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INTRODUCTION

How important is heterogeneity and inequality in the
amplification and propagation of aggregate shocks?

» Renewed interest in this question since the Great Recession.

» Research frontier in mon. econ: Heterogeneous Agent NK model.

Our objective: quantify the role of market incompleteness in
shaping the response to monetary policy.

How? Develop a general methodology to quantify the
differences between incomplete markets (IM) and complete
markets (CM) models.

Apply methodology to measure the role of market
incompleteness on the effects of monetary policy directly from
micro data.



CHALLENGES TO ASSESSING THE ROLE OF IM

» Current frontier of HANK calibrated to match limited set of
cross-sectional moments (e.g., MPCs, wealth Gini, ...)

» Can be difficult to assess how those moments identify
differences between RANK and HANK

» For example, McKay et al (2016) claimed HANK can solve
“Forward Guidance Puzzle” but a small change in their tax
function leads to the opposite conclusion (while leaving steady
states roughly unchanged)

P Potentially important redistributions across households in
response to shocks that are not informed by the data too much



NEW METHOD TO QUANTIFY THE ROLE OF IM

» Given those challenges, instead of making assumptions we move
directly to the budget constraints of households in the data

» We add a large amount of empirical information to the limited
moments typically used

» To the extent possible, use the data to discipline the important
channels in the model

» Our methodology shows how that can be used to quantify the
difference between CM and IM in response to shocks

» Can’t put everything into the model. Will show how we use the
data and be explicit about what our methodology does and what
assumptions are needed



THEORETICAL OBJECTIVE

» Quantify the differences between CM and IM in the data.

» Therefore: Construct a transfer scheme A; ; which renders the IM
identical to CM (in terms of aggregates).

» Can measure A;; in the data.

> Properties of A;; informative on how close IM and CM are.

» If MP implements the same real rate in RANK and HANK can
use A; ; to recover HANK GE response

» If MP runs a Taylor rule results depend on how much the real rate
changes because of the Taylor rule = will depend on the extent
of price rigidities



Model



MODEL: HOUSEHOLDS

Continuum of ex-ante identical households with preferences:

U= E io B {u(c) — g(hy)}

where:
1-o
u(c) = %
hl+1/(p
h =
g(h) Yit1/e

and 3 € (0,1) is the discount factor.
» Households’ labor productivity {s;};7 is stochastic

» 5, €. ={s!,--. sV} with transition probability characterized
by p(si+1ls:)



MODEL: RECRUITING FIRMS

A representative, competitive recruiting firm aggregates a continuum
of differentiated households labor services indexed by j € [0, 1] and
nominal wages per efficiency unit W

&

1 Ew—1 Sw%l
Hl = </ S]l(hj ) &w dj> .
0

Given a level of aggregate labor demand H, demand for the labor
services of household j is given by:

—&
hjt = h(W/jt;thHt) = (ﬂ> H;.

where W, is the (equilibrium) nominal wage,

1

1 T-&w
W, = < / sj,v1/j1;8wdj> :
0



MODEL: WAGE SETTING

» A union sets a nominal wage Wj; = W, for an effective unit of labor
to maximize profits.

» Quadratic wage adjustment as in Rotemberg (1982):

4 2
0 W, -
SJITW <W ! —HW> Ht'

t—1

» Union’s wage setting problem is to maximize
Vtw (WI—] )

Sjt(l - TW)WZ . g(h(Wt;Wt)Ht)) .
maX/ <Ptth(Wl,Wt7H[) — W d]

- 2
6, [ W, _ . 1 n
— i— | =—— 11| Hdj+-—-V" (W,
/SJIZ (Wt—l ) IJ+1+Vt IH( t)
» Symmetry: hj; = H; and W, = W,. Real wage w; = %’.
C, = aggregate consumption.



MODEL: WORKER HOUSEHOLDS

Can write their problem recursively:

V(a,5:Q)= max u(c,h)+B Y p(s'|s)V(d,s Q)

¢>0,a'>0

ses
subject to
c+d =0+(1-1)"a+(1— Tw)whs—l—ll—‘—i—lMFDMF
Q' =7(Q)

» Tis areal transfer and DMF are dividends from the mutual fund
» A and AMF are how those are allocated across HHs
» Q(a,s) € .# is the distribution on the space X = A x S.

P T equilibrium object determines evolution of Q.



MODEL: FINAL GOODS PRODUCTION

A final good producer aggregates a continuum of intermediate goods
indexed by j € [0, 1] and with prices p;:

1 ey \ BT
Yt:</ yjl‘s d_]) .
0

Given a level of aggregate demand Y, cost minimization for the final
goods producer implies that the demand for the intermediate good j is
given by

p.\ €
1
YVjr :y(PthPm Yt) = <j> Yy,

where P; is the (equilibrium) price of the final good and can be

expressed as
1
1 =3
P,:( / P},%Jj) .
0



MODEL: INTERMEDIATE GOODS PRODUCTION

» Production technology takes capital and labor:

] _ .
y, [ ZKEH - ZF 20
/ 0 otherwise ’

where Z; is aggregate productivity and F is fixed cost of
production.

» Marginal costs given by

(2 ) T

P Price adjustment costs a la Rotemberg (1982):

0/ P, -\’
< L —H) Y,.
2 Pjtfl

» Make profits D¢



v

MODEL: MUTUAL FUND

Collects HH savings A, |, promises real return 7, invests in real
bonds B, and capital K, subject to adjustment costs ®(K,1,K;).
Owns intermediate goods firms and collects profits D/¢

In equilibrium:

el = Fly
1 +rf+1 —0= (1 +7‘za+1)(1 +@1(Kt+1,K,)) +CI)2(KI+27KZ+1)
A1 = K1 + Bt + (K11, Ko).

The total profits of the fund are
DYy = (14 7y = 8)Kipa + (14 r1)Brpt — (1L+ 7)Ao,

MF Dividends distributed according to A
IG Dividends distributed proportional to assets.
So that households receive:

=" +D{G/At+1



MODEL: GOVERNMENT

Government taxes real labor & capital income and provides transfers:

T(wsh,ra,A) = t"wsh+t9r‘a— AT

» Government issues real bonds B,
» Exogenous unvalued real expenditures G;

» Government budget constraint given by:
BH‘] = (1 + rt)B, + Gl‘ — /T[(W[Sitht, r?ag, A«l)dQ

» Monetary policy sets nominal interest rate i

1+,

» Inflation 7; and real rate relationship 1 +r; = 5 T



EQUILIBRIUM

Definition: A monetary competitive equilibrium is a sequence of tax rates
7", 77, real transfers I'y, real government spending G;, bonds By, value
functions vy, policy functions a,11 and ¢;, H;, pricing functions ry, rf, rd, 7
and wy, and law of motion Y, such that:

1. v, satisfies the Bellman equation with corresponding policy functions
a, ¢y given price sequences ry, w;.

2. Prices are set optimally by firms.

3. Wages are set optimally by unions.

4. For all Q € ./ Markets clear

5. Aggregate law of motion Y generated by a,; and p(s;11|s;)-

Focus on steady state equilibria where all real variables are constant, and
constant rate of inflation.



MONETARY PoLICY IN COMPLETE MARKETS

The complete markets economy arises as a special case when there is

no idiosyncratic risk:

YEM = 2 (KM (HEM)! e
ue(CEM) = (M)

(1—¢€)+emc™

mc™M

CM 4+ G+ ZF+ KM — (1-8)KM + (kKM KM)

CM
ﬁ(]+’?+1 )(Ct+1)
M M 1 yiM
T 15
9(71:, 7H>7z:, 71+r,CMe( l H)”fHYCM

(1) (ra) e

awtM

(1—a)yrr ™



MEASUREMENT: DIFFERENCES IM < CM

» Complete Markets:

> Steady state in CM: CSM ASM HEM Y M WM.

» B chosen to match the same capital to output ratio in the data
3k

» Monetary Policy shock: ig = i*,ij,ia,...,if,...1
» Consumption/Assets/Hours/Output/Wages Responses:

CCM ACM
Consumption, Assets: ytc = ﬁ, y;‘ = ’C T
CSS ASS
HCM YCM
Hours, Output: y,” = ﬁ7 %y - tc -
HSS YSS
cM cM
w I’
Wages, Transfers: 7= ﬁ, %r - ’C -
WSS FSS

» Incomplete Markets:

» Distributional Impact of MP — Different Responses
» Compute transfers A; ; to undo — Same aggregate response



IM TRANSFERS

Household dynamic program in response to MIT MP shock:

Vt(a{f‘t/[,si,t) = max >Ou(cl{ﬁ/1, h{y) +BEs,, Vit (a{f‘t/IH,siHl)
it i1 =

subj. to cllﬁ']—l—a{f‘fﬂ =(14(1- T“)rf’lM)aff‘f—l— (1— TW)wah,I-f‘t’[siv,
+ AitF{M + li},WFD?/[F’IM +Ai;
Note: A;; = A(ai0;5i0,---,5i;) does not depend on any choices.

Construct A; ; such that

ar _ o™
clllflt/l,ss - CYC;M
[
hlI'.Zt/I,ss - HsCsM
az[‘,[y+1 _ A%
dusy A



IM TRANSFERS

Related to Werning (2015):
» No savings in that environment, C =Y
» Individual income proportional to output, s; ;Y;

» That implies equally proportional income changes with Y, Vi, j:

siJYt B Sj,zYt

Si,tYss B Sj,tYss
» Typically, does not hold, e.g. with transfers &, Vi, j:

SicYr+ & i Y+ &
Si,tYss_‘_\:*ss sj,tYss + Egs

» We construct A;;,,Aj; so that Vi, j:

Si,zYt + Ay B Sj,th + EtJFAjr
siJYss + s stYss + Egs

P> Preserves heterogeneity: A; not related to Arrow securities.



CONSTRUCT TRANSFERS

> 1. Take away labor income, transfer and dividend change

(Wg/[(l _ TW)h{M SSS, p + )LUFIM kiItWFDgF,IM)

1t

— (WM (L =) sia 4 2T + 43" D)



CONSTRUCT TRANSFERS

» 1. Take away labor income, transfer and dividend change

(Wit (1 =Ty si 4 ATyt + A DYF)

1t

—~wM(1-7 )h’Msl,M,r’M A Dt
» 2. Take away asset income changes

IMSS[(1+(1 a)raIM) (1+(1—T ) aIM)]



CONSTRUCT TRANSFERS

» 1. Take away labor income, transfer and dividend change

(wed! (1= 2 g s+ Al + AT DY)
— (WM (1= T )fY i+ 2T 4+ 41 DY)
» 2. Take away asset income changes

a1+ (1= 79 rs™My — (14 (1 — ™))

it s

» 3. Take away income due to higher assets

(agy ™ —aff) (1+ (1= 7))



CONSTRUCT TRANSFERS

» 1. Take away labor income, transfer and dividend change

(Wi (1= T) iy si+ Aoy A7 DY)

— (WM (1 =) si+ A DM+ 20 DM
P> 2. Take away asset income changes

aI-M’SS[(l + (1 _ Ta)ra,IM) _ (1 + (1 _ Ta)F?’IM)]

1,t s

» 3. Take away income due to higher assets

(ai;"™ —aiif)(1+ (1= )rf™)

> 4. Add resources for consumption

IM IM ,ss
Ciy —Ciy’

Cit



CONSTRUCT TRANSFERS
» 1. Take away labor income, transfer and dividend change

(Wit (1= )y iy 4 2T+ A4 DY)

— (WM (1 — ") B s+ AT+ AN DY
» 2. Take away asset income changes

i (1 (=)™ = (1 (1= )]

it

» 3. Take away income due to higher assets

(@l = alt(1+ (1= 2) ™)

» 4. Add resources for consumption

M

IM ss
Cit

Cit
> 5. Add resources for asset accumulation

IM IM ss
i1 — i



CONSTRUCT TRANSFERS

Taking into account that in the desired equilibrium:

wiM _ M WICM_IWIM_ v _ M
Wi = Wg - (WCM ) ss (}/t )Wss
s
hIM hIM ss Htc 1 hIM,ss ,},H 1 /’lIM ,S§
it - (HCM - ) it ( - )
58
M IM;ss CtCM IM,;ss ,},C 1 IM ,ss
Cir —Ciy = (CCM —-1) it = (v — )

We get:

Ai,t _ (th IMss (YH% _1) l—T )sltthss
_ )vit('yr 11—~1M )LMF YMF DAgIF,IM
[ (1= ) — (1 (1= 1) “=’M>1
= @ =D+ (=) e ok -



PROPERTIES OF Aj;

> A captures redistributive impact:

/Ai,di:O vt



PROPERTIES OF Aj;

P> A captures redistributive impact:

/Ai,di =0 Vvt

» Khnife-edge case (also Werning)

Ai;=0:CM=1IM.



PROPERTIES OF Aj;

> A captures redistributive impact:

P Knife-edge case (also Werning)
Ai;=0:CM=1IM.

> A;; depends on the steady-state joint cross-sectional distribution
of c,a,swh,... <= DATA



EQUIVALENCE BETWEEN IM AND CM

THEOREM
Consider the CM economy {CM KM HM wM 7CM 1 1 i}, The
IM economy with transfers A; ; as above and the same policies has the
same aggregate consumption, capital, hours, wages and inflation
rates as the corresponding complete markets model. Furthermore,
individual consumption, hours, and savings satisfy
M IM ;ss
Cir = ViCip >

IM IM ss
hi; = f’h

IM _ IM ;ss
air+1 — ’}/}Halt-i-l



IDEA OF PROOF

1. Budget constraints are satisfied (by construction)

2. Proposed allocations satisfy Euler equation for all HHs:

_ IM _
(i)™ = BU+r (1=)El(c1)°



IDEA OF PROOF

1. Budget constraints are satisfied (by construction)

2. Proposed allocations satisfy Euler equation for all HHs:

CM ssv—o 14 oM (g E CM s
(CCMCI'J ) - ﬁ( +rt+1 ( -7 )) I(CCM 1t+1)
58
M CICM IM ss
Cir — CCM it
IM Cr+1 IM ss

Cirvl = CCMCuH



IDEA OF PROOF

1. Budget constraints are satisfied (by construction)

2. Proposed allocations satisfy Euler equation for all HHs:

CtCM IM ss\—o a,IM a CE&-A/II IM ss\—o
(CCMCi,t ) = ﬁ(lJrrt{Ll (177’- )>E[(C,CMCi’t+l)
IM p
(CZCM)—O' — (Cgrﬁ/ll)—c(1+r;l+l (I_T))
CSC;M CgM (] + ,ﬂﬁ&j[M(] . Ta))



IDEA OF PROOF

1. Budget constraints are satisfied (by construction)

. Proposed allocations satisfy Euler equation for all HHs:

(M) = B+ M (1) E(Ph)°
C M u

(o (Gl Uiy (=)

i CEM (14 ™ (1 — 19))

. Given that consumption and savings paths identical and only the
consumption block is different, all other optimality conditions
and constraints satisfied and all markets clear



RETURN HETEROGENEITY

» Evidence of heterogenous returns across households

» Incorporate return heterogeneity A/,(1+ (1 —7“)r{) on their
assets a into the model

» This gives the following definition of A; ;

Aip= (¥ — 1)0%” Consumption
— (Y 1w (1 -7 Y)si, tth o Labor
— A, t(?’tr - 1)F ! Transfers
+ IMSS}‘ V4+rss 1—t)(1—%'%)) Assets
IM 55

4 t+1 1~ Savings



MAPPING TO DATA

Use comprehensive data from the PSID to construct the HH budget
constraint:

C,+at+1 = A«r<1 + (1 — Ta)rgs)at+ (1 — TW)Wh,S;—I—l,F

» ¢, total household expenditures

> A"(1+(1—1%)ré)as, household wealth + asset income less the
capital tax bill T{f,, where A" allows for return heterogeneity.
» (1 —17")whs;, household labor income less the labor portion of

the tax bill 77,.

» AT, total government and private transfers (social security, UI
benefits, TANF, SSI, other welfare, VA pensions, disability,
alimony, child support.)

» a1, calculated as the residual of the previous items such that the
budget constraint holds.



PSID DATA, AGGREGATES

Consumption
Saving, Ary1
Wealth, A,
Asset Income
Labor Income
Transfers
Dividends
Taxes

1,952,278,226
18,521,166,788
19,063,437,809
217,406,381
2,516,248,282
197,007,137
124,371,449
-734,704,632




PSID DATA, MAPPING TO MODEL

> We want data/model consistency: PSID <> model aggregates

Y=G+C+68K

Y =D+ wH+ K
e=D)y
r=7T"*_yB—G
A=K+B
*=F+8=r+6

ra:’~,a+dIG:r+dIG

(D
2
3)
“)
(&)
(6)
(7
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PSID DATA, MAPPING TO MODEL

We want data/model consistency

PSID ‘misses’ wealthy households and certain consumption
categories (e.g. health expenditures)

We add representative top 1% to match aggregate A/wH — r?
Assume labor share of 0.64 — Y

Assume firm profits are distributed as dividends — €

Fix K /Y to the data counterpart — r, 8, r*

Remaining items G/Y,C/Y,B/Y balance accounting identities.
Rescale consumption based on C/Y = 0.655, close to NIPA.



PSID DATA, MAPPING TO MODEL

Description Quarterly Values
Fixed to match
wysHg/Yss  Labor share 0.640
K5/ Yss Capital to output 13.392
Ags/Yss Asset to output 18.8432
Measured
r¢ Return on assets 0.0080
r Interest rate 0.0064
[/ Y Transfers to output 0.0501
Tys/Yss Taxes to output 0.1868
€ =Dy /Y,; Dividend to output 0.0316
o Output elasticity 0.3391
T'ebor [ywH  Labor income tax rate 0.2565
Residuals
Cys/Yss Consumption to output 0.6548
By /Y5 Debt to output 5.4515
s Rental rate 0.0245
0 Depreciation rate 0.0182
Gys/Yss Gov’t expenditure to output  0.1021




MONETARY POLICY SHOCK IN RANK

o Output i Nominal Rate o Consumption
08 0.1
05
06 -0.2
1 04 0.3
02 0.4
15
0 0.5
2 0.2 0.6
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
i M1 i
03 1 0.02
0
0.25 08
-0.02
0.2
06 -0.04
0.15
04 -0.06
0.1
-0.08
0.2
0.05 01
0 0 012
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

25 BP innovation to the Taylor Rule in RANK



MODEL: DISTRIBUTION OF A; AT t =0
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MODEL: DISTRIBUTION OF A; AT t = 1

-5000
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MODEL: DISTRIBUTION OF A; AT t =2

25
i
e

0+ Lyt e,

-2000
-4000

-G000
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GOING FROM AS TO AGGREGATES

We’ve now constructed A (a,y) in the data

To construct impact on aggregate consumption AC; we need the
MPC:s to those transfers

Want MPC, i(a,y), the aggregate consumption response in time ¢
to a transfer in time k to a household with (a,y) in period k

Can’t directly measure in the data, so compute MPC; x(a,y) in
HA model

oo

AG=Y / A(a,y)MPC,y(a,y)dady

k=0
acd ye¥



VALIDATION USING MODEL GENERATED DATA

% deviation

-1.5

_MPCi,tXAi,t

—=HANK w/RANK prices

RANK

— HANK w/RANK prices +MPC“xAit

20
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40



CAN WE RECOVER THE GE HANK IRF?

» Theory tells us difference between RANK and HANK for same
price sequence

» Ideally, want to recover the GE HANK response to MP

> We show (next slides) our methodology:

» Delivers HANK GE response if MP implements the same real
rate in HANK as RANK

» If MP runs a Taylor rule, results depend on how much real rate
moves:
> If prices are very sticky, rRANK ~ pHANK —
= GEHANK ~ GERANK _ AC



GENERAL EQUILIBRIUM

» To first order we, our theorem tells us we can express
dYFNK = T (—Br*NEY 1 AC + MTRANK 1 Y dy RANK

where AC is as defined before, an MT, M” and MY are matrices
which represent the consumption response in the HANK
economy to shocks to transfers, real rate, and output, respectively

» For HANK we have (#ANK gubs. FRANK)
JYHANK _ pgT (_ BrHANK) 4 M7 HANK | ¥ gy HANK
» Differencing between that and the HANK GE response:

JdYRANK _ gyHANK — _ pfT (_ B(rRANK _ rHANK)
+ MY(dYRANK o dYHANK)



GENERAL EQUILIBRIUM

If MP policy implements the same real rate, then all of the
difference terms cancel, and dY®ANK — qyHANK ~ AC

If prices are very sticky, then for the same nominal shock
PRANK o pHANK "so again dYRANK — gyHANK ~ AC

If prices are (counterfactually) flexible, then the inflation
responses will be different, leading to different real rates from
the Taylor rule.

Working on a way to recover the HANK general equilibrium, but
would require more model assumptions



WITH MP IMPLEMENTING SAME REAL RATE
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BENCHMARK, SLOPE OF NKPC =0.03

% deviation
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% deviation

SLOPE OF NKPC =0.1

— RAN K-MPCi X Ai

t
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% deviation
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% deviation

0.1

SLOPE OF NKPC =1

_— RANK-MPCi t><Ai i

—RANK
HANK GE

10 20 30 40



DATA: DISTRIBUTION OF A; AT t =0

100=—*“‘“’ﬂJHJHJ#JH:HrHﬂq—_hhﬁtﬁ——__h‘1qq—__h““”
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DATA: DISTRIBUTION OF A; ATt = 1

-5000 = 0.6 0.8
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DATA: DISTRIBUTION OF A; AT t =2
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DATA: DISTRIBUTION OF A; AT ¢ = 3
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DATA: DISTRIBUTION OF A; AT t = 4
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CONSUMPTION RESPONSE TO A IN PSID
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CONCLUSIONS

HANK model predictions are very sensitive to assumptions on
the distributional effects of shocks and policies.

Developed a new methodology to theoretically analyze the the
consequences of market incompleteness using micro data.

Find significant differences between RANK and HANK

Next steps:

» Measures of MPCs directly from data.

» Better understand the importance of nominal vs real fiscal
policies.



Thanks!



