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Imperfect risk sharing and business cycles

Does households’ heterogeneity matter for business cycles?

Recent literature (Incomplete markets + New Keynesian models): answer is “yes”
® ]diosyncratic income risk and debt limits affect households’ saving behavior

® Time-varying precautionary motives affect aggregate demand

Challenging to quantify these channels. Answer depends on modeling of
risk-sharing mechanisms available to households and the risk they face

® Ex: Bond vs. two assets (liquid vs illiquid) economy behave very differently

® Ex: Cyclicality of firms’ profits/timing of fiscal transfers matter for quantification

‘We propose a simple method to quantify the importance of imperfect risk sharing
for the business cycle and to help researchers discipline these modeling choices
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Our approach in a nutshell

Large class of New Keynesian models with heterogeneous agents

® Assets, financial constraints and nature of idiosyncratic risk mostly unrestricted

RA representation (Nakajima, 2005): same aggregates as RA economy with
state-dependent preferences wedges

® Discount factor (captures deviation from perfect consumption risk-sharing)

® Disutility of labor (captures changes in labor composition)

Our main observation: Preference wedges are functions of households’ consumption
shares and relative wages

1 Use the CEX to measure the preference wedges

2 Use representation to measure the macro implications of imperfect risk sharing

2/27



What we find

1 Deviations from perfect risk sharing account for only 7% of output volatility on
average. But can explain 25% of drop in output during Great Recession

® Due to an increase in the measured discount factor wedge

® In New Keynesian model, this shock reduces aggregate demand and inflation if
nominal rate does not respond.

® Thus, at the zero lower bound, aggregate effects can be sizable.

2 Why the discount factor wedge increases during Great Recession?

® Increase in consumption volatility of savers

® Due to increased sensitivity of consumption to income rather than increased income
volatility

3/27



Outline

1 A class of New Keynesian models with heterogeneous agents

2 RA representation

3 Measuring the preference wedges

4 An application to the US Great Recession
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Overview

We consider a class of New Keynesian models with heterogeneous agents

® Macro block: Standard three-equations NK model
® Rotemberg (1982) price-adjustment costs
® Aggregate shocks: preference, technology and monetary policy

® Can consider different macro blocks

® Micro block: Consumption/saving problem under idiosyncratic income risk

® Allow for many assets (nest the complete markets case)

® Introduce transaction costs and trading restrictions

4/27



Preferences and technology

Aggregate and idiosyncratic states: z; and v.. Let 2 = (zo, .- ., 2),
V= (vo, ..., ), 8" = (Z,V"), with Pr(s'|s"™") = Pr(v'|Z/, v~ Pr(Z'|z"™")

Households’ preferences

) o(sh) =7 o 1+
Z ZPr(st|So)5’9(Z’) { (1 3 o Xl(l J)r P }

Competitive final good firms use intermediates to produce final good

Y() = (/Olyi(z’)”%ﬁ)M

Monopolistic competitive firms use labor to produce intermediate goods
Yi@) = A(z)mi(<)

where 7;(Z') is labor in efficiency units. Quadratic price-adjustment costs
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The problem of the households

Households choose labor, consumption and savings

c (st l—o s 1+Y
Clhr?ti)}ikEKZZPr |SO 189 @) |: (130 7Xl(1-)i-l/
subject to
Det6) + S ()7 (fr ()} o (03.4) + 55
ke
<W () ew)l(s") +b (s’fl) + Z Ry (s’fl,s,> a (5’71) + T(s")

kex

H (b(Sl)y {aj(s')}ke)c,s') >0

® 7(.) are transaction costs, (.) trading restrictions
® No transaction costs for b
® 7,(.) > 0so agents with highest marginal valuation for b are on Euler equation

® Nests large class of economies with incomplete markets
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Closing the model: Macro block

® New-Keynesian Phillips curve = * Deuils

7 (d) = #_I)Y(z’) {M:\V((i)) - 1} + ZQ(Z'HIzt)fr (z”rl)
Faa

where we define 7 (z') = [(7 (') — 7)/(1 + 7)] X [(7(Z") + 1) /(1 + 7)]

® Monetary policy follows standard Taylor rule

=i () ()] o)

® In equilibrium, labor, goods and financial markets clear
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Heterogeneity and the Euler equation

Euler equations in the model

1+1 c (s’ s, -7
i(i’) =AW Hy+ 83 Pr (1) {14?(;(%11) ( (c(s’)m) }

St+1
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Heterogeneity and the Euler equation

Euler equation holds for household(s) with highest marginal valuation

1 t t 4 t+l) c(s'ys1)\ 77
i<zf>:Bni?xs%“lm(s“s){l#(z’“)( c(sf)+l) }
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Heterogeneity and the Euler equation
Divide and multiply by [C(z™")/C(z)] ™

L_ max r (s s o2+ c(sthy/c@THN 77 [ C () —o
i(z") =B W ZP ( ‘ ){1+7r(zt+l)( c(s)/C(z) ) < @) ) }

St41

7127



Heterogeneity and the Euler equation

Aggregate C, T and i satisfy the Euler equation

. 0zt B(, 2+ C(Zt-‘rl) -7
l(z) fﬁmaXZPr( +1Z){ 1+ 7@+ ( C(7) > }

241

where

]1 I+1 " ) (H—I,Z[-H)/C( x+1)
)= 2 Pl (Y

t+l)

Same FOC of RA agent economy with state-dependent discount factor 5(V', 7

Remark: Conditional on allocation, 3(v', z"') does not depend on {K, 7", H}
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Heterogeneity and labor supply
Optimal labor supply

XI(s)" = w()e(v)e(s) ™
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Heterogeneity and labor supply
Multiply both sides by e(v,)C(z") ¥ and aggregate across households

1 o 1 I+ N1~
X |:ZPr(vtzr)e(v,)l(s'):| )P =w()® {Zpr(v’z’)e(v,)lt [é(é))] ”}

Le(2)
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Heterogeneity and labor supply

Aggregate C, w and L, satisfy the condition

w(Z)xLe(2)¥ =

where

PN " -
W) = {ZPr(vwz’) E=Il e(w)ﬂ}

Same FOC of RA agent economy with state-dependent disutility of labor

Remark : Conditional on allocation, w(z') does not depend on {K, 7, H}
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RA representation

Suppose {C(z'), Y(z'), m(z'),i(z") } are part of an equilibrium, then they satisfy

- Y (@) Y(2)¥C ()7 w(z) : :
I e i R LG

1 B g | 9(21-»-1 V/ 1+1) C(Z"H) -9

i(z’) = ﬁmaX;Pr + | { 147 Z;+1 < C(Z’) > }

i(7) = max<[i(Z~)P|i (&) o X

@) = {[( w» [ ( 1+7 ) (Ypol( ’)) } ¢ p{em(zt)},l}

k [n(Z) —#]?

Y(Zt) _ C(Zt) + 5 [ (IZiﬁ :|

Key observation

® Knowledge of {3(V',z"""),w(z")} is all we need from the micro block to
characterize law of motion for aggregate variables

® Macro effects of imperfect risk sharing isomorphic to standard "demand" and
"supply" shocks in NK model
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Complete markets benchmark

Suppose set of assets include Arrow-Debreu securities and no trading restrictions or
transaction costs. With our preferences, consumption shares are constant

@) ©(vo)

so B(v',ZT") and w(z') become

r r 1 C(Vtvzt)/c(zt) 70_

N5 i —¥
)= {ZPr(vwz’) E=IE e(vw“}

-
{ZPr ) wew)'ff} = W™ ()

With complete markets, idiosyncratic income risk only affects the propensity to work
at the aggregate level
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Imperfect risk sharing

When markets are incomplete, consumption shares vary — 3(v', z"") can vary

Promising: Discount factor shocks important to explain Great Recession in
representative-agent economies

® 31 — representative household wants to save more

® Aggregate demand and inflation fall. Large effects if ZLB binds

HA economies endogenously induce time-variation in 5. What mechanisms?

1 Time-varying idiosyncratic risk (Heathcote and Perri, 2018, ...) * Example

® Increase in idiosyncratic income risk + incomplete markets — more precautionary
savings — as if B T

2 Tightening of borrowing constraints (Guerrieri and Lorenzoni, 2018)

® Consumption risk increases — more precautionary savings — as if 8 1
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Using the RA representation

RA representation has two important implications

1 Sufficiency: {B(V',z""), w(z')} summarize the importance of the micro block
for aggregate outcomes

2 Invariance: the mapping between individual allocations and wedges is invariant
to the details of the micro block

These two properties make the RA representation useful for model evaluation

o {B(V,7Th),w(<")} are ideal calibration targets

® Use the RA representation to assess role of imperfect risk sharing by solving for
a "complete markets" counterfactual
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Data

® We use the CEX (1992-2017). Head of household between 22 and 64 years old

® Data definitions

® Consumption: Dollar spending in non-durables and services
® Earnings: Labor + business income
® Hours: Total hours worked per year

® Net worth: Total assets (checking/savings accounts, bonds, stocks, house, car) minus
total liabilities (mortgage and car loans)

® Mapping between model and data

® Measure at household level and adjust for number of members

® Control for characteristics that are not in the model: education, age, sex, race and
state of residence
® Setoc=1andy =1
» Comparison to NIPA » Households’ characteristics » Measurement errors

13/27



Constructing 5(v', z'+1)

! M+t c(@V)/C()
Pr(
Z r(vip1lz V) |:C(Zt+1,vt7vt+1)/C(Z'+l)
Vi+1

‘Want

® Expected inverse change in consumption shares for an individual with history V'

Problem

® For each individual, v/, we observe only one realization of v,
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Constructing S(v', z'+1)

! M+t c(@V)/C()
Pr(
Z r(vip1lz V) |:C(Zt+1,vt7vt+1)/C(Z'+l)
Vi+1

What we do
® Group individuals with same history V'
® Compute realized cross-sectional mean of inverse change in consumption shares

® By law of large numbers, it equals 8(v',z' ")
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Constructing 5(v', z'+1)

! M+t c(@V)/C()
Pr(
Z r(vip1lz V) |:C(Zt+1,vt7vt+1)/C(Z'+l)
Vi+1

In particular
® Group individuals by income and net worth

® Logic: Sufficient statistic for v' in baseline incomplete markets economies

® Within each group i, compute
Ng

1 /G
Borsr :72L

Ne = cier1/Cr
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Discount factor wedge

Mean(f,;) Corr(Bes, Beu—1) Stdev(Be:)  Corr(Be.s, ¥i)

Low income/low net worth -0.03 0.38 0.04 0.12
Low income/high net worth -0.02 0.63 0.05 0.25
High income/low net worth 0.00 0.53 0.04 -0.15
High income/high net worth 0.01 0.33 0.04 0.12

® High income/low net worth households have a relatively high and countercyclical
discount factor wedge

® Natural choice to be group of financially unconstrained households
(attaining the maximum in Euler equation)

C C C
max E, |:ﬁi,t+l 7[:| = max {Et[ﬁi,H—l]Et |: ! :| + Cov, <,Bi,t+l, 7t) } .
4 Ct-H i Ct—l Ct-H
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Path for the discount factor wedge

11

1.05
L

o

1990 2000 2010 2020
Year

Discount factor wedge increases during great recession

» Robustness
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Constructing w(z')

N5 m ¥
w(Z) = {Zprmzf) [C((Z))} “ e(v,w”}

® For each household, compute e¢; = wi;/W; and i = cit/C;

® Compute cross-sectional average
| o -
2 —1
wr = |:N Zeit X Pir :|
i=
® For w;™, set distribution of consumption shares to 1992 value

N N B
1 1 - T
W = {N Z el x N Z Pirg0 + Cov (6,'21992, ‘Pi19192)]
i=1 i=1
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Path for w(z") and w*™ (')

Cross-sectional variance of 8,

35

1990 2000 2010 2020 1990 2000 2010 2020

a) w; and w™ b) Cross-sectional variance of e;,
t

® w; mostly driven by increase in dispersion in relative wages

® Not much difference between w; and w;™
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Stochastic process for the wedges

Assume markov structure for the states
Equilibrium induced by RCE — wedges, T, are functions of aggregate states

First-order approx of wedge dynamics:
Tt =A XX +Bx % +C Xz,

Problem: some states in HA economy not defined in RA representation
® j.e. cross-sectional distribution over assets and income

Our approach: proxy for missing state variables with lags of T

T =L)X T+ A X X +Bx 2 +Cx 2% + e,

Test our procedure using simulated data from

® Krusell and Smith (1998) > kS

® Guerrieri and Lorenzoni (2017) * 6L
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Counterfactuals

We have detected an increase in §; during the Great Recession. Is it big enough to
induce sizable macroeconomic effects?

We use RA representation to answer this question
® Estimate structural parameters using data on {Y;, 7, i;, B, wr }
® Apply particle filter to estimate {6, A, € }

® Solve equivalent RA economy under complete markets and compute
counterfactual y™ = {¥;™, 7{™, i{™ } by feeding {6, A, €m,r, wi™}

Contribution of imperfect risk-sharing to macroeconomic aggregates

cm

Y=y
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Estimation

Stochastic process for shocks and wedges

® Structural shocks orthogonal

® Wedges can depend on structural shocks
State vector: S; = [é,,A,,sm,,, i—1, T4].

Weseto=1l,v=1u=12,x=1/u,7=0.02,8=0.99
Remaining parameters: [k, pj, Yx,Yy] and those of stochastic process

Evaluate likelihood function of equivalent representative-agent economy and
estimate parameters using Y, = {Y:, 7, ir, Br, w: } as observables

» Parameters » Model fit » Montecarlo
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Imperfect risk sharing and the business cycle

RA CM M, w"=w RA,o3=0
Stdev(¥;)  4.05 3.79 3.82 3.99
Stdev () 1.39 0.96 0.94 1.36
Stdev(i; 2.20 1.90 1.84 2.17
Corr(V:,m)  0.45 0.12 0.22 0.42
Corr(Y:,i)  0.17 -0.36 -0.11 0.13
Corr(m, i)  0.51 0.33 0.31 0.49

® On average, deviations from perfect risk sharing have small effects on output

® Away from ZLB, monetary authority dampens impact of discount factor wedge
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Imperfect risk sharing and the business cycle

RA CM CM,w™=w RA,o3=0
Stdev(¥;)  4.05 3.79 3.82 3.99
Stdev () 1.39 0.96 0.94 1.36
Stdev(i; 2.20 1.90 1.84 2.17
Corr(V:,m)  0.45 0.12 0.22 0.42
Corr(Y:,i)  0.17 -0.36 -0.11 0.13
Corr(m, i)  0.51 0.33 0.31 0.49

® Differences between RA and CM are mostly driven by the movements in the

discount factor wedge
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Imperfect risk sharing and the business cycle

RA CM M, w™"=w RA,o3=0
Stdev(¥;)  4.05 3.79 3.82 3.99
Stdev () 1.39 0.96 0.94 1.36
Stdev(i; 2.20 1.90 1.84 2.17
Corr(V:,m)  0.45 0.12 0.22 0.42
Corr(Y:,i)  0.17 -0.36 -0.11 0.13
Corr(m, i)  0.51 0.33 0.31 0.49

® Are differences driven by different propagation of the structural shocks,
(As, 04, €m,:), or by innovations of discount factor wedge?

® Most of the aggregate effects of imperfect risk sharing arise because incomplete

markets amplify the effects of structural shocks.
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Estimate latent shocks via particle filter

Output Nominal Interest Rates Inflation
4 6 4 E——
20 i :
0 \
2
2 _ 0
i 0 FRRTRE i
2008 2010 2012 2014 2016 2008 2010 2012 2014 2016 2008 2010 2012 2014 2016
Discount factor wedge Labor disutility wedge
0.1 o ;
0 [ s >
|— /& I i
0.1 .- _ N
02 1 ~
‘ gl : :
2008 2010 2012 2014 2016 " 2008 2010 2012 2014 2016
Emit Discount factor
- 0.02
0 / 3
-0.02 / i j
Vo | A A
004N : o5 et Bl = ~Bilf]
2008 2010 2012 2014 2016 2008 2010 2012 2014 2016 ’ 2008 2010 2012 2014 2016
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Counterfactual

Feed estimated {0;, A;, €., } and w;™ on model with 5, = 1 V¢

Output 0 Nominal Interest Rates 5 Inflation

¥

'
N

y,

8 : 6 I 1 4 . i
2008 2010 2012 2014 2016 2008 2010 2012 2014 2016 2008 2010 2012 2014 2016

Milder recession (= 25%) in 2009-2010 if households perfectly insured
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Inspecting the mechanism

Increase of 3; during Great Recession consistent with studies that explain
depressed aggregate demand via a disruption in risk sharing

Can use info in CEX to evaluate different mechanisms in literature

Increase in 3, driven by an increase in dispersion of consumption changes

® Inconsistent with Two agents New Keynesian models

Two mechanisms emphasized in the literature
1 Increase in labor income dispersion (Bayer et al., 2019; Challe et al., 2018; ...)

2 Increase in consumption sensitivity to labor income (Guerrieri and Lorenzoni, 2017;
Jones, Midrigan and Philippon, 2018;...)

We find evidence consistent with the second channel but not the first
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Why does [3,, increase in Great Recession?
Mechanically, (3, can increase because of two forces

® The average consumption share of the group falls

® The dispersion in consumption share within the group increases

N,
1 = [Cert1/Cou
1 = Alog(C — Alog(C ! — —& e
og (Bg,+1) 0g(Ci1) 0g(Cy,r41) +log N, ; { P
Avg
Bt
Bl
2005 2010 2015 2020

Year

Discount factor wedge =~ —e—— Jensen

Essentially all variation due to Jensen component
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What is the driving mechanism?

® Check distribution of income changes over time for unconstrained households

® Check consumption share sensitivity for unconstrained households

ACit+1 = Qi1 + i1 AVirr1 + Eirg1

iy
) B

2005 2010 2015 2020 2007 | 2009

i

—1

Zdll Zdl3 2615 Zdl7
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Conclusion

Novel approach to evaluate macro models with incomplete markets

Measure preference wedges of equivalent RA economy using the CEX

Document increase in discount factor wedge around the Great Recession

® Sizable aggregate effects when interpreted through the lens of NK models

Use CEX to discriminate mechanisms that can generate increase in /3

® Evidence in favor of models that emphasize deterioration of risk sharing mechanisms
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The problem of intermediate goods producers

® We assume that the firm discounts future profits using the real state price

0 (Zz+1) _ ﬂm‘%x {Pr (ZH']IZ') 6(1’+]) ZPr <v1+| \z""',v’) l:c (it-(&-zlt:::;-‘)] }

Vi41

® The firm’s problem can be written recursively as

)
V) = ) -

+ YoV (p )

Z+1

| x
| —
-
—

)
+|S
Bl

I
—_
—_
0~

subject to
Y < Az)n;

. (Pf;) ) w/(1=p) v
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A simple example

® Assume o = 1

® [aw of motion for idiosyncratic efficiency

Alogle(v)] = 70(2&) + o(z)ev,

® Asset market structure

® Households can only trade a risk-free bond
® Face a tight borrowing limit: b(s") > 0
In equilibrium financial autarky: every agent is hand-to-mouth
® Labor supply is the same for all households (¢ = 1)

¢ Individual consumption: ¢(s") = e(v,)C(Z")



Idiosyncratic risk and aggregate demand

We can compute the “micro block”

BH, 7T = ZPr(v’+l|vt,zt+l) exp {—Alogle(vi+1)]}
= exp{o(Z*)}
w@) = 1

Mechanism: high expected o (z:+1) increases precautionary motives. Higher desired
savings manifests itself in the aggregate as increase in 3

In benchmark NK models, these shocks lead to a fall in aggregate demand
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Comparison with NIPA Aggregates

Consumption Income
@
o
©
: ' T : : : T .
1990 2000 2010 2020 1990 2000 2010 2020
CE ———- NIPA CE ———- NIPA
Hours
wn
e
P - —
wn - - “\ P
n
@
1990 2000 2010 2020
CE ———- PWT
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Households’ characteristics in 2006

CEX
Age of head 44.10
Household size 271
Head with college (%) 34.25
Consumption expenditures per person ~ 10330.98
Labor income per person 26456.95
Disposable income per person 26492.00
Hours worked per person 1301.17
Wage per hour 21.69
Household’s net worth 142174.40
Liquid assets 14296.21

Notes: The sample size is 2328 households. All statistics are computed using sample

weights. All monetary variables are expressed in 2000 U.S. dollars.
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Measurement errors
A concern is that time-series variation in {8, w; } are due to measurement errors.

® One form of measurement errors is recording errors that create extreme outliers.
We remove top and bottom 1% for all variables used in the analysis

® We follow Vissing-Jorgensen (2002) and compute semi-annual changes in
consumption to minimize both time aggregation and category switching concerns

Cm + Cm+1 + Cm4-2 + Cm+3 + Cm+-4 + Cm+5
Cm+6 + Cm+7 + Cm+38 + Cm+9 + Cm+10 + Cm+11

® [ as cross-sectional averages across individuals. Under classical multiplicative
measurement errors (ci; = ¢ir X exp{ni:}), we have as N — oo

Bi ~ gir x exp{oq}

® We introduce measurement errors on {3, w; } (10% of their sample variance)
when estimating the model and performing counterfactuals
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Path for ;. for each group

T T T T
1990 2000 2010 2020

Baseline = 0———-- CE
— === Allincome reporting ~ --------- Liquid Assets

Pattern robust to alternative partitions based on income, assets, liquid assets
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Distribution of income changes

Distribution of Income changes

Yn Households pl p5 pl0 p25 p50 p75 po0 P95 P99
2006-2007 025 044 069 080 094 1.06 1.23 1.41 2.00
2008-2009 021 045 069 081 095 1.07 1.23 1.38 1.89

Yy, NWy Households
2006-2007 025 044 061 080 094 1.05 1.23 145 2.06
2008-2009 023 044 058 079 095 1.06 124 143 1.93

® For high income households, distribution of income changes very similar before
and during Great Recession

» Return



Sensitivity of consumption shares to income

We estimate the following relation, conditioning of y;; /yi—1 < 1

cir—1/Ci—1 _ Yit

=a+ f—— + drec; + v Vit X recy + ejy,
cit/C Vir—1 Vir—1

Consumption Response to Income Changes in 2006-2009
All Groups

Separate Groups
YL, NWp) (Yo, NWu)  (Yu,NWp)

(Y, NWg)
a 1.468%##* 1.726%** 1.472%%*

1438+ [.318%%*
(17.49) (7.95) (11.77) (7.66) (10.22)
B 0247 -0.579%+ 0213 -0.203 -0.0909
(-2.47) (-2.28) (-1.39) (-0.90) (-0.59)
5 0.287 -0.240 -0.0274 0.179 1.078%*
(1.59) (-0.88) (-0.16) (0.73) (1.96)
-0.369% 0.220 -0.0584 -0.198 1272
(-1.74) (0.69) (-0.28) (-0.68) (-1.96)
N 9016 2032 2166 2305 2513

® For high income/high net worth households, consumption shares more sensitive to income
changes in Great Recession
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Bayesian estimation

Estimate the first-order approximation of the model with Bayesian methods

Prior Posterior
Parameter  Distribution Mean St. dev. Mean  90% Interval
4X K Gamma 85.00 15.00 7371  [52.17,93.81]
pi Beta 0.50 0.25 0.57 [0.34, 0.80]
Yr Normal 1.50 2.00 3.72 [1.91, 5.41]
Yy Normal 1.00 2.00 0.18 [0.00, 0.42]
Po Beta 0.50 0.28 0.69 [0.49, 0.90]
Pa Beta 0.50 0.28 0.91 [0.83, 0.99]
D38 Beta 0.50 0.25 0.33 [0.06, 0.55]
Dy Beta 0.50 0.25 0.86 0.74, 0.99

[ 1
100 x 09 InvGamma 1.00 5.00 2.48 [1.02, 4.02]
100 x o, InvGamma 1.00 5.00 2.18 [0.73, 2.89]
100 X 0,  InvGamma 1.00 5.00 1.94 [1.15,2.69]
100 x o3 InvGamma 1.00 5.00 2.24 [1.51, 2.96]
100 x 0, InvGamma 1.00 5.00 2.28 [1.29, 3.25]
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Monte Carlo Analysis

® We consider Krussel and Smith (1998) economy: RBC model where households
® Face idiosyncratic productivity risk: /; € {0, £}

® Can save by accumulating capital

® Two parametrizations:

® KS calibration: p(ly = 0|z; = G) = 0.04, p(l;; = 0|z; = B) = 0.10 and
unemployment duration of 1.5 (2.5) quarters in good (bad) productivity states

® “High risk” calibration: p(li; = 0|z = G) = 0.30, p(liy = 0|z; = B) = 0.2x and
unemployment duration of 1.5 (7.5) quarters in good (bad) productivity states



RA representation of Krusell and Smith (1998)

Since labor is inelastically supplied, there is no labor supply condition of households,
$0 Trt1 = [Bi,i+1, - - -, Biyi+1]” does not contain wy. Thus

T =PL) XT,+AXK+BxA+CxAy + e
So, the RA representation is

Yo = Ky +GC
Y, = AK?

C1\ ° [ Y }
1 = ma E ,- « +(1=56
,Bﬁi,r+1€}1gr+1 r{ﬁ’&l ( G ) { Kiti ( )

Shocks and frictions at the micro level are isomorphic to a time-varying discount

factor in an otherwise standard RBC model  * reum



Monte Carlo using using Krusell and Smith (1998)

® We test our procedure using simulated data from KS (1998)

® In each sample we compute 3, for our four groups and estimate their stochastic

processes

® Then we use RA representation to compute IRFs and compare to HA model

Krussel and Smith calibration High Risk calibration
Mean(fB,,+1) Mean(EEq, 1) R? Mean(fB,,+1) Mean(E, 1) R’
Yi/nL 0.004 -0.060 0.032 -0.032 0.082 0.030
Ve,i/Ra 0.015 -0.015 0.031 0.029 0.035 0.030
Ve, /nL 0.015 -0.014 0.031 0.079 -0.008 0.029
Ve, /NH 0.015 -0.014 0.032 0.078 -0.006 0.028




IRFs to a a negative TFP shock
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(d) High Risk calibration
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RA representation of Guerrieri and Lorenzoni (1998)
In a recursive competitive equilibrium, the exogenous aggregate state is
7 = 7" = [¢,], and there are no exogenous states that are directly part of the RA
representation, zX* = (). The endogenous aggregate state is X, = X*** = W,(6, b)
where U, is the joint distribution of individual productivities and of asset holdings,
and there are no endogenous states that are directly part of the RA representation,

X/ = .
Tt-H =A + (I)(L) X T, + Er41
So, the RA representation is

Yr = Cr
C % = w[l-v]"

Cx+l 7
B'BMI%I}%)T(H_] t{ﬁr,f—i—l ( C ) } 1y

where w; is given by

1 K
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Model Fit

Data  Model (linear) Model (non-linear)
Mean(m;) 2.69 2.00 1.87
Mean(i;) 3.87 3.00 3.57
Stdev(Y;) 4.15 342 5.85
Stdev () 1.23 1.59 1.50
Stdev (i) 3.02 2.68 3.16
Corr(Y,, Y,—1) 093 0.85 0.81
Corr(ir, ir—1) 0.90 0.72 0.42
Corr(m;, m—1)  0.51 0.14 0.17
Corr(Yy, ir) 0.11 -0.08 0.04
Corr(Yy, ) 0.14 0.12 0.14
Corr(i;, ;) 0.71 0.52 0.68

» Return



Model with capital

We consider version of the model with physical capital. At the ZLB, positive
comovement between consumption, investment and output conditional on 3; shock

. 144,
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