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HANK: Heterogeneous Agent New Keynesian models

®* Framework for quantitative analysis of aggregate fluctuations and
macroeconomic policy
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HANK: Heterogeneous Agent New Keynesian models

®* Framework for quantitative analysis of aggregate fluctuations and

macroeconomic policy

® Two building blocks

1. Rich representation of hh finances and consumption behavior

2. Nominal price rigidities

® Today: Transmission mechanism for conventional monetary policy

® Main result: Stark difference between HANK

and

RANK
N——
Repr. Agent NK
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Monetary transmission in RANK and HANK

oC oC
dC = —dr + —dY
or oY
N—— N——
direct response to r indirect GE response due to Y
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Monetary transmission in RANK and HANK

oC oC
dC' = —d —dY
or " i oY
N—— N——
direct response to r indirect response due to Y
RANK: >95% RANK: <5%
HANK: <25% HANK: >75%

® RANK view:
» MPC out of r strong b/c of intertemporal substitution

» MPC out of Y weak b/c the RA is a PIH consumer
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Monetary transmission in RANK and HANK

oC oC
dC' = —d —dY
or " i oY
N—— N——
direct response to r indirect response due to Y
RANK: >95% RANK: <5%
HANK: <25% HANK: >75%

® RANK view:
» MPC out of r strong b/c of intertemporal substitution

» MPC out of Y weak b/c the RA is a PIH consumer

®* HANK view:
» MPC out of »r weak b/c several effects offset int. substitution

» MPC out of Y strong b/c of sizable share of HtM households
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Why does this difference matter?

® Suppose Fed wants to stimulate C

® RANK view:

» sufficient to influence the real rate {r;}

» household intertemporal substitution does the rest
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Why does this difference matter?

® Suppose Fed wants to stimulate C

® RANK view:

» sufficient to influence the real rate {r;}

» household intertemporal substitution does the rest

®* HANK view:

» must rely heavily on GE transmission to aggr. labor demand

» through fiscal policy reaction or an investment boom
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Why does this difference matter?

® Suppose Fed wants to stimulate C

® RANK view:

» sufficient to influence the real rate {r;}

» household intertemporal substitution does the rest

®* HANK view:

» must rely heavily on GE transmission to aggr. labor demand
» through fiscal policy reaction or an investment boom

» Responsiveness of C; to i; may be largely out of Fed’s control
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MODEL
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Building blocks

Households
® Face uninsured idiosyncratic labor income risk

® Save in two assets (liquid and illiquid), consume and supply labor

Firms
® Monopolistic competition for intermediate-good producers

® Quadratic price adjustment costs a la Rotemberg (1982)

Investment fund
® |Intermediates illiquid assets/capital to producers

Government
® |ssues liguid debt, spends, taxes, and transfers lump-sum

Monetary authority
® Sets nominal rate on liquid assets based on a Taylor rule
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Households

max Eo/ e_(p+>‘)tu(ct,€t, )dt  s.t.
0

{ee,le,  }ie>o

i)t = T?(bt)bt + ’thtEt

2 = some Markov process

by > —b
e ¢;. non-durable consumption °
e b;: liquid assets °
e 2;. individual productivity o
e /.. hours worked °
o ]
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Households

. ?13X}> EO/O e_(p+>‘)tu(ct,€t )dt  s.t.
tiytt Ut yt >0

i)t = T?(bt)bt + wi2tly —d; — X(dt7 Cbt) — C¢
dt: 7“? a¢ ‘|—dt
2 = some Markov process

by > —b, a; >0

e ¢;. non-durable consumption e d;: illiquid deposits (= 0)

e b;: liquid assets e . transaction cost function
e 2;. Individual productivity o

e /.. hours worked °

e a;. llliquid assets o
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Households

. ?13X}> EO/O e_(p+>‘)tu(ct,€t )dt  s.t.
tiytt Ut yt >0

i)t = T?(bt)bt + wi zely —d; — X(dt, Cbt) — C¢

. a
a+— Tt a¢ ‘|—dt

z; = some Markov process

by > —b, a; >0

® Adjustment cost function
X2

d

x(d,a) =xold| +x1 |- a

» Linear component: inaction region

» Convex component: finite deposit rates
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Households

{ ?l?i}i IEO/ e_(p+>‘)tu(ct,€t,ht)dt S.t.
Ct,Xt,At yt>0 0

by = rf(bt)bt + (1 — §)wtzt€t—f (wezely)—dy — x(de, a) — ¢4
ar= 1y (1 — w)as+&w 2l +dy

h= way

2 = some Markov process

by > —b, a; >0

e ¢;. hon-durable consumption e d;: Illiquid deposits (= 0)

e b;: liquid assets e \: transaction cost function
e 2;. Individual productivity e T": labor income tax/transfer
e /;: hours worked e £ direct deposits

e a;. Illliquid assets e h;: housing services
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Households

{ ém?i}i} EO/ e_(p+>‘)tu(ct,€t,ht)dt S.t.
Ct,Xt,At yt>0 0

by = ri’(bt)bt + (1 = &) wezely — T (wezely) — dy — x(dy, ar) — ¢
ar =717 (1 —w)ap + Ewzeledy

hy = way

2 = some Markov process

by > —b, a; >0

® Households are price-takers wrt: {¥;},., = {wt,r?,rf,ft} >
> £>0

® The stationary recursive solution of hh problem:
1. decision rules: c(a, b, z; V), d(a, b, z; V), £(a, b, z; ¥)

2. stationary distribution: u(da, db,dz; V)
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Firms

® Representative competitive final goods producer:

=

e—1 e—1 .
= p

g
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Firms

® Representative competitive final goods producer:

1 e—1 5%1 D —c
Y=</ yjadj) = ij(?f) Y
0

® Monopolistically competitive intermediate goods producers:

o 11—«

l—«
» Technology: y; = Zk?n;_a = m=z (%) (L)

> Set prices subject to quadratic adjustment costs:

()10
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Firms

® Representative competitive final goods producer:

1, =1 Dy —¢
Y=</ yjadj) = ij(?f) Y
0

® Monopolistically competitive intermediate goods producers:

o 11—«

l—«
» Technology: y; = Zk?n;_a = m=z (%) (L)

> Set prices subject to quadratic adjustment costs:

()10

Exact NK Phillips curve: (ra — K) T=5(m—m)+x, m= =2
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Competitive investment fund sector

® Own intermediate firms and issue one-period security w/ return r¢

® Hh productive assets (1 — w) A are savings into this security
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Competitive investment fund sector

® Own intermediate firms and issue one-period security w/ return r¢
® Hh productive assets (1 — w) A are savings into this security

® Two sources of income into the fund:

1. Rentilliquid asset as productive capital

(rk —0) K
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Competitive investment fund sector

® Own intermediate firms and issue one-period security w/ return r¢
® Hh productive assets (1 — w) A are savings into this security

® Two sources of income into the fund:
1. Rentilliquid asset as productive capital
(’rk — 5) K
2. Receive dividends proportional to the K owned

¢=[1-m)Y]/K
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Competitive investment fund sector

® Own intermediate firms and issue one-period security w/ return r¢
® Hh productive assets (1 — w) A are savings into this security

® Two sources of income into the fund:

1. Rentilliquid asset as productive capital
(’rk — 5) K
2. Receive dividends proportional to the K owned
¢=[1-m)Y]/K

¢ Competition among funds implies illiquid asset return
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Monetary authority and government

® Taylor rule
=+ or+e, ¢>1

with r® =i — 7 (Fisher equation)
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Monetary authority and government

® Taylor rule
=+ or+e, ¢>1

with r® =i — 7 (Fisher equation)

® Progressive tax on labor income:

~

T (wzl) = =T + Twzl

® Government budget constraint (in steady-state)

G—I—T—I—rng:T/[wzf(a,b,z)] d
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Monetary authority and government

® Taylor rule
=+ or+e, ¢>1

with r® =i — 7 (Fisher equation)

® Progressive tax on labor income:

~

T (wzl) = =T + Twzl

® Government budget constraint (in steady-state)
G+T+r"BI = 7'/ (wzl (a, b, z)] du

® Ricardian equivalence fails = this matters!
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PARAMETERIZATION




Some aspects of parameterization

® Preferences: GHH
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Some aspects of parameterization

® Preferences: GHH

® Measurement and partition of asset categories into:
» liquid (cash, bank accounts + government/corporate bonds)

» illiquid productive (equity) vs non-productive (housing)
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Some aspects of parameterization

® Preferences: GHH

® Measurement and partition of asset categories into:
» liquid (cash, bank accounts + government/corporate bonds)
» illiquid productive (equity) vs non-productive (housing)

® Continuous time household earnings dynamics
» Match variance and kurtosis of 1- and 5-yr earnings changes

» Nature of earnings risk affects household portfolio
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Some aspects of parameterization

® Preferences: GHH

® Measurement and partition of asset categories into:
» liquid (cash, bank accounts + government/corporate bonds)
» illiquid productive (equity) vs non-productive (housing)

® Continuous time household earnings dynamics
» Match variance and kurtosis of 1- and 5-yr earnings changes

» Nature of earnings risk affects household portfolio

® Adjustment cost function x (d, a) and discount factor p

» Match mean/median liquid/illiquid wealth and fraction HtM
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Some aspects of parameterization

® Preferences: GHH

® Measurement and partition of asset categories into:
» liquid (cash, bank accounts + government/corporate bonds)
» illiquid productive (equity) vs non-productive (housing)

® Continuous time household earnings dynamics
» Match variance and kurtosis of 1- and 5-yr earnings changes

» Nature of earnings risk affects household portfolio

® Adjustment cost function x (d, a) and discount factor p

» Match mean/median liquid/illiquid wealth and fraction HtM

® Production side: standard calibration of NK models
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Wealth distributions: Liquid wealth

Liquid wealth distribution
0.1 T T T

Liquid wealth Lorenz curve

1 .
L i —Model
0.09 - = 2004 SCF
0.08 | . 0.8}
0.07 t— Pr(b=0) =0.29
0.06 | 06
0.05 |
0.4}
0.04 |
0.03} 02l
0.02 |
0.01 o_—_
0
0 200 400 600 800 1000 02 | | | |
$ Thousands 0 0.2 0.4 0.6 0.8 1

® Top 10% share: Model: 87%, SCF 2004: 89%
®* Top 1% share: Model: 36%, SCF 2004: 51%
® Gini coefficient: Model: 0.87, SCF 2004: 0.98
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Wealth distributions: Illiquid wealth

Illiquid wealth distribution
O. 16 T T T T

12

Illiquid wealth Lorenz curve

0.14

— Model
- = 2004 SCF

0.12

0.1

0.08

0.06

0.04

0.02

$ Millions )

0.2

0.4 0.6 0.8 1

® Top 10% share: Model: 59%, SCF 2004: 61%
®* Top 1% share: Model: 19%, SCF 2004: 25%
® Gini coefficient: Model: 0.66, SCF 2004: 0.81
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MPC heterogeneity

Fraction of lump sum transfer consumed

1r

One quarter

09+ —TWO0 quarters
One year

0.8}

—
0.7 |
0.6 -

05F —

0.4+
0.2} 7
Quarterly MPC out of $500 = 27%
0.1+
O 1 1 1 1
0 200 400 600 800

Amount of transfer ($)

1000

Quarterly MPC $500

0.6
0.5
0.4
0.3
0.2 §

0.1

>l
1000

0

-10
Liquid Wealth ($000)

0

Iliquid Wealth ($000)

® Realistic representation of micro consumption behavior

20

Kaplan-Moll-Violante, "Monetary Policy According to HANK”




RESULTS
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Total effect of monetary policy shock

® [nnovation e < 0 to the Taylor rule: i =7+ ¢m + €

® All experiments: ¢g = —0.0025, i.e. —1% annualized
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Total effect of monetary policy shock

® |nnovation ¢ < 0 to the Taylor rule:

=T+ ¢m+e

® All experiments: ¢g = —0.0025, i.e. —1% annualized

o
Ul
o
o

—--Output
— =Total Consumption
—Total Investment

_ o5
o N
a 0 h S L 0.5
—iad LI LI LT IT IV ITF TV TF T ~—
o
3 , =04}
- a
S .05} .2 0.3
= z
e 2 0.2
S —Taylor rule innovation: e -
5 = -Liquid return: r° 0.1+
A —=--Inflation:
-1.5 : ' ' ! 0
0 5 10 15 20 0
Quarters

5 10 15

Quarters

20
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Transmission of monetary policy shock to C

ac .  oC ac . .
dC = ﬁd?“ —+ 8—wdw -+ %d’r
W—/ |\ ~ _y
direct indirect
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Transmission of monetary policy shock to C

ac .  oC ac . .
dC = Wd?“ + 8—wdw + %d’r
W—/ |\ ~ _y
direct indirect

-
o
.4[3
5
>
)
= N
I - =Liquid return: 7* (pp annual)
I —--Iliquid return: r* (pp annual)
| —Real wage: w (%)
-1 , | ! !
0) 5 10 15 20

Quarters
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Transmission of monetary policy shock to C

dcz(ao 808T>dr (ao 808T>dw L 00

ort — OT Or® ow  OT Ow Ora

Transfers adjusts: direct effect from »* | on government debt
indirect effect of w 1 on tax revenues
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Transmission of monetary policy shock to C

oC  0C 0T oC  0C oT oC
4C'= <87“b oT 87“5) dr® + <8w oT 8w> dw+ 8Tdr

24% 76%
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Transmission of monetary policy shock to C

oC  0C 0T oC  0C oT oC
4C'= <87°b oT 87“5) dr® + <8w oT 8w> dw+ 8Tdr

24% 76%

—Total Response

— -Direct: r°

—==Direct: T

----- Indirect: r®
Indirect: w

===Indirect: T

o
w

Deviation (%)
o
N

0.1
-0.1 '
o) S 10 15 20
Quarters
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Transmission across the distribution: direct effects

T T 02
0.7 Direct Effect: r°
— =Direct Effect: 77018
0.6
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Consumption response
= =Deposit response
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100

® |ntertemporal substitution: (+) for non-HtM

200 300 400

$ Thousands

®* |ncome effect: (-) for rich savers and (+) for borrowers

® Portfolio reallocation: (-) for those with near-zero income effect

0
500
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Transmission across the distribution: indirect effects

0.2
0.7 —Direct Effects
— =TIndirect Effects|” 0-18
0.6
-0.16
0.5
J -0.14
0.4
gb 0 -0.12
O T ™ e oo o o oo oo e e e mm e e e e e e e
= "0.1
O 0.2F
S B -0.08
0.1+t
L - 0.06
0
L -0.04
01t
L -0.02
02t
! . . . . 10
0 100 200 300 400 500

$ Thousands

® cresponse to (w,T) income: (+) and strong for HtM

® ¢ — / complementarity: (+) for non-HtM
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Role of fiscal response in monetary transmission

T adjusts G adjusts B9 adjusts

(1) (2) (3)
Change in r° (pp) -0.23% -0.21% -0.25%
Change in Cy (%) 0.47% 0.63% 0.09%
Elasticity of Cj to r? -2.10 -3.01 -0.36

® ( adjusts: G translates 1-1 into aggregate demand

® B9 adjusts: no direct stimulus to aggregate demand
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Concluding remarks

® Main finding
» Monetary policy transmission in HANK # RANK
» Intertemporal subst. weak, indirect GE channels strong

» Accurate representation of hh portfolios, wealth distribution,
and consumption behavior matters for monetary policy
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Concluding remarks

® Main finding
» Monetary policy transmission in HANK # RANK
» Intertemporal subst. weak, indirect GE channels strong

» Accurate representation of hh portfolios, wealth distribution,
and consumption behavior matters for monetary policy

®* |Implications for conduct of monetary policy

» Key: fiscal response and functioning of markets
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Concluding remarks

®* Main finding
» Monetary policy transmission in HANK # RANK
» Intertemporal subst. weak, indirect GE channels strong

» Accurate representation of hh portfolios, wealth distribution,
and consumption behavior matters for monetary policy

® |mplications for conduct of monetary policy

» Key: fiscal response and functioning of markets

® Road ahead

» Forward guidance and unconventional monetary policy

» Fiscal stimulus according to HANK
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THANKS!
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Earnings dynamics

Parameter Componenty =1 Componentj = 2
Arrival rate Aj 0.080 0.007
Mean reversion B 0.761 0.009
St. Deviation of innovations ¢ 1.74 1.53

® A career shock perturbed by periodic temporary shocks

©
N N
©
i
> >
= =
(/2] [72]
C < C
) D
o ()]
o ‘ ‘ A‘m : : o :
4 4 5

-2 0 2 0
1 Year Log Earnings Changes 5 Year Log Earnings Changes
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Summary of market clearing conditions

® Liquid asset market
B" = BY

® |lliquid asset/capital market — r¢

K=(1-w)A

® | abor market — w
N = /zf(a, b, z)du

® Goods market — 7

Y =C+ H+ I+ G+ x+ borrowing costs + ©
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