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1 A simple center-periphery model

1.1 Intratemporal allocation of consumption
1.1.1 Geographical structure

The world is made of three countries: A, B and C. Country A represents
a "center" country, while countries B and C' are "periphery" countries. The
size of the world economy is set to unity. Country A accounts for half the
world, while each of the periphery countries accounts for one-quarter of the
world. Each country is inhabited by a representative consumer.

Consumers purchase a continuum of differentiated brands, that are in-
dexed along a unit interval. Firms in country A produce brands on the
0 — 0.5 interval, firms in country B produce brands on the 0.5 — 0.75 interval,
and firms in country C' produce brands on the 0.75 — 1 interval. All goods
are traded, and we allow for home bias in consumption between the center
and periphery goods.

1.1.2 Notation

Consumptions levels are indexed with a subscript for the country where
consumption takes place, and a superscript for the country where the good
is produced. Specifically, Cij (z) is the consumption in country 7 of the brand
z produced in country j. Individual brands are aggregated into indexes, as
detailed below, and C’Z-j is the consumption in country i of the index of all
brands produced in country j. The indexes themselves are aggregated further
into the overall consumption, with C; being the overall consumption index
in country 2.

The prices of the various goods are indexes along similar lines. Pz.j (2)
is the price paid for the consumers in country ¢ for each unit the brand z
produced in country j. The prices of the various brands produced in a given
country are aggregated into a country-of-origin price index, with P/ being
the price index charged in country ¢ for the brands produced in country j.
These indexes are in turn aggregated in the overall consumer price index
P;. Prices are expressed in the currency of the country where the goods are

consumed, namely 7.



1.1.3 Country A

The representative consumer in the center country A allocates her con-
sumption across the various brands to maximize the following index:
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A > 1 is the elasticity of substitution between produced in the same country.
The elasticity of substitution between goods produced in different countries
is set at 1. « € [0.5,1] is the degree of home bias, in terms of periphery
vs. center goods. If a = 0.5 there is no home bias and the structure of
the consumption basket is the same for all agents worldwide. If o = 1 the
center and the periphery are disconnected, and the consumer in country A
consumes only local goods. There is no bias between the various periphery
goods.
The allocation of consumption reflects relative prices:
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We derive the usual cost-minimizing price indexes as:
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1.1.4 Country B

The representative consumer in the center country B allocates her con-
sumption across the various brands to maximize the following index:
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where the price indexes are:
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1.1.5 Country C

The representative consumer in the center country C' allocates her con-
sumption across the various brands to maximize the following index:
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where the price indexes are:
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1.2 Intertemporal allocation

We consider a one-period model. Firms set their prices at the beginning
of the period. Shocks then occur, the monetary authorities react to these
shocks, and consumption and production take place. While firms set prices
before the realization of shocks, they do so knowing the distribution of shocks
and the rules followed by the monetary authorities. Once shocks are realized,
firms meet the demand they face at their posted prices.

The consumer in country ¢ maximizes a simple utility over consumption,
real balances and hours worked:

U, =F {ln (Ci) + xIn (%) — KJH{|

where FE denotes the expectation operator. C; is the aggregate consumption
index, M;/P; denotes the real money balances and H; denotes the hours
worked by the consumer. y and k are scaling parameters. The budget
constraint for the consumer in country 7 is:

PC;+ M; =TI, + W, H, — T, (4)

where II; denotes the profits of the firms in country i, which are owned by the
consumer, W; the wage rate and T; a lump-sum tax paid to the government
of country A.! The first-order conditions with respect to real balances and
hours worked are:

M; = xP,C; W, = kP,C; = ~ M, (5)
X

"Without loss of generality we assume that initial cash holdings are zero.



1.3 Structure of pricing

Firms set the price for domestic sales in the domestic currency, but prices
for sales abroad can be set in different currencies. Specifically, a firm located
in country j sets a price f’j (z) in its own currency for domestic sales. Its
exports are invoiced in a basket of the three available currencies, with the
weight of each being in the [0, 1] interval. The weights are denoted by v with
a subscript indicating the country of destination, as well as superscripts indi-
cating the country of production and the currency of invoicing. Specifically
7 ¥ is the share of currency k in the invoicing of its exports from country
7 to country ¢. The invoicing weights are exogenous and are the same for all
firms in the exporting country.

The pricing by the firm producing brand z in country j and exporting to
country ¢ is represented by fixing a price pl-j (z) such that the price paid by
the consumer in her own currency, i, is:

J, cur k

PE-RE Y (3)  —Hes) s st
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where S; is the exchange rate between currency A and currency j. It is
expressed as the amount of currency A per unit of currency j, so an increase
corresponds to a depreciation of currency A. The exchange rate between
currency ¢ and currency k, in terms of the amount of currency ¢ per unit of
currency k, is then given by Si/S;. The case of producer currency pricing
(PCP) corresponds to 77 "7 = 1 and all other weights being zero, while
the case of local currency pricing (LCP) corresponds to v " = 1 and all

other weights being zero. Pricing in a vehicle currency (VCP) corresponds
cur j J, cur ¢

to =] =0 and 7} T FF) = 1.
Using (6) the local currency prices of goods produced in country A are:
~ i, cur B A, cur C
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Similarly, the local currency prices of goods produced in country B are:
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And the local currency prices of goods produced in country C are:

P§(z) = P§(2)(Sa)" " (s
~ C, cur B _ cur
PS(z) = PS(2)(Sp)" " TH(Se)P ™

1.4 Five cases of invoicing

We illustrate our results by considering five cases for the pricing structure.
The first case, referred to as PCP-SYM, is the situation where producer
currency pricing applies to all trade flows, so there is always full exchange
rate pass-through. The pricing parameters are then (for brevity we only
report the invoicing parameters that are not zero):

A, curA A, curA 1
B - C -
B, curB B, curB __
YA = Jc =1
C, curC C, curC __ 1
Ta = 7B =

The second case, referred to as LCP-SYM, is the situation where local cur-
rency pricing applies to all trade flows, so there is never any exchange rate
pass-through. The pricing parameters are then:

A, curB A, curC 1
B = Tc =
B, curA B, curC __ 1
A = Tc =
C,curA C,curB __
VA = 7B =1

In the last three cases the currency A (that we refer to as the dollar)
is used in all trade flows that involve country A. There are three variants
depending on the invoicing of trade between the periphery countries. In
the DOL-PCP case trade flows between country B and C' are invoiced in
producer currency, and the pricing parameters are:

A, curA A, curA __ 1
B - C -
B, curA B, curB __ 1
Ta c -
C, curA C, curC __ 1
A = 7B =

In the DOL-LCP case trade flows between country B and C' are invoiced in
local currency, and the pricing parameters are:

A, curA
VB
B, curA
Va
C, curA
A =

Yo
Yo

A, curA -1
B, curC -1
C,curB __

B =1



In the DOL-DOL case trade flows between country B and C' are invoiced in
dollar, and the pricing parameters are:

A, curA

B

B, curA
Ya

C, curA

A

A, curA

B, curA
Yo

C, curA

B

=1
=1
=1

1.5 Firms’ technology and output

Firms use a simple technology with constant returns to scale, subject to

country-wide productivity shocks:

Yi(2) = KiHl; (2)

i=AB,C

(7)

The outputs are given by aggregating the various demands. Using the
pricing structure detailed above, the output of a representative firm in coun-

try A is:
1 A 1 A 1 A
Va(2) = 2C1()+ 10 () + 1CA(2)
~ A
Pﬁ (Z) PA
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The output of a representative firm in country B is:

Vs(z) = 505()+ 108 () + 1CE (2
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The output of a representative firm in country C' is:
1 1 1
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In equilibrium all firms in a given country are identical, so (8)-(10) are

written in terms of per capita output as:

PA 11—«
YA = QP—£CA+T |:PACB+PACC:|
B Py FPc
Ys = (1 a) PBOA+ 5 [ CB+ PBC }

Pc
Yo = (1- )PCCA+ 5 {PC’CB—FPCC ]

1.6 Solution for the exchange rates

We abstract from government spending and assumes that the seigniorage
income from monetary creation is repaid to the domestic households as a
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lump sum income (M; = —T;). The budget constraint (4) then implies that
in each country the revenue of firms (the sum of profits and wages, denoted
by REV) is equal to nominal consumption, which is itself linked to the money
supply through the money demand (5):

1

X

The revenues, expressed in the producer’s currencies, are the output (11)-
(13) multiplied by the relevant prices and exchange rates:

1— 1—
REV, = aPyCa+ zaSBPBC’BJr QO‘SCPCCC

PAOA (0] OéSC

REV; = (1-— —PC ——=P-C

B ( @) S5 +2BB+2SBCC
PACA OéSBPBCB «

REV: = (1-— — —P-C

c = (U-a)=g=4o—g — T3leCc

Combining these two sets of equations to substitute for the revenues, we get
that the exchange rates are simply the ratios of the money supplies adjusted
for the money demand shocks:

My My
=— ; Soc=—
Mg Me
Under complete disconnect between the center and the periphery (a = 1),
these equations only give the intra-periphery exchange rate Sg/Sc, and the
center-periphery exchange rates Sp and Sc are not defined.? Throughout

the analysis we consider the limit case where a approaches 1, and refer to it
as the disconnect case for brevity.

Sy (14)

2 Solution under flexible prices

2.1 Optimal prices

A useful benchmark is given by the case where firms can adjust their
prices following the realization of shocks and the reaction by monetary au-

2In our setup exchange rates are fully determined by the relative monetary stances,
a feature that is common to the various contributions in the literature. As a result, the
model generates an exchange rate volatility that is well below the one observed in the data
. This shortcoming can be adressed by introducing shocks to the money demands, with
no impact on the message of our paper.
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thorities. A representative firm in country A sets three prices, P4 (2), P (2)
and PZ (z) to maximize its profits:

() = (p;e(z) WA)Q[PW)}APACA

Ky P4 Py
Wa\ 1—a [PA(z)] " Py
PA . B - b5
(st 50 ) mes
Wi\ 1—a [PA()] 7 Po
PA o C

This is maximized by the following prices:

P{ = SpPj = SoPA = % (Wa/K4) (15)
where we used the fact that all firms in a given country set identical prices
in equilibrium, so for instance P4 (2) = PA. (15) shows that the law of one
price holds, and all prices are set as a markup over marginal cost.

The optimal pricing by firms in country B and country C' leads to similar
expressions:

pr L SePE A

A _ pB_ = Wg/K 1
SB B SB A—1 ( B/ B) ( 6)
PS¢ SpPS . A

A —PS =2 (Wo/K 1
SC SC C A—1 ( C/ C) ( 7)

2.2 Output, consumption and welfare

The consumer price indexes are given by (1)-(3). Using the exchange
rates (14), the labor supplies and the money demands (5) we get:

)\K/ 1 l1—a
Py = —Ma(Ka) " (KpKe)™ 2
A 1y e () (K e)

Ak 1 o
P = —Mp (Ka) " (KpKp)?
B )\—1)( B( A) ( B C)

Ak 1 o
Po = —Me (Ka)™ " (KpKe) 2
c R c (Ka) (KpKc)
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Consumptions are computed from the money demands (5):

MA A—1 FTa

Ca = Pr om (Ka)" (KpKc) (18)
A—1 o a
Cg = CC = e (KA>1 (KBKc)Q (19)
The outputs are computed from (11)-(13) as:
A—1
Y, = K; 2
e (20)

(20) show that productivity shocks are transmitted to output one-for-one
and the amount of hours worked is unaffected.

We assume that productivity shocks are log-normal, with mean zero.
Using (18)-(19) and (20), the welfare, abstracting from the direct impact of
real balances, are then:

Us = E[In(Cy)—KHa = Eln (Cy) — %

= OéElIl (KA) + 1_TOCE [ln (KB) + lIl (Kc)] —+ (I)

~ (21)
Ug = Uc=® (22)

where ® = In (1) — 21, (21)-(22) shows that all countries face the same

welfare under flexible prices.

3 Solution under preset prices

3.1 Optimal pricing and expected effort

A firm in country A sets its prices to maximize its expected discounted
profits, with the marginal utility of consumption of domestic agents repre-
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senting the discount factor:

~ A
HA(Z) 1 ~A WA Pj‘(z) PA
E = BE—— (P (2) - —2C
PyCy PyCy < i (2) Ka Py Py !
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o GACICOLANCS )
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This is maximized by the following prices:
~ A1 MA
P = —p-*4
A A—1 X KA
~ A )\K/ 1 1 ’yg, cur A ’YB cur B ,yg, cur C
P = 33 ;EK_A (Ma) (Mg) (Mc)
~ )\,‘-{j 1 1 A, cur A A, cur B i, cur C
Pt = 1 ;EK_A (Ma)'e (Mp)'e  (Mc)'@

where we used the exchange rate solution (14), the labor supplies and the
money demands (5), and the fact that all firms in a given country set identical

prices in equilibrium.

Following similar steps, the optimal prices for a firm in country B are:

~ )\[{ ]_ ]_ B, cur A B, cur B B, cur C
pPB = ZE— (M)A Mp) 4 M)A
A N1y KB( 4) (Mg) (Mc)
B = — H —
A—1 X KB
pB o )\l‘i ]. E 1 (M ),yg, cur A (M )’Yg’ cur B (M )'YB! cur C
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Similarly, the optimal prices for a firm in country C are:

~ )\K/ 1 1 C, cur A C cur B C cur C
PC _ ZE— (M)A Mn)74 M)A
§ = B T ey (k)
~ )\K; ]_ ]_ C, cur A C, cur B C cur C
Py = —E— (My)"» Mg)"» Mc)"® 25
e N1 Ko( 4) (Mg) (Mc) (25)
~ Ak 1 M
pS = A —pc
/\—1X KC

(23)-(25) show that the preset prices are markups over the expectation of
ratios of weighted monetary stances and the productivity faced by the firm.
(23)-(25) can be written in a more general form as:

= Ak 1 1 ,yj, cur A ,Yj, cur B ,y]: cur C
Plo= ST B )™ () (M) (26)
J
j,cur j j, cur k#j
R R

Substituting the optimal prices (23)-(25) in the output demands (11)-(13)
we can show that the expected effort is not affected by monetary policy in

any country:
Y; A—1
F— =
Ki AR

i=AB,C (27)

3.2 Consumption

Consumption is driven by the money demands (5). Using the consumer
price indexes (1)-(3), the exchange rate (14) and the pass-through structure
(6), we write consumption in country A as:

Oy = Ma My
Pa o (PR) (RS
1 ~ —Q ~ ~ —1la —a , cur , cur
) () T

B, cur B l—a B, cur C+,Yg cur C)

(MB>PTQ(’YA +'Y§CMB) (MC)T('YA

Consumption in country B is:

~ —(1-a ~ ~ -2 cur ur
co = L) () o
X
(M) 300 ™ P30 ™ () Amens ™ g
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and consumption in country C' is:

~ —(1— ~ ~ -< ,cur A | o , cur
o 1o)==
X
(M) A= ™ 4898 ™ () FHUene ™ T

The next step is to substitute for the preset prices using (23)-(25). Con-

sumption in country A (28) then becomes:

Cu = AT ()OS R ) ()t (R T )
AR
—a B, cur C cur M o
R ] 29
1 B, cur A B, cur B B, cur C 71770‘
B )y gy R (e
B
11—«
1 » cur cur cur T2
[EK— (a5 (S (1) C]
C
Consumption in country B is:
CB _ )\)\— 1 (MA>(17Q)7§, cur A+%’Y§’ cur A (MB)%‘F(]'*O‘)’Y;Y cur B+% g, cur B
K
(MC)(I*Q)WQ’ U Oy gygeur © {E%} o
Kp
1 "YA’ cur A "YA7 cur B ,YA, cur C 7(1706)
B (Ma)'>  (Mp)™»  (Mc)'™” (30)
1 ’YC’ cur A '707 cur B ’70 cur C _%
B )5 (a5 (B
C
Consumption in country C' is:
CC _ )\)\_ 1 (MA)(I_Q)Vé" cur A""%'ng cur A (MB)(l_a)Pyé, cur B"'%Vg’ cur B
K
o A,cur C | o B, cur C M _%
M. S+(1-a)ve +37¢ E_C
(M) Ko
]_ A, cur A A, cur B A, cur C —(1—(1)
B (e (™ (e (31)
A
]_ B, cur A B, cur B B, cur C _%
B (e () (Mo
B
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3.3 Impact of monetary stances on utility

From (27) expected effort is unaffected by shocks and monetary policy
in all countries. The welfare then boils down to the expected log of the
consumptions (29)-(31). The impact of monetary policy is computed by first
taking derivatives of the welfare with respect to the monetary stance in a
state s. In terms of the welfare in country A, the impact of the monetary
stance in country A is:

OF In (CA)
aMA,S
Ma,s
— {OH— 1-o (,yc,curA e curA):| - 1 L Fas
2 A A SMA,S SMA’S E%_j
B, cur A B, cur B B, cur C

I 1ma g O 8 (Mo )

_7Ts— PYA B, cur A B, cur B B, cur C
Ma, 2 By (Ma)s (Mp)'™+ " (Mc)™
C, cur A C cur B C cur C
e O W (0
S A C, cur A C, cur B C cur C
Mys 2 EKLC (M4)" (Mp)"a (M)

where s is an index of the state of nature, and 7, is the probability of that
state. This can be simplified by writing the expression in terms of log de-
viations from the deterministic steady state, denoted by San-Serif variables.
Recall that the expected log productivity is zero: Fk; = 0. As shown below,
the log of monetary stances are a linear functions of the log productivities,
hence their expected value is also zero: Em; = 0. The derivative then be-
comes:

8E In (CA)
WSaMAS
= —« (mA,s - kA,s)
11—« B
,cur A B, cur A B, cur B B, cur C
T A [’VA Mas + 74 Mps+7a Mcs — kB,s}
-« C, cur A C, cur A
) ) C cur B C cur C
T Ta [ A Mas + 74 Mps+7a mce,s — kc,s]
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Following similar steps the impact of the monetary stance in country B is:

OF In (CA)
77-‘98]\43,5
-« cur cur cur cur
= - 9 in’ b [737 AmA,s + 75, BmB,s + 757 CmC,s - kB,s:|

]. — C . .
,cur B C, cur A C, cur B C cur C
2 A |:’YA My s + Ya mpg + YA Mg s — kC,s]

And the impact of the monetary stance in country C is:

OF In (CA)
WsaMas
-« B, cur C B, cur A B, cur B B, cur C
= - 92 7A7 [7,47 ma s + f)/A’ mp s + fYA’ Mg s — kB,s]
1—Oé C cur C C, cur A C, cur B C cur C k
- 9 Ya Ya M4 s + YA mpg s + YA Mcs — Kos

Turning to the welfare in country B, the impact of the monetary stance

in country A is:

OFIn (Cp)
TsOM 4 s
- —(1-a) ,Yg, cur A [72, cur AmA,s . ,yg, cur BmB,s X ,Yg, cur Cmc,s _ kA,s]
SO G A 25 P 9 Cme — e
The impact of the monetary stance in country B is:
OF1n (Cp)
TsOMp ¢
= —(1-a) %g’ cur B [vfé’ o AmA,s + 72’ o BmB,s + Vg’ o Cmc,s — kA,s]
—5 (s —ks,)
—%Vg’ cur [Vg o AmA,s + Wg’ o BmB,s + G Cmc,s — kc,s]
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The impact of the monetary stance in country C' is:

OF In (CB)
WSaMQS
A, cur C A, cur A A, cur B A, cur C
= - (1 - a) B [73 Mas+7p mps+7p Mg s — kA,si|
(6%
Ccur C | .Ccur A C, cur B C cur C
_EVB |: B M s + 7B mpg s + VB Mcs — kC’,s]

Finally, consider to the welfare in country C'. The impact of the monetary
stance in country A is:

OF In (Cc)
71-861\414,5

A, cur A A, cur A A, cur B A, cur C
= —(1-a)7¢ [vc Mas+ Vo mz.s + 7 mc,s — kA,s]

_% g, cur A [75, cur AmA,s n Vg, cur BmB78 n vg, cur Cmc,s _ kB,s}
The impact of the monetary stance in country B is:
OF In (Oc>
WsaMB,s
=) [ o P ™ Ok
e [ A o P 408 O, — k)
The impact of the monetary stance in country C' is:
8E In (Cc>
WSGMQS
= —% (meo,s — keys)
—(1-a) Vé’ o @ [73’ o AmA,s + Vé’ o BmB,s + Vé’ o Cmc,s — kAs}
_%,yg, cur C [,yg, A paBew By Bl kB,s]

3.4 Welfare levels

The monetary authorities in each country react to productivity shocks,
with the reaction function being linear in logs as shown below:

m; = Syka + Sikp + Sike i=A, B,C (32)
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where logs are denoted by lower case letters. From (29) the expected log
consumption consists of two main types of terms. First are expectation of

the log of shocks:
E W E (ki)
i=A,B,C

for some coefficients ;. As we take the shocks to be log-normal (at least up
to a second order approximation) with mean zero, these terms are all equal
to zero. The second terms are the logs of expectations, of the form:

H (Ki)f%‘] =InkE H exp <1A9lkl)] =InFE exp< Z &&)]

i=A,B,C i=A,B,C
for some coefficients ;. We recall the following property of the log normal-
distribution:

InE

1
E((X;)*) = E (exp (az;)) = exp (aE:Ci + §a2Va7" (xz))
which implies:

InFE

I &)™

i=A,B,C

1
— -V
9 ar

ﬁiki]
i=A,B,C

We apply this property to the expected log of consumption in country A
given by (29):

A—1
ElnCy = In SR a§Var [m4 — ka4
I-al cur cur cur
— 5 5‘/0,7” |:’)/Al?’ AmA + ’Yﬁ’ BmB + ’Yﬁ’ Cmc — kB]
1—al cur cur cur
3 §Va7“ [73’ Ama+95 " Pmp 4+ 95 Cme - kc]

where we used the fact that the logs in the variances only have to be exact
to a first order. We can then use:

m 4 (SQkA—F(SékB—F(;ékC
mg 6k + 05kp + doke
me 05k + 05k + 0Ske
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to write:
A—1

K

ElnCy—1n

1
= —agVar [64ka + 05k + d0ke — k]

a1 [ A (00ka + 0ks + 62ke)
5 §Va7“ —1—75’ cur B (éka + 5§k3 + 63ko)
L+ (0Gka + 05kp + 02ke) — ki
Lol '7% cur A (5£kA + 5;'(3 + 5ék0)
5 §Var +7§ e B (5§k,4 + 65k + 5gkc) (33)
| 95 (8Gka + 05k + 60ke) — ke

Following similar steps, we write the expected log consumption in country
B as:

A—1

K

ElnCg —1In

) vy A (0%4ka + O ks + doke)
= —(1-0a) §Va7" e B (65ka + ks + 60ke)
g Y (6Gka + 65k + 6%ke) — ka
_%Var [65ka + 05k + 65ke — kg]
N v A (0%ka + 0ks + 55ke)
—Var | 5 P (05ka + 0pks + ocke) (34)
+9G e € (6Gka + 65kp + 6oke) — ke
The expected log consumption in country C'is given by:

A—1

ElnCs —1n
) ver A (0%ka + Ok + dake)
= —(1-a);Var e P (68ka + 08kp + 02ke)
8 Y (6Gka + 65k + 6%ke) — ka

N v A (04ka + ks + 6ake)
——Var o P (68ka + d5kp + 6Eke)
4 B, cur C (cC C C

—%VGT [53'(14 + 5%'(3 —f- (5gkc — kc] (35)
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(33)-(35) show that the welfare is driven by productivity shocks, along with
the response of policy to these shocks. The exact structure of invoicing affects
the welfare impact of particular shocks.

In terms of welfare, the right-hand side of (33)-(35) also correspond to
the difference between the welfare under sticky prices and the welfare under
flexible prices (21)-(22), as expected effort is not affected by price rigidities.

4 Optimal monetary policy in a decentralized
setting

4.1 General relations

We consider a decentralized allocation where each monetary authority
maximizes the welfare of its own residents, taking the conduct of policy
in other countries as given. The policies are then driven by the following
conditions:

OFEIn(Cy) OEIn(Cp) OEIn(Co)
TsOM 4 s N TsOMp s B TsOMc s N

For simplicity, we focus on the fives particular cases of the pricing structure
to illustrate the results.

4.2 Monetary rules

Under PCP-SYM the decentralized monetary policy is fully inward look-
ing in each country:

m;s = ki,s 1= A, B, C (36)

The exchange rate movements then reflects the bilateral productivity shocks.
Under LCP-SYM the monetary stances react to a weighted average of
shocks, with the weights reflecting home bias:

kp,s + ko

ma, — akA,s+(1—a)% (37)
kp,s + ks

mps = (1—a)kA78+a—B’ —2|- G,
kp,s + kcs

mas = (1—a)kA7s+oz—B’ ‘2i‘ C,
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Under any of the DOL- cases, monetary policy in country A reacts to a
weighted average of shocks, exactly as under LCP-SYM:

kB,s + kC’,s

Mys = akas+ (1 — ) 5

(38)

Under DOL-PCP, monetary policy in the periphery is fully inward look-
ing:
mps = kB,s ; Mg s = kC’,s (39)
Under DOL-LCP, monetary policy in the periphery react only to the average
periphery shock:

o kB,s + kC,s
B 2

o kB,s + kC,s

5 (40)

mpg s Mc s

Under DOL-DOL, monetary policy in the periphery is fully inward looking:
Mmps = kB,s ; Mcs = kC,s (41)

Not that if kg s = ko the DOL- setups are the same, and monetary
policy in the periphery follows the shock in the periphery. This corresponds
to a two-country center-periphery version of the model.

We can also compute the response of the worldwide average of monetary
stances. Under the symmetric cases (PCP-SYM and LCP-SYM), it simply
reflects the average of shocks:

1 Imps+mcg

Mys = —Mas+ =
w, As 5 2

= ks
2 w,

Under any DOL- cases it is smaller than the average of shocks when shocks
are concentrated in country A. This is because country A reacts relatively
little to its own shocks:

o 2—akps+ ko, 11—« kgs + ko
_k s : d :k s — k S_;
g Ks T 5 2 w, 9 (A’ 2

mms =

Note that all the monetary rules are unaffected by the variances of the various
shocks.
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4.3 Pegging to the center currency

Given the central role of the center currency in the invoicing decisions,
we also consider a policy where each periphery country pegs its exchange
rate to the center:

Mis = My, 1=B,C

)

The center’s monetary policy is still set according to the following condi-
tion:

. 8E In (CA)
B WSaMA’S

Setting all monetary stances to be equal, this condition becomes:

~ 20kas+ (1 —a) 'yﬁ’ cur AkB78 +(1—a) 'yg’ cur Akc,s

B, cur A C, cur A

i=A, B, C
204 (1 —a) vy +(1—a)ya

©,8

Under PCP-SYM monetary policy reacts only to shocks in the center:
m;s = kas. Under LCP-SYM or any of the DOL- cases, the monetary
stances in each country is equal to (38), that is the policy rule of the center
in a decentralized setting:

kB,s + kC,s

m;s = aka s+ (1 — ) 5

(42)
Therefore, the adoption of a peg by the periphery does not affect the policy
choice of the center country, and only entails a loss of flexibility for the
periphery countries. As a result, it cannot lead to a better outcome for
periphery countries.

The solution was derived under the assumption that the monetary author-
ities in the center country sets their policy rule taking the monetary stances
in the periphery countries as given. An alternative setting is to consider the
center country as a strategic leader which internalizes the fact that the pe-
riphery countries peg their currencies. The center monetary authority then
sets Mp = Mc = My in the expression for consumption (29), and chooses
its monetary stance to maximize FIn (Cy4). We can show that the resulting
monetary policy rule is still (42) regardless of the structure of invoicing.
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4.4 Exchange rate volatility
Under PCP-SYM we write:

Var(sg) = Var[ms—mp| = Varlks — kg]
Var(s¢) = Varlka — k¢
Var(sg —s¢) = Varlke — kg|

Under LCP-SYM we have:

Var(sg) = Var(s¢) = (20 —1)*Var [kA _ ks ;— kc}
Var(sg —s¢) = 0
Under DOL-PCP and DOL-DOL we have:
Var (sg) = Var {a (kA _ ks —; kc) — —(kp — kC)]

kg + ke

1

2
Var(s¢c) = Var {a (kA - ) + % (kp — kc)]
Var(sg —s¢) = Varlke —kg]

Under DOL-LCP we have:

Var(sg) = Var(sc) =a*Var [kA _ke kC}

2
VGT(SB—Sc) =0

4.5 Welfare

We compute the welfare by combining the various rules expected log
consumption (33)-(35). We present the results in terms of deviations from
the welfare under flexible prices. For instance: Ug = Ug — ®. Under PCP-
SYM monetary policy fully undoes the nominal rigidity and the welfare is
brought to the flexible price level:

Us=Up=Uc=0 (43)
Under LCP-SYM we have:
0 = =9y, [kA _ket kc] ki — k]
2 2 8
Ug = U= —MV(LT [kA — ks ; kc} — %Var kg — k¢
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Under any variant of the DOL- cases, the welfare in country A is driven

only by its own monetary policy, and we get:

~ 04(1—04) kB+k0:| 1

Us= —TVCLT {kA —

—Var [kp — ke

2 8

Which shows that the welfare is identical to the LCP-SYM case.
Under DOL-PCP we get:

N 1—a)’ ks + k
0y = Up — — 129 Var{kA— Bt C]
Under DOL-LCP we get:
- 1—a) ks +k
Up=Uc = Gl A ko — B Yy kg — kel
2 2 8
Under DOL-DOL we get:
7y = A=) @t ke tke] oy, kg — ke
B 2 7 IRl I 16 BT
2 k k
_%C’ovar {kA _ kst C} ks — k¢
_ (1-a)? o kg + ke a
U = [ 5 + 1 Var |ky 5 16Var kg — k¢
2 k k
—i—%C’ovar [kA kT C} ks — k¢

5 Optimal monetary policy in a cooperative

setting

5.1 Intra-periphery cooperation

A first case of cooperation is limited to the periphery. The monetary
authority in country A cares only about local consumption, as in the decen-
tralized allocation. By contrast, the periphery authorities care about average
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consumption in the periphery. The optimal policy stances then satisfy:

0 — 8Eln (CA)
WsaMA,S
, _ OEM(Cy)+m(Co) _ 9E[n(Ch) +n(Co)]
WsaM373 7T'58]\40,3

We can show that monetary policy is then set exactly as in the decentral-
ized allocation in all five cases we consider. This implies that the periphery
countries cannot achieve a better outcome when cooperating among each
other.

5.2 Monetary rules under world cooperation

A second case of cooperation extends to all countries. In this setup,
policy makers in all three countries set policy to maximize the average of
welfare across the three countries. The optimal policy stances then satisfy:

OEIn (C4) + 20E [In (Cy) + In(Cc)]

TsOM 4 s
OFIn (Cy) + L0F [In (Cp) + In (Cc)]
0 pu—
7Tsa]\4B,s
OFIn (C4) + 10E [In (Cp) + In (Cc)]
0 pu—
WSaMQS

Under the symmetric cases of PCP-SYM and LCP-SYM, the cooperative
allocation is identical to the decentralized outcome.? In terms of the DOL-
models, the cooperative rules are identical to the decentralized rules for the

periphery countries. By contrast, the rule for monetary policy in country A
is affected. Under DOL-PCP and DOL-LCP we get:

1 1 kBs+kCS
L= Koo+ (11— : : 44
m4, 2—aA’+< 2—a) 2 (44)
while under DOL-DOL we get:
2 2 kgs + ko
s = Ko 1-— ’ ’ 4
m4, 4—04A’+< 4—a) 2 (45)

31t is possible that cooperation could be beneficial in intermediate cases.

26



Intuitively, the first order solution with respect to the monetary stance
in country A is written in general as:

kp,s + ko
0 = my,— akA7s+(1—a)%}
block 1
o kg + ke
—|—<1 — a) (mA7S — kA,s) + 5 (mA,s — %)
block 2 ~ 4

~~
block 3

Under the decentralized allocation the monetary authorities in country A
only care about minimizing the prices faced by the consumer in country A,
and react to a weighted average of productivity shocks, with the weights
reflecting the weights of the various goods in the consumption basket. This
is captured by block 1. Under a cooperative setup where the international
role of currency A is limited to trade involving country A, the authority is
also concerned with reducing the price of goods of country A sold in the
periphery, an aspect captured by block 2. If the international role of cur-
rency A also includes the intra-periphery trade flows, then the authority also
react to periphery shocks in order to limit the inefficient exchange rate move-
ments between country B and C, an aspect captured by block 3. Note that
cooperation has no bearing on the reaction to money demand shocks.

5.3 Pegging to the center currency

As before, we also consider a policy where each periphery country pegs
its exchange rate to the center:

m;s = M4y Z:B,C

)

The center’s monetary policy is still set according to the following condi-

tion:
0— OF In (OA> + %8E [ln (CB) + In (O())]

WsaMA’s
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Setting all monetary stances to be equal, this condition becomes:

-« cur -« cur
0 = |:Oé + 5 ’}/27 A + 5 'Yé’ A:| (mi7s — kA,s)

-« cur A o4 cur A
+ {T’Yf’ + ng’ } (m;s — kp.s)

i |:]_ > Oéfyi, cur A + %7% cur A:| (mi,s . kC,s)
fori=A, B, C.

In symmetric cases (PCP-SYM and LCP-SYM), all countries adopt the
monetary stance that the center chooses in a decentralized setup, namely
m; s = kas and (37). Under the DOL- cases all countries adopt a monetary
rule that is exactly the one chosen by the center country in a cooperative
allocation, namely (44) and (45). Pegging the exchange rate is then not
optimal as it has no consequences for the policy rule of the center and limits
the flexibility of policy in the periphery.

Another case would be a policy of peg and delegation, where the periphery
countries peg their exchange rates and the center monetary authority sets its
policy taking the peg into account, and maximizes the world welfare. Under
this arrangement all monetary stances follow worldwide productivity:

m;s = kI/V,s

5.4 Exchange rate volatility
Under DOL-PCP we get:

B 1 kg + k¢ 1
Var(sg) = Var [2—04 (kA— 5 ) — 2(kB—kc)]

1 kg + k 1
Var (s¢) = Var {2—a(k‘4_ B2 C)—i-i(kB—kc)}

Var(sg —s¢) = Varlke —kg]
Under DOL-LCP we have:
1 k k
Var (sg) = Var(sc) = ———Var {kA _ Kt C}
(2—a) 2

Var(sg —s¢) = 0
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Under DOL-DOL we have:

2 kg +k 1
Var(sg) = Var [4 — (kA - %) —3 (kp — kc)}
2 kg +k 1
Var(s¢c) = Var {4_@ (kA— B . c) +§(k3—kc)}
Var (SB - Sc) = Var [kC - kB]

5.5 Welfare

The welfare under PCP-SYM and LCP-SYM are the same as under the
decentralized setting. Under DOL-PCP we have:

A afl—a\’> 1-a 1 2 kg + k¢
= —|= ki —
Ua [2<2—a> M (2—a) V‘”{A 2 ]
1
- 8O‘Var[k3—kc]
~ ~ l—«o l—« 2 kB+kc
p— _= — k _—
UB UC 5 (2—&) VCLT’|:A 5 }
Under DOL-LCP we have:
. afl—a\’ 1-a/ 1 \° kp + ko
= —_|= ki —
Ua [2(2—a) M (z—a) VW[A 2 }
1
— aVaT[kB—kc]
A A l—a/1-a)\? kg + ke o
UB = Uc—— B (2—04) Var |:kA— B :|—§Va7“[k3—kc]
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Under DOL-DOL we have:

. af2—a\’ 1—a/ 2 \° kp -+ ko
= — | — ka —

Ua 2<4—a> T (4—a) V“T[A 2 }
1 —
— aVar[kB—kc]

A l—a/2-a\® «a 2 d kg + k¢

R PV S TR [ e
Q a 1 I kg +k
—1gVar ks —ke] = 5 ——Covar |k — b C] kg — k¢

. l—a(2-a\> af 2 \ ks + ke

Vo = _[ 2 (4—a) +Z(4—0¢) V’”[k“‘_ 2 }
Q@ @ I kg + ko
—EVar ks — ko] + Y aCovar ka — kg — k¢

We next turn to the cooperative peg where the monetary stance in all
countries track the worldwide productivity shocks. Regardless of the invoic-
ing structure, (33)-(35) imply:

kg + ke
2

1 1-—
Uy = —gVar [kA— }— 8aVar[kB—kc]

kg + ko
2

A~

A 1
UB = Uc:—gVar |:k,4—

} - %Var kg — k¢

6 The case of periphery-wide shocks

6.1 Exchange rate volatility

Our main results are highlighted by considering the case where shocks in
countries B and C' are always identical (kg = k¢), so the world is driven by
center and periphery shocks.

When monetary policy is conducted in a decentralized fashion, the ex-
change rate is always most volatile in the PCP-SYM case and least volatile
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in the LCP-SYM case. Its volatility under any DOL- case falls in between:

Var (SB)PCP—SYM7 decentralized Var [kA - kB}
2
Var (s)Lepsya, decentralized = (20 =1)"Var [ky — k]
Var (SB)DOL—, decentralized QQVGT [kA - kB]

where:
1>a02> (20 —1)°

with equality when o = 1.
When monetary policy is conducted in a cooperative fashion under a
DOL- case, the exchange rate is least volatile under the DOL-DOL case:

1 2
Var (SB)DOL—PCP/LCP, cooperative (2 N a) Var [kA - kB]

) 2
Var (S‘B)DOL—DOL7 cooperative (4 — Oé) Var [kA - kB]

= (23) - (23)

Comparing the decentralized and cooperative outcome, the exchange rate
is more volatile under a cooperative setup in the DOL-PCP and DOL-LCP
cases, as well as under the DOL-DOL case if the countries are relatively

integrated:
1\’ )
>

2 2
( ) > o> e a<0.58
4 —

where:

6.2 Welfare

Under a decentralized setup, the welfare of country A is always (except
in PCP-SYM):

~ «
UA, decentralized — — (1 - Oé) §VCLT [kA - kB]
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The welfare of the periphery countries is:

. o
UB. LCP-SYM, decentralized = — (1 — ) EVCW [ka — kg]

: 1—a)
UB, DOL PCP/LCP, decentralized = —uVar lka —kg]
A 1—a)® ad
UB, DOL-DOL, decentralized - [% + Z Var [kA - kB]

Focusing on the DOL- cases for brevity, an exchange rate peg entails no cost
for country A, but reduces the welfare of the periphery countries.

Under a cooperative allocation, the welfare levels are different under the
DOL- cases. Under DOL-PCP and DOL-LCP we have:

- l—a/ 1 \°

Ua, DOL-PCP/LCP, cooperative = — 5 (2 — a) [a(1—a)+1]Varlks — kg|
. l—a (1-—a)’

UB, DOL-PCP/LCP, cooperative — 9 (2 _ 0[) Var [kA - kB]

Under DOL-DOL case we have:

A af2—a\’ 1-a 2
IJA7 DOL-DOL, cooperative 5 (4 — Oé) + 9 <4 > Var [kA — kB]
~ -1 —a(2-a\® a 2]
UvB7 DOL-DOL, cooperative — 9 (4 — Oé) + Z <4 > Var [kA — kB]
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