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Abstract

Whether there is a trade-off between price and financial stability is an open question.

This paper characterises optimal monetary policy analytically in a New Keynesian

economy with capital and a financial accelerator. In addition to stabilising infla-

tion, there is an incentive to smooth volatility in the net worth of borrowers and

this presents a trade-off for monetary policy. This trade-off can be eliminated if pol-

icymakers can additionally choose an optimal transfer to borrowers. Enriching the

model with fire sales and countercyclical bankruptcy costs, there is also an incentive

to smooth volatility in default and the capital stock. An optimal transfer to borrowers

is not sufficient to eliminate the trade-off in that case. With fewer instruments than

targets, optimal transfers are state contingent and countercyclical, while monetary

policy stabilises inflation.
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1. Introduction

How should monetary policy be shaped in the presence of capital and financial

frictions? Prior to the 2007–08 Crisis, the consensus was that monetary policy should

provide a nominal anchor and stabilise domestic prices. By mitigating volatility in

domestic inflation, price dispersion is reduced and inefficient production is minimised

(Clarida et al., 1999; Woodford, 2003; Gaĺı and Monacelli, 2005). The gains in de-

parting from an inflation target, for example responding to volatility in asset prices,

were considered small or negative (Bernanke and Gertler, 2001; Gilchrist and Leahy,

2002; Faia and Monacelli, 2007; Nutahara, 2014, 2015).

Notwithstanding, the effects of the Crisis have been severe. In the eighteen months

from December 2007, the labour market deteriorated sharply: total non-farm employ-

ment fell by almost 8 million and the unemployment rate almost doubled from 5 to

9.5 per cent. The subsequent recovery in jobs growth has been slow. There is debate

as to whether an alternative monetary policy would have improved outcomes. Had

central banks chosen tighter monetary policy earlier, would this have reduced leverage

prior to the Crisis and its severity?

More generally, whether an inflation target is sufficient for managing financial

shocks in the presence of a financial accelerator remains contested (Cecchetti et al.,

2000; Dupor, 2005; Gambacorta and Signoretti, 2014; Nisticó, 2016). It has been

argued that inflation targeting itself could contribute to a higher likelihood of fi-

nancial instability (Borio and Lowe, 2002; Borio and White, 2004) and that it may

be sub-optimal for a central bank to ignore the distribution of financial tail risks

(Woodford, 2012). In short, it may be optimal for a central bank to accept greater

inflation volatility if it means reduced financial volatility.2 By contrast, the ‘modified’

Jackson-hole consensus argues that monetary should mitigate volatility in inflation

only (Svensson, 2010; Smets, 2014).3

2For example, by “leaning against the wind” to prevent the build-up of leverage or risk within
the economy.

3More specifically, monetary policy should only respond to financial shocks once they arrive, even
if unconventional policy tools are required.
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An important factor in this debate is to establish precisely what the objectives

of monetary policy are when both capital and financial frictions matter. Under what

assumptions does it hold that a central bank can focus solely on stabilising infla-

tion, and under what alternatives will it be optimal to take financial volatility into

consideration as well?

The central bank’s objective has been derived in a New Keynesian (NK) economy

with capital, but without a financial accelerator (Edge, 2003; Takamura, Watanabe,

and Kudo, 2006); and with a financial accelerator applied to the payment of labour,

but where capital is assumed fixed (Carlstrom, Fuerst, and Paustian, 2010; De Fiore

and Tristani, 2012). The implications of a financial accelerator together with invest-

ment volatility, as is common in quantitative business cycle models, have not been

considered.4 This is the contribution of this paper.

There are reasons to think that capital with a financial accelerator could be im-

portant. The collapse in investment during the Crisis is a key channel through which

financial volatility propagated to the real economy. Financial frictions and investment

volatility are also relevant for the business cycle more generally (Gertler and Kiyotaki,

2010; Gilchrist and Zakraǰsek, 2012; Jermann and Quadrini, 2012). By characterising

optimal monetary policy in this environment, one can consider the optimal response

to financial shocks, whether is there a trade-off between price stability and financial

stability and whether additional instruments can help resolve any trade-off faced.

I study the objectives of monetary policy in three NK economies. The first is

a simple NK economy with capital and exogenous investment efficiency shocks.5

The second additionally includes a financial accelerator with costly state verifica-

tion. Developed by Carlstrom and Fuerst (1997), and similar to the model proposed

by Bernanke, Gertler, and Gilchrist (1999), I focus on this model because it is suf-

4Gertler and Karadi (2011) is one exception, although the focus there is on unconventional policy
rather than the optimal choice of the nominal interest rate. The other is Collard, Dellas, Diba, and
Loisel (2017), who study optimal Ramsey policy without deriving an analytic objective and with a
different financial wedge (socially inefficient lending).

5Examples of analysis of this economy without investment efficiency shocks include Edge (2003)
and Takamura et al. (2006). Like these papers, I assume that capital is perfectly substitutable across
firms. The only friction is that a random subset of firms are able to choose their prices optimally
each period (Calvo pricing). This economy provides a benchmark for establishing the objectives of
policy in the presence of capital and investment efficiency shocks, but not financial frictions.
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ficiently rich to have both capital and a non-trivial financial accelerator, while still

remaining analytically tractable when studying optimal policy. The implied debt

contract in this economy is also optimal (Gale and Hellwig, 1985).6 The third model

I consider is a second-generation financial accelerator model that also includes asset

fire sales and countercyclical bankruptcy costs (Choi and Cook, 2012).7

In the standard NK model with fixed capital, no financing frictions and absent

household heterogeneity, it is well known that disturbances to demand (for example,

shocks to utility from consumption) or productivity (labour augmenting technical

change) do not create a trade-off for monetary policy. There is no distinction between

stabilising volatility in real quantities and inflation, and so the “divine coincidence”

holds with zero inflation optimally chosen in all periods (Clarida, Gali, and Gertler,

1999).8

I examine whether the same result holds with capital and a financial accelerator.

In addition to demand and productivity shocks, I also consider shocks to the marginal

efficiency of investment (in the model with capital), to net worth and bankruptcy costs

(in the model with CSV) and to volatility in investment returns (in the model with

fire sales). These shocks have been emphasised in previous quantitative analysis.9

To understand the central bank’s objectives, I use the Linear–Quadratic (LQ) ap-

proach and study the full commitment solution, otherwise known as optimal policy

from a ‘timeless perspective’ (Benigno and Woodford, 2012). Deriving an explicit

welfare-theoretic loss provides maximum transparency on policy objectives and solv-

ing the LQ problem provides analytical insight into any trade-offs faced. In particular,

the frictions in the economy that a central bank should be concerned with, and how

these might affect any policy trade-off.

6Optimal policy is less tractable in the BGG model and the implied debt contract is not necessarily
optimal (Dmitriev and Hoddenbagh, 2017). While the BGG model provides a better quantitative
match to the data, one would expect the optimal policy insights to be similar given the similarities
between the two models.

7The advantage of these two models is that they capture some key dimensions of the interaction
between real and financial volatility. However, they do abstract from frictions in the raising of funds
by financial intermediaries, such as agency problems between banks and their depositors (Gertler
and Karadi, 2011) or bank runs (Angeloni and Faia, 2013), which can also be important.

8Only in response to inefficient shocks (such as cost-push or markup shocks), is it optimal to
deviate from a zero-inflation equilibrium.

9See, for example, Carlstrom and Fuerst (2001), Faia and Monacelli (2007), Justiniano et al.
(2010, 2011) and Choi and Cook (2012).
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Focusing on a central bank with access to a single instrument, the nominal interest

rate, I find:

(i) Introducing capital in an otherwise standard NK economy does not affect the

divine coincidence. In response to all shocks – demand, productivity and the

marginal efficiency of investment – the flexible-price equilibrium remains opti-

mal and there is no trade-off between stabilising real variables and inflation.

(ii) Introducing a second friction, costly state verification (CSV), breaks the divine

coincidence. Volatility in the net worth of borrowers becomes an additional

objective for monetary policy and there is a non-trivial trade-off between sta-

bilising volatility in it and inflation.

(iii) In the model with CSV, net worth is a sufficient statistic for capturing the extent

to which monetary policy deviates from a flexible-price equilibrium. Volatility

in credit spreads and asset prices only matter to the extent they affect net worth

and are not sufficient statistics in their own right.

(iv) Allowing for fire sales and countercyclical bankruptcy increases the set of vari-

ables relevant to the central bank’s objective and again the divine coincidence

does not hold. Volatility in default, the capital stock and net worth are all

relevant to optimal monetary policy and there is a trade-off between price and

financial stability.

Changes in investment efficiency are viewed as consistent with financial frictions

that are important at business cycle frequencies (Justiniano et al., 2010, 2011). Result

(i) implies that when these changes are exogenous, the conventional wisdom holds –

monetary policy need only consider financial volatility to the extent that it influences

forecasts of inflation and real variables. Nevertheless, the second result makes clear

that when changes in investment efficiency are micro-founded and sensitive to changes

in interest rates, inflation, investment activity, asset prices and default, then financial

variables become relevant to the optimal policy calculus.10 In particular, with CSV

10This is not simply to forecast the output and inflation. Volatility in financial variables becomes
part of the objective.
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the primitive of interest is net worth. With fire sales, volatility in default and the

capital stock also become relevant.

Results (ii) to (iv) highlight that a financial accelerator constrains investment

allocations relative to a frictionless equilibrium. On the supply side, costly default

raises the cost of supplying new capital, which affects marginal costs. On the demand

side, costly default reduces the expected return from investment to entrepreneurs

and thus the resources available for them to consume. The latter affects the demand

for goods and changes the distribution of consumption between entrepreneurs and

households.11 Both effects imply a trade-off for monetary policy that can either

stabilise inflation to reduce price dispersion, or allow for some non-zero inflation to

help mitigate the effects of socially costly default. The divine coincidence does not

hold either in the CSV model or with fire sales.

These results apply when the central bank uses a single instrument, the nom-

inal interest rate. Two additional instruments are also considered: a transfer to

entrepreneurs financed by a lump-sum tax on households (in the CSV and fire-sales

models); and a subsidy on liquidation services (in the fire-sales model only). These

instruments are considered because they align with the underlying financial distor-

tions associated with each model. One can think of a central bank choosing them,

or alternatively a separate fiscal authority or prudential regulator choosing them and

who shares the same welfare-theoretic loss.12

The first instrument is equivalent to a time-varying subsidy (or tax) on borrowing

and is therefore similar to a policy of choosing optimal liquidity requirements. The

second, also referred to as ‘heterodox policy’ (Choi and Cook, 2012), captures how

a time-varying subsidy (or tax) can be used to help stabilise impaired asset prices.

With access to these additional instruments:

(v) In the CSV model, a transfer to entrepreneurs restores the divine coincidence

and the flexible-price equilibrium is optimal in this case.

11This feature of the model aligns with findings by Cúrdia and Woodford (2015) and Nisticó (2016)
who also find dispersion in consumption between borrowers and lenders is relevant to social welfare.

12While these instruments are often thought of as fiscal instruments, being financed through
taxation, the asset purchase and lending programmes implemented by central banks during the
Crisis had elements of these policies. They effectively subsidised credit (transferred resources) to
borrowers and creditors by providing loans at terms that private markets were not willing to offer.
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(vi) In the model with fire sales, access to transfers and liquidation subsidies are not

sufficient to restore the divine coincidence.

(vii) With fewer instruments than targets in the model with fire sales, it is optimal

to increase transfers and liquidation subsidies in response to increased volatility

in investment returns or declines in net worth. It is optimal to reduce transfers

and liquidation subsidies in response to higher demand or productivity. The

optimal choice of nominal interest rate offsets the effects of these policies and

the underlying shocks on inflation. However, the divine coincidence does not

hold.

Result (v) highlights that access to transfers can fully restore the optimality of

a central bank’s focus on inflation in the CSV model (the modified Jackson-hole

consensus holds). Result (vi) makes clear that further instruments are required with

fire sales. Indeed, allowing for transfers to entrepreneurs and liquidation subsidies is

not sufficient for restoring the divine coincidence as there are four objectives (volatility

in default, the capital stock, net worth and inflation), but only three instruments.

Result (vii) makes clear that with fewer instruments than targets, optimal transfers

and liquidation subsidies are countercyclical. However, it is also optimal for the

nominal interest rate to offset the effects of those policies on inflation. That is,

optimal ‘prudential’ and monetary policy offset one another.

While earlier literature has emphasised the role of credit spreads with financial

frictions when capital is fixed (Carlstrom et al., 2010; Cúrdia and Woodford, 2010),

that emphasis is not as strong in the models with time-varying capital considered here.

Credit spreads, default rates and investment all matter, either through their effects

on net worth in the CSV model, or as separate objectives in their own right when fire

sales are included. Credit spreads alone are not sufficient for capturing the optimal

deviation from a flexible-price equilibrium. Asset prices, a focus of previous literature

on interest rate rules (Bernanke and Gertler, 2001; Gilchrist and Leahy, 2002; Faia and

Monacelli, 2007; Nutahara, 2014, 2015), also do not capture all relevant information

when optimally deviating from the flexible-price equilibrium.

These results connect to a broader literature on how monetary policy should be

conducted optimally in the presence of financial frictions. Cúrdia and Woodford

7



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

(2015) and Nisticó (2016) study optimal monetary policy with incomplete financial

markets and consumer heterogeneity (again with fixed capital), and find that con-

sumption dispersion becomes an additional objective for monetary policy.13 Collard

et al. (2017) study optimal Ramsey policy, jointly monetary and prudential policy, in

a model with capital and socially inefficient lending. By setting capital requirements

sufficiently high, all inefficient lending is removed and welfare is maximised. Faia

and Monacelli (2007) study optimal interest rate rules numerically in a first gener-

ation financial accelerator model, similar to that proposed by Carlstrom and Fuerst

(1997), and find that constrained efficient interest rate rules that respond to asset

price volatility are sub-optimal.

With capital and financial frictions and using an LQ approximation of optimal

policy, I find that neither credit spreads, asset prices, or consumption dispersion are

sufficient for capturing the underlying trade-off for monetary policy. In a model with

capital and CSV, it is the net worth of borrowers that is most relevant for capturing

this trade-off. With fire sales additionally included, volatility in default and capital

also become relevant. These results do not require lending to be socially inefficient,

or that prudential policy need also be optimal.14

The next section describes the three economies in which optimal monetary policy

is studied analytically. Section 3 discusses the main findings and compares them with

existing literature. The final section concludes.

2. The Economies

2.1. The NK Economy with Capital

The environment with capital, but no credit friction reflects a standard NK econ-

omy with a flexible rental market for capital. As this economy is well known, I discuss

it only briefly. There is a continuum of ex ante identical households on the unit inter-

val. Each infinitesmal household supplies labour to one infinitesimal firm, consumes

and can invest in capital and government bonds. Household utility is additively sep-

arable in consumption, Ci,t, and labour effort, Hi,t, and there is perfect consumption

13In the former case, information about consumption dispersion can be captured through credit
spreads.

14In particular, optimal monetary policy is characterised for any given prudential policy.
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insurance across households (Ci,t = Ct for all i). The usual first-order conditions are:

Kt+1 = (1− δ)Kt + ΥtIt (1)

Uc (Ct,Ψt) = βEt

(
Uc (Ct+1,Ψt+1)

(
1 + ibt

) Pt
Pt+1

)
(2)

Qt

Pt
= βEt

(
Uc (Ct+1,Ψt+1)

Uc (Ct,Ψt)

(
Rt+1 + (1− δ) Qt+1

Pt+1

))
(3)

Wi,t =
VH(Hi,t)

Uc (Ct,Ψt)
(4)

where Kt is the capital stock held in period t, It is investment, Uc the marginal utility

from consumption, ibt the nominal interest rate, Pt the price of consumption, Qt the

shadow value of an extra unit of capital (asset prices), Rt the real rental return to

capital, VH is the marginal disutility from working, and Wi,t is the real wage paid to

household i given labour effort Hi,t – that is, labour is firm-specific. The rate of time

preference is given by β and δ denotes the rate of depreciation in capital. Ψt is a

demand shock to the marginal utility of consumption and Υt a shock to the marginal

efficiency of investment. Here, the assumption of perfect substitutability of capital

across firms (Ri,t = Rt for all i) has been imposed. This completes the description of

the demand side of the economy.

The supply side of this economy is also standard. There is a representative (per-

fectly competitive) final goods producer that transforms a bundle of intermediate

goods into final output that can be consumed or invested. The usual Dixit-Stiglitz

aggregator is assumed and the implied demand for intermediates is:

Yt =

(∫ 1

0

Xi,t

θ−1
θ di

) θ
θ−1

(5)

Xi,t =

(
pi,t
Pt

)−θ
Yt (6)

where Xi,t denotes intermediate good i, Yt is final output, θ is the elasticity of sub-

stitution between intermediate goods and pi,t is the price of intermediate i.

For intermediate production, there is a unit measure of monopolistically compet-

itive firms who use labour that is specific to them, but generic capital that can be

costlessly reallocated across firms. Consistent with the standard NK model, I assume

Calvo pricing so that only a fraction of firms (1− γ) can optimise their price in any
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given period. The technology used by intermediate producers, their optimal capital

to labour ratio, and real marginal cost (Si,t) are given by:

Xi,t = Ki,t
α (ZtHi,t)

1−α (7)

Ki,t

Hi,t

=
Wi,t

Rt

α

1− α (8)

Si,t =
1

Z1−α
t

(
Wi,t

1− α

)1−α(
Rt

α

)α
(9)

where Ki,t denotes capital demanded by firm i at time t, α denotes the steady state

share of factor payments that accrues to capital and Zt is a common labour aug-

menting technology (productivity) shock. For firms able to choose their price, their

optimal price
(
p∗i,t
)

is:

p∗i,t
Pt

= (1− χ)
θ

θ − 1

Et
∑∞

τ=t (βγ)τ−t Uc(Cτ ,ψτ )
Uc(Ct,ψt)

P θ
τ YτSi,τ

Et
∑∞

τ=t (βγ)τ−t Uc(Cτ ,ψτ )
Uc(Ct,ψt)

P θ
τ Yτ

(10)

where χ captures any production subsidies (or taxes). The aggregate price index is:

Pt ≡
(∫ 1

0

pi,t
1−θdi

) 1
1−θ

=
(
(1− γ) p1−θ

t + γP 1−θ
t−1

) 1
1−θ (11)

where all firms able to do so choose the same optimal reset price p∗i,t = pt in equilib-

rium, and firms unable to do so simply retain their price from the previous period.

With all markets clearing (goods, labour, capital and bonds), the aggregate resource

constraint and aggregate capital stock are given by:

Yt = Ct + It (12)

Kt =

∫ 1

0

Ki,tdi (13)

This completes the description of the simple NK economy with capital.

2.2. The Model with CSV

I now augment the economy with a friction in the financing of investment using

the approach proposed by Carlstrom and Fuerst (1997, 2001) and that is similar to

the first generation financial accelerator models studied by Bernanke et al. (1999) and

10
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Faia and Monacelli (2007). The key change is to assume that households no longer

undertake investment directly. Instead, a second group of agents, entrepreneurs, are

required to produce new capital. Entrepreneurs are financially constrained and must

borrow to finance their investment. There is continuum of them of measure ζ. They

are risk neutral and have access to a risky investment technology: entrepreneur j, is

able to purchase Ij,t units of final output and invest it in a project that yields ωj,tIj,t

units of final capital, which is then sold to households at price Qt. Uncertainty over

the investment payoff is governed by the random variable, ωj,t, which is indepen-

dently identically distributed with CDF Φω (x). This distribution is common to all

entrepreneurs with mean 1 and variance σ2.

The financial friction is that entrepreneurs have limited collateral (hereafter net

worth) and require financial intermediaries (banks) to leverage their project. The

amount they borrow is defined by the total value of their investment, PtIj,t, less their

net worth, NWj,t. Net worth is determined by the value of capital held and a small

government transfer (F e
t ) financed through a lump-sum tax on households:

NWj,t = PtF
e
t + (PtRt +Qt (1− δ))Ke

j,t (14)

where Ke
j,t is the stock of capital held by entrepreneur j. The government transfer

provides start-up capital for entrepreneurs and can be viewed as a substitute for

entrepreneurs supplying labour inelastically and receiving a wage.15 This assumption

can be relaxed without affecting the results discussed below.16 Initially, I will assume

the government transfer is fixed and time invariant. Later on, the central bank can

choose the transfer optimally and it will be an additional policy instrument.17

Entrepreneurs borrow from competitive banks. The threshold at which an en-

trepreneur is not able to repay their loan and must default, ωj,t, is defined by:

ωj,t ≡
(
1 +RL

t

)
(PtIj,t −NWj,t)

QtIj,t
(15)

15See De Fiore and Tristani (2012) – it ensures that they have some starting capital with which
to invest in the case of default or when a new entrepreneur replaces a retiring entrepreneur.

16See online Appendix B.2.
17One can analogously think of an optimal subsidy (or tax) on borrowing that is similar to the

optimal choice of liquidity requirements (Choi and Cook, 2012).

11
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where RL
t is the interest rate charged by banks on loans to entrepreneurs. En-

trepreneurs can only repay their loans when their investment return exceeds the

default threshold ωj,t ≥ ωj,t. In the event that ωj,t < ωj,t, entrepreneurs default and

receive no payoff. While it is costless for entrepreneurs to observe their investment

return, it is costly for banks to do so (Carlstrom and Fuerst, 1997). Banks must pay

a verification or bankruptcy cost, νt ∈ [0, 1], proportional to the nominal resale value

of an investment project. In the CSV model, vt is exogenous and so bankruptcy costs

are acyclic.

Following Carlstrom and Fuerst, the optimal contract consists of the default

threshold and investment level, {ωj,t, Ij,t}, chosen by the entrepreneur to maximise

their expected return subject to the bank’s participation constraint.18 Aggregating

over the mass of entrepreneurs, the optimal default threshold and investment are

given by:

qtf (ωt) =
fω (ωt)

gω (ωt, νt)
(qt.g (ωt, νt)− 1) (16)

ζIt =
ζnwt

1− qt.g (ωt, νt)
(17)

where qt ≡ Qt
Pt

is the real price of capital, aggregate investment is ζIt ≡
∫ 1+ζ

1
Ij,tdj,

nominal net worth is ζNWt ≡
∫ 1+ζ

1
NWj,tdj and real net worth defined by nwt ≡ NWt

Pt
.

f (ωt) ≡
∫∞
ωt

(ωt − ωt) dΦ (ωt) is the expected share of investment income accruing to

entrepreneurs and fω (ωt) ≡ ∂f(ωt)
∂ωt

its partial derivative with respect to the default

threshold, and g (ωt, νt) ≡ 1 − νtΦ (ωt) − f (ωt) is the expected share of investment

income accruing to banks and gω (ωt, νt) ≡ ∂g(ωt,νt)
∂ωt

its partial derivative again with

respect to the default threshold.

Entrepreneurs are risk neutral with rate of time preference βe, face stochastic

retirement with probability (1− κ) , and those who do not default are able to con-

sume after their investment proceeds have been realised.19 Consistent with Carl-

strom and Fuerst (2001) and Choi and Cook (2012), I focus on an equilibrium where

entrepreneurs are sufficiently patient that they save all of their investment returns

18Under the optimal contract, banks only pay the verification cost when an entrepreneur defaults
(Gale and Hellwig, 1985)

19Stochastic retirement prevents self-financing on the part of entrepreneurs.
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each period in order to re-invest prior to retirement (Ke
j,t+1 = (ωt − ωt) Ij,t, Cj,t = 0

for t <R), and only consume their total worth upon retirement (Ke
j,t+1 = 0 and

Cj,t = qt (ωt − ωt) Ij,t for t =R) where R denotes the generic period in which an en-

trepreneur is stochastically forced to retire.20 In aggregate, entrepreneur saving and

consumption are therefore:

qtζK
e
t+1 = f (ωt) qtζIt − ζCe

t (18)

ζCe
t = (1− κ) f (ωt) qtζIt (19)

where ζCe
t ≡

∫ 1+ζ

1
Ce
j,tdj denotes aggregate entrepreneur consumption and ζKe

t ≡∫ 1+ζ

1
Ke
j,tdj aggregate entrepreneur saving. Again, all markets clear so that the re-

source constraint, accumulation of capital, and distribution of capital are:21

Yt = Ct + ζCe
t + ζIt (20)

Kt+1 = (1− δ)Kt + ζIt − νtΦ (ωt) ζIt (21)

Kt = Kh
t + ζKe

t (22)

where it should be noted capital is now held by both households and entrepreneurs

and νtΦ (ωt) ζIt is the forgone investment associated with costly monitoring by banks.

The household demand and goods production side of the economy in the CSV model

are otherwise identical to the simple NK economy with capital dicussed in Section

2.1.

2.3. The Model with Fire Sales

One of the limitations of the model with CSV is that bankruptcy costs are acyclic,

which is add odds with the stylised fact that these costs rise in recessions and fall in

booms. The third economy I study incorporates fire sales so that bankruptcy costs

become endogenous and countercyclical. Almost all of the previous equilibrium con-

ditions in the CSV model still apply, but the substantive changes are: a) bankruptcy

20A full description of the entrepreneurs’ optimal consumption and savings decision is provided in
online Appendix B.

21Note that Kh
t ≡

∫ 1

0
Kh
i,tdi.

13



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

costs, νt, are now a state-contingent function of asset prices; and b) costly default is

now expensed from output rather than investment.22

To include fire sales, I follow the approach developed by Choi and Cook (2012), and

assume the price of investment projects in default, impaired assets, declines as default

rates increase. Like Choi and Cook, I assume a fixed measure of liquidators who

liquidate investment projects in default. Liquidators purchase foreclosed projects from

banks at fire-sale prices, FSt. These assets are repaired and re-sold to households

at their full capital value, Qt, but require liquidation services, νMt , where Mt is the

marginal cost of liquidation and ν the proportion of the project requiring liquidation.

With Bertrand competition, fire-sale asset prices are: FSt = Qt − νMt. Liquida-

tors use a diminishing returns technology to transform final output purchased, Nt,

into liquidation services, Lt = L (Nt). The inverse of this function, the amount of

final output required to produced a given quantity of liquidation services, is quadratic

and has derivatives ∂Nt
∂Lt

= 0 and ∂2Nt
∂L2

t
= ϕl when evaluated in steady state. The real

marginal cost of liquidation services is:

Mt

Pt
= ϕl

(
Lt − L
L

)
(23)

where L ≡ νζIΦ (ω) is the steady state level of liquidation services. Total demand

for liquidation is proportional to the total expected value of projects in default:

Lt = νζIt

∫ ωt

0

ωtdΦ (ωt;σt) (24)

where σt ≡ var (ωt) denotes the variance of investment returns. Returns volatility is

now assumed to be the time varying exogenous source of financial volatility in the

fire-sales model,23 but the CDF Φ is otherwise identical to that specified in the model

with CSV.

Bankruptcy costs are now a function of fire-sale asset prices and are therefore

22I follow this approach to keep the model as close as possible to that developed by Choi and
Cook (2012). One could relax b) and alternatively assume liquidation is expensed from investment.
The results discussed below would be similar.

23Whereas the CSV model assumes exogenous shocks to bankruptcy and held the volatility of
returns was constant, the fire-sales model allows for time varying volatility to capture exogenous
changes in investment uncertainty (Bloom, 2009).
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counter-cyclical:

νt = 1− FSt
Qt

(25)

The economy-wide resource constraint with costly liquidation is:

Yt = Ct + ζCe
t + ζIt +

ϕl
2L

(Lt − L)2 (26)

where ϕl
2L

(Lt − L)2 denotes final output absorbed through liquidation. As these ser-

vices absorb final output, rather than investment, capital accumulation is now simply:

Kt+1 = (1− δ)Kt + ζIt (27)

The rest of economy – households, entrepreneurs’ consumption and borrowing deci-

sions, and the supply of intermediate and final goods – is otherwise identical to the

CSV model discussed in Section 2.2. The online Appendix provides a full character-

isation of the decentralised equilibrium for the model with fire sales, for the model

with CSV, and for the simple NK economy with capital.

3. Optimal Monetary Policy

I now consider optimal monetary policy in these three economies. I focus on the

LQ problem and the optimal commitment solution from a timeless perspective (Wood-

ford, 2003; Benigno and Woodford, 2012).24 An important assumption that facilitates

tractability in the LQ approximation of models with capital is the assumption of a

non-distorted (efficient) steady state.25 In the model with capital only this achieved

by assuming a subsidy to the provision of intermediate goods
(
(1− χ) θ

θ−1
= 1
)
; in

the CSV model by assuming that steady state bankruptcy costs are small (ν ↘ 0);26

24Quantitatively, it is equivalent to a log-linear approximation of the solution to the optimal
Ramsey problem for the central bank with restrictions on initial conditions that ensure that only
the time invariant component of alternative policies are ranked.

25Specifically, it facilitates iteration of terms that are multiplicative in capital out of the respective
loss functions.

26v → 0 from above is sufficient for the steady state capital to output ratio, real return to capital
and real shadow value of capital to be the same as in an RBC economy with endogenous labour
supply and that is efficient. Under the additional assumption that κ → 1 from below, steady state
social welfare in the CSV economy will be the same as that for an RBC economy as well (see online
Appendix D).
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and in the fire-sales model by assuming that only the deviation of liquidity services

from their steady state value (Lt − L) absorbs final output (see Equation 26).

Although these assumptions are important for the quantitative properties of each

model, they are less likely to be important when studying the insights from optimal

policy analytically.27 One can view the optimal policy exercises discussed here as

those in which the underlying economy is efficient, but the central bank has to stabilise

perturbations away from the efficient allocation in the presence of both pricing and

financial frictions.

For social welfare, the maintained assumption is that the central bank maximises

an aggregate measure of welfare, incorporating the welfare of both households and

entrepreneurs:

SWt0 = Et0

∞∑

t=t0

[
βt−t0

(
U (Ct,Ψt)−

∫ 1

0

V (Hi,t) di

)
+ Λt

∫ 1+ζ

1

(κβe)t−t0 Ce
j,tdj

]

(28)

where SWt0 is expected welfare conditional on all available information and shocks

at time t = t0 and Λt is the weight placed on the aggregate welfare of entrepreneurs in

social welfare. The reason for weighting the welfare of households and entrepreneurs

is that the welfare of both borrowers and lenders is implicit in many central bank

mandates – i.e. neither group is favoured a priori over the other. Focusing solely

on the welfare of households would imply a first-order incentive to redistribute con-

sumption away from entrepreneurs and towards them. To avoid such redistributive

policies, I normalise the weight on entrepreneurial welfare to Λt = U c (β/κβe)t−t0 .28

In what follows, I derive second-order approximations of Equation (28) that result

in loss functions of the form:

SWt0 = −Et0
∞∑

t=t0

βt−t0 (Lt) + t.i.p+O
(
‖ϑ‖3) (29)

27For example, since a large distortion associated with monopolistic competition introduces a
non-zero target for the output gap, one conjecture is that a large financial friction will introduce
additional non-zero terms in the targets for financial variables, in addition to those already discussed
below.

28This choice ensures there is no first-order redistribution of consumption due to different attitudes
to risk or preferences over time between households and entrepreneurs, and that asymptotically both
groups are weighted equally.
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where third-order terms or higher are grouped in O
(
‖ϑ‖3) and t.i.p denotes any ad-

ditional terms that are independent of monetary policy (i.e. not a function of the

central bank’s choices). These approximations provide second-order accurate rank-

ings of welfare and since first-order terms are eliminated from them, can be minimised

subject to first-order approximations of the constraints describing the relevant econ-

omy’s decentralised equilibrium (Woodford, 2003; Benigno and Woodford, 2012).

It should be clear that the LQ approximations of optimal policy solve for the

constrained-efficient equilibrium in each economy. That is, an optimal allocation sub-

ject to the constraints imposed by economic behaviour, expectations and the different

frictions affecting each economy. Alternative instruments that would otherwise allow

the policymaker to eliminate or offset the assumed frictions (beyond those specified

in each respective policy problem) are assumed not to be available.29

Following Woodford (2003), I also reformulate the optimal policy problem for each

economy using the benchmark of the flexible-price equilibrium. Defined relative to

each economy studied, the flexible-price equilibrium is the hypothetical allocation

obtained where no firm has any incentive to change its price and so the allocation

obtained would be the same as that obtained as if all prices were flexible. This is a

natural benchmark for comparison as price stability holds in this equilibrium and it

measures the extent to which a policymaker has an incentive to deviate from fully

stabilising inflation.

It should be noted that the three economies studies here all converge to the same

equilibrium in the absence of financial frictions or perturbations to investment effi-

ciency. If Calvo pricing is also absent, they all converge to an RBC model.30

3.1. The NK Economy With Capital Only

I now state the first result relating to optimal policy in the simple NK economy

with capital, but no financial accelerator (all proofs are in the online Appendix).

29For example, if the policymaker had access to a costless monitoring tool and can directly monitor
investment projects in the economy with costly-state-verification (or could simply provide a subsidy
sufficiently large to entrepreneurs that they never need to borrow) these would be examples of
instruments that would facilitate the ‘first-best’ allocation (i.e. the socially efficient allocation in
the absence of any distortions). In the economies studied below, we will assume such instruments
do not exist, and so the ‘first-best’ allocation may not be feasible. Put differently, financial frictions
will bind and have the potential constrain optimal policy in some way.

30See Remark 1 in online Appendix E.
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Proposition 1. In an NK economy with capital but no financial accelerator, produc-

tivity, demand and investment efficiency shocks can be optimally stabilised by choosing

the flexible-price equilibrium. That is, the divine coincidence holds.

(i) The loss function can be approximated by:

LCapitalt = ωx
x2
t

2
+ ωg

g2
t

2
+ ωj

j2
t

2
+ ωπ

π2
t

2
− ωgxgtxt − ωjxjtxt (30)

where xt = yt − ynt , gt = it − int , jt = kt − knt denote the output, investment and cap-

ital gaps respectively or deviations from their corresponding flexible-price equilibrium

values, and with loss coefficients ωx =
(
α+η
1−α + σ

)
, ωg = σs2δ2, ωj = α(1+αη)

1−α , ωπ =
(θ−1−1+ η+1

αη+1
)θ2γ

(1−γ)(1−βγ)
, ωgx = sσδ, ωjx = α(1+η)

1−α , where s = K
Y

, η = VHHH
VH

, and σ = −UccY
Uc

.

(ii) The policy {xt = 0, gt = 0, jt+1 = 0, πt = 0}t≥t0 and
{
ibt = rbnt

}
t≥t0, where rbnt

is the natural rate of interest, is an optimal policy.

Proposition 1 establishes that although output, investment and capital are all

present in the loss function in the economy with capital, the inclusion of capital

per se does not alter the optimal policy prescription of implementing the flexible-

price equilibrium. That is, the divine coincidence holds. One implication is that

if exogenous changes in investment efficiency capture financial volatility (Justiniano

et al., 2010, 2011), and these are orthogonal to changes in the real economy, then

monetary policy need only account for financial volatility to the extent that it changes

forecasts for real quantities and inflation – i.e. the “modified Jackson-hole consensus”

holds.

This result re-enforces a point made by Goodfriend and King (1997) and Wood-

ford (2003). If nominal price rigidity is the only distortion that prevents a rational-

expectations equilibrium from achieving its optimal allocation, then choosing a policy

that minimises the effect of that distortion is optimal. In the NK model with capital,

the flexible-price equilibrium is optimal because under that policy no firm has an in-

centive to re-optimise its price, even if it had the ability to do so. I now consider the

economies that also incorporate financial accelerators so that investment efficiency is

endogenous, with costly default and heterogeneity in borrowing and lending.
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3.2. The CSV Model

Proposition 2 establishes that the same result does not apply once costly state

verification is introduced.

Proposition 2. In an NK economy with capital and costly state verification, the

divine coincidence does not hold and the flexible-price equilibrium is not optimal.

(i) The new primitive of interest to the central bank is net worth and the loss

function can be approximated by:

LCSVt = ωx
x2
t

2
+ ωπ

π2
t

2
+ ωg

g2
t

2
+ ωj

j2
t

2
− ωxgxtgt − ωxjxtjt

+ ωn
(nt − n∗t )2

2
− ωxnxtnt + ωgngtnt

︸ ︷︷ ︸
New terms in net worth

(31)

where the new worth gap is defined as nt = nwt − nwnt , and with additional loss

coefficients ωn = σ (se)2 , ωxn = σse and ωgn = sσδse, where se = ζCe

Y
and all other

terms are the same as those defined in Proposition 1. The net worth gap target is:

n∗t = σ−1 (se)−2

(
sδφ (ω)

f (ω)

fω (ω)
ξt + se (σynt − sσδint − υψt − σsecent )

)

with υ =
Ucψ
Uc
, ξt = ln (1− νt) and ψt = ln Ψt are renormalised shocks to bankruptcy

costs and demand, ω is the steady state default threshold, φ (x) = dΦ(x)
dx

is the pdf of

investment returns, and cent denotes the flexible-price equilibrium value of aggregate

entrepreneur consumption.

(ii) In response to shocks to productivity, demand, net worth or bankruptcy costs,

the policy {xt = 0, gt = 0, jt+1 = 0, nt = 0, πt = 0}t≥t0 and
{
ibt = rbnt

}
t≥t0 is not an op-

timal policy.

Corollary 2.1. In the absence of endogenous variation in net worth, but still in the

presence of costly state verification, the objective collapses to that of an NK economy

with capital. The divine coincidence holds.

Proposition 2 and Corollary 2.1 establish that introducing a financial friction

in the supply of investment goods does alter the objectives of monetary policy. In

particular, it is the net worth of borrowers, in real terms, that becomes the primitive
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for determining the optimal deviation from the flexible-price equilibrium. The reason

that net worth is important is that it governs the borrowing needs of entrepreneurs

who invest and thus the size of the deadweight loss associated with default (costly

monitoring). By smoothing volatility in net worth around an appropriately defined

target (n∗t ) – a function of the shocks hitting the economy – these deadweight losses

can be partially mitigated and investment allocations that are closer to those obtained

in an equilibrium without costly state verification can be obtained.

Intuition can be gained by comparing this result to that for the model with capital

only. With capital only and a single distortion the flexible-price equilibrium is optimal

as nominal price rigidity is the only source of inefficiency in the economy. Thus,

the socially efficient or ‘first-best’ allocation can be obtained. With CSV, there is a

second distortion implied by costly monitoring for banks. The presence of asymmetric

information on their part raises the cost of borrowing for entrepreneurs and constrains

the amount of funds lent to them. This restricts investment allocations relative to

what would be achieved in an equilibrium without CSV. The presence of costly-state-

verification implies that the socially optimal allocation in the model with capital only

and without financing frictions is not within the feasible set of allocations from which

the central bank can choose. In other words, the central bank has to trade off price

stability against financial stability.

The primitive variable that affects the borrowing required by entrepreneurs, and

thus the social costs of CSV and the trade-off faced, is net worth. If entrepreneurs

have more (or less) pledgeable collateral they require more (less) loans and so changes

in net worth have a direct effect on the extent to which the CSV friction distorts the

economy from its socially efficient allocation. This time varying source of inefficiency

implies that a central bank has an incentive to use interest rates, that affect asset

prices, rental returns and capital accumulation, and thus the value of net worth, to

help mitigate the effects of the CSV distortion.

Up to a first-order approximation, the net worth gap can be written as: nt =

fωt (ω)ω

f(ω)
ω̂
g

t + gt where ω̂
g

t and gt are the default threshold and investment gaps respec-

tively. This expansion makes it clear why simple interest-rate rules augmented with
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asset prices fail to replicate optimal monetary policy.31 Although asset prices affect

the loss function indirectly, through their effect on the target value for net worth,

they do not capture all relevant information for capturing the social cost of default.

Interestingly, credit spreads share the same property. Measuring spreads as the

real net external finance premium (or real spread between borrowing and lending

rates),
1+RLt
Pt
− 1, Corollary 2.2 makes clear that smoothing credit spreads around an

appropriately defined target does not capture all relevant information for the optimal

deviation from the flexible-price equilibrium. Unlike other models of credit frictions in

economies without capital (Carlstrom et al., 2010; De Fiore and Tristani, 2012; Cúrdia

and Woodford, 2015), the central bank must also consider volatility in investment,

which separately contributes to the loss and is a function of net worth and default.

Corollary 2.2. Stabilising credit spreads is not isomorphic to stabilising volatility in

net worth. Reformulating the objective in terms of spreads, an additional target for

investment enters the loss:

LCSVt = ωx
x2
t

2
+ ωπ

π2
t

2
+ ω̃g

Additional target︷ ︸︸ ︷
(gt − g∗t )2

2
+ ωj

j2
t

2
− ω̃xgxtgt − ωxjxtjt

+ ω̃n
(ŝpgt − ŝp∗t )2

2
+ ωgsgtŝp

g
t − ω̃nsxtŝpgt

︸ ︷︷ ︸
Terms with credit spreads

where ŝpgt = ŝpt−ŝpnt is the credit spread gap, ŝp∗t = Ξfω(ω)
f(ω)ω

n∗t is the target value for

spreads, g∗t = ωn
ω̃g
n∗t is the target value for investment and with modified loss weights

ω̃g = ωg + 2ωgn + ωn, ω̃ns = ωnx
fω(ω)(ω)
f(ω)Ξ

, ω̃n = ωn

(
fω(ω)(ω)
f(ω)Ξ

)2

, ωgs = ωn
fω(ω)(ω)
f(ω)Ξ

+

ωgn
fω(ω)ω
f(ω)Ξ

where Ξ =
(

1 + fω(ω)ω
1−f(ω)

)
and ωg, ωgn, ωn and ωnx are the same coefficients

defined in Proposition 2.

In which direction should monetary policy optimally respond to shocks in the

CSV model? Figure 1 displays key responses to exogenous one per cent increases

in demand, productivity, bankruptcy costs and the same decline in net worth.32 It

highlights that a small amount of inflation is optimal in response to all shocks.33

31See for example Faia and Monacelli (2007).
32The calibration used is in line with previous literature (see online Appendix G).
33Quantitatively, the deviations from a zero-inflation target are small reflecting the assumption of
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Figure 1: Optimal Policy in the CSV Model

Optimal target for the net worth gap Optimal net worth gap

Optimal output gap Optimal investment gap

Optimal inflation Sub-optimal inflation*

Notes: The impulse response functions are in response to separate 1 per cent increases in demand,

productivity and bankruptcy costs, and a one per cent decline in net worth. * Sub-optimal inflation

denotes the inflation outcome for a central bank ignoring the presence of the optimal target value for

the net worth gap when minimising the loss. The horizontal axes are measured in quarters.

By allowing positive inflation, net worth, investment and output are all higher

relative to the flexible-price equilibrium and this mitigates the financial distortion

a non-distorted steady state. Focusing on numerical results with larger distortions results in larger
inflation responses under optimal policy.
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associated with costly monitoring. However, reducing this distortion comes at the

expense of higher price dispersion, and so there is a meaningful trade-off for monetary

policy. Figure 1 (bottom right panel) also highlights the optimal inflation response if

the target value for the net worth gap is ignored by the central bank. In this case a

zero-inflation policy is perceived as optimal, but is not consistent with optimal policy.

3.3. The Model with Fire Sales

I now consider what optimal monetary policy looks like in the economy with fire

sales and bankruptcy costs that are countercyclical. The next result establishes that

incorporating fire sales increases the complexity of the loss:

Proposition 3. In the economy with fire sales and countercyclical bankruptcy costs,

the divine coincidence does not hold.

(i) The loss function can be approximated by:

LFSt = ωπ
π2
t

2
+ ωx

x2
t

2
+ ωn

(nt − n∗∗t )2

2
− ωxjxtjt − ωxnxtnt − ω̃xgxtgt + ω̃gngtnt

+

New targets with fire sales︷ ︸︸ ︷

ω̃g
(gt − g∗∗t )2

2
+ ωω

(
ω̂
g

t − ω̂
∗∗
t

)2

2
+ ωj

(jt − j∗∗t )2

2

+ ωωggtω̂
g

t + ωnωntω̂
g

t − ωxωxtω̂
g

t︸ ︷︷ ︸
New volatility terms with fires-sales

(32)

where the targets for net worth (n∗∗t ), the capital stock (j∗∗t ), the default threshold(
ω̂
∗∗
t

)
and investment (g∗∗t ) are functions of the flexible-price equilibrium values and

the underlying shocks. These values and the loss coefficients are defined in Appendix

A.

(ii) In response to shocks to demand, productivity, net worth or the volatility

of investment returns, the policy
{
xt = 0, gt = 0, jt+1 = 0, nt = 0, ω̂

g

t = 0, πt = 0
}
t≥t0

and
{
ibt = rbnt

}
t≥t0 is not an optimal policy.

Proposition 3 establishes that there are more targets once fire sales and counter-

cyclical bankruptcy costs are included in the model. In this case, there are targets

for investment, net worth, the default threshold and the capital stock, although only

three of them are linearly independent.34

34The targets for investment and default are linearly dependent.
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Comparing this result with the results for the CSV model, it is clear that there

are now three distortions – nominal price rigidity, asymmetric information for banks

monitoring entrepreneurs, and costly liquidation services. Thus, the central bank

must optimally weight the social cost associated with each friction when choosing

the optimal interest rate, rather than targeting any one of them. Moreover, the set

of variables in the optimal policy calculus is now richer reflecting that investment,

net worth, capital and default rates jointly determine the amount of loans required

by entrepreneurs, bankruptcy costs in the event of default, and liquidation services

required for impaired assets. As established for the CSV model, the divine coincidence

does not hold and the flexible-price equilibrium is no longer optimal.

Figure 2 reports the key responses in the model with fire sales. In response to

a one per cent increase in investment volatility, or the same decline in net worth, it

is optimal to choose positive inflation and a negative real interest rate gap – that

is, a more expansionary path for interest rates than in the case of the flexible-price

equilibrium. This means that the central bank offsets social costly financial volatility

by allowing inflation to help insulate the effects of these shocks on the financial sector.

By choosing a lower interest rate path, relative to the flexible-price equilibrium, asset

prices and thus entrepreneurial net worth are higher, and again the investment and

output allocations are closer to those that would be obtained in a frictionless economy.

The magnitude of the deviation from the flexible-price equilibrium is captured in the

target values in the loss, with positive target values for the net worth, capital and

default threshold gaps (Figure 3).

In response to positive demand or productivity shocks, it is optimal to choose a

more contractionary path for monetary policy relative to the flexible-price equilibrium

(refer to Figure 2).35 These relatively more contractionary policies help to stabilise

financial volatility associated with higher asset prices, investment, default and liqui-

dation. In response to a positive demand shock, it is optimal to chose negative values

for all three targets (Figure 3). For productivity shocks, the targets are all close to

zero.36

35In the case of demand shocks interest rates rise by more than in the zero-inflation case, and for
productivity shocks they fall by less.

36This is because an increase in productivity is accompanied by a decline in investment volatility
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Figure 2: Responses Under Optimal Policy with Fire Sales

Inflation Real interest rate gap

Output gap Investment gap

Net worth gap Asset price gap

Note: The impulse response functions are in response to separate 1 per cent increases in demand,

productivity and investment volatility, and a one per cent decline in net worth. The horizontal axes

are measured in quarters.

and default and so the need to respond to financial volatility is weaker (see online Appendix G).
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Figure 3: Optimal Targets with Fire Sales

Increase in Productivity Increase in Demand

Decline in Net Worth Increase in Investment Volatility

Note: The quarterly percentage change in the optimal targets are in response to separate 1 per cent

increases in demand, productivity and investment volatility, and a one per cent decline in net worth.

3.4. Comparing the loss functions

It is helpful to review the relationships between each of the loss functions de-

rived, and how they relate to a standard New Keynesian economy (Woodford, 2003).

Proposition 4 makes clear that as each friction is removed, the loss functions con-

verge to each other
(
LFSt → LCSVt → LCapitalt

)
and then to the loss for the standard

New Keynesian economy as the capital share approaches zero. This highlights the

mapping between the frictions and the additional terms derived in each loss (Table

1).

Proposition 4. (i) In the absence of bankruptcy cost shocks (ξt = 0) and shocks to

the volatility of investment returns (σ̂t = 0) , the loss function with fire sales converges

to the loss function with CSV as marginal liquidation costs approach zero:

LFSt → LCSVt as ϕl ↘ 0
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(ii) In the model with CSV, as entrepreneur capital holdings approach zero the loss

function with CSV converges to the loss function in the model with capital:

LCSVt → LCapitalt as Ke
t ↘ 0

(iii) In the model with capital, as the capital share approaches zero, the loss func-

tion converges to that of the standard New Keynesian model:

LCapitalt → Lt as α↘ 0

Table 1: Comparison of the Loss Functions

Standard: Lt = ω̃x
x2t
2

+ ω̃π
π2
t

2

With capital: Lcapitalt = ωx
x2t
2
xt + ωππt + ωg

g2
t

2
+ ωj

j2
t

2
− ωxgxtgt − ωxjxtjt

︸ ︷︷ ︸
New terms due to capital

With CSV: LCSVt = ωx
x2t
2

+ ωπ
π2
t

2
+ ωg

g2t
2

+ ωj
j2t
2
− ωxgxtgt − ωxjxtjt

+ωn
(nt − n∗t )2

2
− ωxnxtnt + ωgngtnt

︸ ︷︷ ︸
New terms due to costly state verification

With fire-sales: LFSt = ωx
x2t
2

+ ωπ
π2
t

2
+

New non-zero targets due to fire-sales︷ ︸︸ ︷
ω̃g

(gt − g∗∗t )2

2
+ ωj

(jt − j∗∗t )2

2

−ω̃xgxtgt − ωxjxtjt + ωn
(nt−n∗∗

t )2

2
− ωxnxtnt + ω̃gngtnt

+ωω

(
ω̂
g

t − ω̂
∗∗
t

)2

2
+ ωωggtω̂

g

t + ωnωntω̂
g

t − ωxωxtω̂
g

t
︸ ︷︷ ︸

New terms due to fire-sales

Notes: ω̃x = limα↘0ωx and ω̃π = limα↘0ωπ. Other loss coefficients are as previously defined.

Table 1 highlights that introducing capital does not introduce any additional tar-

gets (and so the flexible price equilibrium remains optimal), but it does bring invest-

ment and capital gap volatility, as well their interaction with volatility in the output

gap, into the objective. This should not be surprising. Since the primitive for house-
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hold welfare is consumption volatility, it is natural that both output and investment

volatility are relevant in a model with capital.

Turning to the loss with CSV we see that the additional terms associated with

volatility in net worth and a non-zero target for it arise from the presence of asymmet-

ric information in financial markets (costly monitoring). The primitive that captures

the social cost of this friction is entrepreneurs’ net worth. Finally, with fire-sales ad-

ditionally included, we see that the loss also includes terms associated the volatility

of default and non-zero targets for capital, investment and default.

3.5. Access to Multiple Instruments

Thus far, the results condition on access to a single instrument – the nominal

interest rate. A natural question is whether access to additional instruments could

eliminate the trade-off between price stability and financial stability? I first focus on

the CSV model with acyclic bankruptcy costs and allow the transfer to entrepreneurs

(F e
t ) to be optimally chosen by the central bank, in addition to the nominal interest

rate. As mentioned earlier, transfers could equivalently be chosen by a fiscal authority

or a prudential authority who shares the same welfare theoretic loss.

Proposition 5. With an additional policy instrument, transfers to entrepreneurs, F̂ e
t ,

the flexible-price equilibrium again becomes optimal in the CSV model and the divine

coincidence holds. This equilibrium results in higher welfare than in an equilibrium

where only the nominal interest rate can be chosen. An optimal sequence of transfers

and interest rates can be set as follows:

1. The target value for net worth is computed in a flexible-price equilibrium under

a policy of a constant (steady state) transfer;

2. A sequence of transfers is chosen such that the target value for net worth (com-

puted in the flexible-price equilibrium in 1.) is reset to zero in all periods {n∗t = 0}t≥t0.

Denote the sequence that achieves this,
{
F̂ en
t

∗}
t≥t0

, and the corresponding sequence

of perturbed natural interest rates,
{
rbnt|n∗

t=0

}
t≥t0

; and

3. Implement the perturbed flexible-price equilibrium by choosing a sequence of

nominal interest rates that is equal to the perturbed sequence of natural interest rates{
ibt = rbnt|n∗

t=0

}
t≥t0

.
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Proposition 5 makes clear how nominal interest rates and transfers can be chosen

optimally. The optimal sequence of transfers is designed to eliminate the incentive for

the central bank to target a non-zero gap for net worth, and eliminates the incentive

for the central bank to take net worth into consideration when setting interest rates.

Nevertheless, the optimal sequence of transfers changes the underlying natural rate

of interest in the economy by affecting the demand for borrowing. The central bank

optimally takes account of this and implements a flexible-price equilibrium by choos-

ing a nominal interest rate sequence that is equivalent to the sequence of perturbed

natural interest rates. This solution has a natural delineation between the optimal

transfer, that stabilises the effects of costly default, and optimal interest rates that

stabilise inflation.

In the model with fire sales and countercyclical bankruptcy costs, the solution

is less straightforward. The next proposition makes clear that at least two further

instruments are necessary to restore the divine coincidence.

Proposition 6. In the model with fire sales, at least two additional instruments, in

addition to the nominal interest rate and transfers to entrepreneurs, are necessary

(although not sufficient) for restoring the optimality of a flexible-price equilibrium.

Proposition 6 is an application of the Tinbergen principle. With three linearly

independent targets in the loss function in addition to inflation – one each for capital,

net worth and default – at least two further instruments are required for the flexible-

price equilibrium to be optimal. This result highlights that even small increments in

financial complexity can substantially complicate the loss function and the number of

instruments required for monetary policy to focus exclusively on stabilising inflation.

Put differently, the view that nominal interest rates should be used because they can

“get in all the cracks” and affect all financial prices and costs of financial interme-

diation (Smets, 2014), has merit relative to other more targeted instruments, which

only partially capture the social cost of fire sales.

What does optimal monetary policy look like in the model with fire sales and access

to multiple instruments? I first allow the central bank to choose nominal interest

rates and transfers to entrepreneurs. Figure 4 makes clear that higher transfers are

optimal in response to increases in investment volatility or to a decline in net worth.
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They imply higher net worth for investment, which helps to implement investment

allocations closer to those that would be obtained in a frictionless equilibrium.

Figure 4: Optimal Policy with Two Instruments

Inflation Real Interest Rate Gap

Transfers Net worth gap

Note: The quarterly impulse response functions are in response to separate 1 per cent increases in

demand, productivity and investment volatility, and a one per cent decline in net worth.

Interestingly, a higher real interest rate gap – a policy that is more contractionary

than in the case of a flexible-price equilibrium – is also called for. This more than

offsets the effects of higher transfers on inflation and suggests it can be optimal

for monetary and ‘prudential policy’ to work in opposite directions. In the case of

positive demand or productivity shocks, the signs are reserved, it is optimal to reduce

transfers and offset this with a negative real interest rate gap. In effect, transfers

are countercyclical and monetary policy again works to offset this. Nevertheless, a

flexible-price equilibrium is not optimal.

I also consider a third instrument, liquidation subsidies (Choi and Cook, 2012),

which reduce the marginal cost of liquidation in the event of default as opposed

to changing the value of collateral held by entrepreneurs. Figure 5 highlights that
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even with three instruments, it remains optimal to choose non-zero inflation. For

exogenous declines in net worth and increases in investment volatility, it is optimal

to raise transfers and increase liquidation subsidies. Higher real interest rate gaps are

then chosen to offset the effects of those policies on inflation. For increases in demand

and productivity, reduced transfers and a tax on liquidation services are optimal in

conjunction with a negative real interest rate gap.

Figure 5: Optimal Policy with Three Instruments

Inflation Real interest rate gap

Transfers Liquidation subsidies

Notes: The impulse response functions are in response to separate 1 per cent increases in demand,

productivity and investment volatility, and a one per cent decline in net worth. The instruments

available include the nominal interest rate, a transfer to entrepreneurs and a subsidy on the marginal

cost of liquidation.

These findings build on previous literature where prudential (or macro-prudential)

rules are found to insulate the real economy from financial shocks (Choi and Cook,

2012; Angeloni and Faia, 2013). The results here make clear that countercyclical

transfers and liquidation subsidies are also consistent with minimisation of a welfare-

theoretic loss and should focusing on stabilising volatility in default, the capital stock
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and net worth.37 The results also align with findings in Collard, Dellas, Diba, and

Loisel (2017) where optimal prudential policy is countercyclical, while optimal mon-

etary policy stabilises inflation. There are some important differences, however. The

models considered here do not assume that lending need be socially inefficient or that

prudential policy must be jointly optimal. The welfare-theoretic objectives derived

apply regardless of the delegation of instruments between a central bank, prudential

authority or fiscal authority. Moreover, the objectives can be used to study monetary

policy for any given prudential policy.

4. Conclusion

This paper provides an analytic characterisation of optimal monetary policy in

New Keynesian economies where both capital and a financial accelerator matter.

Previous literature has considered capital, but abstracted from a financial accelerator,

or considered financial accelerator effects on the demand for labour but held capital

fixed. The objectives of monetary policy in economies where there is a credit friction

on the supply of new capital, which captures salient features of the 2007-08 Crisis

and business cycle volatility more generally, have remained unclear.

Studying a class of models with capital and a financial accelerator that are com-

monly embedded in quantitative business cycle models, the introduction of capital per

se does not introduce a trade-off for monetary policy. However, the introduction of a

financial accelerator does matter. In a model with CSV, the net worth of borrowers

becomes the primitive of interest to the central bank and there is a trade-off between

stabilising it and inflation. Nonetheless, access to a single additional instrument, a

transfer to borrowers, is sufficient for restoring the divine coincidence.

Enriching the model with fire sales, there are additional targets in the loss (targets

for default, and capital also matter), but the underlying intuition for the trade-offs

faced in addressing price versus financial stability remains similar. One difference in

the model with greater financial complexity is that more instruments are required to

restore the divine coincidence – a transfer to borrowers and a subsidy on liquidation

37Transfers to entrepreneurs are similar to other macroprudential policies, such as time-varying
liquidity (Choi and Cook, 2012) or capital (Angeloni and Faia, 2013) requirements, which also affect
the costs of investment and default.
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are not sufficient. With fewer instruments than targets, it is optimal for transfers and

liquidation subsidies to stabilise volatility in default, net worth and the capital stock.

Changes in the nominal interest rate are used to mitigate the effects of these policies

on inflation, although the divine coincidence does not hold.
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Appendix

Appendix A. Full Representation of Proposition 3

Proposition 3. In the economy with fire sales and countercyclical bankruptcy costs,

the divine coincidence does not hold.

(i) The loss function can be approximated by:

LFSt = ωπ
π2
t

2
+ ωx

x2
t

2
+ ωn

(nt − n∗∗t )2

2
− ωxjxtjt − ωxnxtnt − ω̃xgxtgt + ω̃gngtnt

+

New targets with fire sales︷ ︸︸ ︷

ω̃g
(gt − g∗∗t )2

2
+ ωω

(
ω̂
g

t − ω̂
∗∗
t

)2

2
+ ωj

(jt − j∗∗t )2

2

+ ωωggtω̂
g

t + ωnωntω̂
g

t − ωxωxtω̂
g

t︸ ︷︷ ︸
New volatility terms with fires-sales

(A.1)

where the new targets for net worth (n∗∗t ), the capital stock (j∗∗t ), the default thresh-

old
(
ω̂
∗∗
t

)
and investment (g∗∗t ) are functions of natural equilibrium values (and the

shocks). The optimal target values are given by:

n∗∗t =
σynt − sσδint − υψt

σse
− φ (ω, σ) νϕl
gωt (ω, ν, σ)

(
int + lωt (ω, σ) ω̂

n

t + lσt (ω, σ) σ̂t

)
− n̂wtn

j∗∗t =
(1− α) (1− δ) s

(1 + αη)α


 n̂wnt −

(
fωt (ω,σ)

f(ω,σ)
− φ(ω,σ)νϕl

f̃ωt (ω,σ)
φ (ω, σ)ω

)
ωω̂

n

t

−
(

1− φ(ω,σ)νϕl

f̃ωt (ω,σ)

)
int −

(
fσt (ω,σ)

f(ω,σ)
− φ(ω,σ)νϕllσt (ω,σ)

f̃ωt (ω,σ)

)
σσ̂t




ω̂
∗∗
t =

(se)2 σϕ̃ln
∗∗
t − ϕlsl

(
int + lωt (ω, σ) ω̂

n

t + lσt (ω, σ) σ̂t

)

lωt (ω, σ)
(
ϕlsl + (se)2 σϕ̃2

l

)

g∗∗t =
(se)2 σϕ̃ln

∗∗
t − ϕlsl

(
int + lωt (ω, σ) ω̂

n

t + lσt (ω, σ) σ̂t

)

s2σδ2 + σsesδϕ̃l + ϕlsl + (se)2 σϕ̃2
l

with loss coefficients:

ω̃g = s2σδ2 + σsesδϕ̃l + ϕlsl + (se)2 σϕ̃2
l

ωω =
(
ϕlsl + (se)2 σϕ̃2

l

)
lωt (ω, σ)2

ωωg =
(
ϕlsl + (se)2 σϕ̃2

l

)
lωt (ω, σ)

ω̃xg = σsδ + σseϕ̃l
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and:

ω̃gn = (se)2 σϕ̃l + σsesδ

ωnω = (se)2 σϕ̃llωt (ω, σ)

ωxω = σseϕ̃llωt (ω, σ)

where:

ϕ̃l = gωt (ω, ν, σ)−1 φ (ω, σ) νϕl

lωt (ω, σ) =

(∫ ω

0

ωtφ (ωt;σ) dωt

)−1

φ (ω, σ)ω2

lσt (ω, σ) =

(∫ ω

0

ωtφ (ωt;σ) dωt

)−1 ∫ ω

0

ωtφσt (ωt;σ) dωtσ

and σ is the steady state variance of investment returns.

(ii) In response to shocks to demand, productivity, net worth or the distribution

of investment returns, the policy
{
xt = 0, gt = 0, jt+1 = 0, nt = 0, ω̂

g

t = 0, πt = 0
}
t≥t0

and
{
ibt = rbnt

}
t≥t0 is not an optimal policy.
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