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Abstract

We analyze optimal monetary policy in a sticky price
model where the central bank supplies money outright
via asset purchases and lends money temporarily against
collateral. The terms of central bank lending affect ra-
tioning of money and impact on macroeconomic aggre-
gates. The central bank can set the policy rate and its
inflation target in a way that implements the first best
long-run allocation, which is impossible if money were
supplied in a lump-sum way (as commonly assumed).
Efficient central bank lending further increases gains
from macroeconomic stabilization beyond pure interest
rate policy. This requires departing from a "Treasuries-
only" regime.
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1 Introduction

The recent financial 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 deficiency, 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.> Hence, by relaxing collateral requirements or by direct asset purchases it can ease
rationing of money supply, which has been thought to be effective during the recent crisis
by reducing interest rate spreads and facilitating private sector credit flows (see Blinder,
2010, and Goodfriend, 2010).

This raises the questions if rationing of money can be justified 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 fill 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.! 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 difference between the policy rate and the Euler rate found by Canzoneri et al. (2007) and
Atkeson and Kehoe (2009).



sales or repurchase agreements matter for the access to money. The eligibility of assets
for open market operations will affect 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 affects the spreads between interest rates on different assets and the policy rate,
i.e. the price of money in terms of eligible assets. It can thereby impact on financial markets
and macroeconomic aggregates beyond the effects of pure interest rate policy.

Since we do not aim to model a financial crises, we focus on central bank lending against
collateral that is free of default risk, which accords to common central bank practice.” 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,® consis-
tent with empirical evidence (see Longstaff et al., 2005, or Covitz and Downing, 2007).
Accepting corporate debt as collateral will then reduce the spread by increasing their lig-
uidity /resaleability. Hence, changing the terms of central bank lending affects interest rate
spreads via liquidity premia in accordance with empirical evidence on the effects 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.
Specifically, we allow for prices to be set in an imperfectly flexible 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
first best allocation and leads to the well-known trade-off between stabilizing prices and
closing output-gaps (see e.g. Clarida et al., 1999). In contrast, we consider that access to

money is effectively 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 briefly
discuss the case of collateral associated with default risk.

6The absence of imperfections in private financial intermediation is a main difference 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.



short-term government bonds. Given that money is rationed, easing or restricting the terms
of lending serves as an effective 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 affect prices and macroeconomic aggregates.”

To motivate issuance of corporate debt, we assume that firms 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 offer
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 inflation by
adjusting its terms of lending.

Within this framework, we first examine the long-run effects of monetary policy. We
show that the central bank can implement the first best allocation in the long-run, which
requires i.) targeting long-run price stability to avoid price dispersion, 7i.) accepting all loans
as collateral such that the loan rate equals the policy rate, and ii.) setting the policy rate
at its zero lower bound to eliminate the transactions friction.® In contrast, if loans are not
eligible, the loan rate exceeds the policy rate such that costs of borrowing are raised and
production is inefficiently low. Likewise, the first-best can also not be implemented under a
standard monetary policy regime, where the policy rate equals the Euler rate and is linked
to inflation (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

"Money 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-defined money demand) when the policy rate is at the zero lower bound.



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 fluctuations. The effectiveness of its
instruments requires accepting at least some (but not all) loans as collateral.” The central
bank can then directly control the loan rate by setting the policy rate, which serves as an
effective tool to eliminate distortionary changes in firms’ marginal costs. At the same time,
it can stimulate or dampen aggregate demand by changing its terms of lending. Specifically,
by using all instruments, the central bank can simultaneously off-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-off by flexibly rationing the supply of money.

The difference 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 inflationary 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
off-set the cost-push effect 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 inflation 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).



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 sufficiently many tax instruments are available. This corresponds to our
result that the optimal allocation can be implemented under flexible 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 first 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 financial intermediation. A central bank’s "credit policy" (i.e. unsecured lending to
the private sector) is associated with costs that differ from private costs of intermediation,
and can be beneficial at times of unusual financial 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 financial 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
financial 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 find that credit policy is beneficial in crises situations when private intermediaries are
financially constrained.'’

The paper is organized as follows. Section 2 presents the model. In section 3, we examine
the long-run effects of monetary policy. In section 4, we describe optimal stabilization policy
under flexible prices and sticky prices. Section 5 discusses the impact of default risk and

direct central bank lending. Section 6 concludes.

10Tn section 5, we discuss how credit policy differs from central bank lending as specified in our model.



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
(a 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 firms to finance the wages in advance.!’ 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 firms, who exist for one period and
employ labor, retailers, who set their prices in an imperfectly flexible way, and the fiscal

authority, who issues short-term debt.

2.1 Timing of events

Households, indexed with ¢ € [0, 1], enter a period ¢ with money, government bonds, and
household debt, Mﬂ,l + Bit—1+ D;;—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,
kP € (0,1] and &, € [0, 1], and the policy rate R;® > 1. The remainder of the period can be

divided into four subperiods.

1. The labor market opens, where a perfectly competitive intermediate goods producing
firm j hires workers n;,. We assume that it has to pay workers their wages in cash

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

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



cash. Firm j thus faces the cash constraint
Lis/ Ry > Pavgny, (1)

where w, denotes the real wage rate, P, denotes the final goods price, L;,/ Rﬁt the
amount received by the borrowing firm. Firm j commits to repay the amount L;, at
the end of the period, such that Rﬁt is the interest on the intra-period loan. Lender
then sign loan contracts with all firms, taking into account that a fraction x; of all

loans can be used as collateral for repurchase agreements.

. The money market opens where the central bank sales or purchases assets outright
or under repurchase agreements for money at the rate R;". 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 ¢, household i receives money

injections) from the central bank, I;; = M — M + ME+ ML where M1 — MH
, 7,0 i,t—1 2,t it i,t—1

2,
is the amount of money received from the central bank’s outright bond purchases, and
Mﬁ and Mth denote money received in repos for bonds and loans. Specifically, the
central bank supplies money against a randomly selected fraction x? of bonds and

a randomly selected fraction r; of loans, M/} — M/} | + MJ < kP (B;;—1/R;") and

M}, < k¢ (Liy/Ry"), such that I, is constrained by
Ly < K7 (Big-1/RY) + ke (Lig/ R") . (2)

After receiving money injections from the central bank, household ¢ delivers the
amount L; ;/ RF to firms according to the loan contract, while it can refinance a fraction
r of loans. Its holdings of money, bonds, and loans are then Mﬂ_l + Iy — (Lis/RE),
B 1 — ABﬁt, and L;; — Lft, where ABﬁt are bonds received by the central bank and
L}, are loans under repos, such that I;; = (AB{,/R*) + (L' /R}").

. Wages are paid, and intermediate as well as final goods are produced. Then, the goods
market opens, where final goods can only be bought with money. Hence, household i

faces the cash-in-advance constraint

Py < Iiy + ng — (Li,t/RtL> + Paw; niy. (3)
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Final goods producing firms receive cash for their sales, and pay for the intermediate
goods. Both further pay out dividends to their owners (households), which sum up
to P,0;; for household i, such that its money holdings are Mﬁfl + iy — (Lis/RF) +
Paw;n;y — Pieiy + Py

4. Repurchase agreements are settled, i.e. household ¢ buys back government bonds
BfY, and corporate debt L[ from the central bank with money. Household i’s bond
and money holdings are therefore given by éi,t = Bit1 — ABZt + Bft and ]\th =
Lo+ M, — (Lit/RE) + Pawiyniy — Pociy + Pibiy — Bf, — L[,. In the asset market,
loans are repaid and households receive payoffs from maturing assets as well as gov-
ernment transfers P,7; ;. Further, the government issues new bonds at the price 1/R;.
Household ¢ can thus carry wealth into £+ 1 in form of bonds, state-contingent claims,

or money, such that its asset market constraint is
(Bit/Re) + Et|qrit1Diqg] + Mﬂ <Biy+ D1+ M+ Liy + Piriy, (4)

where ¢;+41 denotes a stochastic discount factor (see section 2.3). The central bank
reinvests its payoffs from maturing bonds in new government bonds and leaves money

supply uncahnged, [ ]\/Z-,tdz' = [ M]di.

2.2 Firms

There is a continuum of identical intermediate goods producing firms indexed with j €
[0,1].'2 They exist for one period, are perfectly competitive, and are owned by the house-
holds. A firm j distributes profits to the owners and hires the aggregate labor input n,; at
a common rate rate w;. We assume that wages have to be paid in advance, i.e. before goods
are sold. For this, firm j borrows cash L, from households at the price 1/ Rﬁt and repays
the loan at the end of the period. Hence, firm j faces the working capital constraint (1).
It then produces the intermediate good according to the production function I0;; =
aynj,, where o € (0,1) and a; 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 firms face idiosyncratic pro-
ductivity shocks.



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 firms receive a fixed wage subsidy 7" after it paid the wages.

The problem of a profit-maximizing firm j is then given by
max (Py/Py) anGy — (1 —7") wingy — L (Rﬁt — 1) /Rﬁt, s.t. (1), (5)

where [;; = L;;/P, and Py, denotes the price for the intermediate good. Throughout the
analysis, we restrict our attention to the case, where intermediate goods producing firms
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,

(Pae/ ) asoms = (1= ") wi R} (6)

Jit?

Lie/ Ry = winy, (7)

while remaining profits 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 (RX > 1). Since intermediate goods producing firms are ex-ante identical, they
will only differ with regard to their labor demand, if they face different costs of borrowing
(6). This would, for example, be the case, if lenders perceive loans of different firms as
imperfect substitutes. For the benchmark version of the model, we disregard this possibility
and assume that the central bank treats all firms in an ex-ante identical way, such that the
cost of borrowing will be identical, R}, = R} (see section 5.2 for a discussion).

Monopolistically competitive retailers buy intermediate goods 10; = fol 10;.dj at the
common price Py;. A retailer k € [0, 1] relabels the intermediate good to yi; and sells it
at the price Py ; to perfectly competitive bundlers, who bundle the goods y;: to the final
consumption good y; with the technology, yt;1 = fol yi dk. The cost minimizing demand
for yx, is then given by v, = (Pes/P) ™" s

Retailers set their prices to maximize profits. 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 ¢ € [0, 1) of retailers



do not adjust their prices. Maximizing discounted future profits, a fraction of 1 — ¢ retailers
set their price P;; to maximize the expected sum of discounted future. For ¢ > 0, the first
order condition for Py, is given by

Py — e L Z:i[) (¢5)s C;—gsytJrsPtg-i-smctJrs
. 0o s —o — )
e—1 E Zszo (Cbﬁ) Ct—i—syt-i-spta-l—sl

(8)

where mc; = Pj;/P; denotes retailers’ real marginal cost. Defining 7, = P +/P; and rewrit-
ing the denominator and numerator in a recursive way, condition (8) can be expressed as
Z, = Z})Z2, where Z} = ¢ yimey + 9BEmE  ZE, and ZF = ¢ Ty + quEtﬂf;llZfH. Using
the price index P, for the final consumption good, P, = ( fol Pkl;gdk;)l/ (1=¢) " and the demand
constraint, yx, = (Py/P;)” "y, we obtain a law of motion for inflation depending on the

firms’ pricing decision Z;, 1 = (1 — ¢) Z}~° + ¢m5 " (see, Schmitt-Grohé and Uribe, 2006).
2.3 Households

There is a continuum of infinitely lived households indexed with i € [0, 1]. Households have
identical asset endowments and identical preferences. Household ¢ maximizes the expected

sum of a discounted stream of instantaneous utilities
o0
E Z Btu(cm ni,t)7 (9)
t=0

where F is the expectation operator conditional on the information set in the initial period,
S € (0,1) is the subjective discount factor, and the instantaneous utility function is given
by u(cit,nit) = cil;” (1—0)" —xn 11:”’ (1+n)"", 0 >0,and 5 > 0.

Households are assumed to monopolistically supply differentiated labor services n;; that
are transformed into aggregate labor input n; employed for the production of intermediate
goods. The transformation is conducted via the aggregator ntl_l/ G = fol nit_l/ “tdi. We
follow Smets and Wouters (2007) and assume that the elasticity of substitution between

differentiated labor services 9J; > 1 varies exogenously over time. Cost minimization leads

to the following demand for differentiated labor services n;,
1
Ny = (wi,t/wt)_g N, with wtl_Ci = / wit_gtdi, (10)
0
where w;; and w; are the individual and the aggregate real wage rate, respectively.

10



A household i is initially endowed with money Mf_ 1, government bonds B; _;, and
privately issued debt D; _;. In each period, it supplies labor, consumes the final good, lends
money to intermediate goods producing firms, 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 firms. 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 (x; and ), while
it randomly selects them after households have signed the loan contracts. Hence, loans
to ex-ante identical intermediate goods producing firms are perfect substitutes, such that
households will demand the same loan rate for all firms.

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 payoffs from maturing assets, buys bonds
from the government, and borrows/lends using a full set of nominally state contingent claims.
Dividing the period ¢ price of one unit of nominal wealth in a particular state of period ¢+ 1
by the period ¢ probability of that state gives the stochastic discount factor ¢;;+1. The
period ¢ price of a random payoff Dj; from investments in state contingent claims in period
t + 1 is then given by E;[q;+1Dj:]. Substituting out the stock of bonds and money held
before the asset market opens, Ei,t and ]\/Z,t, in (4), the asset market constraint of household

1 can thus be written as

Mﬁ_1 + Bit1+ Liy (1 - 1/RtL) + Pw;niy + Dig—1 + Pidiy + Py (11)

< Mﬁ + (Bit/Ry) + Eiqra1Dig) + Liy (R — 1) + Pciy,

while household ¢'s borrowing is restricted by the no-Ponzi game condition lim_.oc EiGy t45D; 145 >
0, as well as by Mﬂ > 0 and B;; > 0."* The term [;; (R" — 1) gives the costs of money

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

13The latter two constraints will not be binding throughout the analysis.
“Throughout 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 M; _;, B;,_1, and D; _; leads to the following

first order conditions for consumption, working time, injections, and loans

Cit = Xig Ty, (12)

NtX”Zt = wy ()\2-7,5 + wi’t) , (13)

Gip = (B = 1) Mg + R0, (14)

R ()\Z',t + 77i7t) = Rf ()\z',t + 772-7t/<at) , (15)

where p, = (,/({, — 1) denotes the stochastic wage mark-up, \;; the multiplier for the asset
market constraint, 7,, the multiplier on the open market constraint (/{F Biy1+ kiLiy —
R"I;; > 0), and 1), , the multiplier on the goods market constraint. Further, the following

first order conditions for holdings of bonds, money, and contingent claims

B
Aigy1 + KixaMie+1

Aip = BRE, - ; (16)
t+1
Ait1 +U;
Ais = BEtM, (17)
T41
B Ait+1
_ iy 18
i1 Teg1 it (18)

the associated complementary slackness conditions and the transversality conditions for

money, bonds, and household debt hold. The debt rate is defined as follows
RP =1/Eqe41. (19)
Combining the optimality conditions (14), (16), and (17) to

RyEy [()\i,tJrl + ﬂi1ﬁi,t+1) /7Tt+1] = E; [Rﬁl ()\i,tJrl + 77i,t+1) /7Tt+1] ) (20)

shows that households are indifferent between investing in money and investing in govern-
ment bonds and converting these into cash in the next period at the rate R} ;. When the
open market constraint (2) is binding, 1, > 0, the interest rate on government bonds R,

depends on 7. For kP = 1, it equals the next period’s expected policy rate up to first order.

money from the private sector I; ; > 0.

12



When government bonds are less liquid (k? < 1), households demand a higher bond rate
R;. Likewise, condition (15) shows that the loan rate RY depends on the fraction of loans
eligible as collateral in open market operations, x;. When loans are not eligible x;, = 0,
there can be a spread between the policy rate and the loan rate, i.e. a liquidity premium,

while for x; = 1 the loan rate equals the policy rate, RF = R™.

2.4 Public sector

The central bank transfers seigniorage revenues P,7;" to the Treasury, which issues one-
period bonds and pays a wage subsidy at a constant rate 7". The supply of short-term
government bonds is modelled in simple way. We assume that the total amount of short-
term government bonds B}, which will either be held by households or the central bank,
grows a the constant rate I,

B =TBl,, T >0, (21)

given BT, > 0. Note that we do not aim to measure total public debt by the stock of short-
term bonds B/. Tt rather summarizes a subset of public debt instruments that are eligible
for open market operations. To avoid further effects of fiscal policy, we assume that the
government has access to lump-sum transfers P,7,, which adjust to balance the budget.'

The treasury’s budget constraint reads
(BtT/Rt) + PtT;n = Bér_l + PtTt -+ Tnthtnt. (22)

The central bank can supply money against loans under repos, M} = fol letdi, or against
government bonds in open market operations. Money supplied in exchange for the latter
can either be issued under repos, Mt = fol MRdi, or outright, M/T = fol M/{di, such that

its budget constraint reads
(Bf/Re) — By + Pry" = R (M = M,) + (R — 1) (M + M) (23)

where By 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, P77 = Bf (1 — 1/R;) +

5Introducing long-term illiquid government bonds as an additional means of financing government ex-
penditures would therefore not have any effects.
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(Ry* — 1) (M + M[F). Substituting out transfers in (23) shows that the bond holdings of

the central bank evolve according to
By — By, = R" (M/" — M) (24)

The central bank has three main instruments. First, it conducts interest rate policy, i.e. it
sets the policy rate R}". We will refer to its long-run value R™ 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, x;L; and xZB;_;. Third, it can
alter the collateral standards by raising (or lowering) the fraction of eligible loans relative
to the total amount of accepted assets, x;Li/(r:Li + P B;_1). Concisely, using the latter
two instruments requires adjusting x; and /-ff 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 €; > 0: ME = Q,MH, which will only be

relevant for the implementation of the long-run inflation target (see section 3).

2.5 Equilibrium

In equilibrium, there will be no arbitrage opportunities and markets clear, n; = fol njdj =
[y nadi, yo = [ ywdj = [ cudi = ¢, and [, Liydi = [ Ljydj = L;. Households will
behave in an identical way and aggregate stocks of asset satisfy V¢ > 0 : fol D;,di = 0,
Jy MAdi = [} Myudi = MP, [y MEdi = ME, [} MEdi = ME = Lo/ R, [} Biydi = B,
[y Bsydi = By, [ Lydi = I, = M — MH, + ME+ ME, M — M, + MF = xPB,/R}",
and Bl = B; + Bf. Households’ real bond holdings evolve according to (see 21 and 24)

by — by = (= 1)o7, — R (m{ —my 7)Y (25)

Since intermediate goods producing firms behave in an identical way, their aggregate output
satisfies 1O; = ayny'. Retailers can differ with regard to their prices, which might lead to
a dispersion of retail prices. Market clearing for the intermediate goods market, 10, =

fol yr.+dk then implies for aggregate output a;nf = fol (Pet/Pr) " ydk <

Y = atn?/sta (26)
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where s; is a measure for price dispersion, s; = fol (Py.t/P,) ° dk and evolves according to
se = (1 — ) Z7° + ¢si_17 (see e.g. Schmitt-Grohé and Uribe, 2006) given s_; = 1. A
rational expectations (RE) equilibrium is defined as follows (see also appendix A):

Definition 1 A RE equilibrium is a set of sequences {eo, ne, Yoo M, Uy, My, mE, mH,

b, b;; ly, wi, mey, Zy, Ztl: ZE; St; Tty Qriv1, B Rf); RtL}z?iU satisfying mCtatOénffl =
(1 - T") thtL; lt/RtL = WiNy, (12)-(19) where x;y = xp Yoy € {ni,taci,t,/\z‘,tﬂ/’i,um,t}; Ct =
my +mi 4k /R if b, >0 or g <mf'+mf+rdy /R if Y, = 0, kP01 /(R]'m) = m{' —
mi i if > 0 or k70 /(RY'me) > my' —milymt mfifn, =0, Zo = 5212,
Zt1 = C;Uyt”]Ct + ¢6Et7"§+1Zt1+1: th =c; "y + ¢5Et7"§4:112t2+17 1= (1 - ¢)(Zt>1_8 + Qb”fil:
sy = (1=9)Z; S+ ¢si 1w, mE = Qumi bl =Tl | /7y, (25), (26), yi = ¢4, the transversality
conditions, a monetary policy setting {R™ > 1, kP, k; € [0,1]}2,, & > 0, and ™ > B3, a
subsidy ", for given sequences {as, j1,}2, and initial values MY, B_y, BT,, and s_; = 1.

Definition 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 definition 2 in appendix A).

The households’ optimal consumption and labor supply decisions are then not affected by

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

Corollary 1 For given sequences {wy, m, i1, }7°, and a monetary policy {Ry* > 1}2,, con-
sumption and working time {cy,n }2, are determined by c;° = BRI Ey[c;51m 4] and pyxny =
weey 7, if the open market constraint s not binding, n, = 0. The equilibrium loan rate then
satisfies RF = R,

For n, = 0, the policy rate will affect consumption growth via a standard Euler equation
(see Clarida et al., 1999). In case of a binding open market constraint, 7, > 0, this will
not be the case, since the consumption Euler rate and the policy rate will differ 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 affect the private sector behavior

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

16 A 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 first best allocation, which

e—1

e—1
solves max B>, > Bu(ciy, niy), s-t. fol yrrdk = at(fol ngdi)® and (fol cudi) = = fol Yo dk.

It can easily be shown that the solution satisfies a;anf ™' = xyn/c? and ¢; = a;n¢. The first

best allocation is characterized by the following corollary.

Corollary 2 The first best allocation satisfies a,any™* = xnjc! and ¢; = an$ Vt > 0, and
18 given by

1—0c 1+n

ny =n*a/ 7 and ¢ = a7, where nt = (a/x) Tt qnd ¢ = (n")*. (27)

It will be shown that monetary policy — together with the wage subsidy — can implement
first-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 flexible prices.

3 Long-run effects of monetary policy

In this section, we examine the long-run effects 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:

T =1-[((=1)/C]le = 1) /e]. (28)

Even though average mark-ups are eliminated by the subsidy, the steady state allocation
can still deviate from first-best (see corollary 2), due to i.) long-run price instability, which
is associated with price dispersion and an inefficient allocation of working time (see 26), and
i1.) positive costs of liquidity required by firms to meet the working capital constraint (1).

Consider the case where all government bonds are eligible, xZ = 1, while loans (and
private debt) are not accepted in open market operations. In the steady state, the debt
rate RP satisfies R = m/f3 (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 R™ at a value lower than 7/f3, such that R™ < RP. Households will only

invest in bonds if the return is not smaller than the rate R™, 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 = R™ (see 20).

When the policy rate target satisfies 1 < R™ < R”| 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
RP, while they can use bonds for open market operations. Further, the goods market
constraint (3) will be binding in a steady state, if the inflation target exceeds /3, such that
RP = 7/B8 > 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, R™ = 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, k2 € (0,1] and
ky = 0. In the steady state, interest rates are then characterized by RP? = RY = n/3
and R € [R™, RP), the goods market constraint is binding for an inflation target satisfying
7 > [3, and the open market constraint is binding for a policy rate satisfying R™ € [1,7/[3).

Proof. See appendix B. m

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 inflation 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 (I" > 1) or shrinks (I' < 1) by adjusting the fraction
of eligible government bonds 7 or the share of money supplied outright 1/(1 + Q;) <1 in

a way described in the following proposition.
Proposition 2 For a policy rate target satisfying R™ € [1,7/3), the central bank can im-
plement long-run price stability m = 1 for T > 1 if it sets the fraction of eligible bonds kP

according to k2 = T"'kB |, and for T < 1 if it sets kP = kB < 1 and the share of money
supplied outright (1 + Q)™ according to (1 + Q)™ =T(1 4+ Q1) ',

Proof. See appendix B. m
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If, for example, government bonds grow at a positive rate I' > 1, long-run price stability
requires the fraction of eligible bonds k2 to shrink with the rate I, such that increasingly less
money can be obtained per bond. If total government bonds shrink over time, I' < 1, then
this instrument is not applicable due to its upper bound, 2 < 1. In this case, the central
bank can adjust the share of money supplied outright 1/(1 4 ;) at the rate I' 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 k. The
reason is that the firms’ 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 affected 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 firms’ borrowing costs, while the level of the loan rate is affected by the central

bank’s choice for x:

R' = [k (1/R™ + (1 — ) (1/R")] ", (29)

(see appendix B for the derivation). As long as loans are not eligible, x = 0, the loan rate
equals the debt rate RL = RP (see proposition 1). Under a binding open market constraint,
R™ < RP, this result does not hold if & > 0. By increasing the fraction of eligible loans x
(for a given policy rate) or by lowering the policy rate (for a given x > 0), the central bank
can induce a lower steady state loan rate. Condition (29) further reveals that R = 1, if
R™ =1 and k = 1. To see how this affects the allocation, consider that the equilibrium
allocation satisfies u,xny = w;c; 7 (see definition 1). Substituting out wages with (6) and

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

¢ = [(o/x) (mc- SU/RL)]OC/(HMH_Q) st (30)

while the first-best steady state consumption level is given ¢* = (a/x)*/ ™77 (see 27).

Given that fiscal transfers eliminate the average mark-up distortion, the marginal cost of
final goods producing firms and the dispersion term equal one in steady state if prices are

stable: 7 = 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 first-best level, if the loan rate is
positive. However, the central bank can implement the long-run first best allocation (c¢*, n*)

by setting its targets and instruments as follows.

Proposition 3 The long-run efficient 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,

k=1, R"=1, and 7 = 1. (31)

Proof. See appendix B. m

The distortions due to price dispersion and due to the liquidity constraint (1) cannot be
eliminated simultaneously, if money supply is not effectively 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 (R™ = 7/f) in a
long-run equilibrium, implying that the policy rate and the inflation rate cannot both be
set equal to one. Put differently, the long-run efficient allocation cannot be implemented if
the policy rate R™ is set equal to the long-run Euler rate RP.

If however the central bank sets its policy rate target R™ < 7/, such that open market
constraint is binding, it can eliminate the distortion due to price dispersion by setting the
inflation target equal to one (m = 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 (R* = 1).
4 Optimal stabilization policy

In the previous section, we have shown how the central bank can implement an efficient
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 efficiency, R™ € [1,7/f) and m > 3, 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 sufficiently small such that it stays in its neighborhood. Since we aim at
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providing an answer to the question if monetary policy is in principle able to implement

first-best, we disregard issues related to the time inconsistency of optimal policy.!?
4.1 Perfectly flexible prices

Before we turn to the more realistic case of imperfectly flexible prices, we examine optimal
policy under perfectly flexible prices. In order to isolate welfare gains from short-run sta-
bilization, we will assume that the fixed wage subsidy 7" 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 7" = 1 — C;Cl% /R, like
in Ravenna and Walsh (2004), who also examine optimal monetary stabilization in a sticky
price model where firms face a working capital constraint.

Using definition 1, we can redefine a RE equilibrium allocation under binding goods
and open market constraints, perfectly flexible prices (¢ = 0), and a subsidy 7" = 1 —

[(C—1)/C][(e = 1) Je] /RL as a set of sequences {c;, ny, T, wy, mP, RE by, b }22, satisfying

azoan ™t = xnic] (u,/p) (Ry /RY), (32)

¢ = any, (33)

Rit = {(1 = ko) BE[(cpf1 /") mih] + se/ R, (34)

wy = pxn{cy, (35)

= (1+Q)m +k, (wtnthL/Rf‘) , (36)
kb, b= Ry [(1+ Q) mfT —m{ w1, (37)
by —bam, = (T = D)bm; ' = R (mf" —m{ 7)), (38)
bf =Tbi_,/m, (39)

and the transversality conditions, for given sequences of monetary policy instruments { R} >
1, kB, ke € [0,1]}2,, 4 > 0}:2, and targets R™ € [1,7/8) and © > f3, sequences of
stochastic variables {ay, y1,}22, and initial values M, > 0, B_; > 0, and B?, > 0.

Under flexible prices the central bank can easily implement the first best allocation of

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

1"The 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 first best allocation {cf,n;}:2, can be implemented if the loan
rate off-sets mark-up shocks, (u,/) (RF/R*) = 1. Substituting out the loan rate with (34)

this condition can be rewritten as

(ke R{") + (1 — k) BE; (e /c) ™ W;Jrll = p/ (,URL) : (40)

Condition (40) can be satisfied only if the policy rate or the expected inflation rate are
functions of the mark-up shock, since consumption is then given by ¢; = ¢f 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 x; = 0, the policy rate R}* does not directly affect the loan rate. Then,
implementation of the first best allocation requires expected inflation to be a function of
today’s mark-up shocks. For this, the central bank can use its instruments (R}", k;, and

x2) to manipulate the inflation rate via (37) as described in the following proposition.

Proposition 4 When prices are perfectly flexible, ¢ = 0, the central bank implements the
first best allocation {c},n;}2, if it sets R, k¢, and k2 Yt > 0 according to

ke 1 —ky a 7 (1 — kapRY /R, o
-+ E, — = ——.
R 1/p Ct41 kEab (R + (1 — seapRY /R /(14 Q) nR

(41)
for any Q; > 0. Then, there exists a unique associated price level sequence {P;}?°,.

Proof. See appendix C. =

In contrast to productivity shocks, the wage mark-up shock is distortionary and should be
eliminated by off-setting adjustments of central bank instruments. Since there are three
instruments available, there exist infinitely many sets of sequences for the instruments that
implement the first best allocation. For example, if the central bank accepts no loans in open
market operations, #; = 0, and holds the fraction of eligible bonds constant, K2 = xZ > 0, it
can set the future policy rate rate Ry}, in a predetermined way, i.e. contingent on informa-
tion in period #, RIL, = [kPby/c*(a))] { (R /1) BE(e* (ar) fe(aun))=1] = 1/ (1 + )},
to satisfy (41). If it pegs the policy rate, R;® = R™ > 0, and accepts a constant fraction of
loans, k; = k > 0, then it can still adjust x” for a given stock of real bonds to ensure that

(41) holds.'® The easiest way to implement the first best allocation is to accept all loans

18 Precisely, ffﬁl has to be adjusted in the following backward-looking way to satisfy (41): mtBﬂbt =
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as collateral in open market operations, x; = 1, such that the loan rate is identical to the
policy rate RL = R™ (see 34). Then, the central bank can directly control the loan rate in
a way that off-sets changes in the wage mark-up, R}*/R™ = p/u,. In any case, the price
level sequence is uniquely determined under (41), while price level trends can be avoided by
long-run adjustments of xZ or Q; (see proposition 2).

If, however, one assumes that the policy rate target is set to equal the long-run debt
rate R™ = R? = 7/3, 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 {c;, n,}%°, satisfies a,any™' = xnfc? (u,/p) (R /R™)
and ¢, = a;ny*. Then, central bank can simply set its single instruments R]" according to
RY/R™ = u/p, to implement first-best (as in the case of k; = 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 flexible 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 flexible.

4.2 Imperfectly flexible prices

According to the conventional view on monetary policy, central banks typically face a trade-
off (between price level stabilization and closing output-gaps) when sticky prices and cost-
push shocks are present, which renders the implementation of a first best allocation impos-
sible (see Clarida et al., 1999, or Woodford, 2003). If, in contrast, only productivity shocks
were present, the trade-off disappears. It is further known that the existence of transac-
tions frictions can also lead to a trade-off, 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, first-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

[, R™/(uR")]—k c(z)”° — (2 )R’”foz/tRLn
(1-r)(1—apRLk/R™) BEic*(z¢41)1 7 t 1+Q :
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available under collateralized lending.

Based on definition 1, we can redefine a RE equilibrium under binding goods and
open market constraints, imperfectly flexible prices (¢ > 0), and a subsidy 7" = 1 —
[(C—1)/C][(e — 1) Je] /RY as a set of sequences {mcy, i, ¢iy Ny, Ty Wy, mE, REL by, I,

satisfying (34)-(39),

meazang = xnje] (u/p) (R /R") (42)
c=ang' /sy, (43)
se—dsiami=(1—¢) [(1—¢m ) /(1 —9)] 7", (44)

Et ZEOZO (¢/8)S (HZ:1W§+]€) Ct.'-slio-mCt_’_s
By 3220 (68)° (M ymiyy) cevs™ ™

and the transversality conditions, for given sequences of monetary policy instruments { R} >

[(1—om )/ (1—¢)]) "7 = (45)

1, kB, ke € [0,1]}2,, & > 0}2, and targets R™ € [1,7/8) and © > f3, sequences of
stochastic variables {ay, 11, }2°, and initial values M_; > 0,B_; >0, B, >0, and s_; = 1.

When prices are imperfectly flexible, time varying marginal costs of retailers and price
dispersion can affect the equilibrium allocation, as can be seen from mc; and s; entering
(42) and (43). Since the first best allocation is characterized by a;and™* = ynjc/ and
¢t = a;n* (see corollary 2), the conditions (42) and (43) imply that me;, = (u,/p) (RF/RY)
and s; = 1 have to be satisfied for the sticky price allocation to be efficient. The absence
of price dispersion (s; = 1) further requires constant prices m;, = 1 by (44) given s_; = 1,
which is only consistent with optimal price setting when marginal costs equal one (see 45).

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

its instruments such that
me, =1 and REF/RY = u/u,,

or, equivalently, such that 7, = 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 2 in a state contingent way that implies a consumption level,
which is consistent with mc; = 1 under sticky prices. In particular, the central bank has

to adjust the amount of eligible bonds xkPb;_; to control money supply according to (36)
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and (37) such that consumption equals ¢; and — by (43) — working time 7n;, which for
RE/RE = i/, imply mc; = 1 by (42) and (43). It can easily be verified that ¢; and n; are
given by

fcvt _ Sga—n—l)/(ﬁ-‘razcr—i—l—cv)C;;< and ﬁt _ Sg/(n—i-cw-‘rl—a)n:' (46)

Once (40) and (46) hold, such that mc; = 1, retailers will not change their prices such
that m; = 1 according to (45), implying that there will be no price dispersion, and s, = 1
according to (44) given s_; = 1. The equilibrium allocation under sticky prices is then
identical to the first best allocation, ¢; = ¢; and n; = n;} (see 46). The following proposition

summarizes the requirements for optimal stabilization policy.

Proposition 5 When prices are imperfectly flexible, ¢ > 0, the central bank implements
price stability, 7y = 1, and the first best allocation {c;,n;}2, if it sets Ky > 0, and R}" and
kP according to (40) and

kb1 = Ry'my 6 (1 — kesymegpaRE /R — mit 7t (47)

For ky = 0, the first best allocation cannot be implemented.

Proof. See appendix C =

Optimal stabilization policy under sticky prices can thus implement the first best allocation
by using all instruments R, ;, and xZ. For this, it is necessary to accept at least some
loans in open market operations, x; > 0. The central bank can then alter the loan rate
directly by changes in the policy rate to off-set mark-up shocks (see 40). This can be done
in the simplest way when all loans are eligible such that (40) reduces to R}"/R™ = pn/p,.
Condition (47) further reveals that accepting more loans (higher ) must be neutralized by
a smaller fraction of eligible bonds (lower k) to guarantee implementation of first-best.
If, however, loans are not eligible, x; = 0, the loan rate RF equals the debt (Euler) rate
R¢ and is only affected by the policy rate through its equilibrium impact on consumption
and inflation, i.e., by induced changes in the equilibrium Euler rate (see 40). In this case,
the remaining instruments, namely, the policy rate R}" and the amount of eligible bonds
kPb;_1, jointly affect the consumption level (see 47), but they cannot further be used to
off-set mark-up shocks. Put differently, changes in the policy rate do not directly alter the

loan rate and therefore the firms’ marginal costs when x; = 0, such that all central bank
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instruments (jointly) exert a direct impact on the demand side. Hence, for x; = 0 the central
bank instruments are not sufficient to implement first-best under sticky prices. This result
relates to the well-known trade-off 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 R™ = R? = 7/3, 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 off-set
mark-up shocks and implement a consumption level consistent with constant prices.
Hence, deviating from "Treasuries-only", x; > 0, is necessary for the implementation
of first-best when prices are imperfectly flexible. Since there exist more than one friction,
the central bank has to use all its instruments, which has not been necessary under flexible
prices. Moreover, the inflation 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
inflation target can be achieved by the central bank, if it adjusts the growth rate of 2 or

(1 + €) in a way that off-sets long-run trends in the supply of government bonds.?

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 n = 0, the labor income share
a = 0.66, the substitution elasticity for intermediate goods € = 10, steady state working time
n = 0.33, and the fraction of non-optimally price adjusting firms ¢ = 0.7. The productivity
process satisfies a; = a}*; exp(e¥), where we follow Schmitt-Grohé¢ and Uribe (2006) and
set p, = 0.856 and sd(cf) = 0.0064. The substitution elasticity ¢, evolves according to
¢, =l Ctpfl exp(e; ), where ¢ = 10 and the process of (, is calibrated such that the wage
markup ¢,/ (¢, — 1) matches Galf et al.’s (2007) estimates, i.e. Var(¢,/ (¢, —1)) = 0.054?
and p, = 0.95. The spread between the policy rate R™ and the debt rate RP = 7/ (which

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

19Tn case of a permanently growing supply of bonds, I' > 1, which would increase household bond holdings
by (38), the central bank has to permanently lower xZ accordingly to implement ¢, as can be seen from

b, ', on the LHS of (47).
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equal to 13 basis points (in terms of quarterly rates), which accords to Longstaff et al.’s
(2005) evidence on the non-default component of corporate bond spreads.?’

The inflation target is set in accordance with price stability, 7 = 1. The policy rate target
R™ is set equal to its 20-year average R™ = 1.0105 (or 4.28% in annualized terms), which —
together with the liquidity premium — implies a discount factor of 3 = (1.0105+13-107%)~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,

k2 =1 and k = 0, and an inertial reaction function

Ry = (Ry,)" Ry ? (/)" (g i)/ y a]) ™7, (48)

which has been estimated for the US by Justiniano and Primiceri (2008) with w, = 1.92,
wy, = 0.1, and p = 0.8. We assume that the supply of short-run government bonds is
constant, i.e. I' = 1. This assumption is made for convenience only and allows to disregard
long-run adjustments of the monetary policy instruments, in particular, of k2 and €2; (see
proposition 2. Given that I' = 1 is consistent with the inflation 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 differ by the fraction of eligible loans (v = 0.5 and ~ = 0.75), we adjust
the steady state fraction of eligible government bonds x” to ensure a steady state, which is
identical to the pure interest rate policy steady state.?!

We first consider productivity shocks. Figure 1 shows the impulse responses to a produc-
tivity shock under two optimal policy regimes with x = 0.5 (solid line) and with x = 0.75
(starred line) and under a pure interest rate policy regime (dashed line). Under an optimal

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

20They find 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).

2I'To be more precise, the policy instruments x and x? are in the steady state related to each other by
(see 36 and 37), K% = R™b~1Q(1 + Q)" 'n[1 — kua/(k + (1 — k) R™B)], which we apply to determine real
bonds b using the pure interest rate policy regime with k% = 1 and x = 0.
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Figure 1: Responses to a one st. dev. productivity shock (in % dev. from steady state, and
R and £? in absolute dev.)

pact and working time falls, while prices are constant, which requires to keep marginal costs
constant. Since firms’ 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 x > 0, while the increase in the policy rate is less pronounced
for a higher share of accepted loans (k = 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 xZ 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, x?
and k. This policy cannot ensure price stability and is associated with a more pronounced
decline in working time and a dampened consumption response compared to first-best.??
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
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from the New Keynesian literature. Inflation 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 off-set the cost increasing effect
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 first-best levels, while facing an increase in loans (due to higher wage
payments), the central bank reduces the fraction of accepted bonds k2. Hence, by adjusting

the latter and the policy rate R}", cost push shocks are completely neutralized.

5 Discussion

In this section, we first 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. Specifically, we intro-

duce random idiosyncratic productivity levels w;, 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 firm j, which exists for one period, offers
a loan contract at the price 1/ Rﬁt that leads to a pay-off of 1 when it is able to meet
this payment, i.e. when its productivity level is sufficiently high w;, > @,,;, where w;, is
the minimum productivity level that enables full repayment. Otherwise, w;; < W;4, firm j
goes bankrupt and pays out its total revenues. Neglecting the wage subsidy, for simplicity,
the maximization problem of an intermediate goods producing firm j can be written as
max E[(Py;/Pr) wjeam$, — wenjy — Ly (R, — 1)/RY,], s.t. (1), where the expectations are
based upon the information at the beginning of the period after aggregate state variables
(but not the w’;s) are already realized.

Since firms are ex-ante identical, loan contracts for different firms are signed at the
same rate Rﬁt = RE. After workers are paid, firms draw idiosyncratic productivity levels
from the same time invariant distribution with density function f(w;;) and a mean of
one, F (w;;) = 1. Hence, the conditions (6)-(7) hold (for 7" = 0) and all firms behave in

! = w,RF, where

an identical way. In particular, they all hire labor according to ¢;a;any™
q: = Pj/ Py, and borrow I,/ RE = wyn,. After the idiosyncratic productivity shock is realized,
a firm j fully repays loans l; = agqiaing if w;; > « or, if w;; < o, lenders get w; ;qa;ny’. The
expected pay-off for a lender is therefore f:o aqian f (wjy) dw;+ f_aoo wjiqraany f (wiyg) dwiy
and the expected rate of repayment 1 — 6 equals:
1-— (58 = / f (wj,t) dCUj’t + Oé_l / (,djﬂgf (w]"t) dwj,t.

Firms drawing a productivity level that exceeds « transfer their profits 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:
M < (1= h) (kLo R}) -
Hence, choosing sufficiently 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 = §°. If, for example, w;, is uniformly distributed
and the labor income share equals o« = 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 firms default in each period.
Accounting for credit default and haircuts h = §°, leads to a RE equilibrium that differs
only by the loan rate satisfying RF = (1 — 6°) " {(1 — x) BE((c; 2/ ) mih] + ke/ R
instead of (34), which exceeds the loan rate for the risk-free case by (1 — 6¢)"".2% The higher
loan rate tends to raise the costs of borrowing and therefore to lower aggregate production,
such that the long-run first best allocation can — even for R™ = 1 — not be implemented (see
proposition 3). Nevertheless, the central bank can efficiently 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 x; > 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 firms at the policy rate, rather than lend to households
against firm loans as collateral. Aslong as the central bank does not lend to all firms but only
to a fraction k < 1, firms who borrow from households will face higher costs of borrowing
than firms receiving loans directly from the central bank, if it sets the policy rate below the
consumption Euler rate, R™ < RZ. As a consequence, a fraction s of intermediate goods
producing firms, who can borrow at the policy rate, will hire more workers and produce at a
higher level, than firms borrowing from households at the rate RX = R¢. 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 firms (as assumed in section 2.1). Hence,
households would demand different loan rates from firms depending on whether debt issued
by the particular firm is eligible or not.

In our set-up, the central bank avoids firms facing different costs of borrowing, by ran-

3 Investments in loans then satisfy RF[(1—67) X + 1,4 (1 — he) ] = Ri™ (Aie +1,,) (instead of 15),
which together with (12) and (14) leads to R{ = ¢; 7 /{\if[(1 — 07) — (1 — hy) k] + ¢ (1 = he) e/ R}
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domly choosing eligible loans after loan contracts are signed (see section 2.1). Due to this
assumption, firms 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,?* 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
differ from the consumption/savings rate, which allows to affect both, the supply side and
the demand side, in a separate way. A prerequisite for an effective 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 firms’ 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-off between stabilizing prices and closing output-gaps.

The model can further be applied for an analysis of effects on interest rates and macro-
economic aggregates of unconventional monetary policies at the zero lower bound, which
have been applied during the recent financial crises by several central banks, and for the

analysis of different exit strategies.

24Under direct lending and x < 1, firms face different 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 firms face the same costs of borrowing and produce at the same level.
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Appendix
A Rational expectations equilibrium
Based on definition 1, a RE equilibrium can be reduced by substituting out ¢, and n,, y;

and Py, and P,. A RE equilibrium is then given by a set of sequences {c¢;, ng, Ay, mf, mi?,

T > D pL o
b, b; , Iy, we, mey, Zy, sy, mr, Rey Ry, Ry}, satisfying

pxnd = wee, 7, (
RE = [/\t<1—lit)+litc;g/R:n]_l ¢ 7, (
A = BE, [¢;81/m] (51
A = ﬁRtEt[()\i,H—l (1 - K’ﬁ-l) + Hﬁ-lc;fl/Rﬁ—l) 7Tt_+11}7 (
N = BRPE Miya /7] (
¢ — kle/ R =my" +mf i ¢, = (R — 1) N+ R (¢;7 — R*A\) > 0, (
or ¢, — kyly /R < mP +ml if ¢, =0,
kb1 ) (R m) =my —m w7t +mf if n,=¢;7 — R\ > 0, (55)

B H H _— .
or K, b1/ (R'm) > my," —my |, Ly mf, if n, =0,

b —bymy b= (0= D0 7t = R (ml —mf o), (56)
meaan?™t = (1 — ") w,RE, (57)

l;/ RE = wyny, (58)
Zy(e—1) Je = Z} )72, (59)

where Z} = ¢; “yime, + OBEmE 1 Z)y and ZF = ¢, 7y, + ¢BET L 2,
L= (1=9)(Z)' " +om ",

R _ H
m," = Qym,",

(7
ce = agny' /sy,

(60)
(61)
bl =Tb /7, (62)
(63)
(64)

st = (1 — @) Z; ¢ + psi7,

the transversality conditions, a monetary policy setting { R > 1, k52, k; € [0,1]}22,, 2 > 0

and 7 > (3, for given {a, p, }$2,, initial values for public liabilities and s_; = 1.
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When money supply is not effectively 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 redefined as follows.

Definition 2 For a non-binding open market constraint, n, = 0, a RE equilibrium is a
set of sequences {cy, ny, ly, wy, mey, Zt, Z, 7%, sy, Rf}fio satisfying p,xn; = wc; °,
¢;” = BRIE e omih], RE = R, (57)-(60), (63)-(64), the transversality conditions, a
monetary policy setting {R}* > 1}, and the inflation target m1 > B, for given sequences
{ag,  }2 and s_1 = 1.

Consider the version of the model with a non-binding open market constraint (see definition
2) for an inflation target equal to one. Then, a log-linear approximation of the model at
the steady state (where Z; denotes the percent deviation of a generic variable x; from its
steady state value x : ¥ = log(x;) — log(z)) can easily be reduced to an aggregate demand
condition oy = ocEiyi1 — ]/%T"t + Ey7i1, an aggregate supply condition 71y = SET41 +
XR™ 4+ X, T+ X — Xattt, where x = (1= )(1—8¢)/¢ > 0, x, = x[(1 +n)a~ +0 1] > 0
and x, = x(1+7)/a > 0, and a monetary policy {é;lt > 1}22,, which is equivalent to
Ravenna and Walsh’s (2006) model and differs from a standard New Keynesian model (see

Clarida el al., 1999) only by ]@\”t 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 x;, k”, and
Q; as well as target values for the inflation rate = > ( and the policy rate R™ > 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 confirm that the target values (in
particular the inflation target) are indeed consistent with the steady state.

For a given inflation target that equals the steady state inflation rate =, the conditions
(59) and (60) imply Z, to be constant and to satisfy Z = ((1 — ¢m=1) /(1 — ¢))l/(1_€). The

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

s=[1-0)/(1—¢r)] [(1-on= 1) /(1-¢)] " >0, (65)

36



if pn¢ <1< 7w < (1/¢)" or 7 = 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 = ¢ = n®/s. Then, (59) implies that Z? converges

to 22 = y'=o/ (1 — ¢fn= 1) if pfn= ! < 1 & 7 < [1/(¢8)] V. Given that Z}/Z2 and

Z? are constant, and that (59) implies Z! = f_’;;;g, real marginal costs are also constant,
me = [(e —1) /6] Z (1 - ¢9p7%) / (1 - ¢pn*"). (66)

Since steady state consumption is constant, (51) and (53) determine the long-run debt rate
in the usual way, R” = 7/3. 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 = mean® !/RE.

Proof of proposition 1. Suppose that government bonds are eligible xp € (0, 1], while
loans are not eligible K = 0. The conditions (51) and (52) imply for the steady state
A =pB<" and A = SR[N(1 — k) + kB¢ /R™|7 !, which can — together with R” =7/ —
be combined to R~! = (RD)f1 (1—r5)+£P (R™)~". For kp € (0,1] the government bond
rate therefore satisfies R € [R™, RP). Eliminating 1, in (14) with (12) and ), with (51),

leads to the steady state condition
n=c’(R"—p/m) >0, (67)

which shows that the money market constraint (2) is binding in the steady state (n > 0) if
monetary policy sets the policy rate below the private debt rate, R™ < RP = 7/3. Further
combining A\ = ¢ ?/m and (12) to

p=c7(1=p/m) =0, (68)
shows that the goods market constraint (3) is binding in the steady state (¢» > 0) if the
central bank sets its inflation target according tom™ > 3. =

When the central bank sets its targets according to 7 >  and R™ < 7/[3, 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

mi’ = (c—kl/R™)/(1+Q;) and m = (c—kl/R™)Q/(1+ Q). (69)

mH
Household’s money holdings evolve in the steady state according to m + mlt = —= +

™
K,tBbtfl/Tl'

7m— (see 55), which implies household steady state bond holdings to satisfy

:‘itBbtfl =cm [1 - ﬂ'il (1 + Qtfl)_l] Rm7 (70)

where ¢ = ¢ — kl/R™. In the steady state, the total supply of government bonds satisfies
bl /bl | = Tn~! (see 62). The evolution of household bond holdings is constrained by (56),

which can by substituting out real balances with (69) and total bonds b!" be rewritten as:
by — bt = (0 =17 = R [(1+ Q) = (1 4+ Q)] (71)

These steady state conditions impose constraints on the steady state inflation rate, which

has to equal the inflation target.

Proof of proposition 2. Suppose that R™ < 7/ and m > (3, such that the goods and
the open market constraint are binding. Eliminating household bond holdings b;_; and b,

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

F_lT T 1 -1 1 1 -1
—_— =—|1- 1+ —— 11— 1+ Q0 2
e (B Y B 3 (L S B

+[A+Q) T -t 1)

Any inflation target of the central bank has to be consistent with the demand (72) and the
supply of government bonds (62), which equals b! 7/bl" | =T in the steady state. To estab-
lish long-run price stability, 7 = 1, for which the RHS of (72) simplifies to (1 + ;)" [(k24) o+
-1+ [(mtB)_l Q1 + 1], we consider two cases:

First, suppose that I' > 1 and that the share of money supplied outright is constant and
satisfies 1 + > 1. Substituting out total bonds b in (62) by (72) for 7 = 1 then gives

(k82) ™ = (e2) 7] /(R8T = (s2)] =

which is satisfied for a constant growth rate of k? satisfying x? = T'xf | .
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Second, suppose that I' < 1 and that the fraction of eligible bonds is constant and
satisfies kP < 1. Substituting out total bonds b in (62) by (72) for 7 = 1 then gives

(2 = Quy0) /I + Q) A+ Q)]

(-1 — Q) /(1 + Q1) (1 + )] ’

which is satisfied for a share of money held outright (1+ ;)" satisfying (1+ Q)" =

w(l+ Qt_l)_l, where w = I'. 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, 7 = 1, implies
s = 1 and mec = 1. Using these values, steady state consumption, as given in (30), equals
¢ = [(a/x) /R"] Thtra=a | Since the steady state loan rate R” satisfies (29), we know that
RY = 1 if and only if all loans are eligible k = 1 and the policy rate is set at its zero
lower bound R™ = 1. In this case steady state consumption equals its first-best value,
c=(af X)Wﬁ. Given that s = 1, (63) implies that working time also equals its first-

best value n = (a/X)nJrafflJrl—a. n

C Stabilization policy

Proof of proposition 4. For R™ < n/8, m > 3, and ¢ = 0, (32)-(39) hold. Consider a
sequence {€2;}7°,. Combining (32) and (35) to

wy = azany 'y (R /RY) (73)

and substituting out wages with (73) in (36), gives (1 + Q) m{ = ¢;(1—kauR"/R™), which

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

(b1 /Ry") +cia(1 — wopRY/R,) [ (1+ Q)
(L~ map R}

. (74)

Ty =

Substituting out expected inflation by (74) in (40), shows that the central bank can satisfy
(40) by setting R, k;, and k2 according to (41). Then,

R{/R" = p/p, (75)

holds by (34), and (32) reduces to a,anf ' = xnJc?, which together with (33) imply the

allocation to satisfy n; = n; and ¢; = ¢f Vt > 0, where nj and ¢} are given in (27).
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For a set of sequences { R, iy, (kPbi_1), Q¢ }22,, which satisfy (41), and the allocation {c},
n; 192, the loan rate is determined by (75), the wage rate by (73), and real money holdings by
(36). The initial price level P, is then determined by Py = [(xFB_1/Ry") + M) /[(1 + Q) m{],
where B_; > 0 and M¥ > 0 are given. Since inflation 7; = P;/P,_; is given by m; =
[(kPb_1/R) +mi,] /[(1+ Q) mfT] Vt > 1, where by is predetermined by by = [(B_1 +
(C—1)BL, + R M) (1 + Q) Py ' — RPmil and b;_; Vt > 2 by (38), the price level sequence

{P,}?°, is uniquely determined. m

Proof of proposition 5. Combine (35) and (42), to eliminate wages in (36), such that
(1+ Q) mi = (1 — kymesiapRE /RM), where we used (43). The binding money market
constraint (37), can then be written as kb, 17, " = R}" [¢; (1 — kesymeyp,aREJRY) — miL mi .
Hence, the central bank implements ¢; and n; by adjusting the amount of eligible bonds
according to (47). Further setting the policy rate according to (40) for x; > 0, such that the
loan rate off-sets mark-up shocks, implies mc; = 1 by (42) and (43), m; = 1 by (45), s; =1
by (44), and thus ¢; = ¢} and n; = n; by (46).

For r; = 0, (40) reduces to BE; (cir1/c) " w3y = py/ (wR®), which cannot be satisfied
under first-best, since inflation then must equal one (see 44 and 45) and consumption not a

function of mark-up shocks (see 27). =
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