;t (11)

�MH
i;t + (Bi;t=Rt) + Et[qt;t+1Di;t] + Ii;t (R

m
t � 1) + Ptci;t;

while household i0s borrowing is restricted by the no-Ponzi game condition lims!1Etqt;t+sDi;t+s �

0, as well as by MH
i;t � 0 and Bi;t � 0.13 The term Ii;t (R

m
t � 1) gives the costs of money

acquired in open market operations.14 Maximizing (9) subject to (10), the open market con-

13The latter two constraints will not be binding throughout the analysis.
14Throughout the paper, we will restrict our attention to the case where the central bank will not withdraw
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straint (2), the goods market constraint (3), and the asset market constraints (11) and the

borrowing constraints, for given initial values Mi;�1, Bi;�1, and Di;�1 leads to the following

�rst order conditions for consumption, working time, injections, and loans

c��i;t = �i;t +  i;t; (12)

�t�n
�
i;t = wt

�
�i;t +  i;t

�
; (13)

 i;t = (R
m
t � 1)�i;t +Rmt �i;t; (14)

Rmt
�
�i;t + �i;t

�
= RLt

�
�i;t + �i;t�t

�
; (15)

where �t = �t=(�t� 1) denotes the stochastic wage mark-up, �i;t the multiplier for the asset

market constraint, �i;t the multiplier on the open market constraint (�
B
t Bi;t�1 + �tLi;t �

Rmt Ii;t � 0), and  i;t the multiplier on the goods market constraint. Further, the following

�rst order conditions for holdings of bonds, money, and contingent claims

�i;t = �RtEt
�i;t+1 + �Bt+1�i;t+1

�t+1
; (16)

�i;t = �Et
�i;t+1 +  i;t+1

�t+1
; (17)

qt;t+1 =
�

�t+1

�i;t+1
�i;t

; (18)

the associated complementary slackness conditions and the transversality conditions for

money, bonds, and household debt hold. The debt rate is de�ned as follows

RDt = 1=Etqt;t+1: (19)

Combining the optimality conditions (14), (16), and (17) to

RtEt
��
�i;t+1 + �Bt+1�i;t+1

�
=�t+1

�
= Et

�
Rmt+1

�
�i;t+1 + �i;t+1

�
=�t+1

�
; (20)

shows that households are indi¤erent between investing in money and investing in govern-

ment bonds and converting these into cash in the next period at the rate Rmt+1. When the

open market constraint (2) is binding, �t > 0, the interest rate on government bonds Rt

depends on �B. For �Bt = 1, it equals the next period�s expected policy rate up to �rst order.

money from the private sector Ii;t � 0.

12



When government bonds are less liquid (�Bt < 1), households demand a higher bond rate

Rt. Likewise, condition (15) shows that the loan rate RLt depends on the fraction of loans

eligible as collateral in open market operations, �t. When loans are not eligible �t = 0,

there can be a spread between the policy rate and the loan rate, i.e. a liquidity premium,

while for �t = 1 the loan rate equals the policy rate, RLt = Rmt .

2.4 Public sector

The central bank transfers seigniorage revenues Pt�mt to the Treasury, which issues one-

period bonds and pays a wage subsidy at a constant rate �n. The supply of short-term

government bonds is modelled in simple way. We assume that the total amount of short-

term government bonds BT
t , which will either be held by households or the central bank,

grows a the constant rate �,

BT
t = �B

T
t�1; � > 0; (21)

given BT
�1 > 0. Note that we do not aim to measure total public debt by the stock of short-

term bonds BT
t . It rather summarizes a subset of public debt instruments that are eligible

for open market operations. To avoid further e¤ects of �scal policy, we assume that the

government has access to lump-sum transfers Pt� t, which adjust to balance the budget.15

The treasury�s budget constraint reads

(BT
t =Rt) + Pt�

m
t = BT

t�1 + Pt� t + �nPtwtnt: (22)

The central bank can supply money against loans under repos, ML
t =

R 1
0
ML
i;tdi, or against

government bonds in open market operations. Money supplied in exchange for the latter

can either be issued under repos, MR
t =

R 1
0
MR
i;tdi, or outright, M

H
t =

R 1
0
MH
i;tdi, such that

its budget constraint reads

(Bc
t=Rt)�Bc

t�1 + Pt�
m
t = Rmt

�
MH
t �MH

t�1
�
+ (Rmt � 1)

�
MR
t +ML

t

�
; (23)

where Bc
t denotes bonds held by the central bank. It transfers earnings on investments in

government bonds and from repos to the treasury at end of period, Pt�mt = Bc
t (1� 1=Rt)+

15Introducing long-term illiquid government bonds as an additional means of �nancing government ex-
penditures would therefore not have any e¤ects.
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(Rmt � 1)
�
MR
t +ML

t

�
. Substituting out transfers in (23) shows that the bond holdings of

the central bank evolve according to

Bc
t �Bc

t�1 = Rmt
�
MH
t �MH

t�1
�
: (24)

The central bank has three main instruments. First, it conducts interest rate policy, i.e. it

sets the policy rate Rmt . We will refer to its long-run value R
m as the policy rate target.

Second, it can change its money supply policy, i.e. it decides on how many assets to accept

in open market operations, which requires controlling both, �tLt and �Bt Bt�1. Third, it can

alter the collateral standards by raising (or lowering) the fraction of eligible loans relative

to the total amount of accepted assets, �tLt=(�tLt + �Bt Bt�1). Concisely, using the latter

two instruments requires adjusting �t and �Bt in a state contingent way.

Finally, it can decide whether money is supplied in exchange for government bonds via

repos or outright (while loans are only traded under repos). We assume that it sets the

ratio of treasury repos to outright sales of bonds 
t > 0 :MR
t = 
tM

H
t , which will only be

relevant for the implementation of the long-run in�ation target (see section 3).

2.5 Equilibrium

In equilibrium, there will be no arbitrage opportunities and markets clear, nt =
R 1
0
njtdj =R 1

0
nitdi, yt =

R 1
0
yktdj =

R 1
0
citdi = ct, and

R 1
0
Li;tdi =

R 1
0
Lj;tdj = Lt. Households will

behave in an identical way and aggregate stocks of asset satisfy 8t � 0 :
R 1
0
Di;tdi = 0,R 1

0
MH
i;tdi =

R 1
0
fMi;tdi = MH

t ,
R 1
0
MR
i;tdi = MR

t ,
R 1
0
ML
i;tdi = ML

t = �tLt=R
m
t ,
R 1
0
Bi;tdi = Bt,R 1

0
Bc
i;tdi = Bc

t ;
R 1
0
Ii;tdi = It = MH

t �MH
t�1 +MR

t +ML
t , M

H
t �MH

t�1 +MR
t = �Bt Bt=R

m
t ,

and BT
t = Bt +Bc

t . Households�real bond holdings evolve according to (see 21 and 24)

bt � bt�1�
�1
t = (�� 1)bTt�1��1t �Rmt

�
mH
t �mH

t�1�
�1
t

�
: (25)

Since intermediate goods producing �rms behave in an identical way, their aggregate output

satis�es IOt = atn
�
t . Retailers can di¤er with regard to their prices, which might lead to

a dispersion of retail prices. Market clearing for the intermediate goods market, IOt =R 1
0
yk;tdk then implies for aggregate output atn�t =

R 1
0
(Pk;t=Pt)

�" ytdk ,

yt = atn
�
t =st; (26)
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where st is a measure for price dispersion, st =
R 1
0
(Pk;t=Pt)

�" dk and evolves according to

st = (1 � �) ~Z�"t + �st�1�
"
t (see e.g. Schmitt-Grohé and Uribe, 2006) given s�1 = 1. A

rational expectations (RE) equilibrium is de�ned as follows (see also appendix A):

De�nition 1 A RE equilibrium is a set of sequences fct, nt, yt, �t,  t, �t, mR
t , m

H
t ,

bt, bTt , lt, wt, mct, ~Zt, Z
1
t , Z

2
t , st, �t, qt;t+1, Rt, R

D
t , R

L
t g1t=0 satisfying mctat�n��1t =

(1� �n)wtR
L
t , lt=R

L
t = wtnt, (12)-(19) where xi;t = xt 8xi;t 2 fni;t; ci;t; �i;t;  i;t; �i;tg, ct =

mH
t +m

R
t +�tlt=R

m
t if  t > 0 or ct � mH

t +m
R
t +�tlt=R

m
t if  t = 0, �

B
t bt�1=(R

m
t �t) = mH

t �
mH
t�1�

�1
t +mR

t if �t > 0 or �
B
t bt�1=(R

m
t �t) � mH

t �mH
t�1�

�1
t +mR

t if �t = 0, ~Zt =
"
"�1Z

1
t =Z

2
t ,

Z1t = c��t ytmct + ��Et�
"
t+1Z

1
t+1, Z

2
t = c��t yt + ��Et�

"�1
t+1Z

2
t+1, 1 = (1 � �)( ~Zt)

1�" + ��"�1t ,
st = (1��) ~Z�"t +�st�1�"t , mR

t = 
tm
H
t , b

T
t = �b

T
t�1=�t, (25), (26), yt = ct, the transversality

conditions, a monetary policy setting fRmt � 1, �Bt , �t 2 [0; 1]g1t=0, 
t > 0; and � � �, a
subsidy �n, for given sequences fat; �tg1t=0 and initial values MH

�1, B�1, B
T
�1, and s�1 = 1.

De�nition 1 accounts for both cases where the goods market constraint and the open market

constraint are binding and non-binding. Throughout the analysis, we are particularly inter-

ested in the case where the open market constraint is binding. We will show that the central

bank can then apply its instruments in a way that enhances welfare beyond pure interest

rate policy. If, however, the open market constraint is not binding, the model reduces to a

conventional sticky price model with transactions frictions (see de�nition 2 in appendix A).

The households�optimal consumption and labor supply decisions are then not a¤ected by

money rationing, like in standard New Keynesian models with lump-sum money supply.16

Corollary 1 For given sequences fwt; �t; �tg1t=0 and a monetary policy fRmt � 1g1t=0, con-
sumption and working time fct; ntg1t=0 are determined by c��t = �Rmt Et[c

��
t+1�

�1
t+1] and �t�n

�
t =

wtc
��
t , if the open market constraint is not binding, �t = 0. The equilibrium loan rate then

satis�es RLt = Rmt .

For �t = 0, the policy rate will a¤ect consumption growth via a standard Euler equation

(see Clarida et al., 1999). In case of a binding open market constraint, �t > 0, this will

not be the case, since the consumption Euler rate and the policy rate will di¤er by a

liquidity premium. Consumption growth will then not depend on the policy rate in the way

summarized in corollary 1, while money and therefore consumption will be rationed by the

amount of eligible collateral. The central bank can then a¤ect the private sector behavior

by changing the terms of lending and by setting the policy rate.

16A log-linearly approximated version of the model can then be reduced to a set of three equations (see
appendix A).
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In the subsequent sections, we will repeatedly refer to the �rst best allocation, which

solvesmaxE
P

i

P1
t=0 �

tu(ci;t; ni;t), s.t.
R 1
0
yk;tdk = at(

R 1
0
nitdi)

� and (
R 1
0
citdi)

"�1
" =

R 1
0
y
"�1
"

kt dk.

It can easily be shown that the solution satis�es at�n��1t = �n�t c
�
t and ct = atn

�
t . The �rst

best allocation is characterized by the following corollary.

Corollary 2 The �rst best allocation satis�es at�n��1t = �n�t c
�
t and ct = atn

�
t 8t � 0, and

is given by

n�t = n�a
1��

�+��+1��
t and c�t = c�a

1+�
�+��+1��
t , where n� = (�=�)

1
�+��+1�� and c� = (n�)� : (27)

It will be shown that monetary policy �together with the wage subsidy �can implement

�rst-best (27) by setting its targets and its instruments in a way that eliminates distortions

induced by the transactions friction, the cost push shocks, and imperfectly �exible prices.

3 Long-run e¤ects of monetary policy

In this section, we examine the long-run e¤ects of monetary policy. Before we identify the

long-run optimal policy, we summarize main steady state properties, where constant steady

state values of endogenous variables will not be indexed with a time index. Further details

on the steady state can be found in appendix B. Following the New Keynesian literature

on optimal monetary policy (Woodford, 2003), we assume that the wage subsidy eliminates

the long-run distortions due to average mark-ups:

�n = 1� [(� � 1) =�] [("� 1) ="] : (28)

Even though average mark-ups are eliminated by the subsidy, the steady state allocation

can still deviate from �rst-best (see corollary 2), due to i:) long-run price instability, which

is associated with price dispersion and an ine¢ cient allocation of working time (see 26), and

ii:) positive costs of liquidity required by �rms to meet the working capital constraint (1).

Consider the case where all government bonds are eligible, �Bt = 1, while loans (and

private debt) are not accepted in open market operations. In the steady state, the debt

rate RD satis�es RD = �=� (see 18). In contrast to standard models, where the debt rate

(i.e. the Euler rate) is assumed to equal the policy rate, the central bank can set the policy

rate target Rm at a value lower than �=�, such that Rm < RD. Households will only

invest in bonds if the return is not smaller than the rate Rm, at which they can exchange
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bonds against money. Hence, in an arbitrage-free long-run equilibrium the interest rate on

government bonds equals the policy rate, R = Rm (see 20).

When the policy rate target satis�es 1 � Rm < RD, the open market constraint (2) will

be binding in the steady state. The reason is that households economize on bond holdings

when interest rate earnings from government bonds R are smaller than on household debt

RD, while they can use bonds for open market operations. Further, the goods market

constraint (3) will be binding in a steady state, if the in�ation target exceeds �, such that

RD = �=� > 1. Then, households can earn interest by investing in private debt, such

that they economize on money holdings and use money only for goods market expenditures.

Notably, this result holds regardless of the policy rate and even if it is set at its zero lower

bound, Rm = 1. These results for the case where only treasury debt is eligible ("Treasuries

only") are summarized in the following proposition.

Proposition 1 Suppose that government bonds are eligible, but not loans, �Bt 2 (0; 1] and
�t = 0. In the steady state, interest rates are then characterized by RD = RL = �=�
and R 2 [Rm; RD), the goods market constraint is binding for an in�ation target satisfying
� > �, and the open market constraint is binding for a policy rate satisfying Rm 2 [1; �=�).

Proof. See appendix B.

When the open market constraint (2) is binding, access to money is restricted by the amount

of collateral. Thus, the supply of short-term government bonds might be relevant for the

equilibrium allocation and the associated price level. The central bank can nevertheless

implement its in�ation target independent from the supply of government bonds by using its

instruments. In particular, it can implement long-run price stability regardless whether the

total amount of government bonds grows (� > 1) or shrinks (� < 1) by adjusting the fraction

of eligible government bonds �Bt or the share of money supplied outright 1=(1 + 
t) � 1 in

a way described in the following proposition.

Proposition 2 For a policy rate target satisfying Rm 2 [1; �=�), the central bank can im-
plement long-run price stability � = 1 for � � 1 if it sets the fraction of eligible bonds �Bt
according to �Bt = �

�1�Bt�1, and for � < 1 if it sets �Bt = �B < 1 and the share of money
supplied outright (1 + 
t)�1 according to (1 + 
t)�1 = �(1 + 
t�1)�1.

Proof. See appendix B.
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If, for example, government bonds grow at a positive rate � > 1, long-run price stability

requires the fraction of eligible bonds �Bt to shrink with the rate �, such that increasingly less

money can be obtained per bond. If total government bonds shrink over time, � < 1, then

this instrument is not applicable due to its upper bound, �Bt � 1. In this case, the central

bank can adjust the share of money supplied outright 1=(1 + 
t) at the rate � such that

it increasingly supplies money under repos. It should be noted that the results presented

in proposition 2 do not rely on any further restriction on the share of eligible loans �. The

reason is that the �rms�demand for loans is bounded by the nominal wage bill, which in

the long-run cannot grow independently from the aggregate price level.

We now examine optimal long-run monetary policy, for which we consider the case where

the central bank accepts loans in exchange for money in open market operations. The steady

state allocation is then a¤ected by the collateral standards in open market operations, i.e.

by the share of loans eligible in open market operations �. The reason is that the loan rate

raises the �rms�borrowing costs, while the level of the loan rate is a¤ected by the central

bank�s choice for �:

RL =
�
� (1=Rm) + (1� �)

�
1=RD

���1
; (29)

(see appendix B for the derivation). As long as loans are not eligible, � = 0, the loan rate

equals the debt rate RL = RD (see proposition 1). Under a binding open market constraint,

Rm < RD, this result does not hold if � > 0. By increasing the fraction of eligible loans �

(for a given policy rate) or by lowering the policy rate (for a given � > 0), the central bank

can induce a lower steady state loan rate. Condition (29) further reveals that RL = 1, if

Rm = 1 and � = 1. To see how this a¤ects the allocation, consider that the equilibrium

allocation satis�es �t�n
�
t = wtc

��
t (see de�nition 1). Substituting out wages with (6) and

working time with (26), leads to the following condition for steady state consumption

c =
�
(�=�)

�
mc � s�=RL

���=(�+��+1��)
s�1; (30)

while the �rst-best steady state consumption level is given c� = (�=�)�=(�+��+1��) (see 27).

Given that �scal transfers eliminate the average mark-up distortion, the marginal cost of

�nal goods producing �rms and the dispersion term equal one in steady state if prices are

stable: � = 1 ) mc = s = 1 (see appendix B for further details). Condition (30) shows
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that long-run consumption can further deviate from its �rst-best level, if the loan rate is

positive. However, the central bank can implement the long-run �rst best allocation (c�; n�)

by setting its targets and instruments as follows.

Proposition 3 The long-run e¢ cient allocation can be implemented by the central bank if
and only if it accepts all loans as collateral and sets both targets equal to one,

� = 1, Rm = 1, and � = 1: (31)

Proof. See appendix B.

The distortions due to price dispersion and due to the liquidity constraint (1) cannot be

eliminated simultaneously, if money supply is not e¤ectively rationed (see corollary 1), or if

the central bank supplies money in a lump-sum way like in standard models. Then, there

exists no liquidity premium on eligible assets and the policy rate equals the loan rate (and

the debt rate). Thus, the Fisher equation applies for the policy rate (Rm = �=�) in a

long-run equilibrium, implying that the policy rate and the in�ation rate cannot both be

set equal to one. Put di¤erently, the long-run e¢ cient allocation cannot be implemented if

the policy rate Rm is set equal to the long-run Euler rate RD.

If however the central bank sets its policy rate target Rm < �=�, such that open market

constraint is binding, it can eliminate the distortion due to price dispersion by setting the

in�ation target equal to one (� = 1) and the distortion due to the liquidity constraint

by setting the policy rate and the share of eligible loans equal to one (see proposition 3),

implying zero cost of borrowing (RL = 1).

4 Optimal stabilization policy

In the previous section, we have shown how the central bank can implement an e¢ cient

long-run allocation. In this section, we turn to the task of optimal stabilization in face

of aggregate shocks, i.e., productivity and mark-up shocks. Throughout this section, we

will restrict our attention to the case where the central bank targets are set in accordance

with long-run e¢ ciency, Rm 2 [1; �=�) and � > �, which ensures that the goods market

constraint and the open market constraint bind in the neighborhood of the steady state (see

proposition 1). We then assume that the economy is initially in the steady state and that

disturbances are su¢ ciently small such that it stays in its neighborhood. Since we aim at

19



providing an answer to the question if monetary policy is in principle able to implement

�rst-best, we disregard issues related to the time inconsistency of optimal policy.17

4.1 Perfectly �exible prices

Before we turn to the more realistic case of imperfectly �exible prices, we examine optimal

policy under perfectly �exible prices. In order to isolate welfare gains from short-run sta-

bilization, we will assume that the �xed wage subsidy �n eliminates long-run distortions,

which originate in the average mark-ups and in the long-run costs of borrowing. Instead of

(28), we will therefore assume that the subsidy is now given by �n = 1 � ��1
�

"�1
"
=RL, like

in Ravenna and Walsh (2004), who also examine optimal monetary stabilization in a sticky

price model where �rms face a working capital constraint.

Using de�nition 1, we can rede�ne a RE equilibrium allocation under binding goods

and open market constraints, perfectly �exible prices (� = 0), and a subsidy �n = 1 �

[(� � 1) =�] [("� 1) ="] =RL as a set of sequences fct, nt, �t, wt, mH
t , R

L
t , bt, b

T
t g1t=0 satisfying

at�n
��1
t = �n�t c

�
t (�t=�)

�
RLt =R

L
�
; (32)

ct = atn
�
t ; (33)

RLt = f(1� �t) �Et[
�
c��t+1=c

��
t

�
��1t+1] + �t=R

m
t g�1; (34)

wt = �t�n
�
t c
�
t ; (35)

ct = (1 + 
t)m
H
t + �t

�
wtntR

L
t =R

m
t

�
, (36)

�Bt bt�1�
�1
t = Rmt

�
(1 + 
t)m

H
t �mH

t�1�
�1
t

�
, (37)

bt � bt�1�
�1
t = (�� 1)bTt�1��1t �Rmt

�
mH
t �mH

t�1�
�1
t

�
; (38)

bTt = �b
T
t�1=�t; (39)

and the transversality conditions, for given sequences of monetary policy instruments fRmt �

1, �Bt , �t 2 [0; 1]g1t=0, 
t > 0g1t=0 and targets Rm 2 [1; �=�) and � > �, sequences of

stochastic variables fat; �tg1t=0 and initial values MH
�1 > 0; B�1 > 0; and B

T
�1 > 0.

Under �exible prices the central bank can easily implement the �rst best allocation of

consumption and working time, as given in corollary 2. Comparing (27) with (32) and (33)

17The optimality conditions that will be presented in this section can be interpreted as being part of a
commitment plan derived and implemented in a timeless perspective (see Woodford, 2003).
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immediately shows that the �rst best allocation fc�t ,n�tg1t=0 can be implemented if the loan

rate o¤-sets mark-up shocks, (�t=�)
�
RLt =R

L
�
= 1 . Substituting out the loan rate with (34)

this condition can be rewritten as

(�t=R
m
t ) + (1� �t) �Et (ct+1=ct)

�� ��1t+1 = �t=
�
�RL

�
: (40)

Condition (40) can be satis�ed only if the policy rate or the expected in�ation rate are

functions of the mark-up shock, since consumption is then given by ct = c�t and thus a

function of the productivity shock, but not of the mark-up shock (see 27). In the case where

loans are not eligible �t = 0, the policy rate Rmt does not directly a¤ect the loan rate. Then,

implementation of the �rst best allocation requires expected in�ation to be a function of

today�s mark-up shocks. For this, the central bank can use its instruments (Rmt , �t, and

�Bt ) to manipulate the in�ation rate via (37) as described in the following proposition.

Proposition 4 When prices are perfectly �exible, � = 0, the central bank implements the
�rst best allocation fc�t ; n�tg1t=0 if it sets Rmt , �t, and �Bt 8t � 0 according to

�t
Rmt

+
1� �t
1=�

Et

"�
ct
ct+1

���1 (1� �t��R
L=Rmt+1)

�Bt+1bt
�
ctRmt+1

��1
+ (1� �t��RL=Rmt )= (1 + 
t)

#
=

�t
�RL

:

(41)
for any 
t > 0. Then, there exists a unique associated price level sequence fPtg1t=0.

Proof. See appendix C.

In contrast to productivity shocks, the wage mark-up shock is distortionary and should be

eliminated by o¤-setting adjustments of central bank instruments. Since there are three

instruments available, there exist in�nitely many sets of sequences for the instruments that

implement the �rst best allocation. For example, if the central bank accepts no loans in open

market operations, �t = 0, and holds the fraction of eligible bonds constant, �Bt = �B > 0, it

can set the future policy rate rate Rmt+1 in a predetermined way, i.e. contingent on informa-

tion in period t, Rmt+1 =
�
�Bbt=c

�(at)
�
f(�RL=�t)�Et[(c�(at)=c�(at+1))��1] � 1= (1 + 
)g�1,

to satisfy (41). If it pegs the policy rate, Rmt = Rm > 0, and accepts a constant fraction of

loans, �t = � > 0, then it can still adjust �Bt for a given stock of real bonds to ensure that

(41) holds.18 The easiest way to implement the �rst best allocation is to accept all loans

18Precisely, �Bt+1 has to be adjusted in the following backward-looking way to satisfy (41): �
B
t+1bt =

21



as collateral in open market operations, �t = 1, such that the loan rate is identical to the

policy rate RLt = Rmt (see 34). Then, the central bank can directly control the loan rate in

a way that o¤-sets changes in the wage mark-up, Rmt =R
m = �=�t. In any case, the price

level sequence is uniquely determined under (41), while price level trends can be avoided by

long-run adjustments of �Bt or 
t (see proposition 2).

If, however, one assumes that the policy rate target is set to equal the long-run debt

rate Rm = Rd = �=�, like in standard New Keynesian models, then the open market

constraint is not binding (see proposition 1). For this case, corollary 1 and (32)-(33) then

imply that the equilibrium allocation fct, ntg1t=0 satis�es at�n��1t = �n�t c
�
t (�t=�) (R

m
t =R

m)

and ct = atn
�
t . Then, central bank can simply set its single instruments R

m
t according to

Rmt =R
m = �=�t to implement �rst-best (as in the case of �t = 1). In contrast to the case

where money is rationed, the well-known price level indeterminacy problem then arises, i.e.

there exist multiple price level sequences consistent with the equilibrium allocation.

To summarize, collateralized central bank lending and the associated instruments are

under fully �exible prices relevant for price level determination, but are irrelevant for optimal

stabilization. In the next subsection, it will be shown that the latter result will not hold for

the empirically relevant case where prices are imperfectly �exible.

4.2 Imperfectly �exible prices

According to the conventional view on monetary policy, central banks typically face a trade-

o¤ (between price level stabilization and closing output-gaps) when sticky prices and cost-

push shocks are present, which renders the implementation of a �rst best allocation impos-

sible (see Clarida et al., 1999, or Woodford, 2003). If, in contrast, only productivity shocks

were present, the trade-o¤ disappears. It is further known that the existence of transac-

tions frictions can also lead to a trade-o¤, even if only productivity shocks are present (see

Ravenna and Walsh, 2006, or Christiano et al. 2010). Thus, according to a standard mone-

tary policy analysis, �rst-best can �even when long-run distortions are eliminated �not be

implemented by the central bank if cost-push shocks or liquidity constraints exist. Here, we

show that this result does not hold when the central bank applies additional instruments

[�tR
m=(�RL)]��

(1��)(1���RL�=Rm)
c�(zt)

��

�Etc�(zt+1)1��
� c�(zt)R

m���RL�
1+
 .
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available under collateralized lending.

Based on de�nition 1, we can rede�ne a RE equilibrium under binding goods and

open market constraints, imperfectly �exible prices (� > 0), and a subsidy �n = 1 �

[(� � 1) =�] [("� 1) ="] =RL as a set of sequences fmct, st, ct, nt, �t, wt, mH
t , R

L
t , bt, b

T
t g1t=0

satisfying (34)-(39),

mctat�n
��1
t =�n�t c

�
t (�t=�)

�
RLt =R

L
�
; (42)

ct= atn
�
t =st; (43)

st � �st�1�
"
t =(1� �)

��
1� ��"�1t

�
= (1� �)

��"=(1�")
; (44)��

1� ��"�1t

�
= (1� �)

�1=(1�")
=
Et
P1

s=0 (��)
s ��sk=1�"t+k� ct+s1��mct+s

Et
P1

s=0 (��)
s ��sk=1�"�1t+k

�
ct+s1��

; (45)

and the transversality conditions, for given sequences of monetary policy instruments fRmt �

1, �Bt , �t 2 [0; 1]g1t=0, 
t > 0g1t=0 and targets Rm 2 [1; �=�) and � > �, sequences of

stochastic variables fat; �tg1t=0 and initial values M�1 > 0; B�1 > 0; B
T
�1 > 0, and s�1 = 1.

When prices are imperfectly �exible, time varying marginal costs of retailers and price

dispersion can a¤ect the equilibrium allocation, as can be seen from mct and st entering

(42) and (43). Since the �rst best allocation is characterized by at�n��1t = �n�t c
�
t and

ct = atn
�
t (see corollary 2), the conditions (42) and (43) imply that mct = (�t=�)

�
RLt =R

L
�

and st = 1 have to be satis�ed for the sticky price allocation to be e¢ cient. The absence

of price dispersion (st = 1) further requires constant prices �t = 1 by (44) given s�1 = 1,

which is only consistent with optimal price setting when marginal costs equal one (see 45).

Hence, the �rst best allocation can be implemented by the central bank if and only if it sets

its instruments such that

mct = 1 and RLt =R
L = �=�t;

or, equivalently, such that �t = 1 and (40). Given that the goods market constraint and the

open market constraints are binding (see 36 and 37), the central bank can set the fraction

of eligible government bonds �Bt in a state contingent way that implies a consumption level,

which is consistent with mct = 1 under sticky prices. In particular, the central bank has

to adjust the amount of eligible bonds �Bt bt�1 to control money supply according to (36)
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and (37) such that consumption equals ect and � by (43) � working time ent, which for
RLt =R

L = �=�t imply mct = 1 by (42) and (43). It can easily be veri�ed that ect and ent are
given by ect = s

(����1)=(�+��+1��)
t c�t and ent = s

�=(�+��+1��)
t n�t : (46)

Once (40) and (46) hold, such that mct = 1, retailers will not change their prices such

that �t = 1 according to (45), implying that there will be no price dispersion, and st = 1

according to (44) given s�1 = 1. The equilibrium allocation under sticky prices is then

identical to the �rst best allocation, ect = c�t and ent = n�t (see 46). The following proposition

summarizes the requirements for optimal stabilization policy.

Proposition 5 When prices are imperfectly �exible, � > 0, the central bank implements
price stability, �t = 1, and the �rst best allocation fc�t ; n�tg1t=0 if it sets �t > 0, and Rmt and
�Bt according to (40) and

�Bt bt�1 = Rmt �t
�ect �1� �tstmct�t�R

L
t =R

m
t

�
�mH

t�1�
�1
t

�
: (47)

For �t = 0, the �rst best allocation cannot be implemented.

Proof. See appendix C

Optimal stabilization policy under sticky prices can thus implement the �rst best allocation

by using all instruments Rmt , �t, and �
B
t . For this, it is necessary to accept at least some

loans in open market operations, �t > 0. The central bank can then alter the loan rate

directly by changes in the policy rate to o¤-set mark-up shocks (see 40). This can be done

in the simplest way when all loans are eligible such that (40) reduces to Rmt =R
m = �=�t.

Condition (47) further reveals that accepting more loans (higher �) must be neutralized by

a smaller fraction of eligible bonds (lower �Bt ) to guarantee implementation of �rst-best.

If, however, loans are not eligible, �t = 0, the loan rate RLt equals the debt (Euler) rate

Rdt , and is only a¤ected by the policy rate through its equilibrium impact on consumption

and in�ation, i.e., by induced changes in the equilibrium Euler rate (see 40). In this case,

the remaining instruments, namely, the policy rate Rmt and the amount of eligible bonds

�Bt bt�1, jointly a¤ect the consumption level (see 47), but they cannot further be used to

o¤-set mark-up shocks. Put di¤erently, changes in the policy rate do not directly alter the

loan rate and therefore the �rms�marginal costs when �t = 0, such that all central bank
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instruments (jointly) exert a direct impact on the demand side. Hence, for �t = 0 the central

bank instruments are not su¢ cient to implement �rst-best under sticky prices. This result

relates to the well-known trade-o¤ between price level stabilization and closing output-gaps

faced by central banks conducting pure interest rate policy (see Clarida et al., 1999). In

our framework, this case corresponds an interest rate target Rm = Rd = �=�, such that the

open market constraint is not binding (see corollary 1 and proposition 1). The policy rate

would then be the single monetary policy instrument, which cannot simultaneously o¤-set

mark-up shocks and implement a consumption level consistent with constant prices.

Hence, deviating from "Treasuries-only", �t > 0, is necessary for the implementation

of �rst-best when prices are imperfectly �exible. Since there exist more than one friction,

the central bank has to use all its instruments, which has not been necessary under �exible

prices. Moreover, the in�ation target has to equal one under sticky prices to avoid long-

run welfare losses due to dispersed prices. As summarized in proposition 2, this long-run

in�ation target can be achieved by the central bank, if it adjusts the growth rate of �Bt or

(1 + 
t) in a way that o¤-sets long-run trends in the supply of government bonds.19

4.3 Comparison with pure interest rate policy

To compare an optimal central bank lending regime with a conventional pure interest rate

policy regime, we calibrate the model, using standard parameter values as far as possible.

The parameter of the utility function equal � = 2 and � = 0, the labor income share

� = 0:66, the substitution elasticity for intermediate goods " = 10, steady state working time

n = 0:33, and the fraction of non-optimally price adjusting �rms � = 0:7. The productivity

process satis�es at = a
�a
t�1 exp("

a
t ), where we follow Schmitt-Grohé and Uribe (2006) and

set �a = 0:856 and sd("at ) = 0:0064. The substitution elasticity �t evolves according to

�t = �1����
��
t�1 exp("

�

t ), where � = 10 and the process of �t is calibrated such that the wage

markup �t= (�t � 1) matches Galí et al.�s (2007) estimates, i.e. V ar(�t= (�t � 1)) = 0:0542

and �� = 0:95. The spread between the policy rate R
m and the debt rate RD = �=� (which

equals the loan rate RL in a steady state with � = 0), i.e. the liquidity premium, is set

19In case of a permanently growing supply of bonds, � > 1, which would increase household bond holdings
by (38), the central bank has to permanently lower �Bt accordingly to implement ect, as can be seen from
b�1t�1 on the LHS of (47).
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equal to 13 basis points (in terms of quarterly rates), which accords to Longsta¤ et al.�s

(2005) evidence on the non-default component of corporate bond spreads.20

The in�ation target is set in accordance with price stability, � = 1. The policy rate target

Rm is set equal to its 20-year average Rm = 1:0105 (or 4.28% in annualized terms), which �

together with the liquidity premium�implies a discount factor of � = (1:0105+13�10�4)�1 =

0:9883. We consider two monetary policy regimes, the optimal central bank lending regime

(as characterized in proposition 5) and a conventional interest rate policy regime, at the

same steady state. For the latter regime, we apply time-invariant collateral standards,

�Bt = 1 and � = 0, and an inertial reaction function

Rmt =
�
Rmt�1

��
R1��m (�t=�)

w�(1��) ([yt=at]=[y=a])
wy(1��) ; (48)

which has been estimated for the US by Justiniano and Primiceri (2008) with w� = 1:92;

wy = 0:1, and � = 0:8. We assume that the supply of short-run government bonds is

constant, i.e. � = 1. This assumption is made for convenience only and allows to disregard

long-run adjustments of the monetary policy instruments, in particular, of �Bt and 
t (see

proposition 2. Given that � = 1 is consistent with the in�ation target, we keep the share of

repos 
 constant and set it equal to 1:5, which is consistent with pre-crises supply of federal

funds (see Reynard and Schabert, 2009). Finally, for both optimal central bank lending

regimes, which di¤er by the fraction of eligible loans (� = 0:5 and � = 0:75), we adjust

the steady state fraction of eligible government bonds �B to ensure a steady state, which is

identical to the pure interest rate policy steady state.21

We �rst consider productivity shocks. Figure 1 shows the impulse responses to a produc-

tivity shock under two optimal policy regimes with � = 0:5 (solid line) and with � = 0:75

(starred line) and under a pure interest rate policy regime (dashed line). Under an optimal

policy regime, which implements �rst-best (see proposition 5), consumption increases on im-

20They �nd that 49% of the spread between AAA corporate bonds and Treasury securities can be assigned
to the non-default component, which is highly correlated to measures of market liquidity. Given that the
average short-term spread for AAA corporate bonds equals 104 basis points at annualized rates, we consider
a liquidity premium of 13 basis points (in quarterly terms).
21To be more precise, the policy instruments � and �B are in the steady state related to each other by

(see 36 and 37), �B = Rmb�1
(1 +
)�1n�[1� ���=(�+ (1� �)Rm�)], which we apply to determine real
bonds b using the pure interest rate policy regime with �B = 1 and � = 0.
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Figure 1: Responses to a one st. dev. productivity shock (in % dev. from steady state, and
R and �B in absolute dev.)

pact and working time falls, while prices are constant, which requires to keep marginal costs

constant. Since �rms�marginal costs are decreasing in productivity, this can be achieved

via higher costs of borrowing. Hence, the central bank raises the policy rate, which tends to

raise the loan rate by (40) for � > 0, while the increase in the policy rate is less pronounced

for a higher share of accepted loans (� = 0:75). The optimal consumption level is, at the

same time, implemented by accommodating the productivity shock with an increase in the

share of eligible bonds �Bt and an increase in money supplied under repos against loans as

collateral. In contrast, the central bank decreases the policy rate under a pure interest rate

policy, which is modelled by the policy rule (48) and constant money supply instruments, �B

and �. This policy cannot ensure price stability and is associated with a more pronounced

decline in working time and a dampened consumption response compared to �rst-best.22

Figure 2 shows impulse responses to a wage mark-up shock. Under a pure interest

rate policy (dashed line), which cannot stabilize prices and the allocation, the central bank

slightly raises the policy rate, in accordance with the conventional monetary policy device

22The hump-shape of the impulse response function of consumption is mainly due to sluggish changes in
the household real bond holdings that serve as collateral.
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Figure 2: Responses to a one st. dev. mark-up shock (in % dev. from steady state, and R
and �B in absolute dev.)

from the New Keynesian literature. In�ation then increases on impact, while consumption

and working time decrease as usual, though in a hump-shaped way. Under an optimal policy

regime, the central bank instead lowers the policy rate to o¤-set the cost increasing e¤ect

of the mark-up shock. Like under productivity shocks, the policy rate is adjusted in a less

pronounced way when more loans are eligible (see starred line). To stabilize consumption

and working time at �rst-best levels, while facing an increase in loans (due to higher wage

payments), the central bank reduces the fraction of accepted bonds �Bt . Hence, by adjusting

the latter and the policy rate Rmt , cost push shocks are completely neutralized.

5 Discussion

In this section, we �rst consider credit default risk and show that the central bank can avoid

losses due to default by introducing haircuts. In the second part, we argue that collateralized

central bank lending, as modelled in here, is not equivalent to direct central bank lending.

5.1 Credit default and haircuts

To account for credit risk, we model default in a very simple way. Speci�cally, we intro-

duce random idiosyncratic productivity levels !j;t in the intermediate goods sector, which

28



materialize after the labor market closes in subperiod 3 (see section 2.1). We assume that

the realizations can be observed by borrowers and lenders without any (monitoring) costs,

which would solely add costs/frictions that cannot be eliminated by monetary policy. We

consider the following simple debt contract: A �rm j, which exists for one period, o¤ers

a loan contract at the price 1=RLj;t that leads to a pay-o¤ of 1 when it is able to meet

this payment, i.e. when its productivity level is su¢ ciently high !j;t � !j;t, where !j;t is

the minimum productivity level that enables full repayment. Otherwise, !j;t < !j;t, �rm j

goes bankrupt and pays out its total revenues. Neglecting the wage subsidy, for simplicity,

the maximization problem of an intermediate goods producing �rm j can be written as

maxE[(PJ;t=Pt)!j;tatn
�
j;t � wtnj;t � lj;t(R

L
j;t � 1)=RLj;t], s.t. (1), where the expectations are

based upon the information at the beginning of the period after aggregate state variables

(but not the !0j;ts) are already realized.

Since �rms are ex-ante identical, loan contracts for di¤erent �rms are signed at the

same rate RLj;t = RLt . After workers are paid, �rms draw idiosyncratic productivity levels

from the same time invariant distribution with density function f (!j;t) and a mean of

one, E (!j;t) = 1. Hence, the conditions (6)-(7) hold (for �n = 0) and all �rms behave in

an identical way. In particular, they all hire labor according to qtat�n��1t = wtR
L
t , where

qt = PJ;t=Pt, and borrow lt=RLt = wtnt. After the idiosyncratic productivity shock is realized,

a �rm j fully repays loans lt = �qtatn
�
t if !j;t � � or, if !j;t < �, lenders get !j;tqtatn�t . The

expected pay-o¤ for a lender is therefore
R1
�
�qtatn

�
t f (!j;t) d!j;t+

R �
�1 !j;tqtatn

�
t f (!j;t) d!j;t

and the expected rate of repayment 1� �e equals:

1� �e =

Z 1

�

f (!j;t) d!j;t + ��1
Z �

�1
!j;tf (!j;t) d!j;t:

Firms drawing a productivity level that exceeds � transfer their pro�ts to the households.

Households will only invest in loans if they are compensated for expected losses due to

default. Likewise, the central bank can react to default induced expected changes in the

price of loans by introducing haircuts h, when it accepts loans as collateral:

ML
t � (1� h) (�tLt=R

m
t ) :

Hence, choosing su¢ ciently large haircuts can shield against central bank losses when its
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counterparty (households) refuses to repurchase the loan at the non-default value. The

haircut exactly compensates for losses if h = �e. If, for example, !j;t is uniformly distributed

and the labor income share equals � = 0:66, then this amounts to a haircut of 6:5 b.p. (24

b.p), when 2.5% (5%) of all intermediate goods producing �rms default in each period.

Accounting for credit default and haircuts h = �e, leads to a RE equilibrium that di¤ers

only by the loan rate satisfying RLt = (1� �e)�1 f(1� �t) �Et[
�
c��t+1=c

��
t

�
��1t+1] + �t=R

m
t g�1

instead of (34), which exceeds the loan rate for the risk-free case by (1� �e)�1.23 The higher

loan rate tends to raise the costs of borrowing and therefore to lower aggregate production,

such that the long-run �rst best allocation can �even for Rm = 1 �not be implemented (see

proposition 3). Nevertheless, the central bank can e¢ ciently stabilize the economy in the

neighborhood of a steady state, like in the case of risk-free loans (see propositions 4 and 5),

as long as the loan rate is linked to the policy rate through �t > 0. Hence, the central bank

can enhance welfare by using all instruments as described in the previous sections, while it

can avoid losses by using haircuts.

5.2 Direct central bank lending

Suppose that the central bank would conduct credit policy, i.e., it would supply loans directly

to intermediate goods producing �rms at the policy rate, rather than lend to households

against �rm loans as collateral. As long as the central bank does not lend to all �rms but only

to a fraction � < 1, �rms who borrow from households will face higher costs of borrowing

than �rms receiving loans directly from the central bank, if it sets the policy rate below the

consumption Euler rate, Rmt < Rdt . As a consequence, a fraction � of intermediate goods

producing �rms, who can borrow at the policy rate, will hire more workers and produce at a

higher level, than �rms borrowing from households at the rate RLt = Rdt . Such a policy would

be equivalent to the case where the central bank announces which loans are accepted for

repos before rather than after households lend to �rms (as assumed in section 2.1). Hence,

households would demand di¤erent loan rates from �rms depending on whether debt issued

by the particular �rm is eligible or not.

In our set-up, the central bank avoids �rms facing di¤erent costs of borrowing, by ran-

23Investments in loans then satisfy RLt [(1� �et )�i;t + �i;t (1� ht)�t] = Rmt
�
�i;t + �i;t

�
(instead of 15),

which together with (12) and (14) leads to RLt = c
��
i;t =f�i;t[(1� �

e
t )� (1� ht)�t] + c��i;t (1� ht)�t=Rmt g.
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domly choosing eligible loans after loan contracts are signed (see section 2.1). Due to this

assumption, �rms are identical when loan contracts are signed. Hence, the commonly raised

critique that deviating from "Treasuries-only" distorts the credit allocation applies to credit

policy,24 but not for collateralized central bank lending as modelled in this paper.

6 Conclusion

In contrast to the New Keynesian view on monetary policy, there exist additional instru-

ments available for central banks beyond setting the policy rate, which are available not

only in crises times. Central banks typically ration money in open market operations,

where money is essentially supplied in form of collateralized loans. While this has so far

been neglected for the analysis of optimal monetary policy, our analysis shows how central

banks can enhance welfare under optimal collateralized lending compared to a pure interest

rate policy regime.

The main idea is that central banks are able to control the price as well as the quantity of

money when it rations the supply of money. The price of money, i.e. the policy rate, can then

di¤er from the consumption/savings rate, which allows to a¤ect both, the supply side and

the demand side, in a separate way. A prerequisite for an e¤ective supply side instrument is

that short-run corporate debt securities serve as substitutes for treasury securities, which are

typically accepted as collateral. The central bank can then directly stabilize �rms�marginal

costs by controlling the costs of borrowing via the policy rate. At the same time, it can

tighten/relax access to rationed money to stimulate/dampen aggregate demand consistent

with potential output. Optimal central bank lending can thereby overcome the well-known

monetary policy trade-o¤ between stabilizing prices and closing output-gaps.

The model can further be applied for an analysis of e¤ects on interest rates and macro-

economic aggregates of unconventional monetary policies at the zero lower bound, which

have been applied during the recent �nancial crises by several central banks, and for the

analysis of di¤erent exit strategies.

24Under direct lending and � < 1, �rms face di¤erent loan rates, which can �depending on the labor
income share �lead to an aggregate output of the intermediate goods sector that is smaller than in the case
where all �rms face the same costs of borrowing and produce at the same level.
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Appendix

A Rational expectations equilibrium

Based on de�nition 1, a RE equilibrium can be reduced by substituting out  t and �t, yt

and PJ;t and Pt. A RE equilibrium is then given by a set of sequences fct, nt, �t, mR
t , m

H
t ,

bt, bTt , lt, wt, mct, ~Zt, st, �t, Rt, R
D
t , R

L
t g1t=0 satisfying

�t�n
�
t = wtc

��
t ; (49)

RLt =
�
�t (1� �t) + �tc

��
t =Rmt

��1
c��t ; (50)

�t = �Et
�
c��t+1=�t+1

�
; (51)

�t = �RtEt[
�
�i;t+1

�
1� �Bt+1

�
+ �Bt+1c

��
t+1=R

m
t+1

�
��1t+1]; (52)

�t = �RDt Et [�t+1=�t+1] ; (53)

ct � �tlt=R
m
t = mH

t +mR
t , if  t = (R

m
t � 1)�t +Rmt

�
c��t �Rmt �t

�
> 0; (54)

or ct � �tlt=R
m
t � mH

t +mR
t , if  t = 0;

�Bt bt�1= (R
m
t �t) = mH

t �mH
t�1�

�1
t +mR

t , if �t = c��t �Rmt �t > 0; (55)

or �Bt bt�1= (R
m
t �t) � mH

t �mH
t�1�

�1
t +mR

t , if �t = 0;

bt � bt�1�
�1
t = (�� 1)bTt�1��1t �Rmt

�
mH
t �mH

t�1�
�1
t

�
; (56)

mctat�n
��1
t = (1� �n)wtR

L
t ; (57)

lt=R
L
t = wtnt; (58)

~Zt ("� 1) =" = Z1t =Z
2
t ; (59)

where Z1t = c��t ytmct + ��Et�
"
t+1Z

1
t+1 and Z

2
t = c��t yt + ��Et�

"�1
t+1Z

2
t+1;

1 = (1� �)( ~Zt)
1�" + ��"�1t ; (60)

mR
t = 
tm

H
t ; (61)

bTt = �b
T
t�1=�t; (62)

ct = atn
�
t =st; (63)

st = (1� �) ~Z�"t + �st�1�
"
t ; (64)

the transversality conditions, a monetary policy setting fRmt � 1, �Bt , �t 2 [0; 1]g1t=0, 
t > 0

and � � �, for given fat; �tg1t=0, initial values for public liabilities and s�1 = 1.

35



When money supply is not e¤ectively rationed due to a non-binding open market constraint,

which is equivalent to a lump-sum money supply with an irrelevant stock of government

bonds, a RE equilibrium can further be reduced and rede�ned as follows.

De�nition 2 For a non-binding open market constraint, �t = 0, a RE equilibrium is a
set of sequences fct, nt, lt, wt, mct, ~Zt, Z1t , Z2t , st, �t, RLt g1t=0 satisfying �t�n

�
t = wtc

��
t ,

c��t = �Rmt Et[c
��
t+1�

�1
t+1], R

L
t = Rmt , (57)-(60), (63)-(64), the transversality conditions, a

monetary policy setting fRmt � 1g1t=0 and the in�ation target � � �, for given sequences
fat; �tg1t=0 and s�1 = 1.

Consider the version of the model with a non-binding open market constraint (see de�nition

2) for an in�ation target equal to one. Then, a log-linear approximation of the model at

the steady state (where bxt denotes the percent deviation of a generic variable xt from its

steady state value x : bx = log(xt) � log(x)) can easily be reduced to an aggregate demand
condition �byt = �Etbyt+1 � cRmt + Etb�t+1, an aggregate supply condition b�t = �Etb�t+1 +
�cRmt+�ybyt+�b�t��aat, where � = (1��)(1���)=� > 0, �y = �[(1 + �)��1+��1] > 0

and �a = � (1 + �) =� > 0, and a monetary policy fcRmt � 1g1t=0, which is equivalent to

Ravenna and Walsh�s (2006) model and di¤ers from a standard New Keynesian model (see

Clarida el al., 1999) only by cRmt entering the aggregate supply condition.
B Steady state

In this appendix, we analyze the steady state of the model in detail (constant steady state

values will not be indexed with a time index). The central bank determines �t, �Bt , and


t as well as target values for the in�ation rate � � � and the policy rate Rm � 1. In a

steady state, all endogenous variables grow with a constant rate, while the time-invariant

policy targets have to be consistent with the steady state. We examine endogenous variables

in a steady state for given policy target. Then, we will con�rm that the target values (in

particular the in�ation target) are indeed consistent with the steady state.

For a given in�ation target that equals the steady state in�ation rate �, the conditions

(59) and (60) imply ~Zt to be constant and to satisfy ~Z = ((1� ��"�1) = (1� �))
1=(1�"). The

dispersion measure st satisfying ( 64), thus converges in the long run to

s = [(1� �) = (1� ��")]
��
1� ��"�1

�
= (1� �)

��"=(1�")
> 0; (65)
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if ��" < 1, � < (1=�)1=" or � = 1. Since s is bounded from below and neither productivity

nor labor supply exhibit trend growth, working time, output, and consumption cannot grow

with a non-zero rate in the steady state, y = c = n�=s. Then, (59) implies that Z2t converges

to Z2 = y1��= (1� ���"�1) if ���"�1 < 1 , � < [1= (��)]1=("�1). Given that Z1t =Z
2
t and

Z2t are constant, and that (59) implies Z
1 = c1��mc

1����" , real marginal costs are also constant,

mc = [("� 1) ="] ~Z (1� ���") =
�
1� ���"�1

�
: (66)

Since steady state consumption is constant, (51) and (53) determine the long-run debt rate

in the usual way, RD = �=�. Condition (50) and (51) further imply the steady state loan

rate to satisfy (29). Given that the loan rate, marginal cost, and working time are constant,

(57) implies a constant steady state wage rate, w = mc�n��1=RL.

Proof of proposition 1. Suppose that government bonds are eligible �B 2 (0; 1], while

loans are not eligible � = 0. The conditions (51) and (52) imply for the steady state

� = � c
��

�
and � = �R[�(1� �B) + �Bc��=Rm]��1, which can �together with RD = �=� �

be combined to R�1 =
�
RD
��1 �

1� �B
�
+�B (Rm)�1. For �B 2 (0; 1] the government bond

rate therefore satis�es R 2 [Rm; RD). Eliminating  t in (14) with (12) and �t with (51),

leads to the steady state condition

� = c�� (Rm � �=�) � 0; (67)

which shows that the money market constraint (2) is binding in the steady state (� > 0) if

monetary policy sets the policy rate below the private debt rate, Rm < RD = �=�. Further

combining � = c���=� and (12) to

 = c�� (1� �=�) � 0; (68)

shows that the goods market constraint (3) is binding in the steady state ( > 0) if the

central bank sets its in�ation target according to � > �.

When the central bank sets its targets according to � > � and Rm < �=�, the constraints

in the goods market and in the money market are binding (see proposition 1). The binding

goods market constraint (54) and the central bank�s money supply (61) then imply that
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steady state real balances held outright and held under repurchase agreements satisfy

mH
t = (c� �l=Rm) =(1 + 
t) and mR

t = (c� �l=Rm) 
t=(1 + 
t): (69)

Household�s money holdings evolve in the steady state according to mH
t + mR

t =
mH
t�1
�
+

�Bt bt�1=�
Rm

(see 55), which implies household steady state bond holdings to satisfy

�Bt bt�1 = c�
�
1� ��1 (1 + 
t�1)

�1�Rm; (70)

where c = c � �l=Rm. In the steady state, the total supply of government bonds satis�es

bTt =b
T
t�1 = ��

�1 (see 62). The evolution of household bond holdings is constrained by (56),

which can by substituting out real balances with (69) and total bonds bTt be rewritten as:

bt � bt�1�
�1 = (�� 1)bTt�1��1 �Rmc

�
(1 + 
t)

�1 � ��1 (1 + 
t�1)
�1� : (71)

These steady state conditions impose constraints on the steady state in�ation rate, which

has to equal the in�ation target.

Proof of proposition 2. Suppose that Rm < �=� and � > �, such that the goods and

the open market constraint are binding. Eliminating household bond holdings bt�1 and bt

in (71) by (70), then leads to the following steady state condition for total bonds

�� 1
�ecRm bTt�1= �

�Bt+1

�
1� ��1 (1 + 
t)

�1�� 1

�Bt

�
1� ��1 (1 + 
t�1)

�1� (72)

+
�
(1 + 
t)

�1 � ��1 (1 + 
t�1)
�1� :

Any in�ation target of the central bank has to be consistent with the demand (72) and the

supply of government bonds (62), which equals bTt �=b
T
t�1 = � in the steady state. To estab-

lish long-run price stability, � = 1, for which the RHS of (72) simpli�es to (1 + 
t)
�1 [
�
�Bt+1

��1

t+

1]� (1 + 
t�1)�1 [
�
�Bt
��1


t�1 + 1], we consider two cases:

First, suppose that � � 1 and that the share of money supplied outright is constant and

satis�es 1 + 
 � 1. Substituting out total bonds bTt in (62) by (72) for � = 1 then givesh�
�Bt+2

��1 � ��Bt+1��1i.h��Bt+1��1 � ��Bt ��1i = �;
which is satis�ed for a constant growth rate of �Bt satisfying �

B
t = �

�1�Bt�1 .
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Second, suppose that � < 1 and that the fraction of eligible bonds is constant and

satis�es �B < 1. Substituting out total bonds bTt in (62) by (72) for � = 1 then gives

(
t � 
t+1) = [(1 + 
t) (1 + 
t+1)]
(
t�1 � 
t) = [(1 + 
t�1) (1 + 
t)]

= �;

which is satis�ed for a share of money held outright (1 + 
t)
�1 satisfying (1 + 
t)

�1 =

! (1 + 
t�1)
�1, where ! = �. This establishes the claims made in the proposition.

Proof of proposition 3. The steady state conditions for the dispersion term (65)

and for marginal costs (66) immediately show that long-run price stability, � = 1, implies

s = 1 and mc = 1. Using these values, steady state consumption, as given in (30), equals

c =
�
(�=�) =RL

� �
1+�+���� . Since the steady state loan rate RL satis�es (29), we know that

RL = 1 if and only if all loans are eligible � = 1 and the policy rate is set at its zero

lower bound Rm = 1. In this case steady state consumption equals its �rst-best value,

c = (�=�)
�

1+�+���� . Given that s = 1, (63) implies that working time also equals its �rst-

best value n = (�=�)
1

�+��+1�� .

C Stabilization policy

Proof of proposition 4. For Rm < �=�, � > �, and � = 0, (32)-(39) hold. Consider a

sequence f
tg1t=0. Combining (32) and (35) to

wt = at�n
��1
t �

�
RL=RLt

�
; (73)

and substituting out wages with (73) in (36), gives (1 + 
t)mH
t = ct(1����RL=Rmt ), which

can be used to eliminate real balances in (37) such that

�t =

�
�Bt bt�1=R

m
t

�
+ ct�1(1� ���RL=Rmt�1)= (1 + 
t)

ct(1� ���RL=Rmt )
: (74)

Substituting out expected in�ation by (74) in (40), shows that the central bank can satisfy

(40) by setting Rmt , �t, and �
B
t according to (41). Then,

RLt =R
L = �=�t (75)

holds by (34), and (32) reduces to at�n��1t = �n�t c
�
t , which together with (33) imply the

allocation to satisfy nt = n�t and ct = c�t 8t � 0, where n�t and c�t are given in (27).
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For a set of sequences fRmt ; �t; (�Bt bt�1);
tg1t=0, which satisfy (41), and the allocation fc�t ,

n�tg1t=0, the loan rate is determined by (75), the wage rate by (73), and real money holdings by

(36). The initial price level P0 is then determined by P0 =
��
�B0 B�1=R

m
0

�
+MH

�1
�
=[(1 + 
t)m

H
0 ],

where B�1 > 0 and MH
�1 > 0 are given. Since in�ation �t = Pt=Pt�1 is given by �t =��

�Bt bt�1=R
m
t

�
+mH

t�1
�
=[(1 + 
t)m

H
t ] 8t � 1, where b0 is predetermined by b0 = [(B�1 +

(��1)BT
�1+R

m
0 M

H
�1) (1 + 
t)P

�1
0 �Rm0 ]mH

0 and bt�1 8t � 2 by (38), the price level sequence

fPtg1t=0 is uniquely determined.

Proof of proposition 5. Combine (35) and (42), to eliminate wages in (36), such that

(1 + 
t)m
H
t = ct(1 � �tmctst��R

L=Rmt ), where we used (43). The binding money market

constraint (37), can then be written as �Bt bt�1�
�1
t = Rmt

�
ct
�
1� �tstmct�t�R

L
t =R

m
t

�
�mH

t�1�
�1
t

�
.

Hence, the central bank implements ect and ent by adjusting the amount of eligible bonds
according to (47). Further setting the policy rate according to (40) for �t > 0, such that the

loan rate o¤-sets mark-up shocks, implies mct = 1 by (42) and (43), �t = 1 by (45), st = 1

by (44), and thus ect = c�t and ent = n�t by (46).

For �t = 0, (40) reduces to �Et (ct+1=ct)
�� ��1t+1 = �t=

�
�RL

�
, which cannot be satis�ed

under �rst-best, since in�ation then must equal one (see 44 and 45) and consumption not a

function of mark-up shocks (see 27).
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