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in a New Keynesian framework where monopolistic competition and customer market

(deep habits) features in banking generate counter-cyclical credit spreads. We show

how these credit related frictions undermine the effectiveness of standard Inflation

Targeting along key dimensions: 1) under instrumental Taylor-type rules, they signif-

icantly restrict the policy space yielding a unique Rational Expectations Equilibrium

(REE) and significantly amplify the economy’s response to fundamental shocks (TFP,

cost-push, and credit); 2) under optimal policy, it does not allow the central bank to

fully neutralize demand-side shocks, thus breaking the so-called divine coincidence).

By allowing better control of inflation expectations, AIT allows the central bank to

1) re-establish a wide policy space guaranteeing a unique REE, 2) fully neutralize the

shock amplification due to the credit frictions, and 3) mimic the optimal policy under

commitment even if acting under discretion.

JEL Classification: E32, E44, E50.

Keywords: Optimal monetary policy; Average Inflation Targeting; Cost Channel;

New-Keynesian model; Credit frictions; Deep habits; Credit spreads

∗Corresponding Author. Professor, School of Economics, LeBow College of Business, Drexel Univer-

sity, Gerri C. LeBow Hall, 3220 Market Street, Philadelphia, PA, 19104, USA. Tel: +1-215-895-6982. Email:

marco.airaudo@drexel.edu.
†Analyst, Deutsche Bank
‡Research Intern, School of Economics, LeBow College of Business, Drexel University, Gerri C. LeBow

Hall, 3220 Market Street, Philadelphia, PA, 19104, USA.
§Professor, Department of Economics, Kohlberg Hall 208, Swarthmore College, Swarthmore, PA 19081,

USA



1 Introduction

On August 27, 2020, during the annual Jackson Hole symposium, the Fed’s Chair Jerome

H. Powell announced a significant policy shift from Inflation Targeting (henceforth, IT)

to Average Inflation Targeting (henceforth, AIT). The key distinction of AIT lies in its

approach to balance periods of below (respectively, above) target inflation with periods of

above (respectively, below) target inflation, with the objective of keeping average inflation

close to a specific numerical value (e.g. 2%). Such strategy contrasts sharply with traditional

IT, which instead focuses on adjusting current inflation to its target without considering past

deviations, i.e., bygones are bygones. As a result, under IT, once inflation deviates positively

from target, the aggregate price level — i.e. the (expenditure-based) weighted average of

prices of individual goods belonging to a representative consumption basket - will unlikely

revert back to its pre-shock value: consumption goods will be permanently more expensive.

On the contrary, by making it up for past ”mistakes” or ”bad luck”, AIT can eventually

bring the price level back to its original trajectory.

From a practical standpoint, if credible, AIT introduces history dependence in monetary

policy: an initial undershooting (π̂t < 0) triggers rational expectations of future overshoot-

ing (Etπ̂t+1 > 0), which, through a standard New Keynesian Phillips curve mechanism -

whereby current inflation responds to its own future expectation and production marginal

costs - should help counterbalance the initial deviation from target. By better anchoring in-

flation expectations to current and past inflation outcomes, AIT can therefore be a powerful

stabilizing tool when, for whatever reason, monetary policy exerts a weaker impact on firms’

marginal costs.

Although this logic already applies to the baseline New Keynesian model, to the best

of our knowledge, the stabilizing properties of AIT have yet to be assessed in environments

where credit/financial frictions generate endogenous amplification. For this purpose, we

introduce AIT in a previous work of ours (Airaudo and Olivero, 2019) where imperfect com-

petition and long-term relationships (i.e., customer-market characteristics) in credit markets

generate a counter-cyclical spread between the loan rate charged to borrowing firms and the

rate paid to depositors (also the policy rate). As shown in the paper, in such environment,

under standard IT, credit frictions are detrimental to macroeconomic stability as they i)

make the model more prone to equilibrium indeterminacy (i.e., the Taylor Principle is no

longer sufficient to induce a unique REE with the response coefficient to inflation becoming

two-sided contrained) and boost the responses to fundamental shocks (e.g. TFP, cost-push,

credit shocks) when monetary policy takes the form of an instrumental Taylor rule; and ii)

make price stability harder to attain (e.g. the so-called divine coincidence does not hold
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even if shocks originate on the demand side) under optimal monetary policy.

When standard IT is substituted with AIT, these unwanted consequences are greatly

tamed and, with a sufficiently strong form of AIT, completely eliminated. Our key findings

are as follows. First, when monetary policy is modeled as a Taylor rule responding to (some

measure of) average (instead of current) inflation, the risk of multiple self-fulfilling REE

(equilibrium indeterminacy) induced by the credit friction is greatly reduced. In particular,

a determinate REE always obtains (effectively for almost any policy parameterization) if the

time window over which the average is computed is sufficiently long.

Second, for a Taylor rule parameterization within the determinacy space, even a mild

form of AIT (i.e. a short time window) can completely off-set the endogenous amplification

due to credit frictions, and make the model’s impulse responses almost coincide with what

obtained for the baseline New Keynesian framework.

Third, we find quantitatively large gains from delegating optimal monetary policy to a

central banker whose objective (i.e. loss function) features the stabilization of average (rather

then current) inflation. More specifically, targeting average inflation allows the central bank

to 1) efficiently shield the economy from demand-side shocks (e.g. TFP) which are no longer

neutral in presence of credit frictions (thus attaining a better inflation-output trade-off), and

2) closely mimic the optimal responses the economy would obtain was the central bank able

to fully commit to the first best (inflation targeting) Ramsey plan.1

The rest of the paper is structured as follows. Section 7 provides an overview of the

model economy, with a detailed description of its key reduced form equations characterizing

the equilibrium. Section 3 defines AIT, as a general policy, and discusses about its imple-

mentation in NK framework. Section 4 studies the equilibrium determinacy and stabilizing

properties of Taylor-type instrumental rules responding to AIT. Section 5 focuses on optimal

policy delegation under discretion - i.e. imposing an AIT objective to a discretionary central

banker - and its consequences for the stabilization of shocks to fundamentals in presence of

credit frictions. Section 6 concludes.

2 A New Keynesian Model with Counter-Cyclical Credit

Spreads: Overview

Since the model strongly draws on Airaudo and Olivero (2019) and does not feature

significant changes, in this section, we provide a brief description of the economy and the

1The optimal monetary policy allocation under commitment is the best outcome attainable in a decen-

tralized economy subject to market distortions (in our case, nominal rigidities and credit frictions). We refer

to this as first best although the most efficient outcome (the true first best) would be the one attained by a

benevolent social planner capable of undoing all distortions/frictions.
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reduced-form (linearized) system characterizing its equilibrium dynamics. Its detailed deriva-

tion is presented in the Appendix.

A continuum of infinitely lived households - characterized by a subjective discount rate

β, a CRRA coefficient σ, and an inverse labor elasticity χ - use own resources (labor income

and accumulated wealth) to finance new savings (i.e. short-term interest-bearing deposits

at banks and/or cash) and the consumption a continuum of (differentiated) final goods.

The latter are supplied by monopolistically competitive retail firms out of undifferentiated

intermediate inputs, subject to a Calvo-type sticky price probability ϑ ∈ (0, 1).

Production of these homogeneous inputs occurs in a perfectly competitive flexible price

manufacturing sector which hires labor from households and is subject to a working capital

requirement (i.e. a fraction α ∈ [0, 1] of labor cost must be paid before sales revenues

are realized). To do so, each manufacturing firm takes advantage of the financial services

generated by a Dixit-Stiglitz composite of imperfectly substitutable heterogeneous loans -

with time-varying intratemporal elasticity ξt > 1 (ξ denoting its unconditional mean) -

provided by a banking sector. To capture the documented existence of borrower ”hold-

up” effects and costs of switching between banks - resulting in long-term borrower-lender

relationships - we introduce deep habits in banking whereby each loan is assumed to depend

with elasticity θ on the accumulated stock of past bank-specific loans, with a coefficient

ρs ∈ [0, 1) indexing the persistence of habits.

A continuum of monopolistically competitive banks costlessly transforms households’

homogeneous deposits into differentiated loans to firms. Because of market power and deep

habits in banking, the profit maximizing lending rate RL
t is an endogenous mark-up µR

t on

the rate paid to depositors Rt (also the policy rate) - i.e. µR
t = RL

t /Rt - with steady state

value µR = mξ/(mξ − 1) for m ≡ (1− θ)/[1− θβ(1− ρs)].

On the demand side, the household’s intertemporal optimization problem yields a stan-

dard log-linearized Euler equation:

ŷt = Etŷt+1 − δ
(
R̂t − Etπ̂t+1

)
, δ ≡ 1

σ
(1)

where ŷt, R̂t, and π̂t denote, respectively, the log deviations of output, the (gross) nominal

interest rate and inflation from their respective steady-state levels2.

On the supply side, optimal pricing by retail firms and aggregation gives rise to a standard

Phillips curve, relating current inflation to its next period expectation and real marginal

costs:

π̂t = β Etπ̂t+1 + κ m̂ct, κ ≡ (1− ϑ) (1− ϑβ)

ϑ
(2)

Because of the working capital channel, marginal costs m̂ct display direct dependence on the

2In the rest of the paper, a “hatted” variable will indicate a log-deviation from its steady state value.

3



lending rate R̂L
t with elasticity η, i.e.

m̂ct = ŵt − ât + ηR̂L
t , (3)

η ≡ αµR

αµR + (1− α)β
, (4)

with the real wage ŵt determined by the labor supply equation

ŵt = (σ + χ) ŷt − χ ât (5)

As stated earlier, the lending rate R̂L
t consists of the policy rate R̂t plus an endogenous credit

spread (corresponding to the log gross mark-up) µ̂R
t , i.e.

R̂L
t = R̂t + µ̂R

t (6)

where µ̂R
t is determined by the following expectational difference equation:[

1− ψ

1− βθ (1− ρs)

]
µ̂R
t =

(1− θ)−1 θψ

[1− βθ (1− ρs)]
[θβ (1− ρs)Etγ̂t+1 − γ̂t] (7)

− θβψ (1− ρs)

1− βθ (1− ρs)

(
EtR̂t+1 − R̂t

)
− θβψ (1− ρs)

1− βθ (1− ρs)
Etµ̂

R
t+1

+
θβψ (1− ρs)

1− βθ (1− ρs)

(
R̂t − Etπ̂t+1

)
− ψ

1− θβ (1− ρs) ρξ
1− βθ (1− ρs)

ξ̂t

with ψ ≡ [1− βθ (1− ρs)] [ξ (1− θ)]−1, γ̂t ≡ l̂t− ŝt−1 and ξ̂t evolving according to the AR(1)

stationary process

ξ̂t = ρξ ξ̂t−1 + ε̂ξ,t (8)

ρξ ∈ [0, 1) , ε̂ξ,t ∼ iid
(
0, σ2

ξ

)
.

With the endogenous credit spread being the key element of the model, some additional

discussion is warranted. First, an upper bound θ̄ < 1 on the deep habits parameter θ must

be imposed to guarantee µR > 1 (hence, a positive credit spread) at the steady state.

Assumption 1: θ < ξ−1
ξ−β(1−ρs)

≡ θ̄

Since ∂µR/∂θ > 0, the steady state mark-up under deep habits, µR > 1, is always

larger than what would obtain under monopolistic competition in banking alone (simply,

ξ/ (ξ − 1)) for any θ ∈
(
0, θ̄
)
. Interestingly, such discrepancy is more significant the larger

the persistence of habits: i.e., ∂
(
∂µR/∂θ

)
/∂ρs > 0.

Second, using the definition of ψ, simple algebra shows that the term within squared

brackets multiplying µ̂R
t on the left hand side of equation (7) is strictly positive if and only
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if θ < (ξ − 1) /ξ. Since ω > 0 always, then, as long as θ < (ξ − 1) /ξ, a negative shock to

ξ̂t (higher market power in banking) is equivalent to a positive shock to the credit spread.

Notice that without deep habits, θ = 0, equation equation (7) reduces to µ̂R
t = −ξ̂t (ξ − 1)−1.

In this case, the credit spread µ̂R
t is equivalent to an exogenous cost push shock entering the

Phillips curve.

Third, a close inspection of equation (7) reveals the key drivers of credit spread dynamics.

The spread decreases during current booms γ̂t but rises with expected future ones (Etγ̂t+1).

It also falls with expected increases in the deposit rate (EtR̂t+1 − R̂t) and future spreads

(Etµ̂
R
t+1), as banks delay raising loan rates to attract borrowers. Conversely, it increases with

the real interest rate (R̂t−Etπ̂t+1), which reduces the value of future profits and discourages

banks from lowering current rates.

Lastly, with the stock of banking habits given by st = ρsst−1 + (1 − ρs)lt−1 (with lt−1

denoting past aggregate loans), accounting for the fact that loans are used to pay labor costs

upfront and making use of standard market clearing conditions, we have that

ŝt = κsŝt−1 + κyŷt − κaât (9)

κs ≡ ρs + (1− ρs)θ (10)

κy ≡ (1− ρs)(1− θ)(1 + σ + χ) (11)

κa ≡ (1− ρs)(1− θ)(1 + χ) (12)

3 Average Inflation Targeting

3.1 AIT: Concept and Transmission Channels

The AIT monetary policy strategy adopted by the Fed emphasizes the importance of

achieving an average inflation rate of 2% over time, rather than aiming for 2% inflation on

a period-by-period basis (standard Inflation Targeting, IT), as pursued since 2012.

Under IT, ”bygones are bygones”: past deviations of inflation from the target — caused

by demand or supply shocks — are de facto disregarded when setting the new policy instru-

ment(s). If inflation deviates positively from the target in one year (say 3%), the central

bank does not attempt to compensate by inducing a negative deviation in subsequent years.

Monetary policy adjustments continue to be based on current economic conditions and fore-

casts of future inflation, not past inflation outcomes. As a direct consequence, under IT, the

aggregate price level — i.e. the (expenditure-based) weighted average of prices of individual

goods belonging to a representative consumption basket - will unlikely revert back to the

pre-shock level: consumption goods will be permanently more expensive.

By contrast, under AIT, the central bank aims to ensure that inflation averages the target
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rate over a specific period of time. If past inflation has moved below (respectively, above)

the 2% target, the central bank will aim for higher (respectively, lower) than 2% inflation in

the future to make up for the shortfall, reason why AIT is often referred to as a ”make-up”

monetary policy strategy.

Effectively, if credible, AIT introduces history dependence in monetary policy: an initial

undershooting (π̂t < 0) trigger rational expectations of future overshooting (Etπ̂t+1 > 0),

which, through a standard New Keynesian Phillips curve mechanism, should help coun-

terbalance the initial deviation from target. By better anchoring inflation expectations to

current and past inflation outcomes, AIT can be a powerful stabilizing tool when, for what-

ever reason, monetary policy exerts a weak impact on firms’ marginal costs. While this logic

also applies to the baseline New Keynesian model, as we are going to show, its quantitative

role is significantly hampered in presence of credit frictions.

Returning to our model, as displayed by equations (3), (6), and (7), real marginal costs

are less likely to be stabilized through a standard demand-side channel of policy transmis-

sion, which primarily acts on the real wage through the policy rate impact on households’

consumption, hence on firms’ production and hiring decisions. Due to market power and

deep habits in banking, policy driven movements in current (and expected) policy rates, as

well as changes in current (and expected) aggregate demand conditions (driving borrowing

decisions by firms), and expected future bank profitability, all contribute to time variation

in credit spreads which in turn ignite inflation. In such context, with the marginal cost

driver of inflation being more volatile, stabilizing its expected inflation component becomes

potentially more effective.

3.2 AIT in Our Model: Specification and Scenarios

For tractability, we adopt an exponential moving average specification of AIT whereby the

average inflation target π̂◦
t takes the following recursive representation”

π̂◦
t = π̂t + ωπ̂◦

t−1 (13)

where π̂t is current inflation, π̂◦
t−1 is the lagged average, and ω ∈ [0, 1] is a parameter

that captures the degree of history dependence under AIT. This formulation allows for a

comprehensive analysis of various policy regimes through the adjustment of the parameter

ω. Specifically:

• For ω = 0, the central bank fully ignores past inflation deviations, and the policy

reduces to standard Inflation Targeting (IT).

• For 0 < ω < 1, the policy partially takes past inflation into account, representing

different degrees of AIT. The closer ω is to 1, the stronger AIT is.

6



• For ω = 1, the central bank fully offsets past inflation deviations, making the policy

equivalent to strict Price-Level Targeting.

In the analysis to follow, monetary policy will take the form of either an instrumental

Taylor-type interest rate rule, or a targetin rule resulting from the optimal policy problem.

4 Stabilization Through an Instrumental Taylor Rule

In this section, we focus on AIT-based Taylor Rule where the nominal interest rate responds

to the deviations of inflation and output from their respective target levels:3

R̂t = ϕyŷt + ϕππ̂
◦
t + v̂t (14)

Table 1: Benchmark calibration

Parameter Description Value

β Subjective discount factor 0.99

σ Inverse intertemporal elasticity of substitution in consumption 1

ε Elasticity of substitution between intermediate goods 6

ϑ Calvo probability not to optimize prices 0.75

χ Inverse Frisch elasticity of labor supply 1

4.1 IT versus AIT: Equilibrium Determinacy

The study of equilibrium determinacy is crucial in monetary policy analysis. A larger deter-

minacy space provides the central banks with a broader set of implementable policies, each

corresponding to a different equilibrium and welfare outcome. The most desirable Taylor

Rule must be implementable to eliminate the risk of non-fundamental volatility. We com-

pare the determinacy region in the baseline New Keynesian framework - no credit frictions

(α = 0), no deep habits (θ = 0), and standard IT (ω = 0) — to those obtained with credit

friction and deep habits, and then assess the consequences of adopting AIT..

The white (respectively, gray) areas in Figure 1 correspond to policy combinations in the

(ϕπ,ϕy) plane for which the baseline New Kenynesian model displays a unique (respectively,

multiple) REE. We intentionally allow for some negativity in the response coefficient to

output ϕy to better grasp the consequences of credit frictions and habits. As well known,

in the baseline scenario, i) the Taylor Principle (ϕπ > 1) is sufficient to induce a unique

3We are currently studying forward-looking specifications and other hybrid policy specifications
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equilibrium (irrespective of the policy rule response to output), and ii) the determinacy

area expands as the central bank grants a positive response to output (i.e., the response to

inflation can be less than one-to-one as long as some positive response to output occurs).

With a working capital channel (but without deep habits), the determinacy area shrinks

significantly: the larger the response to output, the larger the response to inflation should be

to guarantee determinacy. Equivalently, the policy coefficient ϕπ faces a lower bound which

is stricly increasing in ϕy. The introduction and progressive strengthening of deep habits

further restricts determinacy. As displayed by the red arrows in Figure 1, with sufficiently

strong habits, the policy response ϕπ is also constrained from above. For instance, setting

θ = 0.92, equilibrium determinacy arises within a rather narrow triangular area.

To build a simple economic intuition for the results, let’s recall the Phillips curve, π̂t =

βEtπ̂t+1 + κ m̂ct, and suppose that, for no fundamental reason, economic agents believe

current inflation will go above target, π̂t > 0. The central bank will respond by hiking more

than one-to-one the policy rate (following the Taylor Principle), thus inducing a higher real

interest rate. The latter will slow down households’ consumption, which, in turn, will make

firms cut on production and labor hiring, eventually dragging down the real wage.

Key for stability is what happens to marginal costs, which, in our context are given by

m̂ct = ŵt − ât + η
(
R̂t + m̂uRt

)
(15)

Absent credit frictions (η = 0), the demand-side driven drop in real wages will surely

push down marginal costs and hence completely counter-act the initial subjective belief of

higher inflation. With the latter not being self-fulfilled, the economy will settle on its unique

(fundamental) equilibrium. Credit friction combined with deep habits(η > 0 and θ > 0)

generate two reinforcing effects weakening the demand-side channel of stabilization. First,

marginal costs may just increase because of an excessively hawkish monetary policy (large

enough hike in the nominal rate R̂t. Second, the contraction in real activity induced by

monetary policy will lead to higher spreads (they are counter-cyclical!), which may further

increase marginal costs. If the ”credit plus deep habits” channel overcomes the ”lower

real wage channel”, inflation will end up increasing, thus self-validating the initial non-

fundamental rise: indeterminacy occurs!
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Figure 1: Determinacy Area with Credit Frictions and Deep Habits

As displayed in Figure 2, increasing the degree of AIT leads to a widening of the de-

terminacy region, allowing greater flexibility for monetary policy to respond to economic

disturbances without the threat of non-fundamental fluctuations. Starting with the inner

determinacy region triangle (IT with ω = 0, assuming strong deep habit with θ = 0.92),

we observe a notable expansion of the determinacy region as higher degrees of AIT (larger

ω) are applied. While this is already notable for ω = 0.25 - a relatively low level of history

dependence - as ω approaches unity (price level targeting) determinacy is granted for nearly

all policy combinations. As previously noted, by allowing the central bank to attain a better

control of the expectation term in the Phillips curve, inflation is less likely to deviate from

target, despite the harmful consequences of credit related fluctuations.
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Figure 2: Determinacy Area with Frictions and AIT

Overall, then, increasing the degree of AIT enhances the ability of monetary policy to off-

set the destabilizing effects of credit frictions and deep habits. By introducing greater history

dependence, AIT helps anchor inflation expectations more effectively, which in turn stabilizes

output and reduces the scope for indeterminacy. As AIT approaches full commitment (Price

Level Targeting) the determinacy region expands significantly, providing policymakers with

a more robust framework for managing shocks in environments characterized by financial

and behavioral rigidities.

4.2 IT versus AIT: Responding to Fundamentals

With a clearer view of what is needed to eliminate non-fundamental volatility, we adopt a

standard parameterization of the Taylor rule - namely, ϕπ = 1.5 and ϕy = 0.125 - to study

the model’s impulse responses to TFP, cost-push shocks and credit shocks.

Figure 3 displays the impulse response of inflation to a 1% shock to TFP ẑt. Black

lines correspond to the baseline NK model, with solid for standard IT (ω = 0), dashed for

”intermediate” AIT ((ω = 0.5)), and dotted for ”strong” AIT ((ω = 0.9). Red lines have a

similar interpretation but allow for credit friction with deep habits. Starting with the solid

black line, we can see how, under IT, the deep-habits augmented credit friction significantly

amplifies the TFP shock, with a more negative deviation of inflation from target. On the

contrary, such amplification is extremely mild under AIT. Moving to the dashed and dotted

lines (black versus red), the response of inflation under AIT is basically unaffected by the

credit friction. Looking at the same picture from a different angle, it should be clear that
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the stabilization gain from adopting AIT appear larger with the credit friction, compared to

the baseline case. Namely, raising ω from 0 to 0.5 and then to 0.9, the resulting deflation

reduction is more substantial when the credit friction is at work. Similar conclusions apply

to the case of a cost-push shock displayed in Figure 4 (in this case, AIT tames the positive

inflation amplification) and a credit shock in Figure 5 (notice that, without the friction, the

baseline model does not respond to the credit shock).

Figure 3: Impulse Response to 1% TFP Shock

Figure 4: Impulse Response to 1% Cost-Push Shock

11



Figure 5: Impulse Response to 1% Credit Shock

5 Optimal Monetary Policy

When studying optimal monetary policy, two regimes are usually considered: commitment

and discretion. On the one hand, under commitment, the central bank defines its optimal

state-contingent plan (the so called Ramsey plan) by minimizing its welfare-based intertem-

poral loss function subject to the equilibrium constraints (namely the Euler Equation and the

Phillips Curve in the baseline model) describing the private sector’s behavior. In this case,

the central bank can credibly commit to future policy actions, allowing it to manage mar-

ket expectations, therefore leading to smooth responses to shocks and small welfare losses.

However, because of changing economic and political conditions, commitment is absent in

practice, making the optimal Ramsey plan ex post time inconsistent: a central banker coming

to power in the future will find it optimal to deviate from what announced (and promised)

by its predecessor. On the other hand, in a more realistic scenario, central banks act discre-

tionarily: they choose policies optimally on a period-by-period basis, accounting for the facts

that i) current choices may affect future economic conditions (hence the incentives faced by

future central bankers) and ii) in a similar fashion, future central bankers will re-optimize.

Because of this, no policy announcement under discretion is credible and, as a result, the cen-

tral bank can hardly affect market expectations (inflation expectations in particular). The

optimal discretionary policy induces then more aggressive short-run responses to shocks,

and, accordingly, larger welfare losses compared to commitment.

Despite its empirical implausibility, optimal policy under commitment remains a useful
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benchmark against which other policy regimes can be compared: the closer other monetary

policies come to this benchmark, the better they are considered to perform. Then, in light of

these facts, a natural question arises: is there any realistic policy achieving better outcomes

than a discretionary IT? The answer is yes and the goal of this whole section is to present

results that align with such statement.

As discussed in Airaudo and Olivero (2019), the introduction of credit frictions and deep

habits does not alter the welfare-based loss pertaining to the baseline NK model:

Lt ≡
1

2

[
π̂2
t + αx · x̂2t

]
(16)

where x̂t ≡ ŷt − ŷnt is the output gap defined as the (log) deviation of output ŷt from its

natural level ŷnt . Namely, from a welfare point of view, it remains optimal for the central

bank to minimize a weighted average of squared deviations of inflation and the output gap

from their respective targets, with relative weight αx depending on structural parameters of

the model.

5.1 Inflation Targeting: Discretion vs Commitment

It is well understood that, in the baseline NK model, both under discretion and commitment,

monetary policy can fully neutralize the effects of TFP shocks: the short-term nominal

interest rate can be freely chosen to guarantee inflation at target and zero output gap (the

so called divine coincidence at the same time (see the dotted lines in Figures 6 and 7). This

is no longer attainable with the credit friction as fluctuations in the lending rate (short-term

nominal rate plus the spread) directly impact marginal costs hence inflation. Under both

regimes, inflation and the output gap deviate from their respective targets, and more so as

deep habits are strengthened (see solid and dashed lines in both figures).
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Figure 6: Impulse Responses for IT under Commitment: TFP Shock

Figure 7: Impulse Responses for IT under Discretion: TFP Shock

Because of its direct impact on expectations, the optimal policy under commitment ap-

pears significantly less vulnerable to the shock amplification due to credit. Similar conclusion

apply to the case of a credit shock (see Figures 8 and 9).
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Figure 8: Impulse Responses for IT under Commitment: TFP Shock

Figure 9: Impulse Responses for IT under Discretion: TFP Shock

5.2 Delegating Optimal Policy to a Discretionary AIT Central

Bank

In an influential paper, Rogoff (1985) showed that, in the context of a baseline NK model,

there would be welfare gains from delegating the optimal monetary policy under discretion

to a ”more conservative” central banker, i.e. a central banker whose loss function features a
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lower weight on output gap stabilization compared to what required by the true welfare-based

loss. If properly designed, such delegation scheme would attain an equilibrium allocation

(hence, welfare) much closer to the desirable (yet unfeasible) Ramsey plan.

Following a similar logic, we ask whether there would be any gain from appointing a

(discretionary) central banker with an explicit AIT objective in presence of credit frictions.

For this purpose, we consider a modified loss function, with our measure of average inflation

π̂◦
t defined in Section 3.2 replacing current inflation π̂t:

Lt ≡
1

2

[
(π̂◦

t )
2 + αx · x̂2t

]
(17)

Figure 10 displays the results for the TFP shock, with the bold black lines (in both

panels) depicting the case of discretionary IT (these lines correspond to the dashed lines

displayed in Figure 7). As AIT is strengthened (higher ω), the impulse responses of both

inflation and the output gap are tamed. Although the results are already quite significant

with a mild form of AIT (ω = 0.25), with PLT (ω = 1), the stabilization is remarkable: the

inflation surge is reduced by about 85%, while the output gap drop is reduced by about 60%.

A similar result is obtained for the credit shock (Figure 11).

Figure 10: Impulse Responses for IT under Discretion: TFP Shock
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Figure 11: Impulse Responses for IT under Discretion: TFP Shock

We conclude the analysis with a direct comparison between the optimal Ramsey policy

(IT under commitment) and discretionary AIT. Since the overall message is qualitatively

similar, we focus on the TFP shock case only. Figure 12 shows the results. The solid black

and blue lines display the optimal responses under IT for, respectively, commitment and

discretion. The discrepancy (for both inflation and the output gap) under the two regimes

is remarkable. The introduction of an AIT objective greatly reduces such gap, with a higher

ω allowing a discretionary central bank to mimic rather closely what a benevolent fully

committed policy-maker would have attained.
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Figure 12: Impulse Responses for IT under Discretion: TFP Shock

6 Preliminary Conclusions

In this paper, we have studied the stabilization properties of Average Inflation Targeting

(AIT) - the Fed’s current policy strategy - in the context of a New Keynesian model where

credit frictions give rise to counter-cyclical credit spreads. Our framework is based on pre-

vious work by Airaudo and Olivero (2019) who have augmented the cost channel model

of Ravenna and Walsh (2006) to allow for imperfect competition and customer-market in

banking (the latter being modeled through the introduction of deep habits in the market for

loans).

Our analysis of AIT considers both the case of instumental Taylor-type rules, as well as

the design of optimal policies. For what concerns instrumental rules, we have found that

letting the central bank respond to (a measure of) average inflation can significantly reduce

the risk of multiple self-fulfilling rational expectations equilibria (equilibrium indeterminacy)

induced by the credit friction. Moreover, within the determinate policy space, such rules

appear also rather successful at taming the adverse consequences of fundamental shocks.

Interestinly, the volatility amplification due to credit frictions - rather evident under IT -

completely disappears under AIT.

Moving to optimal policy, we highlight the significant welfare benefits of delegating op-

timal policy to an AIT central banker. More specifically, we find that, under discretion,

AIT i) tames the consequences of any structural shock (compared to IT), and ii) mimics the

optimal responses one would obtain under commitment.
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7 APPENDIX: Model Derivation

We study a closed economy made of a household sector, a production sector comprised

of manufacturing and retail firms, a banking sector, and a government. Households take

consumption-saving and labor-leisure decisions to maximize their expected lifetime utility.

Manufacturing firms produce intermediate goods with labor as the only input. These firms

use a composite of heterogeneous bank loans to finance working capital needs (a fraction of

the wage bill has to be paid at the beginning of the period before sales revenues are realized).6

Banks use households’ savings to provide loans in a monopolistically competitive market.

Monopolistically competitive retail firms subject to Calvo-type nominal rigidities produce

final consumption goods using intermediate goods. As they are all owned by households,

expected future profits made by manufacturing firms, retail firms and banks will all be

discounted using the households’ stochastic discount factor in their respective maximization

problem.

The key element of differentiation of our model with respect to a benchmark New Keyne-

sian model with a cost channel of monetary policy transmission lies in the assumption that

banks provide differentiated loan services to firms and that those services also depend on

bank-specific stocks of past loans. This feature - which we refer to as “deep habits” in bank-

ing as in Aliaga-Dı́az and Olivero (2010a) - is meant to capture the documented existence

of long-term lender-borrower relationships in credit markets.

7.1 Manufacturing

A continuum of mass one of perfectly competitive manufacturing firms - each indexed by

j ∈ [0, 1] - produces an undifferentiated intermediate good using labor H̃j,t as the only input,

where tildes are used to denote demand. In each period t, the j-th firm sells its output

Ij,t = AtH̃j,t at the unit price Qj,t to retailers which use it to produce differentiated final

products. The factor At denotes aggregate TFP, which evolves according to the following

log-stationary stochastic process:

lnAt = ρa lnAt−1 + εa,t, (18)

ρa ∈ (0, 1) , εa,t ∼ iid
(
0, σ2

a

)
The firm is subject to a working capital requirement: a fraction α of labor costs has to

be paid before sales revenues are realized. To finance those, the j-th firm uses a composite

xj,t of imperfectly substitutable heterogeneous loans provided by a mass one continuum of

banks. This assumption is consistent both with the abundant evidence on the existence of
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product differentiation in banking (that makes the financial services from different banks

imperfectly substitutable from the point of view of borrowers) and with the increasing size

of syndicated loans (which account for roughly 50% of originate corporate finance in the

U.S.).7

Similar to Ravenna and Walsh (2006) and Christiano et al. (2010), we assume that loans

are intra-period, in the sense that they are obtained at the beginning of the period for the

firm to meet the working capital requirement, and repaid at the end of the same period. All

loans are repaid in full.

In this setup, firms engage in multiple banking relationships by borrowing from several

banks in the economy. This is in line with the rich empirical evidence presented by Ongena

and Smith (2000a, 2000b).8 Then, without loss of generality, we assume that each firms

borrows from all banks.

To model the existence of borrower “hold-up” effects and costs of switching banks, the

loan composite xj,t is assumed to depend also on the accumulated stock of past bank-specific

loans as defined by equations (19) and (20):

xj,t =

[∫ 1

0

(ljn,t − θsn,t−1)
ξt−1
ξt dn

] ξt
ξt−1

(19)

sn,t−1 = ρssn,t−2 + (1− ρs)ln,t−1 (20)

where ljnt is the j-th firm demand for credit from the n-th bank in period t. The loan

composite xj,t is expressed in units of an aggregate consumption good, which will sell at the

market price Pt.
9. In order to study the dynamic effects of exogenous shocks to credit, we

assume that ξt, the elasticity of substitution across loan varieties, is stochastic with mean

ξ > 1, and is generated by the following log-stationary process:

ln ξt = (1− ρξ) ln ξ + ρξ ln ξt−1 + εξ,t (21)

ρξ ∈ (0, 1) , εξ,t ∼ iid
(
0, σ2

ξ

)
The term θsn,t−1 in xjt is intended to capture the borrower “hold-up” effect, with the

parameter θ measuring its extent. We will refer to the case of θ > 0 as “deep habits in

banking”. The term sn,t−1 in (19) is defined as sn,t−1 ≡
∫ 1

0
sjn,t−1dj, which corresponds

to the beginning of period t cross-sectional (across manufacturing firms) average stock of

accumulated past loans obtained from the n-th bank. The fact that sn,t−1 is the average

(rather than the individual) stock of past borrowing implies that habits are external and are

therefore taken as exogenous by each individual borrowing firm.10 This simplifying assump-

tion can be rationalized through banks exhibiting economies of scale in the management of
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informational asymmetries. Thus, the more all firms bank with one bank, the larger the

information monopoly for that bank. The stock of habits sn,t−1 follows the law of motion

in equation (20): it is a linear function of its value in the previous period and the average

level of borrowing from the n-th bank in t − 1, ln,t−1 ≡
∫ 1

0
ljn,t−1dj. For ρs = 0, we have

that sn,t−1 = ln,t−1, so that the deep habits term entering (19) reduces to the last period

aggregate amount of loans from the n-th bank.

In each period t, the j-th firm chooses the level of employment H̃j,t, the loans composite

xj,t and borrowing ljn,t for n ∈ [0, 1] , to maximize the expected present discounted value of

its lifetime profits. Its optimization problem is given by:

max
{Hj,t,xj,t,ljn,t}∞t=0

E0

∞∑
t=0

F0,tV
M
j,t (22)

s.t.

V M
j,t = Qj,tAtH̃j,t + Ptxj,t − (1− τ)WtH̃j,t −

∫ 1

0

RL
n,tPtljn,tdn (23)

xj,t =

[∫ 1

0

(ljn,t − θsn,t−1)
ξt−1
ξt dn

] ξt
ξt−1

(24)

Ptxj,t ≥ α(1− τ)WtH̃j,t α ≤ 1 (25)

where F0,t ≡ βt (UC,t/UC,0) (P0/Pt) is the representative household’s stochastic discount

factor.

From the firm’s perspective, the effective cash flow provided by loans is given by the

loan composite xj,t and not by the simple integral of loans across banks. Due to imperfect

substitutability, each loan provides differentiated liquidity services to the borrowing firm.

This is captured by the habit-adjusted Dixit-Stiglitz loan aggregator in (24).11 Letting Wt

and RL
n,t denote, respectively, the nominal wage rate and the gross interest rate contracted

with the n-th bank, equation (23) defines then the j-th firm’s cash flow V M
j,t in period t

as sales revenues plus what the firm obtains from borrowing minus the sum of labor and

borrowing costs. As standard in the New Keynesian literature, we assume that a fiscal

authority subsidizes labor costs at a rate τ in order to eliminate all distortions in the steady

state equilibrium. The liquidity in advance constraint (25) states that the liquidity services

provided by the differentiated loans should be at least equal to a fraction α of working capital

needs (in this case, labor costs).12

We solve the problem in two steps. First, we find the j-th firm optimal relative demand

for loans issued by the n-th bank. This is obtained by minimizing total borrowing costs,∫ 1

0
RL

n,tljn,tdn, subject to (24). The solution gives an expression for ljn,t - the j-th firm optimal

demand for loans issued by the n−th bank - as a function of the relative loan rate charged
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by the n-th bank and the stock of borrowing habits related to the same loan variety:

ljn,t =

(
RL

n,t

RL
t

)−ξt

xjt + θsn,t−1 (26)

where RL
t ≡

[∫ 1

0

(
RL

n,t

)1−ξt
dn
] 1

1−ξt defines the aggregate loan rate index. As equation (26)

states, ljn,t is higher the cheaper is borrowing from the n-th bank (i.e. lower RL
n,t/R

L
t ) and/or

the stronger the lender-borrower relationship established with that bank (i.e. larger θ and/or

sn,t−1).
13

By simple calculus, we can derive an expression for the (negative) interest rate elasticity

of the demand for loans as:

− ∂ljn,t
∂RL

n,t

RL
n,t

ljn,t
= ξt

(
1− θ

γjn,t

)
(27)

where γjn,t ≡ ljn,t/sn,t−1 can be interpreted as the growth rate of loans obtained from the

n-th bank with respect to the initial stock of loan habits. By setting θ = 0 in (26) and (27),

we can show that, without deep habits in banking, the model boils down to a benchmark

version where the demand for a specific loan variety depends only on the relative interest

rate, and the interest-rate elasticity of the demand for credit is entirely pinned down by the

elasticity of substitution across varieties ξt. On the contrary, since the first derivative of the

right hand side of (27) with respect to γjn,t is positive for θ > 0, the interest rate elasticity

of the demand for loans appears to be pro-cyclical. This last feature will play a key role in

helping our model generate the empirically documented counter-cyclicality of credit spreads

(see Aliaga-Dı́az and Olivero 2010b and 2011, Gilchrist and Zakrajsek 2012).

Using (26) and the definition of the loan rate index RL
t , total borrowing costs enter-

ing V M
j,t in equation (23) can be rewritten as

∫ 1

0
RL

n,tljn,tdn = RL
t xjt + ∆L

t , where ∆L
t ≡

θ
∫ 1

0
RL

n,tsn,t−1dn is a term equal across all manufacturing firms. We can then write problem

(23) in a simpler form:

max
Hj,t,xj,t

V M
j,t = Qj,tAtH̃j,t + Ptxj,t − (1− τ)WtH̃j,t − Pt

(
RL

t xj,t +∆L
t

)
s.t.

Ptxj,t ≥ α (1− τ)WtH̃j,t

Taking first order conditions with respect to H̃j,t and xj,t and rearranging, we obtain an

expression for the optimal pricing of the intermediate good sold by the j-th manufacturer:

Qj,t = (1− τ)
Wt

At

[
1 + α

(
RL

t − 1
)]

= Qt (28)
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As in Ravenna and Walsh (2006), the working capital requirement implies that prices now

also reflect firms’ borrowing costs.

7.2 Retailers

A mass one continuum of retail firms, indexed by i ∈ [0, 1] engage in simple and costless

activities such as packaging. They buy the homogeneous intermediate good from manufac-

turers to transform it into differentiated final consumption goods for the households. The

i-th retail firm operates in a monopolistically competitive market and produces output Yi,t

using the following technology:

Yi,t = KĨi,t (29)

where Ĩi,t is the demand for the intermediate good by the i-th firm and K is a constant

factor of transformation. Notice that Ii,t = Ij,t since each retailer i is randomly matched

to one manufacturer j. The i-th retail firm sells its output at a price Pi,t per unit, facing

a standard downward-sloping demand: i.e., Yi,t = (Pi,t/Pt)
−ϵ Yt where Pt is the economy-

wide price index (to be defined in a later section), Yt is aggregate demand and ϵ > 1 is the

(constant) elasticity of substitution across differentiated final consumption goods. Retail

firms are subject to Calvo-type nominal price rigidities: in each period they face a constant

probability ϑ of not being able to reset their price optimally. Their profit maximization

problem is standard:

max
P ∗
i,0

E0

∞∑
t=0

ϑtF0,tV
R
i,t (30)

s.t. (31)

V R
i,t =

[(
P ∗
i,0 −MCt

)
Yi,t
]

(32)

Yi,t =

(
P ∗
i,0

Pt

)−ϵ

Yt (33)

where MCt ≡ K−1Qt are nominal marginal costs. After taking first order conditions and

rearranging terms, we obtain the optimal price setting rule for the i-th firm:

P ∗
i,t

Pt

=
ϵ

ϵ− 1

Et

∑∞
k=0 ϑ

kβk UC,t+k

UC,t

MCt+k

Pt+k

(
Pt+k

Pt

)ϵ
Yt+k

Et

∑∞
k=0 ϑ

kβk UC,t+k

UC,t

(
Pt+k

Pt

)ϵ−1

Yt+k

(34)
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7.3 The Banking Sector

There is a continuum of size one of banks indexed by n ∈ [0, 1]. Each variety of loans/financial

services is produced by a bank operating in a monopolistically competitive loan market.

Banks are competitive in the market for deposits.

In every period t, the n-th bank chooses its demand for deposits (Dn,t) and the interest

rate on its loans (RL
n,t) to maximize the expected present discounted value of lifetime profits.

Its optimization problem is given by:

max
{Dn,t,Ln,t,RL

n,t}∞
t=0

E0

∞∑
t=0

F0,tV
B
n,t

s.t.

V B
n,t = RL

n,tPtLn,t −RtPtDn,t (35)

Ln,t = Dn,t (36)

Ln,t = ln,t ≡
∫ 1

0

ljn,tdj =

∫ 1

0

(RL
n,t

RL
t

)−ξt

xjt + θsn,t−1

 dj (37)

=

(
RL

n,t

RL
t

)−ξt

xt + θsn,t−1

where xt ≡
∫ 1

0
xjtdj is the cross-sectional (across manufacturers) average of the demand

for the loan composite. The terms Ln,t and Dn,t are measured in units of the aggregate

consumption good, and are therefore multiplied by Pt in (35). Equation (35) defines the

bank’s cash flow, where Rt is the common risk-free gross interest rate on deposits paid by

all banks. Equation (36) defines the bank’s balance sheet, equating loans to deposits (there

is no reserve requirement), while equation (37) defines total loans issued by the bank as the

sum of the relative demands by all manufacturing firms. Due to loan differentiation and

monopolistic competition, the relative loan demand faced by the n-th bank is downward-

sloping with respect to RL
n,t, and is internalized by the bank while setting RL

n,t.

The Lagrangian for the n-th bank profit maximization problem is given by:

L = E0

∞∑
t=0

F0,t

(RL
n,t −Rt)PtLn,t + νn,t

(RL
n,t

RL
t

)−ξt

xt + θsn,t−1 − Ln,t


Taking first order conditions with respect to Ln,t and R

L
n,t gives, respectively, the following

two expressions:

νn,t = Pt(R
L
n,t −Rt) + θ(1− ρs)Et (Ft,t+1νn,t+1) (38)

Ln,t = ξt
νn,t
Pt

xt
RL

t

(
RL

n,t

RL
t

)−ξt−1

(39)
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Using (37) and (39) to find an expression for νn,t - the shadow value of per-unit profits - and

substituting the result into (38), after simple algebra, we obtain an expression for the credit

spread RL
n,t −Rt:(

RL
n,t −Rt

)
=
RL

n,t

ξt

γn,t
(γn,t − θ)

− θ(1− ρs)EtFt,t+1
Pt+1

Pt

νn,t+1 (40)

where γn,t ≡ Ln,t/sn,t−1. Through a close inspection of equation (40) we can see how the

introduction of a customer-market channel in banking is capable of generating counter-

cyclical credit spreads. As banks face an increase in current demand conditions (i.e. larger

γn,t) and/or the expected shadow value of future expected profits (i.e. larger νn,t+1), they

lower current loan rates to capture a larger customer base that will be locked-in in the future

and will allow them to attain higher per unit profits. Another channel, although exogenous,

leading to a lower credit spread is related to an increase in the elasticity of substitution

across loans ξt, which leads to reduced market power in banking.

Notice that if θ = 0 (no habits in banking), then equation (40) reduces to the following:

(
RL

n,t −Rt

)
=

1

ξt − 1
Rt (41)

If the liquidity services provided by the loan composite do not depend on the past stock of

accumulated loans, then the n-th bank sets RL
n,t as a time-varying mark-up on the deposit

rate Rt (the marginal cost of issuing one unit of loans to firms). In this case, however the

credit spread might vary only because of exogenous shocks to the elasticity ξt.

7.4 Households

The representative household’s expected lifetime utility is given by

E0

∞∑
t=0

βt

[
C1−σ

t

1− σ
− H1+χ

t

1 + χ

]
(42)

where Ht =
∫ 1

0
Hj,tdj are total hours supplied to the manufacturing sector, while Ct is a

Dixit-Stiglitz consumption aggregator of a continuum of imperfect substitute final goods,

indexed by i:

Ct =

[∫ 1

0

Ci,t
(ϵ−1)/ϵdi

]ϵ/(ϵ−1)

, ϵ > 1 (43)

where ϵ denotes the elasticity of substitution across varieties in the goods market.

Given the consumption aggregator (43), the relative consumption demand for the i−th

good is given by:

Ci,t =

[
Pi,t

Pt

]−ϵ

Ct, (44)
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where Pt =

[∫ 1

0
Pi,t

1−ϵ di

]1/(1−ϵ)

is the aggregate consumer price index, such that PtCt =∫ 1

0
Pi,tCi,tdi.

The household is allowed to save by accessing a competitive market for intra-period

bank deposits and by holding money balances. Firms’ and banks’ profits are rebated to

households in a lump-sum fashion. The household seeks to maximize (42) subject to the

following constraints:

Mt + PtCt =Mt−1 +WtHt + Pt (Rt − 1)Dt + Vt − PtTt (45)

PtCt ≤Mt−1 +WtHt − PtDt (46)

where Dt =
∫ 1

0
Dn,tdn are total deposits and Vt ≡

∫ 1

0
V M
j,t dj +

∫ 1

0
V R
i,tdi +

∫ 1

0
V B
n,tdn are

total profits rebated to the household in each period by manufacturers, retailers and banks.

Equation (45) is a standard budget constraint. On its right hand side, the household’s

resources come from previous period money balances, wage income, interest payments on

intra-period deposits, and distributed profits net of lump sum taxes. Equation (46) is the

same cash-in-advance constraint appearing in Ravenna and Walsh (2006): the household’s

consumption expenditure cannot exceed money balances accumulated from the previous

period, plus wage income, net of resources deposited at the banks. This constraint represents

the implicit cost of holding intra-period deposits: money deposited at the bank yields interest,

but cannot be used for transaction services.14 Taking first order conditions and rearranging,

we obtain the following relationships:

C−σ
t = βRtEt

[
C−σ

t+1

Πt+1

]
(47)

Hφ
t C

σ
t =

Wt

Pt

(48)

where Πt+1 ≡ Pt+1/Pt is gross CPI inflation. Equation (47) is a standard Euler equation

relating consumption growth to the ex ante real interest rate. Equation (48) describes the

household’s labor supply schedule.

7.5 The Government

The government is made of a fiscal and a monetary authority. The fiscal authority sets lump

sum taxes to finance the labor subsidy to firms in the manufacturing sector. It is subject to

a balanced-budget rule:
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PtTt = τWtH̃t (49)

where H̃t =
∫ 1

0
H̃j,tdj is total labor demand by manufacturers.

Our analysis will mainly focus on optimal monetary policy, whereby the monetary author-

ity sets the short-term riskless interest rate on deposits Rt in order to maximize aggregate

welfare. We will consider both the case of a monetary authority acting under commitment

(Ramsey policy) and under discretion (time-consistent policy). We will also compute the

welfare costs of adopting simpler but sub-optimal policy rules, such as instrumental Taylor

rules and policies of both strict and flexible inflation targeting.

7.6 Equilibrium

We consider a semi-symmetric equilibrium in the following sense. On the one hand, all

banks in the banking sector and all firms in the manufacturing sector will behave identically:

that is, banks will set the same interest rate and supply the same amount of loans to all

firms, while manufacturers will hire the same amount of labor, produce the same amount

of homogeneous intermediate goods and take on the same amount of loans from banks. On

the other hand, due to Calvo contracts, there will be price dispersion in the retail sector: in

equilibrium a fraction ϑ of firms will not be able to optimally reset its price, while a fraction

(1 − ϑ) will. As a consequence, the pricing and production of final goods will differ across

retail firms.

Symmetry in the banking sector implies that RL
n,t = RL

t and Ln,t = Lt for n ∈ [0, 1],

while symmetry in the manufacturing sector implies that ljn,t = ln,t, xj,t = xt, H̃jt = H̃t and

Ijt = It for j ∈ [0, 1] (such that the last two equalities also imply that It = AtH̃t). Since

market clearing requires that Ln,t = ln,t for n ∈ [0, 1] , then ln,t = lt = Lt as well as sn,t = st

for n ∈ [0, 1] . Using these conditions, from (26), we obtain the following relationship:15

xt = lt − θst−1 (50)

Under symmetry, using equations (39) and (50), the credit spread equation (40) becomes:

(
RL

t −Rt

)
=
RL

t

ξt

(
1− θ

γt

)−1

− θ(1− ρs)Et

[
Ft,t+1Πt+1R

L
t+1

ξt+1

(
1− θ

γt+1

)−1
]

(51)

where γt ≡ lt/st−1. Equation (51) further stresses the intertemporal dimension of optimal

loan rate setting by banks due to deep habits in credit markets. By forward iteration, it

immediately follows that the current rate on bank loans depends both on current as well as
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expected future market conditions, in particular on expected future policy rates and growth

of loan demand.

Real marginal costs faced by retail firms are given by:

mct ≡
MCt

Pt

=
Qt

PtK
(52)

where Qt has been defined in (28). By market clearing in the final goods market (Yi,t = Ci,t

for i ∈ [0, 1] such that Yt = Ct), the relative demand (44) and technology in the retail sector

(29), we have that KĨi,t = (Pi,t/Pt)
−ϵ Yt. After integrating both sides across the continuum of

i-indexed retail firms, using the market clearing condition for the intermediate goods market∫ 1

0
Ĩi,tdi = It, the technology in the manufacturing sector It = AtHt, market clearing in the

labor market H̃t = Ht, and defining the price dispersion index Ξt ≡
∫ 1

0
(Pi,t/Pt)

−ϵ di, we

obtain the following equilibrium condition:

YtΞt = KAtHt

The household’s labor supply schedule becomes:

Hφ
t C

σ
t =

Wt

Pt

(53)

Finally, under symmetry the working capital constraint (25) becomes:

xt = α (1− τ)
Wt

Pt

Ht (54)

7.7 Steady State

We focus on a zero inflation (Π = 1) non-stochastic steady state equilibrium where At = 1,

ξt = ξ, and all remaining variables are constant. Without loss of generality, we set K = 1

in the retail sector. First, from the law of motion of real loans (50), we obtain s = l

and x = (1− θ) s. Since x has to be positive, the second equality restricts the deep habits

parameter θ to be smaller than unity.

From the households Euler equation (47) we obtain the steady state gross interest rate:

R = β−1. From equation (51), we have that the lending rate RL is equal to the riskless rate

R times the constant gross credit mark-up µR:

RL = µRR (55)

where
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µR ≡ mξ

mξ − 1
and m ≡ (1− θ)

[1− θβ(1− ρs)]
(56)

By imposing an upper bound θ̄ < 1 on the deep habits parameter θ, the following

assumption guarantees that µR > 1 (hence, a positive credit spread) at the steady state.

Assumption 1: θ < ξ−1
ξ−β(1−ρs)

≡ θ̄.16

Since ∂µR/∂θ > 0, the steady state mark-up under deep habits, mξ/ (mξ − 1) , is always

larger than what would obtain under monopolistic competition in banking alone, ξ/ (ξ − 1) ,

for any θ ∈
(
0, θ̄
)
. Moreover, this difference appears to be more significant the larger the

persistence of habits: i.e., ∂
(
∂µR/∂θ

)
/∂ρs > 0.

From the optimal price setting by retailers, we have that, at the steady state, real marginal

costs are equal to the inverse of the steady state gross mark-up in the final goods market,

µ ≡ ϵ/ (ϵ− 1):

MC = (1− τ)
W

P

[
1 + α

(
RL − 1

)]
=

1

µ

We assume the fiscal authority sets the subsidy rate τ to equate the marginal rate of substitu-

tion between consumption and labor to the marginal productivity of labor. This implies set-

ting τ to makeW/P = 1, or, more specifically, τ =
{
µ
[
1 + α

(
RL − 1

)]
− 1
}
/
{
µ
[
1 + α

(
RL − 1

)]}
.17

The latter together with the aggregate technology, Y = H, market clearing, Y = C, and the

labor supply equation (48) implies that Y = 1.

A note on overborrowing: Equation (25) can be used together with l = L and equations

(20) and (37) to formally show how the presence of deep habits acts as a sort of externality

in credit markets. Since banks do not internalize this externality, the equilibrium involves

overborrowing as a usual effect of holdup problems. Formally, steady-state loans are given

by:

L =
x

(1− θ)

=
1

(1− θ)
α(1− τ)

W

P
H

In a model without the habits friction, borrowing would be lower by a proportion (1− θ)−1.

Since our environment does not involve capital, we cannot really speak to the problem of

under (over) investment typical of environments with holdup problems. However, should

we extend the model to allow for physical capital, the overborrowing feature present in our

model could be associated to the result of overinvestment of Kurmann (2014).

7.8 Log-Linearization
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We log-linearize the equilibrium conditions around the unique non-stochastic steady state.18

Before doing that, we define µR
t ≡ RL

t

Rt
as the gross mark-up in the loan market, such that

µ̂R
t = r̂Lt − r̂t. Henceforth, we will refer to µ̂R

t as the credit spread. From the households

Euler equation (47) and market clearing in the goods market we obtain:

ŷt = Etŷt+1 −
1

σ

(
R̂t − Etπ̂t+1

)
(57)

From the optimal pricing rule of retail firms (34), we obtain the linearized New-Keynesian

Phillips curve:

π̂t = βEtπ̂t+1 + κm̂ct, (58)

where, from the linearization of (28) and (52),

m̂ct = ŵt − ât + ηR̂L
t (59)

with κ ≡ (1−ϑ)(1−ϑβ)/ϑ, η ≡ αµR/
[
(1− α) β + αµR

]
and ât ≡ lnAt following the process

in (18). The real wage ŵt is obtained from the consumption-leisure trade-off condition (53)

combined with market clearing, Ct = Yt, and the aggregate technology, Yt = AtHt:

ŵt = (σ + χ) ŷt − χât (60)

It follows that the inflation dynamics in our economy are regulated by a Phillips curve

augmented with a cost channel and a time-varying credit spread:

π̂t = βEtπ̂t+1 + κ (σ + χ) ŷt + κηR̂t + κηµ̂R
t − κχât (61)

The dynamics of µ̂R
t are then determined by the log-linearized version of (51), describing the

optimal interest rate setting in the banking sector. After simple manipulation we obtain:

[
1− ψ

1− βθ (1− ρs)

]
µ̂R
t =

(1− θ)−1 θψ

[1− βθ (1− ρs)]
[θβ (1− ρs)Etγ̂t+1 − γ̂t] (62)

− θβψ (1− ρs)

1− βθ (1− ρs)

(
EtR̂t+1 − R̂t

)
− θβψ (1− ρs)

1− βθ (1− ρs)
Etµ̂

R
t+1

+
θβψ (1− ρs)

1− βθ (1− ρs)

(
R̂t − Etπ̂t+1

)
− ψ

1− θβ (1− ρs) ρξ
1− βθ (1− ρs)

ξ̂t

where ψ ≡ [1− βθ (1− ρs)] [ξ (1− θ)]−1, γ̂t = l̂t− ŝt−1 and ξ̂t ≡ ln (ξt/ξ) evolves according to

(21). Using the definition of ψ, simple algebra shows that the term within squared brackets

multiplying µ̂R
t on the left hand side of (62) is strictly positive if and only if θ < (ξ − 1) /ξ.19

Since ψ > 0 always, then, as long as θ < (ξ − 1) /ξ, a negative shock to ξ̂t (higher market
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power in banking) is equivalent to a positive shock to the credit spread. Notice that without

deep habits, θ = 0, equation (62) reduces to µ̂R
t = −ξ̂t (ξ − 1)−1. In this case, the credit

spread µ̂R
t is equivalent to an exogenous cost push shock entering the Phillips curve (61).

A close inspection of (62) shows how the credit spread reacts to different market forces.

First of all, since in our model firms borrow more during upturns, by the first term in squared

bracket on the right hand side, the credit spread decreases during current booms (higher γ̂t),

but increases in response to expected future ones (higher Etγ̂t+1). Second, it decreases with

respect to the expected future change in the deposit rate, EtR̂t+1 − R̂t: banks would rather

wait to charge higher rates on loans if they foresee a higher cost on deposits in the near

future. Third, it decreases with respect to expected future spreads, Etµ̂
R
t+1: once a bank

anticipates the possibility of charging higher spreads in the future, it would most likely lower

current rates to expand its customer base. Fourth, it increases with respect to the real

interest rate, R̂t − Etπ̂t+1: a higher real interest rate lowers the present discounted value

of future bank’s profit, thus making the building of a future customer base (through lower

current rates) less appealing.

From the linearization of (50) and (54), and the expression for the real wage in (60), we

obtain:

l̂t = θŝt−1 + (1− θ) x̂t (63)

where

x̂t = (1 + σ + χ) ŷt − (1 + χ) ât (64)

After linearizing (20) and using (63), we obtain an expression for the law of motion of the

stock of habits:

ŝt = [ρs + (1− ρs) θ] ŝt−1 + (1− ρs) (1− θ) x̂t (65)

The model is closed by a path for the nominal interest rate r̂t chosen by the monetary

authority.
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