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Overview

Summary of Baseline Model

@ Baseline NK model features

e one final consumption good = unique definition of Consumer Price
Index (CPI) inflation

o single representative agent (due to assumed homogeneity of
households)

e no credit/financial friction = no supply side channel of monetary
policy transmission

o no foreign trade in goods/assets (closed economy) = no exchange
rates

e no labor market friction = no unemployment

@ no price indexation == inflation less persistent than in data

o full information rational expectations (FIRE)

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

o We are going to consider a few
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implications
@ Simplest extension of baseline model is due to Ravenna and Walsh (J.
Monet. Econ., '06): Optimal Monetary Policy with the Cost Channel
o Key elements
o households leave deposits at banks (perfectly competitive)

o banks extend loans to firms to finance a fraction « of labor costs

Ly >a WiH;

loan labor cost
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. wr W/
MC] = (1 —a) Z: +1XZ: Ry (1)
NOTE: for &« = 0, back to baseline NK model
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|. Credit Frictions

Lending Channel of Monetary Policy

@ Real marginal costs paid by firms

wy %4
MC] = (1 —w) Zt +a Zt R (1)
t t

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

@ AD is same as before
)A(t — Ei’)’\(tﬁ»l - 5 (?t - Etﬁt+l - ﬁg) (2)
@ AS directly affected by the interest rate

A

Ty = ,BEtﬁt+1 + Kn/’l\C; + [lt
= ‘BEtﬁ't+]_ + KX)A(t + Kr?t + flt (3)

NOTE: for « = 0 = x, = 0 (baseline model)
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|. Credit Frictions

Lending Channel of Monetary Policy

@ RESULT: credit friction amplify economic fluctuations
o INTUITION

cost push shock &y moves up inflation 7t; through AS curve
o Fed hikes 7; by Taylor rule: two channels at work

© AD (standard): economy slows down (lower consumption) = lower
wages = lower marginal costs
@ AS (new): firm’s borrowing costs increase = higher marginal costs

inflation 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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@ Recall the Taylor Principle for baseline NK model: a hawkish Fed
(¢, > 1) can stabilize the economy against belief-driven inflation
expectations

@ Suppose agents come to believe that inflation will be persistently
above target (steady state)

7,-\[1’ - Etﬁt-‘r]. = 87-[ > 0
@ From Euler equation for consumption, with #; = ¢_7t;

ﬁ‘t = Et?:t+1 -0 ((Pn, — ].)871

fixed real interest rate

o For given E;Ciy1,

. | > 0 (higher consumption) if ¢, < 1 (dovish Fed)
“1 < 0 (lower consumption) if ¢ > 1 (hawkish Fed)
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p,>1= (¢, —1)">0 = & <0

higher real int. rate lower consumption

e — lower demand to firms which will cut labor to produce less, y: < 0
e = wages will decline and so will marginal costs
e = firms will probably cut prices

@ Looking at the Phillips curve, in terms of output

7ty = BEtTter1 + K4 P <0
+ —

@ Result. Since B ~ 1, inflation increases by less than expected
(7ry < €7), or even declines (71; < 0 < €™"): the initial belief of higher
inflation is NOT self-fulfilled
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Lending Channel of Monetary Policy: Modified Taylor Principle

@ Does the TP hold with the credit channel?
@ The Phillips curve is now

fty = BEsftev1 + Kx 9 + Krff
+ —

@ Result: if the Fed hikes the nominal interest rate too much
(excessively hawkish) inflation will increase
= the initial belief of higher inflation is self-fulfilled

@ With a credit channel, we need a modified Taylor Principle
= to rule out self-fulfilling expectations, the Fed should set ¢
below a certain upper bound

1<, <¢,

where ¢ is strictly decreasing in & (the extent of the credit friction).
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e credit spr

Walsh model does not allow to discuss about
eads (diff. between lending and deposit rates)

o default risk (risk of non-performing loans)

e pro-longe

d duration of credit crisis

IFRED -4/ — Moodys seasoned Baa Corporate Bond Yield-Market Yield on U.S. Treasury Securities at 10-Year Constant Maturity, Quoted on
an Investment Basis
7

%%
IS
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Sources: Board of Governors; Moody's fred.stiouisfed.org
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@ Three important contributions

@ Financial Accelerator Model for Firms (Bernanke-Gertler-Gilchrist, '99)
@ Financial Accelerator Model for Housing (lacoviello, '05)
© 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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Il. Heterogeneous Nominal Rigidities

Motivation |: Empirical

o Evidence: degree of price rigidity varies significantly across sectors
Source: Bils and Klenow (J.Pol.Econ. '04)

TABLE 2
MONTHLY FREQUENCY OF PRICE CHANGES FOR SELECTED CATEGORIES

Price Quotes with
Price Changes,

Price Quotes with Excluding Observations with
Price Changes (%) Item Substitutions (%)
(1) (2)
All goods and services 26.1 (1.0) 23.6 (1.0)
Durable goods 29.8 (2.5) 23.6 (2.5)
Nondurable goods 299 (1.5) 27.5 (1.5)
Services 20.7 (1.5) 19.3 (1.6)
Food 25.3 (1.8) 241 (1.9)
Home furnishings 26.4 (1.8) 242 (1.8)
Apparel 29.2 (3.0) 22.7 (3.1)
Transportation 394 (1.8) 35.8 (1.9)
Medical care 94 (3.2) 8.3 (3.3)
Entertainment 11.3 (3.5) 8.5 (3.6)
Other 11.0 (3.3) 10.0 (3.3)
Raw goods 54.3 (1.9) 53.7 (1.7)
Processed goods 20.5 (.8) 17.6 (.7)

Sourck.—U.S. Department of Labor (1997).
NOTE.—Fre
nondurables, and services coincide with
apparel, transportation, medical care, enter

lassifications. Housing (reduced to home fur
sinment, and other are BLS major groups for the CPL.

hings in our data

| University) _ Nov. 28-30, 2022 12
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Motivation |: Empirical

@ Evidence: degree of price rigidity varies significantly across sectors
Source: Nakamura-Steinsson, Ann. Rev. Econ, '13

25 T T
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Figure 3

The expenditure weighted distribution of the frequency of regular price change (percent per month) across product categories (entry-leve
items) in the US Consumer Price Index (CPI) for the period 1998-2005. Data taken from Nakamura & Steinsson (2008).

University)
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Il. Heterogeneous Nominal Rigidities

Motivation Il: Theoretical

@ What is the inflation rate measure the Fed should target?
@ Headline inflation (all goods/services from CPI or PCE inflation)?
@ Core Inflation (headline excluding non-processed food and energy)?

FRED 4/ — personal Consumption Expenditures: Chain-type Price Index
— Personal Consumption Expenditures Excluding Food and Energy (Chain-Type Price Index)

125

Percent Change from Year Ago

1970 1980 1990 2000 2010 2020

us, omic Anal stouisfed.
xel University) _ Nov 28-30, 2022 14 /
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@ It is sufficient to consider a 2-sector model to discuss these issues

@ Flexible-price sector (agriculture, food, gasoline), denoted by F
= probability of not being able to change price is 6F =0 (full
flexibility)

@ Stick price sector (standard goods/services subject to nominal
rigidities), denoted by S
= probability of not being able to change price is 6° >0
REMARK: we could generalize it to a model with stickiness in all
sectors, 0 < oF <9° <1

@ Household (demand) side similar to baseline model, but
© utility from consumption will come from consuming both types of final
goods: Cr; and Cs ¢

@ disutility from working will come from supplying labor to both sectors:
Hth and HS,t
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Households

@ More specifically:

" l—a 1—0c
< F,tCS,t )
Ut - -
1—0

/

imperfect labor substitutability
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Il. Heterogeneous Nominal Rigidities

Households

@ More specifically:

v cl-a 1-o 14x 1+x
U, — F,t >S5St HF,t + HS,t (4)
e 1—0o lpFl—i—X ¢51+X

imperfect labor substitutability

@ Both Cr; and Cs ; are final consumption goods, with prices Pr ; and
PS,t
= Consumer Price Index (CPI)
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imperfect labor substitutability

@ Both Cr; and Cs ; are final consumption goods, with prices Pr ; and
PS,t
= Consumer Price Index (CPI)

P, = p;'_g‘tp;_'—t“ — pr=apr:+(1—a)ps: (5)

usual steps

@ CPI inflation is then

fty = Pt — Pr—1 = aftp e + (1 — &) frs (6)
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Think of Z¢ ; as TFP specific to this sector
@ Sticky Price Sector: identical to the baseline model, split into
o retail sub-sector: producing a final good Ys ;. using intermediate
products supplied by...
@ wholesale sub-sector: producing intermediate products out of labor,
under monopolistic competition and nominal price rigidity indexed by
probability 6°

@ Notice that:

o fora =1 (C; = Cf ; in utility) = frictionless model with full
monetary neutrality

o for & =0 (Gt = Cs ¢ in utility) = baseline NK model with monetary
non-neutrality
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Central Bank

o Fed adopts a Taylor rule for monetary policy:
=@, 7t + 0
where ﬁtT is the target measure of inflation chosen by the Fed

@ An important distinction:
@ what matters to households is CPI inflation (they consume all goods)

fte = aftp e + (1 — ) s ¢ (8)

@ Fed is free to choose what measure of inflation is most appropriate to
conduct monetary policy. Namely:

Al =yt e+ (1—7) s, (9)
with 7 being a Fed's choice

Y = « - Fed targets CPl/headline inflation

v = 0 = Fed targets Core inflation
(no food and energy)
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Equilibrium System

e Without loss of generality, assume 27 = 0 (no TFP shock in S-sector)
Euler Eq. : & = E:&l —0 * (Ft - Etfrtﬂl) (10)
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Equilibrium System

e Without loss of generality, assume 27 = 0 (no TFP shock in S-sector)
Euler Eq. : & = EtcHl ot (Ft — Etffirl) (10)
Phillips Curve : 717 = BE s,y + K, 95 + it (11)

@ The F-sector behaves like the frictionless model seen before:
F_F_ 1+Xx.F

=pF = 12
G =W o+ th (12)
Food/energy production just driven by their specific TFP!
e If Taylor rule responds to core inflation only (v = 0),
o= ¢ 75+ O (13)

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

o IRFs of )A/,_:s and ftf to O+ and i+ identical to baseline
@ no response to Z;
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A
@ Define the relative price Q; = %, one can show that
t

~F ~S - Py A S sF
Y — VYt = — Q — =97 — 2z (14)
N—— ~~ yE=2f
change in relative demand pf—p?
@ From the same definition
N N AF AS
gr — qgt—1 = Ty — Tt (15)
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Equilibrium System

@ Very different results if the Fed responds to headline inflation

A
@ Define the relative price Q; = %, one can show that
t

~F ~S o a A S sF
Ye — Yt = - _Q: - =97 — 2 (14)
& e =
change in relative demand pf—p?
@ From the same definition
N N ~F S
gt — qi—1 = T4 — T (15)
—_——— —_——
change in relative price inflation differential

e Combining (14)-(15):

MA ( Drexel University)
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Equilibrium System

@ Let’s look at it more closely:

- S sS _ oS oF _ aF
o=+ Yo =Yt - (Zt - Zt—l)
flex inflation sticky inflation  change in sticky demand change in flex TFP
(17)
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e Because of factors driving 77, responding to headline inflation,
fr =@ [vtre+ (1 =) ftse] + 0 (18)
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Equilibrium System

@ Let’s look at it more closely:

- S sS _ oS oF _ aF
o=+ Yo =Yt - (Zt - Zt—l)
flex inflation sticky inflation  change in sticky demand change in flex TFP
(17)

e Because of factors driving 77, responding to headline inflation,
fr =@ [vtre+ (1 =) ftse] + 0 (18)

@ introduces endogenous persistence by demand change term j/ts — f/tsfl

= past demand conditions f/tsfl impact on current ﬁtF
—> impact on the nominal interest rate 7;
— affects current demand

© makes TFP changes 2f — 25_1, spill-over to S-sector goods

= 2f - 2tF_1 affect current period inflation ﬁtF

— impact on the nominal interest rate 7;
— affects current demand

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



Il. Heterogeneous Nominal Rigidities
Impulse Responses to 1% Policy Shock

Sticky Price Inflation

Sticky Price Output

—TR responds to Core Inflation, v =0
- - TR responds to CPI Inflation, v = 0.25
------ TR responds to CPI Inflation, v = 0.5
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Il. Heterogeneous Nominal Rigidities

Impulse Responses to 1% Cost Push Shock

IIRFs to 1% Cost Push Shock (no persistence: Py = 0)
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Il. Heterogeneous Nominal Rigidities

Impulse Responses to 1% Shock to TFP Growth in Sector F

IRFs to 1% Shock to TFP Growth in Sector F
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Optimal Inflation Target

@ Summary: responding to an inflation measure that includes highly
volatile prices (raw food, energy) is a source of aggregate volatility
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Optimal Inflation Target

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

@ Intuition

o Fed seeks to reduce price fluctuations in sectors which are efficiently
responding to their specific TFP shock

e 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 inflation should the Fed try to stabilize?
= what inflation measure should enter into the Fed’s objective/loss
function?
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Optimal Inflation Target

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

max E ;ﬁtU (CtF CtS,Ht) = min%Eo ;,Bt [(fcf)z + oy <>A<E§>1
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Il. Heterogeneous Nominal Rigidities

Optimal Inflation Target

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

) 1 o . 2 ¢\ 2
maxEot;)ﬁtU(Cf,Cf,Ht) %mlnEE();),Bt [(7‘[?) + &y <th> }
@ Namely: the Fed should not be concerned at all about inflation

fluctuations in the flexible price sector
NOTE: there is no output gap in sector F: 5(,_{"_ =0
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© "Monetary Policy and Exchange Rate Volatility in a Small Open
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@ Open economy NK models behave similarly to this 2-sector model

e 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

o instead of the relative price Pf/Pf — real exchange rate, often
defined as P /PNT

e the domestic central bank has to decide whether to respond to
domestic good inflation only or to headline inflation
— if responding to headline, it will implicitly respond to the nominal
exchange rate (the relative price of currencies, typically highly
flexible /volatile)

@ Excellent references are

© "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)

@ "Optimal Monetary Policy in a Currency Area" (Journal of
International Economics, '04) by P. Benigno
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Optimal Monetary Policy in a Currency Area

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

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

@ Countries (like sectors in a closed economy) may differ (among other
things) because of

@ degree of perfect competition
@ 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 inflation the ECB
should try to stabilize around target?
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Optimal Monetary Policy in a Currency Area

@ The Euro area adopts the Harmonized Index of Consumer Price
(HICP)

@ Each Euro-Area country computes its own HICP = national level
HICP (similar procedure)

@ Euro-Area HICP is the weighted avg of national HICP, with weights
given by the relative share of national consumption expenditures over
Euro-Area’s total

o ECB targets Euro-Area HICP
@ Is the expenditure weighted HICP optimal?
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Il. Heterogeneous Nominal Rigidities
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@ 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 L; = % [axﬁf +ar (ﬁ-f)z +as (ﬁf)z]

with inflation weights a; (for i = F, S) being strictly increasing in

o relative consumption share of country i (with respect to the union)
o 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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@ Empirical motivation: in the U.S.
o about 60% of population has no interest bearing assets (source: Survey

of Consumer Finances)

e about 20% hold stocks, 40% are defined 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
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I1l. Heterogeneous Agents

Limited Asset Market Participation

e Empirical motivation: in the U.S.

o about 60% of population has no interest bearing assets (source: Survey
of Consumer Finances)

e about 20% hold stocks, 40% are defined 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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Limited Asset Market Participation: a Simple Model

@ Key assumption: economy populated by share 0 < ¢ < 1 of
household without access to financial markets

e they cannot borrow/lend

e they cannot even buy riskless Treasuries

o they are effectively hand-to-mouth consumers (super-script R denotes
"restricted") living out of labor income

cf = wHF

@ Remaining share 1 — 7y are regular consumers/savers (same as
baseline NK model)

e they can smooth consumption with riskless bonds
o they supply labor to firms to earn labor income
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I1l. 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

(o]

max Eg Y B Uy for U= yUf +(1-9) U/

t=0 restricted unrestricted

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

maxEy ) _ B'U; ~ min %Eo Y Bt (77 + w57
t=0 t=0
Kx

Ny = — Kx = slope of NKPC
(1-7)e
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Limited Asset Market Participation: a Simple Model

@ Let’s inspect more closely the optimal weight on output gap

stabilization
Kx

" a-me
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Limited Asset Market Participation: a Simple Model

@ Let’s inspect more closely the optimal weight on output gap

stabilization
Kx

(1-7)e

Qify=0 e Ay = 72 (as in baseline, see notes)

@ «y is strictly increasing in share parameter y
—> the larger the share of consumers without access to asset markets,
the more the Fed should care about stabilizing output relative to
stabilizing inflation

Ky =

MA ( Drexel University) Nov. 28-30, 2022 34 / 36



I1l. Heterogeneous Agents

Limited Asset Market Participation: a Simple Model

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

rule remains
~ Kx
T = ——X¢
Kx

MA ( Drexel University) Nov. 28-30, 2022



I1l. Heterogeneous Agents

Limited Asset Market Participation: a Simple Model

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

rule remains
~ Kx
T = ——X¢
Kx

@ Hence, the optimal relative volatility of inflation to the output gap
is
Std.Dev(7ty) _ ax _ xx/[(1—17)€] 1

ORV = Std.Dev (%) T ke Kx - e(l—1)
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I1l. Heterogeneous Agents

Limited Asset Market Participation: a Simple Model

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

rule remains
~ Kx
T = ——X¢
Kx

@ Hence, the optimal relative volatility of inflation to the output gap
is
Std.Dev(fty) _ ax _ xx/[(1—7)e€] _ 1

ORV = Std.Dev (%) T ke Kx e(1—9)

e ORV is strictly increasing in the degree of limited participation
o inflation is no longer necessarily less volatile than the output gap (as
we found for baseline)
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I1l. Heterogeneous Agents

Impulse Responses to 1% Cost Push Shock

IRFs to 1% Cost Push Shock: OMP with LAMP
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