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Overview
Summary of Baseline Model

Baseline NK model features

one �nal consumption good =) unique de�nition of Consumer Price
Index (CPI) in�ation
single representative agent (due to assumed homogeneity of
households)
no credit/�nancial friction =) no supply side channel of monetary
policy transmission
no foreign trade in goods/assets (closed economy) =) no exchange
rates
no labor market friction =) no unemployment
no price indexation =) in�ation less persistent than in data
full information rational expectations (FIRE)

Obviously, the model can be extended to address lots of interesting
issues

We are going to consider a few
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I. Credit Frictions
Lending Channel of Monetary Policy

FACT: �rms borrow heavily to �nance production costs

loan rate a¤ects marginal costs of production
by a¤ecting loan rates, monetary policy can have direct supply side
implications

Simplest extension of baseline model is due to Ravenna and Walsh (J.
Monet. Econ., �06): Optimal Monetary Policy with the Cost Channel

Key elements

households leave deposits at banks (perfectly competitive)
banks extend loans to �rms to �nance a fraction α of labor costs

Lt
loan

� α WtHt
labor cost

loan rate is
RLt

loan rate
= RDt
deposit rate

= Rt
policy rate
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I. Credit Frictions
Lending Channel of Monetary Policy

Real marginal costs paid by �rms

MC rt = (1� α)
W r
t

Zt
+ α

W r
t

Zt
Rt (1)

NOTE: for α = 0, back to baseline NK model

AD is same as before

x̂t = Et x̂t+1 � δ (r̂t � Et π̂t+1 � brrnt ) (2)

AS directly a¤ected by the interest rate

π̂t = βEt π̂t+1 + κcmc rt + ût
= βEt π̂t+1 + κx x̂t + κr r̂t + ût (3)

NOTE: for α = 0 =) κr = 0 (baseline model)
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I. Credit Frictions
Lending Channel of Monetary Policy

RESULT: credit friction amplify economic �uctuations

INTUITION

cost push shock ût moves up in�ation π̂t through AS curve
Fed hikes r̂t by Taylor rule: two channels at work

1 AD (standard): economy slows down (lower consumption) =) lower
wages =) lower marginal costs

2 AS (new): �rm�s borrowing costs increase =) higher marginal costs

in�ation ends up increasing by more compared to baseline NK model
Fed ends up hiking the rate by more compared to baseline NK
larger contraction in output
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cost push shock ût moves up in�ation π̂t through AS curve
Fed hikes r̂t by Taylor rule: two channels at work

1 AD (standard): economy slows down (lower consumption) =) lower
wages =) lower marginal costs

2 AS (new): �rm�s borrowing costs increase =) higher marginal costs

in�ation ends up increasing by more compared to baseline NK model
Fed ends up hiking the rate by more compared to baseline NK
larger contraction in output

MA ( Drexel University) NK_EXT Nov. 28-30, 2022 5 / 36



I. Credit Frictions
Lending Channel of Monetary Policy

RESULT: credit friction amplify economic �uctuations
INTUITION
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I. Credit Frictions
Lending Channel of Monetary Policy
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I. Credit Frictions
Lending Channel of Monetary Policy: Modi�ed Taylor Principle

Recall the Taylor Principle for baseline NK model: a hawkish Fed
(φπ > 1) can stabilize the economy against belief-driven in�ation
expectations

Suppose agents come to believe that in�ation will be persistently
above target (steady state)

π̂t = Et π̂t+1 = επ > 0

From Euler equation for consumption, with r̂t = φππ̂t

ĉt = Et ĉt+1
�xed

� δ (φπ � 1)επ

real interest rate

For given Et ĉt+1,

ĉt

�
> 0 (higher consumption) if φπ < 1 (dovish Fed)
< 0 (lower consumption) if φπ > 1 (hawkish Fed)
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ĉt
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I. Credit Frictions
Lending Channel of Monetary Policy: Modi�ed Taylor Principle

If Fed is hawkish

φπ > 1 =) (φπ � 1)επ > 0
higher real int. rate

=) ĉt < 0
lower consumption

=) lower demand to �rms which will cut labor to produce less, ŷt < 0
=) wages will decline and so will marginal costs
=) �rms will probably cut prices

Looking at the Phillips curve, in terms of output

π̂t = βEt π̂t+1
+

+ κx ŷt
�
< 0

Result. Since β � 1, in�ation increases by less than expected
(π̂t < επ), or even declines (π̂t < 0 < επ): the initial belief of higher
in�ation is NOT self-ful�lled
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=) ĉt < 0
lower consumption

=) lower demand to �rms which will cut labor to produce less, ŷt < 0
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(π̂t < επ), or even declines (π̂t < 0 < επ): the initial belief of higher
in�ation is NOT self-ful�lled
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I. Credit Frictions
Lending Channel of Monetary Policy: Modi�ed Taylor Principle

Does the TP hold with the credit channel?

The Phillips curve is now

π̂t = βEt π̂t+1
+

+ κx ŷt
�
+ κr r̂t

+

Result: if the Fed hikes the nominal interest rate too much
(excessively hawkish) in�ation will increase
=) the initial belief of higher in�ation is self-ful�lled

With a credit channel, we need a modi�ed Taylor Principle
=) to rule out self-ful�lling expectations, the Fed should set φπ

below a certain upper bound

1 < φπ < φ̄π

where φ̄π is strictly decreasing in α (the extent of the credit friction).
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I. Credit Frictions
Further Extensions

Ravenna and Walsh model does not allow to discuss about

credit spreads (di¤. between lending and deposit rates)
default risk (risk of non-performing loans)
pro-longed duration of credit crisis
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I. Credit Frictions
Further Extensions

Three important contributions

1 Financial Accelerator Model for Firms (Bernanke-Gertler-Gilchrist, �99)
2 Financial Accelerator Model for Housing (Iacoviello, �05)
3 Financial Accelerator Model for Banks (Gertler-Karadi, �11)

All these contributions emphasize the role of (endogenous)
collateral/borrowing limits in credit markets
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II. Heterogeneous Nominal Rigidities
Motivation I: Empirical

Evidence: degree of price rigidity varies signi�cantly across sectors
Source: Bils and Klenow (J.Pol.Econ. �04)
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Evidence: degree of price rigidity varies signi�cantly across sectors
Source: Nakamura-Steinsson, Ann. Rev. Econ, �13
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II. Heterogeneous Nominal Rigidities
Motivation II: Theoretical

What is the in�ation rate measure the Fed should target?

1 Headline in�ation (all goods/services from CPI or PCE in�ation)?
2 Core In�ation (headline excluding non-processed food and energy)?
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II. Heterogeneous Nominal Rigidities
A Simple 2-Sector NK Model: Overview

It is su¢ cient to consider a 2-sector model to discuss these issues

1 Flexible-price sector (agriculture, food, gasoline), denoted by F
=) probability of not being able to change price is θF = 0 (full
�exibility)

2 Stick price sector (standard goods/services subject to nominal
rigidities), denoted by S
=) probability of not being able to change price is θS > 0
REMARK: we could generalize it to a model with stickiness in all
sectors, 0 < θF < θS < 1

Household (demand) side similar to baseline model, but

1 utility from consumption will come from consuming both types of �nal
goods: CF ,t and CS ,t

2 disutility from working will come from supplying labor to both sectors:
HF ,t and HS ,t
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II. Heterogeneous Nominal Rigidities
Households

More speci�cally:

Ut =

�
C α
F ,tC

1�α
S ,t

�1�σ

1� σ
�
"

ψF
H1+χ
F ,t

1+ χ
+ ψS

H1+χ
S ,t

1+ χ

#
| {z }
imperfect labor substitutability

(4)

Both CF ,t and CS ,t are �nal consumption goods, with prices PF ,t and
PS ,t
=) Consumer Price Index (CPI)

Pt = Pα
F ,tP

1�α
S ,t =)

usual steps
p̂t = αp̂F ,t + (1� α) p̂S ,t (5)

CPI in�ation is then

π̂t = p̂t � p̂t�1 = απ̂F ,t + (1� α) π̂S ,t (6)
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II. Heterogeneous Nominal Rigidities
Firms

Similar to the baseline, but with two separate �nal goods sectors

1 Food/Energy Sector: perfectly competitive, with �exible price PF ,t ,
and production

YF ,t = ZF ,tHF ,t (7)

Think of ZF ,t as TFP speci�c to this sector
2 Sticky Price Sector: identical to the baseline model, split into

retail sub-sector : producing a �nal good YS ,t using intermediate
products supplied by...
wholesale sub-sector : producing intermediate products out of labor,
under monopolistic competition and nominal price rigidity indexed by
probability θS

Notice that:

for α = 1 (Ct = CF ,t in utility) =) frictionless model with full
monetary neutrality
for α = 0 (Ct = CS ,t in utility) =) baseline NK model with monetary
non-neutrality
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II. Heterogeneous Nominal Rigidities
Central Bank

Fed adopts a Taylor rule for monetary policy:

r̂t = φππ̂Tt + υ̂t

where π̂Tt is the target measure of in�ation chosen by the Fed

An important distinction:

1 what matters to households is CPI in�ation (they consume all goods)

π̂t = απ̂F ,t + (1� α) π̂S ,t (8)

2 Fed is free to choose what measure of in�ation is most appropriate to
conduct monetary policy. Namely:

π̂Tt = γπ̂F ,t + (1� γ) π̂S ,t (9)

with γ being a Fed�s choice

γ = α =) Fed targets CPI/headline in�ation

γ = 0 =) Fed targets Core in�ation
(no food and energy)
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II. Heterogeneous Nominal Rigidities
Equilibrium System

Without loss of generality, assume ẑSt = 0 (no TFP shock in S-sector)

Euler Eq. : ĉSt = Et ĉ
S
t+1 � σ�1

�
r̂t � Et π̂St+1

�
(10)

Phillips Curve : π̂St = βEt π̂St+1 + κy ŷSt + ût (11)

The F -sector behaves like the frictionless model seen before:

ĉFt = ŷ
F
t =

1+ χ

σ+ χ
ẑFt (12)

Food/energy production just driven by their speci�c TFP!
If Taylor rule responds to core in�ation only (γ = 0),

r̂t = φππ̂St + υ̂t (13)

system is the same as baseline model (just indexing things by S)

IRFs of ŷSt and π̂St to υ̂t and ût identical to baseline
no response to ẑFt
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Phillips Curve : π̂St = βEt π̂St+1 + κy ŷSt + ût (11)

The F -sector behaves like the frictionless model seen before:

ĉFt = ŷ
F
t =

1+ χ

σ+ χ
ẑFt (12)

Food/energy production just driven by their speci�c TFP!

If Taylor rule responds to core in�ation only (γ = 0),

r̂t = φππ̂St + υ̂t (13)

system is the same as baseline model (just indexing things by S)

IRFs of ŷSt and π̂St to υ̂t and ût identical to baseline
no response to ẑFt

MA ( Drexel University) NK_EXT Nov. 28-30, 2022 19 / 36



II. Heterogeneous Nominal Rigidities
Equilibrium System

Without loss of generality, assume ẑSt = 0 (no TFP shock in S-sector)
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II. Heterogeneous Nominal Rigidities
Equilibrium System

Very di¤erent results if the Fed responds to headline in�ation

De�ne the relative price Qt � PFt
PSt
, one can show that

ŷFt � ŷSt| {z }
change in relative demand

= � q̂t|{z}
p̂Ft �p̂St

=)
ŷ Ft =ẑ

F
t

q̂t = ŷSt � ẑFt (14)

From the same de�nition

q̂t � q̂t�1| {z }
change in relative price

= π̂Ft � π̂St| {z }
in�ation di¤erential

(15)

Combining (14)-(15):

π̂Ft = π̂St + ŷ
S
t � ŷSt�1 �

�
ẑFt � ẑFt�1

�
(16)
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F
t
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II. Heterogeneous Nominal Rigidities
Equilibrium System

Let�s look at it more closely:

π̂Ft
�ex in�ation

= π̂St
sticky in�ation

+ ŷSt � ŷSt�1
change in sticky demand

�
�
ẑFt � ẑFt�1

�
change in �ex TFP

(17)

Because of factors driving π̂Ft , responding to headline in�ation,

r̂t = φπ [γπ̂F ,t + (1� γ) π̂S ,t ] + υ̂t (18)

1 introduces endogenous persistence by demand change term ŷSt � ŷSt�1
=) past demand conditions ŷSt�1 impact on current π̂Ft
=) impact on the nominal interest rate r̂t
=) a¤ects current demand ŷSt

2 makes TFP changes ẑFt � ẑFt�1, spill-over to S-sector goods
=) ẑFt � ẑFt�1 a¤ect current period in�ation π̂Ft
=) impact on the nominal interest rate r̂t
=) a¤ects current demand ŷSt
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=) past demand conditions ŷSt�1 impact on current π̂Ft
=) impact on the nominal interest rate r̂t
=) a¤ects current demand ŷSt
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change in sticky demand

�
�
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MA ( Drexel University) NK_EXT Nov. 28-30, 2022 21 / 36



II. Heterogeneous Nominal Rigidities
Impulse Responses to 1% Policy Shock
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II. Heterogeneous Nominal Rigidities
Impulse Responses to 1% Cost Push Shock
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II. Heterogeneous Nominal Rigidities
Impulse Responses to 1% Shock to TFP Growth in Sector F
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II. Heterogeneous Nominal Rigidities
Optimal In�ation Target

Summary: responding to an in�ation measure that includes highly
volatile prices (raw food, energy) is a source of aggregate volatility

Intuition

Fed seeks to reduce price �uctuations in sectors which are e¢ ciently
responding to their speci�c TFP shock
By doing so, Fed ends up moving the nominal interest rate way too
much
=) generates more volatility in consumption and real activity

Question: what measure of in�ation should the Fed try to stabilize?
=) what in�ation measure should enter into the Fed�s objective/loss
function?
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II. Heterogeneous Nominal Rigidities
Optimal In�ation Target

It can be shown that, in this model, with a sticky price sector S and a
(fully) �exible price sector F , the optimal monetary policy problem is

maxE0
∞

∑
t=0

βtU
�
CFt ,C

S
t ,Ht

�
� min 1

2
E0

∞

∑
t=0

βt
��

π̂St

�2
+ αx

�
x̂St
�2�

Namely: the Fed should not be concerned at all about in�ation
�uctuations in the �exible price sector
NOTE: there is no output gap in sector F : x̂Ft = 0
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II. Heterogeneous Nominal Rigidities
Interesting Extensions to Open Economies

Open economy NK models behave similarly to this 2-sector model

instead of good F and good S =) home good H and a foreign good
F , or a non-tradable good NT and a tradable good T
instead of the relative price PFt /PSt =) real exchange rate, often
de�ned as PTt /PNTt
the domestic central bank has to decide whether to respond to
domestic good in�ation only or to headline in�ation
=) if responding to headline, it will implicitly respond to the nominal
exchange rate (the relative price of currencies, typically highly
�exible/volatile)

Excellent references are

1 "Monetary Policy and Exchange Rate Volatility in a Small Open
Economy" (Review of Economic Studies, �05) by J. Gali and T.
Monacelli (also a chapter in Gali�s book)

2 "Optimal Monetary Policy in a Currency Area" (Journal of
International Economics, �04) by P. Benigno
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II. Heterogeneous Nominal Rigidities
Optimal Monetary Policy in a Currency Area

A currency area is a group of countries trading "freely" in goods and
assets, with

decentralized national �scal policies (sovereign nations decide on taxes
and public debt, with some restrictions)
a centralized monetary policy (a unique central bank)

Countries (like sectors in a closed economy) may di¤er (among other
things) because of

1 degree of perfect competition
2 degree of price stickiness

The centralized monetary authority (the ECB) sets one area-wide
interest rate to stabilize the economy against shocks to fundamentals

What is the most appropriate area-wide measure of in�ation the ECB
should try to stabilize around target?
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(HICP)
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II. Heterogeneous Nominal Rigidities
Optimal Monetary Policy in a Currency Area

Allowing for heterogeneous degree of competition and price stickiness
in a 2-country currency union (let�s denote countries by F and S for
simplicity), Benigno shows that the ECB�s loss function should take
the following form

min Lt =
1
2

�
αx x̂2t + αF

�
π̂Ft

�2
+ αS

�
π̂St

�2�
with in�ation weights αi (for i = F ,S) being strictly increasing in

relative consumption share of country i (with respect to the union)
relative degree of price stickiness in country i (with respect to the
union�s average)

Hence, HICP is the optimal measure to target if and only if countries
display same extent of price stickiness (which is not the case in the
data)
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III. Heterogeneous Agents
Limited Asset Market Participation

Empirical motivation: in the U.S.

about 60% of population has no interest bearing assets (source: Survey
of Consumer Finances)
about 20% hold stocks, 40% are de�ned as "asset poor" (excluding
home equity)

There seems to be widespread limited asset market participation
(LAMP)
=) build a NK-LAMP model

Main reference: "LAMP, Monetary Policy and (Inverted) Aggregate
Demand" (J. of Economic Theory, �08), by F.O. Bilbiie

The NK-LAMP model is a simple 2-agent model (often called TANK
model)

Expanding literature about full-blown heterogeneous agents models
(HANK). See works by G. Violante at Princeton University
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III. Heterogeneous Agents
Limited Asset Market Participation: a Simple Model

Key assumption: economy populated by share 0 � γ < 1 of
household without access to �nancial markets

they cannot borrow/lend
they cannot even buy riskless Treasuries
they are e¤ectively hand-to-mouth consumers (super-script R denotes
"restricted") living out of labor income

CRt = WtHRt

Remaining share 1� γ are regular consumers/savers (same as
baseline NK model)

they can smooth consumption with riskless bonds
they supply labor to �rms to earn labor income
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III. Heterogeneous Agents
Limited Asset Market Participation: a Simple Model

The model overturns several implications of the baseline NK

A key consequence of LAMP is about optimal monetary policy. A
benevolent central banker would solve

maxE0
∞

∑
t=0

βtUt for Ut = γURt
restricted

+ (1� γ)UUt
unrestricted

Without loss of generality, assume σ = 1. One can show that

maxE0
∞

∑
t=0

βtUt � min
1
2
E0

∞

∑
t=0

βt
�
π̂2t + αx x̂2t

�
αx =

κx
(1� γ) ε

, κx = slope of NKPC
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III. Heterogeneous Agents
Limited Asset Market Participation: a Simple Model

Let�s inspect more closely the optimal weight on output gap
stabilization

αx =
κx

(1� γ) ε

1 if γ = 0 =) αx =
κx
ε (as in baseline, see notes)

2 αx is strictly increasing in share parameter γ
=) the larger the share of consumers without access to asset markets,
the more the Fed should care about stabilizing output relative to
stabilizing in�ation
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III. Heterogeneous Agents
Limited Asset Market Participation: a Simple Model

It turns out that with LAMP, under discretion, the optimal targeting
rule remains

π̂t = �
αx
κx
x̂t

Hence, the optimal relative volatility of in�ation to the output gap
is

ORV � Std .Dev(π̂t )
Std .Dev(x̂t )

=
αx
κx
=

κx/ [(1� γ) ε]

κx
=

1
ε (1� γ)

ORV is strictly increasing in the degree of limited participation
in�ation is no longer necessarily less volatile than the output gap (as
we found for baseline)
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III. Heterogeneous Agents
Impulse Responses to 1% Cost Push Shock
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