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Motivation
@ There is a growing literature incorporating household heterogeneity
into closed economy New Keynesian models.

@ With household heterogeneity, the monetary policy transmission
mechanism is changed.

@ The role of household heterogeneity, however, is less explored along
the international dimension.

@ In this paper, we study how the consumption heterogeneity affects
monetary policy transmission mechanism and the choice of optimal
monetary policy in open economy.
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» Ricardian households: with access to financial market, they can
smooth consumption over time by borrowing and lending. They are like
a standard utility-maximizing agent.

» Keynesian households: no access to financial market, they are
hand-to-mouth agents and consume their disposable labor income
every period.

» The degree of heterogeneity: the share of Keynesian consumers is
ne[0,1].

» The benchmark model assumes the same degree of heterogeneity for
the two countries. This assumption is released in the extended model.

@ We explore the monetary policy transmission mechanism and optimal
policy under various pricing strategies (PCP, LCP).
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@ The traditional wisdom:

» RANK in a closed economy: lower interest rate==-households increase
their current consumption==>production goes up.

» Clarida, Gali and Gertler (2002): with log consumption preference, the
spillover effect on production is nil. Foreign consumption goes up due
to fully risk-sharing condition.

@ In our model with PCP and log consumption preference:

» There are sizeable ranges of household heterogeneity n in which
monetary policy become ineffective. That is, an interest rate cut leads
to the decline of domestic output.

» There is spillover effect on foreign output, and the magnitude also
depends on n.

» PPI targeting is still the optimal monetary policy and can restore the
economy to the efficient equilibrium.
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Results with LCP

@ Under LCP, there are sizeable ranges of household heterogeneity n in
which monetary policy become ineffective. But the ranges differ from
the PCP case.

@ Under LCP, however, due to currency misalignment, output gap
cannot be closed, consequently, heterogeneity becomes a new
distortion faced by policy makers. This makes CPI inflation targeting
no longer optimal in most cases (unless there is no home bias).
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Model setup

@ We build a two-country DSGE model, with complete international
market and without home bias.

@ We consider the incomplete domestic asset market:

» A constant measure 1 — n of households, is
“Ricardian” —unconstrained access to the financial market.
» A fraction n of households referred to “Keynesian”—"hand to mouth”.
> in the benchmark model, we consider n = n* but allow asymmetric
case in the extension.

@ Two pricing strategy (PCP and LCP) are discussed.

@ We first focus on the effect of monetary policy shocks and then study
the optimal monetary policy.
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Household

o Let s € {R, K} specify the household type (“Ricardian” and
“Keynesian”). The utility is
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Ricardian household
The budget constraint for Ricardian household is given by

PECE+Bey1 + QESF+ ) QUIHINDmM(EC ) +Se Y. QU@ DR (G

ez ez

= WiLf + (14 it) Bt + (Df + QF)SE 1 + Dun(C") + SeDjie (2F) (4)

The optimal choice of bond, consumption and labor:

1 ck P

= ElAer1 = Ef—t— o
1+, t4\ 41 tp C{i1 Prin (5)

1
The risk sharing condition:
1 1

= 7
CRP,  S.CFP; (7)
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Keynesian household

@ They consume their labor income each period, as they do not have
access to asset markets:

P.CK = w,LK (8)

e We assume no idiosyncratic shocks as in Bilbiie (2008) and Debortoli
and Gali (2018). The household maximizes (1) subject to the (8).

@ The optimal labor supply by Keynesian household:

1
W,—— = n (L)

L . _1
@ The above two equations imply LK is constant LK = 5~ 1.
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Heterogeneity
@ In equilibrium, the aggregate consumption is

Ct = (1—n)CF + ncK (10)
@ The heterogeneity is defined as
CR
H, = -
t C,

@ The Euler equation of Ricardian households can be rewritten as

1 CR P
— E t+1\—1 t
] A CcF ) Pii1

1 + It
_ Et’B(Ct-i-l)—l(Ht-i-l -1 Pt
o H; Pti1
@ The risk sharing condition can be expressed in aggregate consumption:
(Cth)fl . (C:H:)il
P 5P}

(11)

(12)
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Production with Producer Currency Pricing

@ Each firm i in the home economy has the following production
technology.

Yi(i) = ZeLe (V)

(13)

where Z; = exp(6;) is a country-specific productivity shock, and 6; is

distributed with mean zero and variance (792.

@ Calvo type pricing: the firm maximizes the following objective

function,
max £y ZKJ,Bt,tH[((l = T)Ppne (i) = MCeij (i) Yeur(7)]
Phht( i) j=0

@ And the optimal price level

Ro p
hbt+j \A
Er ). J 0(/37‘)] pr( Ph:J) mceyjYetj
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o With PCP, Pg,, = S,PC%.
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Production with Local Currency Pricing

o Calvo type pricing: the firm maximizes the following objective
function,

(1 =) PRy (i) = MCrj (i) Ch,r4j (i)
Pﬁm(n;?’fn( ) EtIZK Bttt +((1 —T)stﬁhphfvt( ) — /\;ctﬂ( ))g,,m(i)

@ The optimal price level

R—p

.C, P .
00 J ot hht+j \A . )
PRy 1 € Ee %o (Pr) CR’P( Pt ) mees; Cher (15)
P T1l-Te—1 P Py
hht Ec Y2 o(Br)y w 5 (B )M ChesjPhne
R—p
J t+/ hft+j \A .C* .
P}?;t() _ 1 e E: ) j O(ﬂx) p( Pig ) meJrJChH»J (16)
P;: 1-71e—1 c’H P:
hit E; Zj o(Br)Yery) Cmp( ,g:fﬂ))‘ 1Cht+_/phft+j
e With LCP, Pp,, # S:Pg;. And the deviation from LOOP:
5Py Pfht
dt = ht , df = (17)
Phht ' SeP fft
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Equilibrium

@ The goods market:

1P:C; 1P;C
Y, = = —~ LAY 18
t= 5 hht+2 Pi. hf t (18)
. LPIC) . 1P,C
Yi =5 — tAfht (19)

ff,t
2 PFft 2 Pfht
Where A, is the price dispersion.

@ Labor market:

L= (1—n)LR +nLK (20)
LF=(1—n) LR nLiK (21)
@ The term of trade:
0, — P, ¢
t— *
St'th,t
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Solution method
@ We normalized wage, marginal cost, prices and divide them by the
CPI price level in the relevant country, which are labelled as lower
case letters. That is, wy = %ﬁ, mc; = MTft, Phht = PT’J’ZE.
@ We log-linearize the flexible price equilibrium around EEIEEEIEEED.
@ Equations independent of pricing strategies:
» From Ricardian and Keynesian households’ labor supply functions:
K = (22)

CF = W — wiF (23)
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@ Equations independent of pricing strategies:

» From Ricardian and Keynesian households’ labor supply functions:
K = i (22)

~

CR = W — wif (23)

» Using definition of heterogeneity, the production function, and the
labor market condition, we have
-~ —nNn

Ht = 1_ n(l.)(?t *9[—)

A = w(Y{ )

1—n
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Solution method

o We normalized wage, marginal cost, prices and divide them by the
CPI price level in the relevant country, which are labelled as lower

: W, MC P
case letters. That is, wy = Py MCt = “p*) Phht = ,’;’.’t’f.

@ We log-linearize the flexible price equilibrium around

@ Equations independent of pricing strategies:
» From Ricardian and Keynesian households' labor supply functions:

&K = (22)

CR = W — wif (23)

» Using definition of heterogeneity, the production function, and the
labor market condition, we have

~ —n ~
Ht = 1_ n(l.)(yt *9[—)
A= —w(V - 67)

t 1_n t t

» Heterogeneity are proportional to the output gap!

Chen, Devereux, Shi and Xu Heterogeneity in open economy July 28th, 2022 15 /34



Flexible price equilibrium

@ The price set by a firm is a constant markup over marginal cost, so
the real wage is simply glven by p, phht =wf—0..

@ The real exchange rate e = 0, the risk-sharing condition gives us
CR fb CR* fb (24)
@ The nature rate of domestic interest:
= E(YP) - VP = E:AOiq (25)

@ From the goods market clear condition and risk-sharing condition:

o A 1
v =Cl+s

o o o ~ 1w om o
G+ AP = A®) = CFP 4 26— AP~ )

(26)
The solution to the flexible price equilibrium:
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Monetary shocks with PCP

@ We consider an nominal interest rate rule, by which the domestic real
interest rate equals its natural rate and monetary shock.

it = Et7Thh,t+1 + ﬁt + thb
where the monetary shock ji; is i.i.d. shock.

@ Using euler equations and market clearing conditions, we solve
outputs in terms of real interest rate and productivity shocks.

~ ~ o S 1+(5 ~ 1_(5 ~k =k

Ve VP = E(Yera - Y2 _T(rt_ﬂfb)_ﬁ(rt ~7P) (27)
Vv \ fbx Vo ) fbx 1+46 oK o 1-6
Vi Y = BV - YY) - 7(& ~7P) - T(Yt—?tfb) (28)

where § = 1 —

—n .
» PCP solution
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Monetary shocks with PCP, cont.
Proposition

In a two-agent and two-country model, when the share of Keynesian

1 1 . . .
household n € (w—Jrl %) there exist a monetary trap, in which an
expansionary monetary policy reduces output.

To understand the intuition: we rewrite the good market clear condition
(assuming no productivity shocks) as

~ 1.
CtR + eq (29)

~ 1

Y ==
T

nw

1-n"

@ The first term captures the " aggregate consumption effect”, while the
second term captures the "term of trade effect” which is unique in

open economy.

where 6 =1 —

@ The "aggregate consumption effect” can be positive or negative
depending on n, while the "term of trade effect” is always positive.
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Intuition

o Lower interest rate, CR 1 but C, = (1 — n)CR + nCK. When n is
small enough, CF‘> drives up C But when n is large enough, the sign
of Ct depends on CtK. Recall that

CK=w, (30)
CF = w — wif (31)

o Bilbiie (2008) " Inverted aggregate demand logic”: It's
impossible to have CK 1 when n is large enough: If consumption
demand increase, Ricardian households increase their labor supply LR
since L, = (1 — n)LR. But this is may imply CR | since —wlLR
domlnates we. This contradicts with the fact that CtR T when interest
rate is lower.= Aggregate consumption effect turns negative.

@ But in open economy, we have the positive term of trade effect:
g: T: when there is an interest rate cut in the home country, the
relative price of home goods to foreign goods becomes cheaper.
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The aggregate consumption effect changes with n

1/
10

0.2 0.4 0.6 0.8 1
n

where w = 0.5

@ So the aggregate consumption effect is positive when n is small.

@ It turns large and negative when n gets larger. It will dominate the
term of trade effect, so the economy is in the policy trap.

@ When n keeps increasing, the aggregate consumption effect is still

negative but becomes smaller since § = 1 — 2. So it is dominated

by term of trade effect and the economy exits the -monetary-trap.
Chen, Devereux, Shi and Xu Heterogeneity in open economy July 28th, 2022 20/34




Monetary shocks with PCP: Spillover

Proposition

For any n > 0, there are positive or negative spillover effect of monetary
shock, depending on n, the fraction of Keynesian households. When
n<g +1' there is positive spillover effect of home monetary shock for

foreign country. When n > the spillover effect is negative.

w+1 ’

The result deviates from CGG (2002) when there are Keynesian
households.

Y ==C"—=q: (32)

@ Risk sharing implies that the aggregate consumption effect is positive.
But the term of trade effect is negative.

@ When n is small, aggregate consumption effect dominates. When n is
large, the term of trade effect dominates.
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Monetary shocks with LCP

@ Combining the goods market condition and Euler equation, have

1
1l it 4 tip (33)

~ ~ ~ ~ 1
Yo=Y =E(Yer - VP - Sght — o5ht

Proposition

With household heterogeneity, under LCP setting, when n < +1' an
expansionary monetary shock in home or foreign country can increase
home output; However, when n > +1, an expansionary monetary shock
in home or foreign country reduce the home output.
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To understand the intuition: we rewrite the good market clear condition
(assuming no productivity shocks) as

o 1l,ap 1. 1,
CR—28)+2(G:+e) (34)

Y., = =

=505 2

@ Again, there are two effect, the aggregate consumption effect and the
relative price effect.

@ In the LCP case, the foreign Ricardian consumption increases less due
to real exchange rate depreciation. So change in global Ricardian
consumption is given by (Cf — 1&).

@ The relative price term in the LCP case includes both term of trade
and the real exchange rate and it is equal to Y; — Y and therefore

cannot be affected by monetary policies.

@ So only the aggregate consumption effect will play a role, like in the
closed economy case (Bilbiie, 2008).
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Optimal monetary policy under PCP
@ The global (second-order approximated) welfare loss function with
household heterogeneity:

L9 (Vi — 6;)? } (35)

14w ,9)271 [l +
WO: 121—nt 1 5 A*22n 1 ‘i* g2 A %2 A %2
-3 [(5)%] (HE)? + 7 (Hf — H, +ﬂ7fhht+ 25 7f t

@ Note that heterogeneity measures ﬁt and Iq;‘ show up in the loss
function.

@ The planner choose {Vt \7,_5", Tt n?f’t, at} to minimize the global
loss, subject to the following NKPCs and resource constraint:

~ S 1, -, ~
Tthh,t = K |:(1 +w) Yt - (1 er) 9[» + E(Ht - Ht):| + ﬁEtnhh,t+1 (36)
~ v * 1 j* i *
e =F|(140) 9 = (Ur@) 0 = 3 (A= A)| Py (BT
Yt Y + qt (38)

@ The planner also know:

(39)
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Optimal monetary policy under PCP, cont.

Proposition

The solution to the global planer’s problem under PCP restores the
economy to the flexible price equilibrium. PPl inflation stabilization can
close both the output gap and eliminate the household heterogeneity
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Optimal monetary policy under LCP

@ The global (second-order approximated) welfare loss function with
household heterogeneity:

5 (Ve — 002 4+ 159 (V7 — 0,2 — 3150 (5)? [(Ha + (A 2]
(d; +H — H)? + L(df — Hf + H)? (41)

Wo = +
e 1 1.2 1. %2 1. %2
+x b hh,t + 37 T 37Tt e + E”ff,t}

o[

@ Notice that, besides the heterogeneity measures ﬁt and HZ, there are
also d; and df terms. These are deviation from LOOP terms for
home and foreign goods, as in the open economy literature like Engel
(2011).

@ The planner choose {Vt \7{", Tt n’;f’t, Zit} to minimize the global
loss, subject to the NKPCs and resource constraint.
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Optimal monetary policy under LCP, cont.

Proposition

When there are household heterogeneity (n > 0) but with no home
bias, CPI inflation is the optimal monetary policy under LCP case.

With LCP, the output gap cannot be closed, but the relative output is
independent of monetary policy. So monetary policy can ignore
consumption heterogeneity and choose CPI targeting as optimal monetary
policy.

Proposition

When there is household heterogeneity (n > 0) and home bias (v # 1),CPI
inflation is not the optimal monetary policy under the LCP case.
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Extension with asymmetric heterogeneity

e n#n*

~ —n ~
Ht: 1_nCU(Yt—9t)

LJ* —n* U *
Ht=:1_n*w(ﬂ-—90
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Extension: monetary shocks in PCP case

e Focusing on the case 1 > - means that § > 0 and §* >0

- ) (£2)

= = 1—n* ~ 1—n*

Y= EtYey1 — 5 _ nmw _" nw 't 7 _ n*wn_ nw ?;k (43)
1—n* 1-n 1-n* 1-n

Proposition
Heterogeneity in the domestic country magnifies the impact of domestic
monetary shocks

Proposition
Without domestic heterogeneity, the impact of domestic monetary shocks
is unaffected by foreign heterogeneity
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Extension: monetary shocks in PCP case

e Focusing on the case 1 > {4 1 > £
~ IS} (2 — ) = )
x % 1—n ~ 1-n =
Y, = E S ST rt_2_n*w_nw I (44)
1—n* 1-n 1—n* 1-n
Proposition

The spillover of monetary shocks is increased by heterogeneity in the
source country or the host country

Proposition

The spillover of monetary shocks is zero if there is no heterogeneity in the
source country

Proposition

The spillover of monetary shocks is more sensitive to heterogeneity in the
source country than in the host country

<
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Extension: optimal monetary policy in PCP, cont.

Proposition

The solution to the global planer’s problem under PCP restores the
economy to the flexible price equilibrium. PPl inflation stabilization can
close both the output gap and eliminate the household heterogeneity
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Extension: optimal monetary policy in LCP case, cont.

Proposition

When there are household heterogeneity (n > 0) but n # n* and without
home bias, CPI inflation is not the optimal monetary policy under the LCP
case.
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Conclusion

@ This paper incorporates household heterogeneity (Ricardian vs
Keynesian) into standard two-country open economy macro model
and studies how consumption heterogeneity affects the transmission
mechanism of monetary policy and the choice of optimal monetary
policy in open economy.

@ We find that, under both PCP and LCP, there will be an sizeable
range of consumption heterogeneity, in which monetary policy
become ineffective. Meanwhile, the spillover effects of monetary
shocks in open economy also change dramatically and could be
positive or negative under both PCP and LCP case, depending on the
degree of consumption heterogeneity.
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Conclusion cont.

@ The impact of consumption heterogeneity on the choice of optimal
monetary policy varies with currency of export pricing and asymmetric
heterogeneity.

@ For example, PPI is still the optimal monetary policy under PCP and
restores the economy to the efficient equilibrium. However, under
LCP, consumption heterogeneity will create a new distortion that
cannot be corrected by monetary policy. We show that without
asymmetric heterogeneity, CPI is the optimal monetary policy. And
with asymmetric heterogeneity, CPl cannot be optimal monetary

policy.
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The steady state

@ The steady state is given by

1
1+i==-,5=1
p
DeSS — 0 HS =1

Y = C5 = CR,ss — CK’SS, LR,ss — LK,ss — 77_1'*%”

In this steady state, dividend is zero and allocate is efficient, and
agents are homogeneous.
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Flexible price solution

Proposition

With household heterogeneity, the solution to the flexible price equilibrium

can still achieve the efficient equilibrium in the standard new open macro
model (CGG2002).

Hfb Ar® =0
Afb be thb* _ (9t . 9::)
Y/P=o, Y/ = 9:

6t C* b CR fb __ CR* b _ (et + 9;’;)
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Monetary shocks with PCP, cont.

The equilibrium allocations under PCP are given,

P 1446 1-6 .
Yt—thb:— 25 ug — 2% u; (45)
Se b 146, 1-96

Y- Y= 55 Ui T g e (46)

G=Ye= Y =YY" v u; —u

t=Cf =G )Yt Vo) + 77— (0:+ ;) (47)
~ —nw  ~
Ht_l—n( : — 0t) (48)
[J* —nw * *
H; l—n(Yt —0;) (49)
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Monetary shocks with LCP

@ The deviation from law of one price, terms of trade, and their
relationship with real exchange rate are given by

de = Phr.c + & — Phne

d: = :b\fh,t —&— b\?f,t

Gt = —q; = Pt — Phr.t — €t

~ 1~

e = E(dt — d:)
@ The risk-sharing condition

CF=CRta (54)

@ The goods market clearing condition

~

Yt:

-~ ~ ~

o~ 1,
(Ce+ Hy — H; _et)+§(qt+et)

N =

a +

N -
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