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Appendix A. Appendix to the Empirical Section

In this section, we first perform some robustness checks to test the
validity of our results under alternative identification schemes. Next,
we look at the outcomes from another identification strategy where
the monetary policy equation is not disciplined.

A.1 Robustness Checks

A.1.1 The Alternative Specification of the Monetary
Policy Equation

The first robustness check we consider is an alternative specifica-
tion of the systematic portion of monetary policy in developing
economies. This alternative specification is the same as the bench-
mark specification except that monetary authorities are assumed
to contemporaneously react to consumer price inflation, the rate of
nominal depreciation, and commodity price inflation rather than to
the levels of these variables, as assumed in the benchmark specifica-
tion. Indeed, we replace restriction 2 in the benchmark specification
with restriction A.

RESTRICTION A. A monetary-policy-related interest rate is the key
istrument of monetary policy in developing countries that adopted
an inflation-targeting regime. The monetary authorities in these
economies contemporaneously increase the policy rate if output, con-
sumer price inflation, the rate of nominal depreciation, and com-
modity price inflation measured in the national currencies (P x
Eit — PO x Eiu—1) increase. Yet, they can only react to innovations

m monetary aggregates with a one-quarter lag.

In this alternative specification, we consider a monetary policy
equation in which output is in levels, whereas nominal variables are
in rates of change in the spirit of Taylor (1993). Under restriction
A, one can rewrite equation (6) in the main text as follows:

RH,it = - aYOvCSI {ayo,cll Vit + Ay 0,09, Py + Ay 0,65, it + By o,cqy M1y
com. —1
- aXo,cuPit } + Ay ey {achzlPit—l + ay1,c315it—1
TLa Pcom.} 4 G/ A +CL_1
X1,c11 1t—1 it G YO,
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— -1 ) )
- aYo,C51 {aYowcny’t + Ayo0,cq, Pt

+ [ayo,csl + axo,cll]git + Ay o,cqy M1
com. -1
— g, (PE™ + &)} +ag, Ay, Pio1 +ay, . i

com. / -1
F gy, PR} + GLAG +ag, v

€5

— -1 ) : .
=—a {aYO,cllylt + aYOA,CQI A‘Plt + [aYO,C31 + aXO,Ell]Aglt
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X0,c11 (
-1
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where a,, . and ay, . denote the k" element of the first column
of A,, and A, respectively. G, on the other hand, is a matrix
of variables that enter into the monetary policy equation but that
are unconstrained by restriction A. G;; may contain the lags of both
the endogenous and exogenous variables in addition to the current
exogenous variables.

We define the matrices SlAYo , Sleo ,S1Lg s ZlAyo , ZlAY1 , Zleo ,
and 7 Ay, which characterize the sign and zero restrictions from
restriction 1 in the benchmark identification and restriction A above,
as

1 0 00 0 00000
0 -1 0 0 0 00000

Sia=| 0 0 =100/, Sa_=|-1000 0]
0 0 0 0 1 00000
0 0 00 0 1000 0
0 -1 0 00
0 0 -1 0 0

Sie=|g o 0 -1 0 (A2)
0O 0 0 0 1
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Restriction 1 in the main text and restriction A above can be
summarized with the following matrices:

AYO
A
S, = SIAYO 05><ny SIAXO OSXnX 05><"Y Aj:) er >0
04><ny AXny 04><nX 04><”X 1Lo A
X1
Lo
(A4)

YO Y1 X0 X1

A
A

Zy =214 Z1A Zia AP O4xny ‘ Ay, |e1=0.
A

(A5)

Sy in (A4) is a matrix of 9 x 1. Its first five elements character-
ize the sign restrictions from the systematic component of monetary
policy on output, consumer price inflation, the rate of nominal depre-
ciation, the policy rate, and commodity price inflation measured in
national currencies, respectively. The remaining four elements are
the sign restrictions on the contemporaneous impulse response func-
tions (IRFs) to a monetary policy shock on all of the endogenous
variables except output, about which we remain agnostic. Z; in (A5)
is a matrix of 4 x 1. Its first three elements are the zero restrictions
from the systematic component of monetary policy on the lags of
output, consumer prices, and the nominal exchange rate, whereas its
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Figure A1l. IRFs to Monetary Policy Shocks
(Restrictions 1 and A)
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Notes: Our calculations are based on the IMF’s International Finance Statis-
tics. The solid lines indicate the estimated median impulse responses. The area
between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Arias, Rubio-Ramirez, and Waggoner (2014).

last element is the zero restriction implying that monetary author-
ities under inflation targeting supply reserves completely elastically
if innovations in M1 occurl!

Next, we discuss the dynamic effects from a tightening shock to
monetary policy under the alternative specification. It is clear from
figure A1l that the outcomes under this specification are largely simi-
lar to those under the benchmark specification, as displayed in figure
1 in the main text. Yet, there are two noteworthy differences. First,
the effect of the shock on output is more persistent in the former

Tt is notable that besides interest rate rules, Arias, Caldara, and Rubio-
Ramirez (2015) also consider money rules in which short-term interest rates can
only respond contemporaneously to innovations in monetary aggregates. Since
these rules are inconsistent with our findings in subsection 2.1.3 of the main text,
we do not consider them in our paper.
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than in the latter. Second, the contemporaneous response of the
policy rate is larger in the former compared with that in the latter.

A.1.2 A Weaker Assumption on the IRFs

Second, we maintain restriction 2 in the benchmark specification
but replace restriction 1 with a weaker restriction that a tightening
shock contemporaneously results in an increase in the policy rate.

RESTRICTION B. A tightening monetary policy shock contemporane-
ously results in an increase in the policy rate.

Restriction B is weaker than restriction 1 in the benchmark spec-
ification since the latter restricts the contemporaneous response of
the price level, the nominal exchange rate, and M1 in addition to
that of the policy rate. Restriction B implies we remain agnostic
not only about output but also about the price level, the nominal
exchange rate, and M1. The matrices characterizing the sign and
zero restrictions in this case are similar to (9) and (10) in the main
text and can be written analogously. Figure A2 displays the IRFs
from the specification where restrictions 2 and B are imposed. The
findings from this specification are almost identical to those from
the benchmark specification except that one can barely reject the
hypothesis that the contemporaneous response of the price level is
zero in the former.

Next, we discuss the IRFs from the alternative specification in
which we impose both restrictions A and B. These restrictions imply
that the authorities implement a Taylor-type rule specified in restric-
tion A and that we do not constrain the IRF's of any variable except
the contemporaneous response of the policy rate. The IRF's diplayed
in figure A3 are broadly similar to those displayed in figure A1l.

A.1.8 Results from a Larger Sample of Developing Countries

Finally, we study monetary policy shocks in a larger set of devel-
oping countries than previously studied in the main text by using
the money-market rate as a measure of monetary policy if the
monetary-policy-related interest rate series are unavailable for devel-
oping countries under an inflation-targeting regime. The countries
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Figure A2. IRFs to Monetary Policy Shocks
(Restrictions B and 2)
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Notes: Our calculations are based on the IMF’s International Finance Statis-
tics. The solid lines indicate the estimated median impulse responses. The area
between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Arias, Rubio-Ramirez, and Waggoner (2014).

included in this sample and their adoption dates of inflation target-
ing are reported in table Al. Our sample is quarterly and contains
the post-inflation-targeting period for each country until 2013:Q1.
In addition to the countries previously studied in the main text,
this sample includes Poland, Romania, and the Republic of Ser-
bia, where we use the interbank money-market rate as a measure of
monetary policy. For the remaining countries, the monetary-policy-
related interest rate is used. However, this identification comes with
a caveat that needs to be explained. The interbank money-market
rate in some countries, such as Poland, persistently deviated from the
policy rate over the period we consider, suggesting authorities have
a limited influence on the short-term rates in these countries (see Lu
2012). This implies the money-market rate may be a poor instru-
ment of monetary policy in these economies. If this is the case, the
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Figure A3. IRFs to Monetary Policy Shocks
(Restrictions A and B)
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Notes: Our calculations are based on the IMF’s International Finance Statis-
tics. The solid lines indicate the estimated median impulse responses. The area
between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Arias, Rubio-Ramirez, and Waggoner (2014).

results from this sample can be misleading, and care should therefore
be taken when interpreting the results presented below.

Figure A4 illustrates the IRF's for this larger sample of countries
from the specification where restrictions 1 and 2 are imposedE They
look quite similar to the IRFs from the benchmark specification, as
displayed in figure 1 in the main text. The only noteworthy differ-
ence is that the fall in output is long lasting in the former compared
with that in the latter.

Finally, figure A5 shows the IRFs of the variables for the
larger sample from the identification where restrictions 1 and A are
imposed. They look similar to the IRF's displayed in figure Al.

2These restrictions are the same restrictions that we impose in the benchmark
specification.
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Table Al. Adoption Dates of Inflation Targeting

in Developing Economies

Country Effective IT Adoption Date

Brazil 1999:Q2

Chile 1999:Q3

Colombia 1999:QQ3

Guatemala 2005:Q1

Indonesia 2005:Q3

Mexico 2001:Q1

Poland* 1998:Q4

Romania* 2005:Q3

Serbia* 2006:Q3

South Africa 2000:Q1

Turkey 2006:Q1

Source: Roger (2009).

Notes: Where available, we use monetary-policy-related interest rate series to identify
monetary policy shocks in our sample of countries. If not, we use money-market rate
series. The countries for which we use the money-market rate as a measure of policy rate
are indicated with an asterisk.

A.2  When the Systematic Component of Monetary
Policy Is Not Disciplined

This subsection discusses the results from the identification of pol-
icy shocks in which the systematic component of monetary policy
is not disciplined. Indeed, the identification strategy we consider in
this section is the same as the benchmark identification except that
we drop restriction 2. Consequently, there are only sign restrictions
on the IRFs in this identification, which can be stated as

S, = SlLo X Lg X e1 >0, (A6)

where S7 characterizes the sign restrictions on the price level, the
nominal exchange rate, M1, and the policy rate (see the main text
for the definitions of Si1,, Lo, and e;). We estimate the median
responses and 68 percent confidence intervals using the algorithm
in Rubio-Ramirez, Waggoner, and Zha (2010). Figure A6 shows the
IRF's from this identification. The findings from this specification are
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Figure A4. IRFs to Monetary Policy Shocks
(Restrictions 1 and 2, Large Sample)
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Notes: Our calculations are based on the IMF’s International Finance Statis-
tics. The solid lines indicate the estimated median impulse responses. The area
between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Arias, Rubio-Ramirez, and Waggoner (2014).

different than those from the benchmark identification in two impor-
tant ways. First, output no longer shows a sizable decline after the
shock. Second, the interest rate shows a persistent increase. This
suggests that if monetary policy is exercised in developing countries
in such a way that the policy rate is contemporaneously increased
if output, the price level, the nominal exchange rate, or the com-
modity price level increase, then inference about output dynamics
from the specification where the systematic component is not disci-
plined would be misleading. Indeed, while one may infer that output
remains almost unresponsive to the shock in this specification, one
should conclude that output falls following the shock according to
the benchmark speciﬁcationEl

3Similarly, Arias, Caldara, and Rubio-Ramirez (2015) note that disciplin-
ing the systematic portion of monetary policy substantially changes inference
regarding output dynamics after a monetary policy shock for the United States.
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Figure A5. IRFs to Monetary Policy Shocks
(Restrictions 1 and A, Large Sample)
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Notes: Our calculations are based on the IMF’s International Finance Statis-
tics. The solid lines indicate the estimated median impulse responses. The area
between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Arias, Rubio-Ramirez, and Waggoner (2014).

Figure A6. IRFs to Monetary Policy Shocks (When the
Systematic Portion of Monetary Policy Is Not Disciplined)
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between the dashed lines shows the 68 percent confidence interval estimated using
algorithms in Rubio-Ramirez, Waggoner, and Zha (2010).



Vol. 13 No. 1 Aggregate Dynamics after a Shock 15

Appendix B. Log-Linear Approximation of the DSGE
Model in the Text

The model presented in this appendix is an elaborate version of the
model presented in the text. Indeed, unlike the latter, the former
may contain multiple sectors that differ in their frequency of price
changes.

B.1 Notation

Table B1 lists the notation used in the model.

Before describing the model, it is useful to mention further
remarks about notation. First, V and V denote the flexible-price
steady-state value of a generic variable V and its log-deviation from
this steady-state value, respectively. Second, subscript H or F stands
for whether a good is produced by a home firm or a foreign firm; sub-
script ¢(¢*) indicates the goods invoiced in the home currency (the
foreign currency); and subscripts k, j, and ¢ denote sectors, variety
and period, respectively. Third, superscript * represents the variables
originating from the foreign country. Variables without superscript
* on the other hand, originate from the home country. For instance,
we denote demand for the home-export variety j priced in the foreign
currency by

Vit kgt (B1)

where H indicates that the firm is a home firm and ¢* stands for the
foreign currency with which the firm sets the price. Subscripts k, 7,
and t represent sectors, variety, and period, respectively, and super-
script * denotes demand from the foreign country. Another example
of our notation is demand for the foreign-export variety j priced in
the home currency denoted by

Y]_—7¢’k’j7t’ (B2)

where F indicates that the firm is a foreign firm and ¢ stands for
the home currency with which the firm sets the price. Subscripts
k, j, and t represent sectors, variety, and period, respectively, and
demand from the home country is indicated by the absence of an
asterisk.
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Table B1. Notation

Variable or
Coefficient Explanation
a(u) Real costs in units of the final good due to increasing
capacity utilization
g The probability that prices remain unchanged in sector
k in the home country
oy, The probability that prices remain unchanged in sector
k in the foreign country
By Home-household holdings of a risk-free home-country
bond denominated in the home currency
1 Foreign-household holdings of the risk-free
home-country bond denominated in the home
currency
Jé] Discount factor
Cy Home final good consumption
Cy Foreign final good consumption
X Labor share in GDP
i1 Foreign-household holdings of a risk-free
foreign-country bond denominated in the foreign
currency
1) Depreciation rate of capital
& Nominal exchange rate
e} Monetary policy shocks in the home country
Ef Monetary policy shocks in the foreign country
n Elasticity of substitution between different sector goods
fr Expenditure share of sector k
I, Home-country investment
Iy Foreign-country investment
K Home-country capital stock
K; Foreign-country capital stock
K% )it Capital demanded by the foreign firm that supplies the
foreign country with variety j
Kr¢rjt Capital demanded by the foreign-export firm that
supplies the home country with variety j and sets
prices in the home currency
Kr ¢kt Capital demanded by the foreign-export firm that
supplies the home country with variety j and sets
prices in the foreign currency
Ky pje Capital demanded by the home firm that supplies the
home country with variety j

(continued)
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Table B1. (Continued)

Variable or
Coefficient Explanation
;““21 kit Capital demanded by the home-export firm that
supplies the foreign country with variety j and sets
prices in the home currency
K7*1¢ kit Capital demanded by the home-export firm that
supplies the foreign country with variety j and sets
prices in the foreign currency
At The Lagrange multiplier from the home-household
budget constraint
Af The Lagrange multiplier from the foreign-household
budget constraint
M, Demand for money in the home country
My Demand for money in the foreign country
M Economy-wide per capita stock of money in the home
country
Mt*a Economy-wide per capita stock of money in the foreign
country
Lt The shadow price of K1 that shows what the price of
K1 would be if there were a market for K;11 at
period ¢
i The shadow price of K}, ; that shows what the price of
K41 would be if there were a market for K7 ; at
period ¢
ng The hours worked by members of the home households
whose wage contracts are signed in period ¢ — 1
ny The hours worked by members of the foreign households
whose wage contracts are signed in period t — 1
i The hours worked by members of the home households
whose wage contracts are signed in period ¢
ny The hours worked by members of the foreign households
whose wage contracts are signed in period ¢
Ny The total composite-labor demand in the home country
Ny The total composite-labor demand in the foreign
country
Nz it The composite labor demanded by the foreign firm that
supplies the foreign country with variety j
Nr ¢ kit The composite labor demanded by the foreign-export
firm that supplies the home country with variety j
and sets prices in the home currency

(continued)
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Table B1. (Continued)

Variable or

Coefficient Explanation
Nr ¢ kit The composite labor demanded by the foreign-export
firm that supplies the home country with variety j
and sets prices in the foreign currency
Not ot The composite labor demanded by the home firm that
supplies the home country with variety j
N;MZ, kot The composite labor demanded by the home-export
firm that supplies the foreign country with variety j
and sets prices in the home currency
N7*_l7¢*7k7j’ . The composite labor demanded by the home-export
firm that supplies the foreign country with variety j
and sets prices in the foreign currency
we Share of home exports invoiced in the home currency
w;* Share of home imports invoiced in the foreign currency
P, Price of the final good in the home country
Py Price of the final good in the foreign country
Pyt Price of the sector k¥ good in the home country
Py Price of the sector £ good in the foreign country
Pr it Price of the imported good in sector k& in the home
country
F kot Price set by the foreign firms that supply the foreign
country with the sector k£ good
Prg¢rt Price set in the home currency by the foreign-export
firms in sector k
Pr g 14 Price set in the foreign currency by the foreign-export
firms in sector k
F kit Price set by the foreign firm supplying the foreign
country with variety j
Pr ¢t Price set in the home currency by the foreign-export
firm that supplies variety j
Pr g« kit Price set in the foreign currency by the foreign-export
firm that supplies variety j
Py ko Price set by the home firms supplying the home
country with the sector k£ good
Pfks Price set by the foreign-import firms in sector k
7fl,¢,k,t Price set in the home currency by the home-export

firms in sector &

(continued)
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Table B1. (Continued)

Variable or
Coefficient Explanation
7’;,¢*,k7 . Price set in the foreign currency by the home-export
firms in sector &
Pyt Price set by the home firm that supplies the home
country with variety j in sector k
P;ft,¢7 kot Price set in the home currency by the home-export firm
that supplies variety j
7’;7¢*7k7j_’t Price set in the foreign currency by the home-export
firm that supplies variety j
10} (%) K The additional capital stock created by new investment
in the current period and which is available for use in
the next period in the home country
ng( II;* )K * The additional capital stock created by new investment
in the current period and which is available for use in
the next period in the foreign country
iy s The profits of home-household-owned firms
Iy, The profits of foreign-household-owned firms
Fk it The profits of the foreign firm supplying the foreign
country with variety j
r ¢k The profits of the foreign-export firm producing variety
j and setting prices in the home currency
Mr g~ gjt The profits of the foreign-export firm producing variety
7 and setting prices in the foreign currency
I g gt The profits of the home firm supplying variety j
domestically
H;{7¢, kit The profits of the home-export firm producing variety j
and setting prices in the home currency
H;_(7¢*7 kot The profits of the home-export firm producing variety j
and setting prices in the foreign currency
P Share of imports in home-country output
% Share of home exports in foreign-country output
Q¢ Real exchange rate
rF The real rental rate of capital in the home country
ry i The real rental rate of capital in the foreign country
R} The nominal interest rate on the foreign risk-free bond
Rk The nominal rental rate of capital in the home country
Ry * The nominal rental rate of capital in the foreign country

(continued)
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Table B1. (Continued)

Variable or
Coefficient Explanation
Rr: The nominal interest rate that the foreign country faces
on international borrowing and lending
Ry The nominal interest rate that the home country faces
on international borrowing and lending
p The elasticity of substitution between the domestic and
imported goods
Pe Persistence of a monetary policy shock in the home
country
o, The coeflicient on the price level in the home monetary
policy equation
Dy, The coefficient on output in the home monetary policy
equation
sc % share of final consumption expenditure in
home-country output
8¢ % share of final consumption expenditure in
foreign-country output
St % share of investment in GDP of the home country
57+ % share of investment in GDP of the foreign country
Oa The reciprocal of the elasticity of capacity utilization
with respect to the rental rate of capital
O The inverse of the elasticity of intertemporal
substitution
on The inverse of the Frisch elasticity of labor supply
Om am(RH,t — 1) stands for the reciprocal of the interest
semi-elasticity of money demand
Op = ¢ ¢% The elasticity of the adjustment cost technology for
investment with respect to I% Note that since
¢" <0, o4 has to be negative.
T The size of the foreign country relative to that of the
home country
0p Price elasticity of varieties’ demand
O Wage elasticity of labor demand
Ut Home capacity utilization rate
uy Foreign capacity utilization rate
Wy Home aggregate wage
Py Foreign aggregate wage

(continued)
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Table B1. (Continued)

Variable or

Coefficient Explanation
Tt Home wages set by the owners of differentiated labor in
period ¢
xy Foreign wages set by the owners of differentiated labor
in period t
Y; Output from final-good firms in the home country
Y Output from final-good firms in the foreign country
Y Output from sector %k in the home country
Y, Output from sector k in the foreign country
Yr it Output from the home-import firms that supply the
home country with sector & good
Y7 Output from the foreign firms that supply the foreign
country with sector k£ good
Yr ¢ rt Output from foreign-export firms in sector k that set
prices in the home currency
Yr ¢ kn Output from foreign-export firms in sector k that set
prices in the foreign currency
Fhit Demand for variety j of the firms producing the
intermediate good in the foreign country in sector k
Yr¢nit Demand for the foreign-export variety j whose price is
set in the home currency
Yr ¢ kit Demand for the foreign-export variety j whose price is
set in the foreign currency
Yr kot Output from home firms that supply domestically in
sector k
Yokt Output from foreign-import firms in sector k
by ¢kt Output from the home-export firms that set prices in
the home currency in sector k
Yy ¢* kit Output from the home-export firms that set prices in
the foreign currency in sector k
Yokt Demand for variety j of the firms producing the
domestic sector k good in the home country
Yﬁﬂ’ koot Demand for the home-export variety j whose price is
set in the home currency
Y;t,(é*,k,j, . Demand for the home-export variety j whose price is

set in the foreign currency




22 International Journal of Central Banking February 2017

B.2  The Home-Household Budget Constraint

Home households aim to maximize the following discounted utility
function:

M l—om
oo l—0o.¢ ~1+o, 1+o, ﬁ) — 1

Et} :ﬁt—f—s Ct+s -1 _ Nits,i B Nits,i n (Pt+s

‘ 1—o0. 1+0, 140, 1—0o,

s=

subject to the flow budget constraint given by
Piys (Coys + Liys + a(upys) Kigs + Bisy1) + My
= Tiys,ilttsi T Ters—1,iMys,i + Me1 + M — M
+ RY i sKigs + Rogpgs—1Peps—1Bigs + iy, (B3)

where M — M* | denotes seigniorage revenue, which is transferred
back to home households by the home monetary authority. The law
of motion for capital is given by

Iiys
Kipst1=(1—=0)Kirs+ ¢ (Kt+ > Kiys (B4)
t+s
l—om
oo l1—o. ~1+o, 140, M) _
L= EtZﬁt—i-s Ct+s —1 . Nitsy _ Mits + <Pt+s !
= 1—o0. 1+0, 140, 1—0opn,

— Megs {Pits (Cogs + Ligs + a(tpgs) Kiys + Bigsyt)
+ M; — $t+s,iﬁt+s,i — Tt4s5—1,iNt 45,5 — M4

k
— M+ M — R w5 Ko — Ry iqs—1Pips—1Biys — Ht+s}

It
— Htts (Kt+s+1 —(1-0)Ki1s— 9 <Kl: > Kt+s> ] . (BY)

B.2.1  With respect to Ct

C;GC - >\tPt
—0.Ci =N+ P (B6)
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G'CCt - Pt = j\t (B?)
C7% = M\P = M1 P (B8)
Define 7 as
logP;y1 — logP; (B9)
- Py P .
= . — & B10
T o) B, P, ( )

ECLr = Ethii1 P
C77 —0.C " ECii1 = M1 Pt + M1 P Eideg
+ M1 P By Py (B11)

—0.E:Cii1 — EtPryy = Bt (B12)
O'CEt (ét+1 — ét) + Et (pt—f—l — pt) = Et (;\t — j\t—l—l) . (B13)
From (B16), one can rewrite (B13) as
o By ((Zy+1 - C}) o (Pm - Pt) = Ry (B14)
B.2.2  With Respect to Byt

BN P, = B B Ry i P

P,
MPr = Ry i Eidigi P55
t+1
= 1Py 1
= — — = —eﬂ- B15
"=5h (B15)
— _ s R _ _ P, A A R
APy (At + Pt) = BRy A1 P P |:RH,t + E, (>\t+1 + Pt)]
t+1

(S\t + pt) = RH,t + B <5\t+1 + Pt)

Et (S\t - j\t—l-l) - RH,t (B16)
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B.2.3  With Respect to M,

=\ — BE A
Ptl_am t ﬂ tN\t+1
Mo 1 Aty1
=1—-0F B17
P o™ APy BE: At ( )
Using (B6) and (B15), (B17) can be rewritten as
M 1 1 M7 1 M7 1
L= 1- L — — oM,
P C % Ry P70 C0c p7om 0
M7 1 . M7 1 .
+om—=———=——~FP +0.— — (]
o Ptfam C—O’C t o Pt Om C—crc t
- g (M, - P,) + 0.C
= — = — — Om - Oc
Rrs | Brs H,t t t t
1 A
= 1 = 1RH7t. (B18)
B ~
B.2.4 With Respect to I
1 I
MPo=pu—¢' | — | K B1
2 Nth¢ (Kt) t (B19)
MNPy = ¢’ £ (B20)
t4t = [t K,
C;% = g’ 1t (B21)
t Ht K,
Define Z; as
Iy
— B22
o (B22)

Cy 7 = m¢' (Iy)
—Ucét = ﬂt + U¢j't, (B23>
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where
¢"(I)I
0‘¢ = S
¢'(1)
—O'Cét = ﬂt + 0¢ (jt - Kt> . (B24)

B.2.5 With Respect to u,

_>\t (Pta'(ut)Kt — RfKt) =0 (B25)

Letting rF denote the real rental rate of capital, we define 7F

R{
as ?1
& = d/ ()
a'(ug) =
Py = 0qly, (B26)
where
a’u
g = —.
a

B.2.6 With Respect to Kyy1

— B + BE, [ — M1 Prpra(upsr) + N1 RE w1 + piga

oo (T L Tty _
X<(1 %) ¢<Kt+1> Kt+1+¢<Kt+1>>:| 0 (B2)

Using (B20), (B27) can be written as

Il T
pe = BEy [—Mt+1<25 ( o > a(ugs1) + pe19 <m> Tty
Kiyq Ky

v L1\ I Iy
T <(1 —0-¢ <Kt+1> Kt +e (Kt+1>)] - (B2
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At the steady state, the following assumptions are made:

{00 (L) o Lss (£) =1} oo

Consequently,
7 ; —(1- ) (B30)
pe = BE; [Mt+1 {=¢" (Ti11) alurgr) + &' (Tisr) i ues
+((1=0) = ¢ (Tes1) Toss + 6 (Ta)} | (B31)

fiy = B [ﬂt-s—l — Bo" (j) a(a)Z jt+1 B’ ( ) "(@)u Gy
+ B¢" (T) PFaZ Ty + B (T) #™u #fy + B (T) Poa dus
— 3¢ (1) TT Ti1 — B8 (1) T Loa + B8’ (1) T L] (B32)
f = Ey (/lt+1 +B¢" (T) (76 — 6%) Tygr + BT* Tt+1>
=F, (ﬂtﬂ + Bog (?) Ty + 53 (W) ffﬂ)
(B33)
fu = Ey (ﬂtﬂ +04 (1= P) (ft+1 - f(t+1) +{1-p8(01- )}Ttﬂ)
(B34)

B.3 The Law of Motion for Capital in the Home Country

K1 = (1= 0)Ke + ¢ (Z¢) K (B35)
K=01-0K+¢@D)K = ¢(I) = (B36)

KKy =(1-0KK; +¢(I)KK, + K¢'(I)I1;
Ky = (1— 8K, + 6K, + 61, (B37)

K1 = (1= 6K, + 01, (B38)
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B.4 The Aggregate Resource Constraint in the Home Country

Ct + It + a(ut)Kt = Y} (B39)
C+I+a(u)K =Y

CCy+ 11, + d' (W) Kty + a(u) KK, =YY, (B40)

scCy + siI + =d (W) aiy = Yy

_ _ I K s K

= Y Y = ) Y

1
d () =" = i (1—-96) (B41)
~ ~ sr (1 R N

scCy + sply + 5 <ﬂ - (1 — (5)) Uy =Yy (B42)

B.5 The Wage-Setting Equation in the Home Country

Regarding wage setting in the home country, we work with both
predetermined- and flexible-wage arrangements. We first describe
predetermined wage setting.

B.5.1 Predetermined Wages

B.5.1.1 The Problem of Employment Offices in the Home
Country

Our model of staggered wage setting is a modified version of the
Huang and Liu (2002) model. Indeed, while households contain one
member in the Huang and Liu (2002) model, they contain two mem-
bers in our model, the wife and the husband. There is a continuum
of employment offices with a mass of one in the home economy.
Employment offices combine the differentiated hours of work sup-
plied by household members (7 ; and n; ;) into a composite labor of
(N;) and sell it to the firms. The employment offices use the following
technology to form the composite of labor:

1 1 Ow /(O —1)
Ny = (/ ﬁlﬁf’f‘”/gmw/ nﬁiw‘”/@mdz) ., (B43)
0 0
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where 7, ; and n;; are the hours worked by the members of the
home household whose wage contracts are signed in period ¢ and
t — 1, respectively. The representative employment office solves the
following problem:

1 1
max WiysNips — / xtJrs,iﬁtJrs,idi - / $t+s—1,z‘nt+s7z‘di7
Nits,iyMNt4s,i 0 0
where, because of the assumption of a continuum of employment
offices, individual offices do not have an effect on the aggregate wage
(W;) and the wages set by the owners of the differentiated labors in
period ¢t and t —1 (x¢,; and z;_1 ;). Employment offices” demand for
differentiated labor of workers whose wages are set in period t and
t — 1 1is given by

1 1
NG /0w (/ ﬁgi“;f)/ewdi—i—/ nii“;,il)/e“’dz) (B44)
0 0

1 0 0 1 0 0 gw/(ewfl)fl_i
Wits (/ ﬁ§+1,;;1)/ vdi +/ nfs+ué;1)/ wdi> ﬁt—l-esu:z' = Ttts,i
0 0
(B45)
T —Ow
~ t+s,1
Nits,i = (W—;-; > Nits (B46)
X 1 —bw
t+s—1,1
si=|—"= Niys. B47
Nt+ts, < Wit s > t+ ( )

Because the problem of each household is identical, they will set
the same wage. This, together with the assumption that employment
offices operate in a competitive market, yields

Tits,iNits,i T Tits—1,iNt+si = WitsNits (B48)

1 1 T—6,
Wips = ( / i ndi+ / xi;f&,ﬂi) : (B49)
0 0

B.5.1.2 Wage Setting for Differentiated Labor in the Home
Country

In period t, before observing the shock, only one of the two members
of home households sets his/her wage, which remains fixed in period
t and period t + 1.
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fl1+0"rb n1+‘7n
tyi - t+1,i
— + Mz inei | + 0 | ——— + Mp1Te,iNer 1,

E_
Eovatabl | g 1+ o
(B50)
T —Ow
- ti
i= | == N; = B51
= () (B51)
N\ —bw 1+on
ﬁtl‘:an <(a€/€/:> Nt> Wtew(1+0n)Nt1+0nx;i9w(1+0'n)
140, 1+o0, - 1+o0,
(B52)
Et—l)\t:l:t,iﬁt,i = Et_lAtWteth$t1;-0w (B53)
Ei i N i41m ineq1,s = Et—1>\t+1Wt9fr01Nt+1$;;‘9w (B54)
140, 0w(1+on 140, —0uw(l4+o,
”tiu _ Wt+1( )Nt++1 Lt ( ) (B55)
t711+0n t—1 140,

The first-order condition can be written as

By 10, W oI Nt o 0o o=t By (1 0,)A W Ny, P
+ BE; 1 <9wWte-kwl(lJrUn)NtlflG"x;fw(1+on)_1)
+ BE, ((1 _ Gw))\tHWﬁ’thHx;f“’) —0 (B56)
O By W) T o) Nl g 0wt o) =t (1 VB AW Ny 0
o+ 000 B W T N e
+6(1 - Gw)Et—l/\t—&—le_ﬁth—&-lx;iew =0 (B57)
OBy W) et 0won N g Ju=0won =t (1 — 0, By s W)™ Ny

Ow+0u0 1+o —0p—0pwon—1
B0y By W Owon N on g 0w —0uon

+ (1= 00)BE 1 A WP Nz = 0. (B58)
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Since x;; is predetermined, its value is known for certain in
period t — 1. Hence, (B58) can be rewritten as

O By W) e H0won N} Fongr Juon =l (1 — ) B 1 AW Ny
+ ﬂewEt,1Wtﬁ”rewU”Ntlj_f"(E;fwan_l
+ (1 - Qw)ﬁEt_l)\t+1Wt9_;j’1Nt+1 == 0 (B59)

The log-linear approximation of (B59) yields
{(ew 4 00,00) B Wy + (14 00) By Ny — (1 + 9wan)Et,1:it,i}
X Qthe“’U”Nl—'—a"f;f“’gnfl + {Et—lj\t + 0 By Wy + Et—th}
% (1— ew)XtWt‘)u’N{ﬁ(ew 4 0 i Wist + B(1 + 0,)
X By aNigs = B+ 0000) Byt [0, Wi N0 fore !

+ {ﬁEt—15\t+1 + ﬁHwEt—1Wt+1 + ﬁEt—thH}
X (1= ) N1 Wie N = 0. (B60)

At the steady state, all wages are flexible. Hence, the following
equation has to hold:

0, Wiwt0uon NITon g dwon= = (1 - 0,)AW/*N  (B61)

52

ewwfﬁl—l—ewanN1+0ni.t—f'1ui?n—1 _ _(1 o H'Lu)j\t—&-th‘g_ﬁlN (B62)

0, WY on N ong, Jvon= = —(1 — 0, )\ N

W Owon T —0Opon—1
0, | =% Niton (26t =—(1-6,)MP.N. (B63
(B) <Pt (= OBy (B3

From (B8), A\; P; must be constant over time, suggesting that the
left-hand side of (B63) is also constant over time, which occurs if

both % and % are constant. Using this and (B10), one can show
t t
that

S - _ P -1 - A
MPr = g1 P = M1 = M= L At —= = M1 = 7-?
P et 1 e
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Wipgn Wy - 1 .
= == =>Wii =Wi—— = W1 = We
Py Py t
_ _ Pt-i—l _ I
Tit1,i = ﬂft,i? = Tyt1,i = Tgi€" - (B64)
t

One can use (B62) and (B64) to show that

17 0w+0won ATl1+0, =—0won—1
0, Wit 0uon N1+on g buon

_ —Opon—1
. T1700w+0won NT14+0, m—0won—1 Lt,i
— 0, WPpH0won N1+on g Ouan (_

Ti+1,i

_ —0pon—1
_ _ _ Tt
= (1= ) A1 Wi N ( ' )

L+1,i
At 1 m\0w 5 F(won+1)
=—(1-46y) = (Wie™) ™ Nem0won
= —(1 — G ) AW/ Nem0uwllton), (B65)

Similarly, using (B64), one can write that

(1= Bu) A WO N = (1— 6,) Qt) (W)™ N
= (1 — 0) AW NemOwb), (B66)
Using (B61), (B65), and (B66), (B60) can be rewritten as
[ - {(ew 4 0000 B Wy + (1+ 0,) By Ny — (1+ Gwan):ﬁm}
(1= B AW N + {Et_lﬂt + 0w B Wy + Et_th}
(1= 0 )N W N — e”ff)w(f’n“){ﬁ(ew + 000n) s Wi
+ B+ 00)Ee_1Noy1 — B(1 + 9wan):zt,,}(1 — 0N W N
+ e (#uw=l) {5Et—1;\t+1 + B0 B Wig1 + ﬁEt—1Nt+1}

(1 ew)xtv‘vfwv} 0 (B67)
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- (ew + ewgn)Et—IWt - (1 + Un)Et—th + (1 + awan)-ﬁt,i

+ B i + 0B Wi + By Ny — ™% 3(0,, + 6,,0,)
X Et—1Wt+1 - eﬁew(a”—i—l)ﬁ(l + Un)Et—th+1 + eT0uw(ontl)
X B(1+ 04,0,)%; + eﬁ(ew_l)ﬁEt—lj\Hl

+ eV BY, By Wy + ew(ew_l)ﬁEt—lNHl} =0 (B68)

[— O0on B Wi — onEr1 Ny + {1 n eﬁ"w<%+1>5}(1 + o)
X By 1d; + Er 1\ + 67?(9‘“_1)5571;\#1{eﬁ(e“’_l)ﬁew
— AN G0, + ) F B W
4 {eﬁ'(ewfl)ﬁ — ePulontg(1 4 Un)}Et—thH] =0. (B69)

Using (B7), (B12), and the law of iterated expectations, one can
rewrite (B69) as

[— O0uwonEr 1\ Wy — 0, Ei 1Ny + {1 + €ﬁ9w(a"+1)ﬁ}(1 +0.,00)T1 5
+Ei 1 <_Ucét — Pt) ) o (_Ucét-i-l — Pt+1)
_ {eﬁ9w(0n+1)ﬁ(9w + 0u0n) — eT‘r(wal)ﬂgw}Et_IWtH

- {eﬁe“’(gnﬂ)ﬁ(l + o) — ew(ewl)ﬁ}Et—ﬂVtH] =0 (B70)
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1+ em0wlont) 3L (1 + 0,0,)
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1+ e™uw(ont) 38 (1 4+ 0,,0,)
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{1 + ewew(anﬂ)g}(l + 0yoy)
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EiCiiq
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O.ceﬁ'(ew—l)ﬂ R

+ - EiCiyo
{1 =+ €7r9w(0'n+1)18}(1 + Qwan)
T(0w—1) .
+ € B E.Pyys (B72)

{1 N eﬁew(anJrl)ﬂ}(l + 040,)

1 1 ﬁ
W, = ( / w70 di + / x%_f“{di)
0 0
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! <Wt> xt+<Wt> e (B73)
~ T(1—04) 1
W, = ¢ B+ Bo1. (B74)

- 6771'(179“,) + 1 6771'(179111) + 11;

B.5.2 Flexible Wages

When wages are flexible, the discounted utility function that home
households aim to maximize is given by the following function:

-0
_ Miys A
Cipgs—1 Nftom (Pt+s ) !

E t+s
tgﬁ 1—o0, 1—|—an+ 1—o0,,
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Under flexible wage adjustment, home households’ low budget
constraint is given by

Piis (Crys + Tigs + a(upys)Kiqs) + EqpsBrysi1 + M
= M1+ M — M| +WiN; + Ry, iy s Kips
+ Ry p+5-1E 4+ Biys + igs. (B75)

The first-order condition with respect to Ny can be written as
N7 = MWy (B76)

Using (B6), (B76) can be restated as

(o8 —0 W
NP =G, ?: (B77)
Log-linearizing (B77) yields
GnNt + UcCt Wt (B78)

B.6 The Foreign-Household Budget Constraint

Foreign households’ optimization problem and flow budget con-
straint can be written as

oo
max E; E pits
¢ s=0

Cfup If,Bf 1D} 1, M]
M* 1—0’m
Kl-oc Klton Klton tts 1
« Ct+s —1 t+s (. t+s i Pr
1—o0. 1+an 1+o, 1—o0om

(B79)

Pt+5 * * * * *
= Biie1 + Pl (CtJrs + It+s + a(ut+s)Kt+s + Dt+s+1) + M,

gt—l—s
=M+ M — M +x{ g Mgt Tips—1Niys

R]:,t+s—1Pt+s—l

*k * * * *
+ Ry gupy K s+ Ry g 1P+s lDt+s + B/,

(C/’t—i—s
=+ Ht+s ’ (BSO)
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where the variables denoted with the superscript * represent the
foreign counterparts of the home variables. In addition to the one-
period risk-free home-country bond, foreign households also have
access to the one-period foreign-country bond, their holdings of
which are denoted by Dy, ;. & stands for the nominal exchange
rate between the currency of the home country (¢) and the foreign
country (¢*). M;" — M;", denotes seigniorage revenue in the for-
eign country, which is transferred back to foreign households by the
foreign monetary authority. The law of motion for capital is given by

I,
o= 00Kz, o (35 ) K s
t+s
1-0c Klton Lton Mt*+5 ) l1—0om, _
LY =FE,; iﬂt"‘s C;Is -1 . ?t+s i ntJrs i ( P,
et — 0¢ +on 1+o0, 1—0om

- A:—&-s{ t+s (Ct+9 + If+s + a(ut+€)Kt+9 + Dt+€+1) + §3:+s+1
S

* * ~ % * * *
+ M, — @ Myysi — Tigps—1,iM+s; — Mi—q
*@ *
- My + M, Rt+sut+s t+s Rt+s 1Pt+s 1Dt+s

R]: t+s— 1Pt+s 1 B* H*
8 t+s t+s
t+s

* * I* S *
— Mt+s (Kt+s+l ( 6)Kt+s - ¢ (I{tj ) Kt+s> ‘| . (B82)
t+s

B.6.1 With Respect to Cf

Cr = NP

—O'Cét* = 5\;: + Pt* (B83)
—0.Cf — P = X! (B84)

— —oc

Cr = NP = )‘t+1 1 (B85)
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Define 7* as logP;,, — logP; .

P = .
=% ] t+1 . t41 . BS6
T og P* P* e ( )

c

ECi " = BN Py
C* " = 0.0 T ECE, = N Pl + N P B
+ )‘t+1Pt11EtPt+1 (B87)
0 ECly — BPry = B, (B88)
oo B, ((Z*;‘H - é;‘) VB (15;;1 - Pt*) - E, (X;‘ - A:H) (B89)
From (B97), one can rewrite (B89) as

o.Ey ( At*H — C’f) + E; (P{:Ll — Pt*) = R]—“,t + E; (é’f - Att,—l)

(B90)
0o E; (C’;+1 - C*t*) + Et(ﬁg;l Py ) +Et< " 5;*) — Rr,.
(B91)
B.6.2  With Respect to Dy,
BINP) = BT EN Ry P
* * * * * P*
A PP = BR{EA Pl —— 2%
t+1
_ 1 P{:_l 1 -
¥ =—e" B92
=55 =5 (B92)
N D* [ % % * * P * %
AP <)‘t +Pt) ﬁR )‘t+1Pt+1]5 [R + Ei ()‘t+1+Pt):|
t+1

(5\; + 1%;‘) =R+ E (X;l + Pt*>

Et(j‘: - 5‘;f+1> = R} (B93)
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B.6.5 With Respect to Bf,

Rz P,
1 Ftlt
1 Pt 1 Pt
NPt = BRr,EN - (B94)
t-t Pt gt t+1 t+1 Pt+1 gt+1

Using (B110), one can write the following equation:

Ry = 1P, 1 5;+1 _ l
B P & B

e 1
T = T BY5
3 (B95)

* Pk P * * % > 5
)\Ptp*gt (Ai+ By =P+ P— &)
_ ., 1 P
= BRrX 1Pt+1 D gt

t+1 t+1

X [R]-",t + B ()\2(4_1 + Pt*—s—l - 15,;;1 + pt - ét+1)i|
(5\;k - (ét) == R]—‘}t + Et <A:+1 - ét+1> (B96)
E, (x; - A;;l) = Rri+ B (5}* - A:H). (B97)

B.6.4 With Respect to M}
Similar to (B18), one can show that demand for money in the foreign

country is given by

. . . 1 .

@I

B.6.5 With Respect to I}

Similar to (B24), one can show that

0. CF = i+ oy (I K) (B99)
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B.6.6 With Respect to uj
Y, (Pt*a’(u;)K: - R;f‘th) =0 (B100)

Letting rfk denote the real rental rate of capital in the foreign

. *k
country, we define r;‘k as ngf
f*k _ a'(ﬂ*)
o (uf) =r; (B101)

AP ~ %
7y = 0qUy.
B.6.7 With Respect to K,
Similar to (B34), one can show that
~ % ~ T o5 AxF
fiy = B (Mt+1 +04 (1-0) (It+1 - Kt+1) + {1 - p(1 - 5)}Tt+1>'
(B102)

B.7 The Law of Motion for Capital in the Foreign Country

Similar to (B38), the law of motion for capital in the foreign country
evolves as

Ky = (1 - 8Ky +dI;. (B103)

B.8 The Aggregate Resource Constraint in the Foreign
Country

Similar to (B42), one can show that

R ~ s* 1 N
seCF + 871 + Ff (b’ —(1- 5)) ur =Y/ (B104)
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B.9 The Wage-Setting Equation in the Foreign Country

As in the case for the home country, we work with both
predetermined- and flexible-wage arrangements in the foreign coun-
try. We first describe predetermined wage setting.

B.9.1 Predetermined Wages

B.9.1.1 The Wage Setting for Differentiated Labor in the For-
eign Country

Similar to (B71), (B72), and (B74), one can show that
7] N
= wIn By W
{1 + eﬁ*aw(UnJrl)ﬁ}(l + 005)

On

14 e 0w (ﬂn+1>ﬁ}(1 + 0won)

E, N}

Oc

E,_,C;
14 e™ 0w (0n+1>,8}(1 + 0,,04)

E,_, P}
14 e™ 0w (0n+1>ﬂ}(1 +60,04)

R
R
R
A

™ 0u(@nt) BB, + Op0n) — e Ou=1) 3, }

Er Wiy
{1+ e 0uipli+0,0,)
{eﬁ*eu,(gn+1)ﬁ(1 4 Un) _ eﬁ*(ew—l)ﬁ R
+ - B N7,
{1 + ew*ew<an+1>@}(1 + 0uom)
7 (0u—1)
O¢ 6 A~
+ o Ei1C{y
{1 + e“*"w(f’n“)ﬁ}(l + 000n)
7 (00 —1) R
+ ¢ b B Py, (B105)

{1 + efr*@w(wl)ﬂ}(l + 000m)
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H'wo-n

{1 4 eﬁ*ew<an+1>g}(1 + 0,0,)

Et Xz t 1 Et Wt* 1
+ +
On

E\N/
14 ™ 0w <vn+1>ﬂ}(1 4 0,0,)

Oc

1+ ™ 0w (an—l-l)ﬁ}(l + 0y0n)

ECfy

E.P;,

1+ b <on+1>5}(1 + 0om)

R
e
R
A

e Owlent) 30, + 0,0,) — €™ w130,

EW; s
{1 + 70w (ffn+1>ﬁ}(1 + 00m)

{e?r*Qw(an—H)ﬁ(l to,)— e Bu-1g

{1 + eﬁ*eu)(0n+1)ﬁ}(1 + ewo-n)

+ EtNt*+2
O.Cer’r* (0“,71)5

_|_
{1 + e?‘f*9w<vn+1>ﬂ}(1 + 0,01)

EiCfy

67?*(91”—1)5

i {14700l (14 0y0,)

EiP}s (B106)

~ . eﬁ*(l_ew) 1 ok
- 67_1—*(179“’) + 1[13,5_1.

(B107)

B.9.2  Flexible Wages

Similar to (B78), one can show the foreign-wage equation under
flexible wages can be written as

onN; +0,CF =W} — P} (B108)
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B.10 The Equation for the Real Exchange Rate
B.10.1 Debt-FElastic Interest Rate

It is notable that the nominal return pertinent to the holdings of
the risk-free home-country bond in the foreign country—denoted by
RJB%?1 in (B80) may differ from that in the home country—denoted
by R}, in (B3). Following Devereux and Smith (2005), we assume
that countries face a debt-elastic interest rate. Let the net position
of the home country in the risk-free home-country bond be given
as B;. The debtor country has to pay a higher interest rate than
the lender country due to upward-sloping bond supply in interna-
tional financial markets. The differential between RZ 11 and Ry 4
depends on the net home-country bond holdings of the countries in
the following way:

R, = @(Bt+1 ~ B) RE,, (B109)

where © (B,11 — B) satisfies © (0) = 1 and ©’(.) < 0. Since there
is a continuum of households in both countries, home-country bond
holdings of any individual household (B;;1) have only a negligi-
ble effect on the net position of countries’ bond holdings (Byy1).
Thus, households do not internalize the interest rate faced by their
countryH

The following assumptions have been made: ©(0) = 1, ©’(0) <
0. In our notation, a hat over a variable denotes the variable’s
log-deviation from its steady-state value. However, since the log-
linearization of the home-budget constraint involves the term
Bt+s — B Bt+s — B

By, is instead defined as B, |, = 4
v t+s 18 Instead defined as by v

4Assuming a debt-elastic differential in the two countries’ interest rates is
a standard way to circumvent the problem of multiple steady states in imper-
fect financial markets. Without such an assumption, stationarity of the model
would not be ensured, as when a shock is introduced into the model, the model
oscillates between different steady states without ever reaching a stable equilib-
rium. For a more complete description, see Schmitt-Grohe and Uribe (2003) and
Boileau and Normandin (2008), who describe the problem of multiple steady
states in the small and large open-economy models with imperfect financial
markets, respectively. They also evaluate different methods to circumvent this
problem.
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From (B15), (B95), and (B109), one can write that

- 1P &

™

1
—e™ = v i
5 /8 Pt* gt

RH = @(O)R]: = RH = R]-‘ =

g = =% — _
= ?1 =" " = log€yq — logc =T —T". (B110)
t
The log-linearization of (B109) yields
RH,t - é]—',t + @%0)?3154.1. (Blll)

B.10.2 The Equation for the Real Exchange Rate

0o B (C’;‘H - C*;‘) VE, (Pg;l - Pt*) Y E (é’m - é’t) = Ry,
B (G C) ¢ Fu(Pros — B2) =
Ryt = Rr i +0'(0)Y Biyy
o.Ey (C’t—l—l — ét) + Ey (pt—i-l - Pt)

= o B, (C’f_,_l — C’f) + E; (]5,;1 — ]St*> + By (gt+1 - gt)

+0'(0)Y B4 (B112)
O¢ {Et (ét+1 — ét> — Et (é:+1 — é:)}
= EtQt-H - Qt + @,(O)YBHI (B113)

B.11  The Change in the Nominal Exchange Rate
Ei=Qi+ P — P (B114)

B.12  Log-Linearizing Home Households’ Budget Constraint
Home households’ budget constraint is given by

Piy s {Ciys + Iiys +alusys) Kips + Bipsy1 ) + My
= Tpts,illits,i + Lots—1,iM+si + Me—1 + M — M |
+ Ry e s Kivs + Rygpys—1Pivs—1Bivs + iy, (B115)
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Firms’ demand for the composite labor is given by the right-hand
side of (B116):

Tipts,ilits,i T Tits—1,iNt+si = WitsNits

K 1 K 1

*
) /NH,k,j,t+s+§ /NH,¢,k,j,t+s
k=170 k=170

K m
+Z/O N%,¢*,k,j,t+s] - (B116)
k=1

Firms’ demand for capital is given by the right-hand side of
(B117):

- Wt+s

k k
Ry g s Kyvs = Ry

K 1 K 1

*
) /KH,k,j,t+s+Z/ K316 ,jtts
k=170 k=170

K 1
+Z/O K7*‘£,¢*,k,j,t+s] : (B117)
k=1

The profits of the home-household-owned firms are given by
(B118):

K 1 K 1
s = Z/ kg sd) + Z/ H;‘i,¢,k,j,t+sdj
k=170 k=170

K 1
+Z/O I3 ¢ kg s s (B118)
k=1

where

Ur kjtts = Prokjirs Yk jt+s — Wirs Nk, jt4s
— RY{ Kk jivs
H;-t,(t,k,j,t—i-s = Pﬁ,¢,k,j,t+syﬁ,¢,k,j¢+s - Wt+sN7*{,¢,k,j,t+s
- Rf+sK;i,¢,k,j,t+s
W ¢ kjits = EtrsPr s kjirs Yrew kjits — WersNi e kjitrs

k *
- Rt+sKH,¢*,k,j,t+s‘
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Using (B116), (B117), (B118), and the fact that domestic and
export goods are competitively produced, one can write that

Wt+sNt+s + Rf+sut+sKt+s + Ht+s

K 1 K 1
= Z/ PH,k,j,t+sYH,k,j,t+sdj+Z/ Pr ¢ kgitrs Y6 ko jtts@
k=10 k=170
1
+Z/o EtrsPry ¢ kjitvs YT hjits@

K K
* *
= E Py ket s Y kt4s + E Pri ¢ ks YH ¢ ke tts
p =1

K

+ Z5t+8P7>:t,¢*,k,t+sYﬁ,¢*,k:,t+s' (B119)
=1

In equilibrium, M; = M{. Using this, (B39), and (B119), one
can rewrite (B115) as

Py Yips + PrysBigsia

K K
= Z Pri ks Yk t+s + Z Py ¢ ks YF ¢ kst ts
k=1 k=1
K
+ > Ers P parsYrie hiws T Rrirs1Pors 1By
k=1

Yiys + Bt+s+1

k
_ Py kt4s Proktts o stﬂ Py €k t+s v
= Z 2 Hkt+s T Z Qits — pr | Trektts
=1 t+s t+s

H €% k,t+s Pt+s—1
+ Z Qs ( D > Y7 ¢ ks T Brtrs—1 P Di+s:
t+$ t+s
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We define the relative price of the domestic sector k good and
home-export goods as

Prel. _ PH7k7t+S
H,k,t+s —
® Pt+s
1 P
el _ gt+s H, ¢k t+s
Pilge = SR (B121)
t+s
*
et _ Pre pess
H,¢* k,t+s — P :
t+s
Bt+s - B

, Where we assume

Let B’Hs be defined as Bt+s =
B = 0. Then, log-linearizing (B120) yields

K
Yi + Bir = Z fi(1 —9) (ﬁgf,lk,t + YAvH,k,t) + Q¢
k=1
K

A*rel. " s
+ ) fevwe (PH,(Z,k,t + YH,¢,k,t>
k=1
K . 1
+ ) Sl — we) (Pfft,cz*,k,t + Yﬁﬂ*v’“t) t5t
=1
(B122)

Using (B121), one can rewrite (B122) as

K
Y+ By = Z fr(L—1) (PH,k,t + YH,k,t)

k=1

K
—(1- %D)Pt +PQ¢ + Z fk¢w¢p7>ft,¢,k,t

k=1

K
+ Z Trkpwe Yoy ¢ ks
k=1
K
+ Z e (1 —we) (P;t,(z*,k:,t + Y?:,(Z*,k,t)

k=1

A A 1 -~
—vweb — B + 5B (B123)
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B.13  Log-Linearizing Foreign Households’ Budget Constraint

Foreign households’ budget constraint is given by

Py "
g . Bt+s+1 + Mt

=M+ M" — M", 4z A+
= VL4 t t—1 T Ligs,iMts,i xt—i—s—lint—i-si

Pt*+s ( ;—&-s + It+s + a(ut-s-s)Kt:-s + Dt+s+1)

Rri4s—1P
* s— t+s—1 %
+ Rt+sut+sKt+s + Ry s 1 Plys 1 Dis + B

5t+s t+s
+ 117, .. (B124)
Similar to (B120), one can show that
* 1 *
Yie+ Do+ 55— 0 tts+1
t+s
K
_ L (Prekit+ts
= Z Y]—' ¢, k,t+s
Qt—‘,—s Pt+s
k=1
51 (&P
t+sd F,¢* k,t+s
1 vy Y w
—i—z_: Orrs < Pros ) F¢* kt+s
PF ktts I —
+ Z pr o YE pigs T Ripe Py, 5 Dits
t+s
1 Rriis 1Ps_
Q ft+P 174 1B:+s’ (B125)
t+s t+s
Since the home-country and foreign- country risk-free bonds are
supplied at zero net supply, D = 0 and B;, .1 = —Biys41. In addi-

tion, we assume ) = 1. Using these, (B125) can be log-linearized
as
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K " o A
+ Z fr (1 - 7_> (P]*:',k:,t + Y;,k,t)
k=1

(

1
.

B

11 -

Qi+ =D; — 35 (B126)

Dy, — D*
here D* — t+s kel rel. and PrelA
w t+s S - P Fkt+s L F ¢ kt+s F &%k t+s
denote the relative price of the foreign good supplied to the foreign
country, that of the home-currency-invoiced foreign-export goods
and that of the foreign-currency-invoiced foreign-export goods in
sector k, respectively, and are defined as

*
prrl PE i t4s
Fhtts = pr
t+s
*
Prel. _ P}_7¢7k7t+8
F.¢.kt+s —
¢ ? Pt+s
rel. _ gt-i-st,(Z*,k,tJrs
Pf7¢*,k,t+s —_— T. (B127>
s

B.1} Firms’ Objective in the Home Country

Figure B1 illustrates how firms producing different goods are related
to each other in the home country and their production technologies.
Next, we separately describe how each good is produced.

B.14.1 Firms Producing Final Goods in the Home Country

Non-traded final goods in the home country are produced by a con-
tinuum of perfectly competitive firms. Firms produce final goods
using the following technology, which involves combining goods from
different sectors:

n

K n—1
Y, = <Z f;/nyk(z—l)/n) ‘
k=1
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Figure B1. How Are Different Firms Related
in the Home Country?

Final-good firms
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Each period, firms producing these goods solve the following
problem:

K
max PrY; — ) PriYok
k=1
_n_
K n—1
subject to Y; = Z f;/nyk(z—l)/ﬁ : (B128)
k=1
From this problem, one can show that
Y, e
to_ n 1/ny (n=1)/n
= () (o

Y, \
Pfn <t> = Ppy. (B129)
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From (B129), one can write demand for the sector k good as

Pk ¢ -n
Yee=fi |57 Y (B130)
t

In addition, since final goods are produced by perfectly compet-
itive firms, the profits of firms producing these goods are equal to
zero, yielding

K K P\
k.t
PY, = P LY, . = P, —_— Y,. B131
+ Y 1;:1 ok Ytk ng s de S < 2 > g ( )

From (B131), it is easy to show that the consumer price index in
the home country is a weighted average of sectoral prices:

K 1—n
P, = (Z ka,;;") : (B132)
k=1

B.14.2  Firms Producing the Sector k Good in the Home
Country

Sectoral goods are produced by an infinitely large number of per-
fectly competitive firms. The home firms producing sectoral goods
combine domestic goods (Y7,,:) and imported goods (Yr ) to
produce sectoral output (Y% +) with the following technology:

_P
Vi = ((1 ) Y+ w%Y}f,;ij) o (B133)

Each period, firms producing sector k output solve the following
problem:

max Py Yt — Pk Yr ke — PreiYFr ke
_P
subject to Yj,; = ((1 — )Yy wyjf,;;)/f’) T (B134)
From this problem, one can show that

, P 1 (p—1 1 (p—1 ol
= (25 (- wivide s iz

-1
1
()
Yokt

D=

‘(1= )} <p—1>y73;;1:(1_¢)
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OVt ? ) ( Ly(-D/p | yiyl-1/p\7 T 1
= 1—)rY,? P Y P p) 2
OVr i <p—1 SRR TR S v
p—1 Lol 1 Yig >’1J
x (B2 vpn =g (22 ) B135
( P ) Fokst v (Y]-‘,k:,t ( )

From (B135), one can write demand for domestic and home-
import goods from sector k as

Yit
Yo it

1 % P —P
Pyt (1 —ap)e < > =Pyt = Yrpe =1 —1) ( H’“) Yt

1
1 (Y » P -
Py e (Y bt ) =Prri=>Yrr:=1 <f’k’t> Yit.

Fok,t Py ’
(B136)
Using (B130), one can rewrite (B136) as
P e -
Yiowe = ol - ) (T54) 7 (T Ty,
Prieda\ " (Pee\ "

Y, = S — Y;. B137
Foht = fut ( Pr ) P, t ( )

In addition, since sector k£ output is produced by perfectly com-
petitive firms, the profits of firms producing the sector k good are
equal to zero:

Py tYiet = Pkt Ykt + PritYF ke

Prge\ ” Prii\ "’
= Prpt(1—1) Yit + Pris Y+
P+ Py
(B138)

)

From (B138), it follows that the sector k price index is a weighted
average of domestic and home-import goods’ prices given by

Peo = (=)l + 0P ) (B139)
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B.14.83 Home Firms Producing Domestically in Sector k

The intermediate domestic goods in the home country are composite
goods composed of a variety of goods produced by firms engaging
in monopolistic competition. The production technology used in the
production of intermediate domestic goods is given as

op

1 Op—1
Vit pt = </ YH,k,j,twp—l)/@pdj) . (B140)
0

Firms producing sector k£ output operate in a perfectly compet-
itive market and solve the following problem each period:

1
maXPH,k,tYH,k,t_/ Py ket Yr ke, j,edj
0
. (B141)

1 %771
subject to Yy 1+ = (/ YH7k7j7t(0p_1)/9de>
0

From the optimization problem of these firms, it is easy to see
that

0,

Okt Op /1 Oy=1)/6, 1\ "
LAAE R A— Y- . 2 pd
aYH7k7j7t ep _ 1 0 H7k7]7t ]

1
6, —1 Op—1t_ Y, o
X < . )YH,k,j,t = (Hkt) - (B142)
Op Ykt

Using (B142), demand for variety j from sector k firms that
supply domestically can be written as

-1

L —0
Y pe \ % Pr g jt i
Prps | o = Prijt = Yrrje=|—H"" Ykt
Yokt Py gt
(B143)

Since the domestic sector k good is produced in a perfectly com-
petitive market, firms’ profits are equal to zero:
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1
PH,k,tYH,k,t:/ Py gt Yr ke dj
0

' Prgge)

j,t .

= / Pr kgt <P]> YVipedj.  (B144)
0 H,k,t

From (B144), the price index for the domestic good in sector k is
given as a geometric average of price indexes for varieties of goods:

1
1 1—60p
Pr e = </ PH,k,j,tl_epdj> : (B145)
0

B.14.4 Sector k Home-FExport Firms that Set Prices in the
Home Currency

The home-currency-priced home-export good is a composite good
composed of a variety of goods produced by firms engaging in
monopolistic competition. The production technology used in the

production of the home-export good is given as
6

1 Op—1
* * 0p—1)/0p ;.
Yigne = (/0 YH,¢,k,j,t( v/ d]) : (B146)

The composite home-export good whose price is set in the home
currency is produced in a perfectly competitive market. Each period,
firms producing this good solve the following problem:

1
* * * * .
maXPH,¢,k,tYH,¢,k,t—/ Pri¢ kgt Yr¢ kgD
0

p
1 [y
subject to Yiy ¢, = (/ Yﬁ’¢7k7j7t(9p1)/9pdj> . (B147)
0

From the optimization problem of these firms, it is easy to see
that

2]

p
VY, ¢ kot ( 0, ></1 i -
%: Y7fl¢k't(p)/pdj>
8YH7¢ak1jat Qp - 1 0 B ELIVE

1
* 2%
0,1 v o=l He kit
X 0 H,¢ kgt 7 T\ yx :
P H,¢ kgt

(B148)
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Using (B148), demand for home-export variety j from the firms
that produce the composite home-export good is given by

1

Yy, z
* H,¢,k,t P *
Prewi \ yo | = Prenie = Yreria
e kgt

P O

H, ¢k, j,t *

:<P* J) Yiiens  (B149)
H, ¢kt

Since the composite home-export good is produced in a perfectly
competitive market, profits of firms in this market are equal to zero:

1
* * _ * * .
PH,¢,k,tYH,¢,k,t—/ Pri ¢ gt Yr¢ ki@
0

1 P* —0p
* H:¢7k7"t * .
:/ Prg kg (P* . ) Y e pedi- (B150)

0 H, ¢kt

From (B150), the price index for the home-export good whose
price is set in the home currency is given as a geometric average of
price indexes for varieties of goods:

1 -0,
* * 1-0 .
Pt = </0 Py ¢ kg pd]) . (B151)

B.14.5 Sector k Home-FExport Firms that Set Prices in the
Foreign Currency

The foreign-currency-priced home-export good is a composite good
composed of a variety of goods produced by firms engaging in
monopolistic competition. The production technology of these firms
is given as

op

1 Op—1
* * 0,—1)/0p 1-
YH,(Z*,’{,t = </0 Yr)‘(,(é*,k’j’t( P )/ Pd]> . (B152)



Vol. 13 No. 1 Aggregate Dynamics after a Shock 55

The composite home-export good whose price is set in the for-
etgn currency is produced in a perfectly competitive market. Each
period, firms producing this good solve the following problem:

1
* * * * .
maX5t<PH,¢*,k,tYH,¢*,k,t—/ PH,¢*,k,j,tYH,;é*,k,j,th)
0
p

1 Op—1
subject to Yz, g+ 4, = </ Y;7¢*7k7j7t(9"_1)/9pdj> . (B153)
0

From the optimization problem of these firms, it is easy to see
that

op

oYy, ¢* ket ( 0, ) </1 , -
9 s vy — Y* N . ( p—l)/epdj>
8Y’f§,¢*,k,j,t 0, —1 0 H,E" kgt

1
* 0,
0p — 1 v oty Yieens |7
x 0 HE* kgt “\yx :
p H,¢* k.t

(B154)

Using (B154), demand for home-export variety j from the firms
that produce the composite home-export good and set prices in the
foreign currency is given by

1

Yy, &z
. nekt | _ p .
Prgene | = Prigkie = Yrge ki
He kgt

P O

H,¢* k., j,t *

:<P* J) Yoo pse  (BL55)
H7¢*’k7t

Since the composite home-export good is produced in a perfectly
competitive market, firms’ profits are equal to zero:

1
* * _ * * .
PH7¢*,k,tYH,¢*,k,t—/0 Pri ¢+ kgt Y% ki

-0
1 P P
_ * H,¢* k4.t % .
- / PH,¢*Jw‘,t P YH,(Z*,k,td]-
0 H,E* kit

(B156)



56 International Journal of Central Banking February 2017

From (B156), the price index for the home-export good whose
price is set in the foreign currency is given as a geometric average
of price indexes for varieties of goods:

1

1 i—a,
* * 1-6 .
Prige et = </O Pri g+ kit pdj) . (B157)

B.14.6 Home-Import Firms Composing Foreign-Ezport Goods
Priced in the Home and Foreign Currencies

The home-import goods in sector k (Yr ) are produced by per-
fectly competitive home firms. Producing these goods involves com-
bining intermediate foreign goods which are invoiced in different
currencies. Indeed, while some intermediate goods are invoiced in
the home currency (¢), others are invoiced in the foreign currency
(¢*). In producing the home-import good in sector k, the home-
import firms combine output from the foreign firms that set prices
in the home and foreign currencies (denoted by Yz ¢ 1+ and Yz ¢« i ¢,
respectively) with the following technology:

0

[

1 _ _ op—1
Yr s = <(1 —wp )T Y O el Y}?g*éf{@f?) . (B158)
Each period, home-import firms solve the following problem:

max PrpYr ke — Pre kit Yr ekt — EPr e k1 YF ¢e kot
6

1 _ A _ Op—1
subject to Yr .+ = <(1 — W« )% Y}Ojg?;t)/ep + w;fp Y}?g*,?’{ep) .

From (B159), it is easy to see that (B159)

op
IYF ki Op c N O-1/0, | T (0,-1)/0,\ P
= (1_w¢*)epyf,¢,k,t + we- Y]—',;Z*,k,t

e L (0,—1 o=l _y
X (1—w¢*)9p ( pﬁp )Y}‘,izp,k,t
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op

OYF k1 ( Op ) ( (0,-1)/6 & ,-1)/0,\ T
= (1 —wi)Y S Pbwha Y BRTR
OYr ¢+ s 0, —1 ¢ F.¢ kit ¢r TFLCT kit

1
7 <9,,—1> | 7 ( Yr ot >ep
X whe | 22— |Y_% =wh [ . (B160)
¢ gp F.¢* kit ¢ Y]—",{Z*,k,t

'zﬁ’“

Using (B160), one can write demand for home- and foreign-
currency-priced home-import goods as

1
A Yrre \7
pratae (£
w ¢ Yr ¢kt

—6
Pr ¢kt v
=Prert = Yrert=(1—wg) <’¢’ ’ YrE it

Pr .t
P xOp F,k,t P
f,k:,twgz* 7}/}_ o s

. (EPrg i\
=& Pr ¢kt = YFgr kit = wgs (tpfit> Yr kot
b 7t
(B161)

Using (B137), (B161) can be rewritten as

—0 —p -
P p P P
Yr ¢t = fu(l —wg ) <W> <W) < k,t) Y,

Pr .+ Py =
&P g+ kt>9p <Pm>” <Pk>
Y « — w** k) g vy glvy 3 Y'
F.e* .kt Tx ¢ (0 (P]-',k,t Pk,t P, t
(B162)

Since home-import goods are produced in a perfectly competitive
market, home-import firms’ profits are equal to zero:

Pr o tYrrt = PrertYrent + EPr e k1 YF v kot

Pr ¢ it O
~Freati=i) (FE)

EtPr ¢ 1t

_gp
Yrk: (B163
Pf’k;’t ) -7:7k7t ( )

+ gtPJ:,gz*,k,tw;* (
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From (B163), one can write the home-import price index as
a geometric average of home- and foreign-currency-priced foreign
goods:

1
ES 79;7 ES —Up Y
P]:,k?,t = ((1 - W¢*)P_;_-’¢7k7t +(.L)¢* ((c/‘tP]:’(Z*’k’t)l 6 ) ! 917 . (B164)

B.14.7 Cost-Minimization Problem for the Firm Supplying the
Home Country with Variety j

All firms in the economy use the same production function given by
Yok = K 5 N e (B165)
Each period, they aim to minimize their cost function:
min Wy Ny i 5t + RfKH,k:,j,t, (B166)
subject to
Yockit = Ky 5N i (B167)

Let k denote the Lagrange multiplier from the constraint (B167).
Solving the problem of firms’ cost minimization leads to the following
equations:

_ 1-x x—1
Wi = kX By oo Nog kg

1-x
Kokt
Wi = kex | ——=—
N kgt

k KH k.j,t X
H7k7j?t

We  x Kkt

RF 1= x Nogpju
Knwge 1= xWe (B169)
Nyt et x Rf
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Using (B167), one can write that

—X
KH,k,j,t)

Yi kit = Kri kgt <N
H7k7j7t

Kkt \
Ky kgt = Yr kgt Novrs
b 7j7t
1—x W\ *
Ky kgt = Yrkjt ( X R’z> ' (B170)
t
Similarly, one can show that
Knpju)\ X
Yszzjzt = NH7k7j7t (NH7k7]7t>
kgt
-1
N v Kyt
Mkt = Yrtdge 3=
kg,
1—x W\ X
Nkt = Y kit (X R’:> , (B171)
t

Inserting (B170) and (B171) into the cost function yields
WilNs o + By K n

1— W\ X 1— W\ X
ZWtYH,k,j,t< Xt) +RfYH,k,j,t< Xt)

X Rf X Rf
1-x X
_ 1—x
I, Vs ) X kl X X
kg |Wi Ry 1—y + Y
T \'"7X /11X _
B (1—X> (X) WXRE Y p - (B172)

B.14.8 The Objective of the Home Firm Supplying the
Home Country with Variety j

When a price-change signal is received, the expected profit of the
firm producing domestic variety j can be written as

oo

)\t+s

k

E; g B* y O (Xt Vet kgtts — WirsNrokjits — Rivs Kk jiits) »
s=0

(B173)
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where X1y ;¢ denotes the price set by the firm, which remains
unchanged with a probability of «j in each period. In (B173), the
stochastic discount factor the firm uses in discounting future profits

is assumed to be equal to that of home households (ﬁs t“) Using
(B172), (B173) can be rewritten as

20 A 1\
FE; g 3 t+s ai (XH,k,j,tYH,k,j,t—l—s — <>

1\~ 1—
X(X) W R XYH,k,j,t+s>- (B174)

Using (B143), Y3k j1+s can be written as

—0
Xk ?
1J,t
Yk jirs = <PH es Y kytts
Lz S

-6
s 1 P
=X r | —— Y; . B175
H,k,j,t (PH,k,t+s) Hokst+s ( )

Inserting (B175) into (B174) gives

SR 1o 1 —0r 1 \'"X
FE; Zﬁs ;—i-s az (XH,kZ‘,t <> YH,k,t+s — <1X>
: _

P,
s—0 H,k,t+s

1\ X r 1-X o0 1\
X(X) WaaRiys Xy (> Y kits | -

PH,k,t+s
(B176)

When a firm receives a price-change signal, it maximizes (B176)
by choosing X3 1 ;- One can show that the first-order condition
from this problem can be written as

> 3)\t+s s _gp Hp ]. 1=x 1 X

—0
1-X o, —1—6, 1 v
x W R, XH,k:,j,t} (PH . t+s> Yike+s = 0. (B177)
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Therefore, one can write

) 1 \'X/1\X
X = p -
TR, 1 (1—x> (X)

A 1— —bp
oo t+s X k X 1
Ey Es:o B* A apWi sRY ( ) Y kt4s

Py i tts

S A s —0p
Eyy o B ;: ay, ( L ) Yo kt4s

Py ke t4s

X

(B178)

To log-linearize (B178), first rewrite it as

00 )\t+5 1 —0p
By 6 N, 042( ) Vit ttes X koot
s=0

Pr kt+s

0, ( 1 >1X<1>X N VI b 1ox
= — - FE s a, WX R
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s=0

1 0
x (> Vi tss. (B179)
Pr k145

At the flexible-price steady state, the following equation must
hold:

—0
1 P =
EtZﬂs Aits oy, < = ) Yo o X ko gt

Py k45
0, TN T IV S Mts s gl
= — -] E S g W RY
9p—1<1—X) x t;ﬂ Y OpWitpstipts
1\,
X <—> Y'H,k~ (B180)
PH,k,t+s

Using (B8) and that all prices rise by the same rate at the flexible-
price steady state as assumed in (B10), one can rewrite the left-hand
side of (B180) as

[e%s) 5\t+5 1 —0p B _
By 5 T % ( S > Vi o X it
s=0 t

P’H,k,t—i—s
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= —9
1 P
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1

= T parer T P} Yok Xt gt (B181)

Next, we aim to simplify the term excluding the constant in the
right-hand side of (B180). To do this, first note that since real wages
and the real rental rate of capital are constant at the steady state,
their nominal values must grow by steady-state inflation:

1—x

W RS = WXRE ™. (B182)

Using (B8), (B182), and the assumption that all prices rise by

the same rate at the flexible-price steady state, one can rewrite the
right-hand side of (B180) as

> 5\ s — —1-x 1 —0p _
Et Z /85 ;\Jr athﬁst—i—s <_> Y'H,k
t
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= T Barc WXR; H & (B183)
From (B180), (B181), and (B183), it is easy to see that
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1 — Boye™
T Goer @ YKk
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= (1—x> (x) WXRE PV . (B184)
p

Now, note that taking a log-linear approximation around positive
steady-state inflation of the left-hand side of (B179) yields

s I N
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Py kits
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Similarly, taking a log-linear approximation around positive
steady-state inflation of the right-hand side of (B179) yields
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o0

X Et Z <,80(k€ﬁ—0p> |:5\t+s — S\t + XWt+s + (1 — X)Rf+s
s=0
+ 0y Prikars + YH,k,t+s:| . (B186)

Using (B185) and (B186), it is easy to show that
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Rearranging terms in (B187) gives
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=53 (o) (1 o) |

s=0
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(B188)

To simplify (B188), rewrite it as
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Next, we restate (B189) as
> S
Xokje+Be Y { (6%6“‘“’”) (1 — ﬁake’?(ef”) }
s=0
X P\t—l—s + QpPH,k:,fArs + YH,k,tJrs] = <1 - ﬁakeﬁe")

[XWH- (1-—x)RF+ X +6, Pszt“‘YHkt}

(m e O{@akem)so_W)}

Wt+s+1 +( X)Rf+s+1 + j\t+s+1 + 9pPH,k,t+s+1

lﬁ

+ H,k,t—i—s—&-l}- (B190)



66 International Journal of Central Banking February 2017

Using (B188), (B190) can be rewritten as
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In equations (B192), (B193), and (B194), equations (B191),
(B192), and (B193) are rewritten, respectively, as
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Using (B195), one can restate (B197) as
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In each period, the fraction of the firms receiving a price-change
signal is 1 — . Since firms are identical, the firms receiving this
signal set their prices to the same price. This, together with the
randomization assumption in the Calvo model and (B145), yields
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Log-linearizing (B199) yields
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Using (B200), one can rewrite (B198) as
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Next, we restate (B201) as
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- 1
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1
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B.14.9 The Objective of the Home-Export Firm
Producing Variety j

In our model, we make an important assumption that the invoice
currency also determines the degree of price rigidity faced by the
firms. Indeed, if prices are set in the home (foreign) currency, they
remain fixed with the probability of not receiving a price-change sig-
nal in the home (foreign) country. That is, if a sector k firm sets its
price in the home (foreign) currency, the probability of not receiving
a price-change signal in each period is aj, (o). We first describe the
problem of the home-export firm that receives a price-change signal
in period t and sets prices in the home currency.

B.14.9.1 The Objective of the Home-Export Firm Producing
Variety j and Setting Prices in the Home Currency

When a price-change signal is received, the expected profit of the
home-export firm producing variety j can be written as

> >\t+s
E s
’ Zg ey

- Rf—i—sK?*-(,(é,k,j,t)a (B204)

s * * *
aj (XH,(Z,k,j,tYH,gZ,k,j,t — WetsNrgg g

where the price set by the home-export firm in the home currency is
denoted by X7, 4 it which remains unchanged with a probability
of ay, in each period. Similar to (B178) and (B203), one can show
that (B205) and (B206) must hold:

oo O (LTI
ekt g, — 11— x X

—0
A 1— P
0 s M+s  srr7X k X 1 *
By o oB Wi R P~ Yo ¢ htts

At M€ ko tts

—6
)\t+s 1 P
B Y20 0750 Ve ke

H,€ k,t+s

(B205)

1 =0, 1 #(0,—1)
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) EtP7Tt7¢,k,t+2



Vol. 13 No. 1 Aggregate Dynamics after a Shock 75

B.14.9.2 The Objective of the Home-Export Firm Producing
Variety j and Setting Prices in the Foreign Currency

When a price-change signal is received, the expected profit of the
home-export firm that produces variety j and sets its price in the
foreign currency can be written as

o
)\t+s El
Bi ) Bt (EensXiog Yot bies
s=0
k
— WissNig g kjis — Biv B g kjirs) o (B207)

where the price set by the home-export firm in the foreign currency
is denoted by X7,  , ., which remains unchanged with a probability
of o in each period. Using (B172), one can rewrite (B207) as

oo
Mrs oo
s/\M+s  x * *
B0 N Ok (s Xiige ki Yotes kjres
s=0

TN I\ ok Texos
- (= o) MR Y g | (B208)
Using (B155), Y3} ¢ ;. 11, can be written as

* —0p
* _ H,¢* k5t *
YH,¢*,k,j,t+s |\ pr YH,¢*,k,t+s
H,¢* k,t+s

1 o
= X';k'l,(z*,k,j,t (P* ) Y;{,(Z*,k,t—i-s' (B209)
H.,¢* k,t+s

Inserting (B209) into (B208) gives
N 1 o
t+s  x° w10 *
B p° SV Ervs Xy jn P Yo e kotts
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1 1 1—x —0p
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() ] -
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When the firm receives a price-change signal, it maximizes
(B210) by choosing X7 4« ;. One can show that the first-order
condition from this problem can be written as

> )\t+s s —0p Hp ]. 1=x ]. x
S * s * * . _ -
By B N,k [5t+ Xrtg hojit <9p 1) \1= »

s=0
—0,
1 *
| Ve wers =0
H,¢" kt+s

(B211)
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X E 1=X %
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One can therefore write that

PO G SR R A
H,¢* kgt Qp—l 1—x X

_9]3
(e8] s Atts o #S X ko 1-x 1 *
Ey ZS:O B . Yk Wi Ry (p* > YH,¢*,k,t+s

HLE* K tts

—6,
o) Aeds s 1
By o B 50 Es | 50— Yiter bt
H,C* b, t+s
(B212)

To log-linearize (B212), first rewrite it as

SN VI 1
FE 8 af Epg | =———m—
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" ktts

At the flexible-price steady state, the following equation must
hold:

oo 5\ 1 —0p
t+s 45 Y v
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0, ( 1 >1X<1>X X Atds ot gl
= EY p=ap WA RF

-0,
]' \/*

H,¢* k,t+s

Using (B8), (B110), and that all foreign-currency prices increase
by the same rate at the flexible-price steady state as assumed in
(B86), one can rewrite the left-hand side of (B214) as

%) 5\ 1 —0p
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k

Next, we aim to simplify the term excluding the constant in the
right-hand side of (B214). To do this, first note that since real wages
and the real rental rate of capital are constant at the steady state,
their nominal values must grow by steady-state inflation:

Wy RN = WXRF e, (B216)

Using (B8), (B216), and the assumption that all home-currency
(foreign-currency) prices rise by home (foreign) inflation at the
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flexible-price steady state, one can rewrite the right-hand side of
(B214) as

—0,
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Using (B214), (B215), and (B217), it is easy to see that
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(B218)

WXRE ™ Piae o Yit oo e (B217)

Using (B215), a log-linear approximation around positive steady-
state inflation of the left-hand side of (B213) can be written as

oo 5\ 1 —0p
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=& _H &k tYH 2, ey ¢ kgt Z <50‘*e7r o 1))
X Mrs = M Evps + 0pPfy e s + Vigo o + Xy g lw,}
(B219)

Similarly, using (B217), one can write a log-linear approxima-
tion around positive steady-state inflation of the right-hand side of
(B213) as

) A= .E 8°—=—a;j
(‘910 -1 I—x X ! ; A¢ &

1 O

TrX _kl_x —

Wt+th+s (P*) Y;f,(é*,k
H,¢* k. t+s

X {/A\Hs — X + XWigs + (1- X)Rf-f-s

+0p P g hers + Yﬁ,¢*,k,t+s}

- . . - WXR P * Y* *
(0,,—1 T—y X t Lt et Vi e® k

X By Z (501267?*9?)8 |:5‘t+s — X+ xWigs + (1 — X)Rfﬂ

s=0

+ O0p Pl ¢+ ks T Yﬁ7¢*,k,t+s}

* 770
_ 1 - lgakeﬂ— P g Y* X*
=1 Barer G0t P et Vit kKo i
k

x By (501926%%) P\t+s = M XWiss + (1= ) BE,
s=0

+ epp;(ﬂ*,k,t—&-s + }A/?j({,¢*,k,t+si| . (B220)



80 International Journal of Central Banking February 2017

Using (B219) and (B220), it is easy to show that
ST A ~ ~ A~
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Rearranging terms in (B221) gives
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The terms involving A; in (B222) cancel. Consequently, one may
write (B222) as
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Next, we restate (B223) as
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By restating the last term in (B224), one can also write (B224) as
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Using (B223), (B225) can be rewritten as
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Distributing Bate™ % in the last term of (B226) gives
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Since Baie™ % = e™ Bate™ »=1 one can rewrite (B227) as
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Rearranging (B228) yields
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Now, note that
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Using (B230), one can restate (B229) as
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It is easy to see that
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Using (B233), one can rewrite (B232) as
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Using (B232), one can restate (B234) as
Xir v kg — Boge” X, €% k1
(1 — ﬁa* T (9 > |:5\t + ét + 9pP7>fl,¢*7k7t + }A/':(,(Z*,k,t}
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+ 0Py g o + Vit ] } (B235)

By distributing Sage™ (%>~ in the last term of (B235) and
rearranging terms, one can write that

Xivgr g = Bake™ " Xy o kgt
(1—504* 0 >[)\t‘i‘XVVt+(1—X)th€
+ 0 Pry g ger + Yﬁ,sz*,k,t}
(1 — Bage™ O 1)) [;\t + &+ 0p Py e g + Yﬁ,w,k,t}
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ﬁ*w(e—n)( ﬁa*ﬂ9>Et

1+ X Wi + (1 — )R+ Op Py ¢+ k1 + Yo e gty |-
(B236)

X

In each period, the fraction of the firms receiving a price-change
signal is 1 — aj. Since firms are identical, firms receiving this signal
set the same price. This, together with the randomization assump-
tion in the Calvo model and (B157), yields

1—6p

Pri ek = (1_ak)XH¢*kjt+akPH¢*kt 1
-, 1-0, _ 1-0,

1= (1-al) XTt ¢ bt bal Prigs ki
Py e o Pl oo s

1 *(1-0p) X =0
— ¥~ —Yp *

x < O‘fe_ — > - (;‘“”) . (B237)

k ¢ kot
Log-linearizing (B237) yields
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Using (B238), one can rewrite (B236) as
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Next, we restate (B239) as
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Rearranging (B240) yields
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— ﬁazeﬁ*(«%—l) (1_ﬁazeﬁ*9p> Et?ﬁ,¢*,k,t+1

* 7 (0,— PR 1 D*
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B.15  Firms’ Objective in the Foreign Country

Figure B2 illustrates how firms producing different goods are related
to each other in the foreign country and their production technolo-
gies.

Next, we separately describe how each good is produced.

B.15.1 Firms Producing the Final Goods in the Foreign
Country

The problem of final good producers in the foreign country is
analogous to that in the home country. Similar to (B130) and (B132),

Figure B2. How Are Different Firms Related in the
Foreign Country?

Final-good firms
n

(Zk ]fk/ny (1= nu)ﬁ
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| -

Home-export firms which set prices in the home currency Home-export firms which set prices in the fmmqn currency
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one can show that demand for sector k good and consumer price
index in the foreign country are given by (B242) and (B243), respec-
tively:

* P];kt o *
Yee=h{pr ) Y (B242)
t

K =
P = (Z kal:,tn> : (B243)
k=1

B.15.2  Firms Producing Sector k Good in the Foreign Country

Sectoral goods are produced by an infinitely large number of per-
fectly competitive firms. The foreign firms producing sectoral goods
combine goods produced in the foreign country (Y, ;) and those
imported from the home country (Yﬁ k,t) to produce sectoral output
(Yy';) with the following technology:

y 1 " 1 71
* P e 1/p P =1)/p
Y= ((1 - T) Yres (7_) Ykt ) . (B244)

It is clear from (B244) that the steady-state import share in
output of the foreign country is only % as big as that of the home
country. This assumption is convenient since it allows us to study
small and large open economies within the same model. Indeed, for
a large economy, one can take 7 = 1. For a small economy, on the
other hand, one can assume 7 is arbitrarily large, as the size of its
trading partners is much larger than its own size.

Similar to (B137), output from the foreign firms that supply
the foreign country with the sector £ good and output from the
foreign-import firms in sector k can be written as

—p _

* ¢ P.;i— k.t P]:; t K *
Vi =fe(1-2 = L)y,
Frt =Tk ( = P, P }

—p 3
. U [ P Pr\ "

Y. = fr.— 2 > Y. B245
Tkt = Tk Pl;k,t Py t ( )

T
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Also, similar to (B139), the sector k price index in the foreign
country can be written as

1

* ¢ x 1= QIZ) w1 =

Pey= ((1 - ;)Pf,k;; + ;PH,k; . (B246)

B.15.83  Foreign Firms Supplying the Foreign Country with the
Sector k Good

The problem of foreign firms that supply the foreign country with
the sector k good is analogous to that in the home country. Similar
to (B143), demand for variety j from foreign firms that supply the
foreign country with the sector k£ good can be written as

-0
. Prige\ v

Similar to (B145), one can show that the price index for the sec-
tor k good produced by the foreign firms that supply the foreign
country is given as a geometric average of price indexes for varieties
of goods:

1

1 1701)
* * 1-0, ;.
Pr = </0 Pr it d]> . (B248)

B.15.4 Foreign-Export Firms Supplying the Home Country
with the Sector k Good and Setting Prices in the Home
Currency

The objective of the foreign-export firms setting prices in the home
currency is analogous to that of home-export firms setting prices in
the home currency. Similar to (B149), one can show that demand
for foreign-export variety j from firms that produce the composite
foreign-export good is given by

Pr ¢ k.j ?
Yr¢nit= <P £ ’J’t> Yr.¢ k.t (B249)
F.¢ .kt
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Similar to (B151), one can show that the price index for the
foreign-export good is given by

1

1 1—6p
Prekt = </ Pf,;z,k,j,tl_epdj) : (B250)
0

B.15.5 Foreign-Ezport Firms Supplying the Home Country
with the Sector k Good and Setting Prices in the
Foreign Currency

The objective of foreign-export firms setting prices in the foreign
currency is analogous to that of home-export firms setting prices in
the foreign currency. Similar to (B155), one can show that demand
for foreign-export variety j from firms which produce the composite
foreign-export good is given by

Pr ¢ k. jt O
Yr ¢kt = <P’ — ) Yr ¢ kot (B251)
F¢* kot

Also, similar to (B157), one can show that the price index for the
foreign-currency-invoiced foreign-export good is given as a geometric
average of price indexes of varieties:

1 -0,
Pr ¢kt = </ va¢*,k,j,t1_9pdj) ' (B252)
0

B.15.6 Foreign-Import Firms Composing Home-Ezxport Goods
Priced in the Home and Foreign Currencies

The foreign-import goods in sector k (denoted by Y3, ,) are
produced by perfectly competitive foreign firms. Producing these
goods involves combining intermediate home-export goods which
are invoiced in different currencies. Indeed, while some intermedi-
ate goods are invoiced in the home currency (¢), others are invoiced
in the foreign currency (¢*). In producing the foreign-import good
in sector k, the foreign-import firm combines output from the home-
export firms that set prices in the home and foreign currencies
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(denoted by Y7 ¢\, and Y3 ., respectively) with the following
technology:

op
1 _ N _ Ty
Viwe = (w8 Viitnt " 4 (- by )" (posy)
Each period, home-import firms solve the following problem:
1

* * * * * *
max Py Yoy gy — g, Pri ¢kt Yrig ke = Progr it YF ¢ kot

Op
1 O0p—1

. ] (Op—1)/6 1 (0p—1)/6 P
subject to Yy ;. = <w¢” Yiighe A1 —we) Y5 Lo p) :

(B254)

Similar to (B161), one can write demand for the home-

and foreign-currency-priced home-export goods from foreign-import
firms as

—0,
1 P P
* _ 5T H7¢7k7t *
YH,(Z,k,t - CU¢ P* YH,k,t
H,k,t

* —0p

H7 *7k7 *

Yiger kit = (1 —we) <P*¢ t) Ykt (B255)
H,k,t

Using (B245), (B255) can be rewritten as
1 p= —0p * - * —n
Y ?PH ¢kt Py Pry
Yitg e = frwe— | =5 - ol I O
Gk T Pyt Py P

* —0p * P * _
V[Pl g Py Pr N
Yiierne = fe(l —we)— | —55—7— - . Yy
ek T PH,k:,t Pk,t P

(B256)

Similar to (B164), one can write the foreign-import price index

as a geometric average of home- and foreign-currency-priced home-
export goods:

1 o 1-6 o
Pk = | we <&PH,¢,k,t> + (1 —we)Plge ke © .

(B257)
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B.15.7 The Objective of the Foreign Firm Supplying the
Foreign Country with Foreign Variety j

When a price-change signal is received, the expected profit of the
foreign firm that supplies the foreign country with foreign variety j
can be written as

s t+s *5 * * * *
Et Zﬁ Qy (X]-',k,j,tY]:,k,jJJrs - WtJrsN]-',k,jJJrs

- Rr+sK},k,j,t+s), (B258)

where the price set by the foreign firm is denoted by Xz, ., which
remains in effect with a probability of aj in each period. Similar to
(B178), one can show X7, ., is given by

1—
xoooo_ B (1 NIV
Fkat g, —1\1-x X

kl—x

AF —0p
s t+5 *S *X * 1 *
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t Fokt+s
X

* —
Z ﬁs )\tJrS *9 1 O Y*
s=0 P F.,k,t+s

Fokt+s

(B259)

Also, similar to (B203), one can show that the price equation for
the sector k good produced by foreign firms in the foreign country
is given by

1 * 70 1 * T (0p—1)
{ (1 - a;eﬁ*<9p—1>> et <1 - a;ev‘r*wp—l)) @€

(5()&* T 0, _ﬁazefr*wpfl))ep
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. . 1 .
* 7w (0,— * 70 *
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B.15.8 The Objective of the Foreign-Export Firm Producing
Variety j

Similar to our assumption regarding home-export firms, we assume
that the invoice currency of foreign-export firms determines the
degree of price rigidity faced by these firms. We first describe the
problem of the foreign-export firm that sets prices in the foreign
currency.

B.15.8.1 The Objective of the Foreign-Ezxport Firm Producing
Variety j and Setting Prices in the Foreign Currency

When a price-change signal is received, the expected profit of the
firm that produces foreign-export variety j and sets prices in the
foreign currency can be written as

s t+S *s *
E, 5 B (Xf,q:*,k,j,tYf,ct*,k,j,t — Wi o NF ¢ kit

- Rast,w,k,j,t), (B261)

where the price set by the foreign-export firm in the foreign currency
is denoted by Xz ¢+ . j+, which remains in effect with a probability
of af in each period. Similar to (B259) and (B260), one can show
that (B262) and (B263) must hold:

wen=g () ()
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s=0 Pr g poits €%k t+s

(B262)
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B.15.8.2  The Objective of the Foreign-Ezport Firm Producing
Variety j and Setting Prices in the Home Currency

When a price-change signal is received, the expected profit of the
foreign-export firm that produces variety j and sets price in the
home currency can be written as

o0

A 1
B p° +504 <5 XFg it YF ¢ kjirs — Wi oNF ¢k jits
t+
s=0

k
- RI+SKF,¢,k,j,t+s> ; (B264)

where the price set by the foreign-export firm in the home currency
is denoted by X ¢ ¢, which remains in effect with a probability
of ay, in each period. Similar to (B241), one can show that the price
equation for the home-currency-invoiced foreign-export good can be
written as (B265):
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B.16  Labor Market Equilibrium

B.16.1 Labor Demand from the Home Firms that Supply
Domestically in Sector k

From (B140), one can show that

Yrur=Ynr;

907:01 0 Oepl ¥ 99111 0 901)1
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As shown in (B171), labor demand from home firms that produce
domestic variety j in sector k can be written as

Nojpoig= | —22L \ B267
Hokjot < N Rf) M kgt ( )

Log-linearizing (B267) yields

(B268)
NH,k,j,t =(1-x) (fi’f - Wt) + YH,k,j,t.

Integrating (B268) over all varieties and using (B266) give
1
/ Nr i jedj = (1= X) (Ri]f N Wt) + Ykt (B269)
0

B.16.2 Labor Demand from Home-FExport Firms that Set
Prices in the Home Currency

Similar to (B266), one can show that

1
Yﬁ,&k,t:/o Yii.¢ k04 (B270)

Similar to (B171), one can show that labor demand from home
firms that produce home-export variety j in sector k£ and set prices
in the home currency can be written as

X RE'TY
Nkt = <1 = XWt> Yot ¢ kgt (B271)
Log-linearizing (B271) yields
Nitgge = (1 =x) (Rf - Wt) + Yﬁ,gz,k,j,t- (B272)

Integrating (B272) over all varieties and using (B270) give

1
/ Nipgngdi = (1= x) (Rf - Wt) Y et (B273)
0
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B.16.3 Labor Demand from Home-Ezport Firms that Set
Prices in the Foreign Currency

Similar to (B266), one can show that

1
Y ¢kt = /0 Y7 ¢ g (B274)
Similar to (B171), one can show that labor demand from home

firms that produce home-export variety j in sector k£ and set prices
in the foreign currency can be written as

1-x
N _ (X BEY (B275)
He kit =\ T T, g oot

Log-linearizing (B275) yields
N g = (U= ) (BE = W2) + Vg g (B276)
Integrating (B276) over all varieties and using (B274) give
1 O A ~ A
/ Nige jedi = (1= x) (Rf - Wt) + Y e (B2T7)
0

B.16.4 Labor Market Equilibrium in the Home Country

In equilibrium, labor demand equals labor supply in the home coun-
try:

K 1 K 1 K 1
S [ Nockiadi+ Y [ Niesnsli + D [ N = Ne
k=10 k=170 10

(B278)

From (B278), at a flexible-price steady state, (B279) must hold:
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*

_ Using (B137), (B256), (B266), and Y = ?T , one can show that

* * :
Nt k,js Nig g k.j» and Ny ge p 5 can be written as

X Rk 1-x
Vitky = | ——= 1— )Y B2
H.k,j <1_XWt> fe(1=14) (B280)
— I_X
* X Rk _
N1t kg (1—><th) frweY (B281)
— l_X
\ Tk X Rk _
Nog kg = <1xVT/tt> fr(l = we)yY. (B282)

Inserting (B280), (B281), and (B282) into (B279) yields

Sk 1—x
N (X B Ty
I—=xW

_(x B g (B283)
I—xW

D F A=) + dwg + (1 - w@}]

Using (B280), (B281), (B282), and (B283), a log-linear approxi-
mation of (B279) can be written as

K
Z (1-— / Nk jedj + Z fk¢w¢/ Niv ek judi

1
+ Z Feb(1— we) / N e sadi = I (B284)
_ 0

Lastly, using (B269), (B273), and (B277), one can rewrite (B284)
as

K
(1—X)< ) Z 1-9 YHkt+ka1/JW¢YH¢kt

k=1

K
) B (1 = we) Y5 6o 1 = N (B285)
k=1
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B.16.5 Labor Market Equilibrium in the Foreign Country

Similar to (B285), from the labor market equilibrium condition in
the foreign country, one can write that

K
(10 (RE - Wi) + 3o - D)5 e

+ka (1 —wg+) Y]—‘¢kt+szww¢*Y}'¢*kt*Nt

(B236)

B.17 Capital Market Equilibrium
B.17.1  Capital Market Equilibrium in the Home Country

For capital markets to be in equilibrium, capital demanded by home
firms must be equal to capital supplied by households in the home
country. Since the degree of capital utilization affects capital supply
in a period, one can write that

K 1 K 1
Z/ KH,k,j,tdj+Z/ K3t ¢ i jid
k=170 k=170
K 1
+> /0 Ky e oindi = w K. (B287)

From (B287), one can show the following equation holds:

K

( ) Z (1-v YHkt+ka¢w¢YH¢kt
k=1 k=1

+ Z (1 — we) Y e pee = T + K. (B288)

k=1
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B.17.2 Capital Market Equilibrium in the Foreign Country
Similar to (B288), it is easy to show that

K
< > Z 1 - Y]: k,t + Z fk 1 - UJE*)YAv}',(Z,k,t
+ Z fk%wé*Y}'ﬁ*,k’t = flt + K: (B289>

B.18 Monetary Policy Representation
B.18.1 An Interest Rate Rule in the Home Country

We assume monetary policy in the home country is represented by
the following interest rate rule:

Ry = Oy, + ®pP; + €l (B290)

where monetary policy shocks in the home country are denoted by
e}, which follows an exogenous AR(1) process given by

& = peci_y + <. (B291)

where €7 is Gaussian with mean zero and variance equal to o2,

B.18.2 An Interest Rate Rule in the Foreign Country

We assume monetary policy in the foreign country is represented by
the following interest rate rule:

R = 1.5x (15; - }*_1) 05XV e, (B292)

where € is Gaussian with mean zero and variance equal to agr*.
The coefficients in the foreign interest rate rule are based on the coef-
ficients in the simple monetary policy equation considered in Taylor
(1993), who notes this simple rule gives a largely accurate descrip-
tion of the monetary-policy-related interest rate in the United States
between 1987 and 1992.
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Appendix C. The Real Wage Dynamics

In this section, we study real wage dynamics in our model under
both staggered and flexible wage setting. In table C1, we present
the estimates of the correlation between real wages and real GDP in
developing economies reported in Agnor, McDermott, and Prasad
(2000) and Li (2011) along with those in our model under both
staggered and flexible wages. The correlation under flexible wages is
almost perfect, which contrasts with a moderate correlation of 0.49
or lower in the data. The correlation of 0.46 under staggered wages,
on the other hand, is similar to the empirical estimates reported in
table C1. This suggests that our staggered wage-setting assumption
is useful to account for the estimates of correlation between real
wages and output in developing economies.

We also study the co-movements of the real wage and output in
our model under flexible and staggered wages in figure C1. Under
flexible wages, workers’ ability to quickly respond to shocks results
in the real wage falling strongly in tandem with output following a
tightening shock to monetary policy. Consequently, the movements
in the real wage closely follow output dynamics under flexible wages.

Table C1. Correlation of the Real Wage with Output
in Developing Economies

Puw,y
Data
Agnor, McDermott, and Prasad (2000) HP 0.49
BP 0.27
Li (2011) HP 0.41
Model
Flexible Wages 0.99
Staggered Wages 0.46
Notes: HP and BP refer to estimates of the quarterly correlation between real wages and
real GDP which are filtered with the Hodrick-Prescott and band-pass filters, respectively.
In both Agnor, McDermott, and Prasad (2000) and Li (2011), the reported correlations
denote the simple mean of the correlations in the developing economies contained in their
sample.
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Figure C1. Model-Based Impulse Responses
of w and Y to e}

A. Flexible Wages B. Staggered Wages
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Note: The solid lines with circles and the dashed lines with pluses indicate the
model-based impulse response functions of output and the real wage, respectively.

Yet, while output strongly falls, the real wage increases under stag-
gered wages, as wages are predetermined and prices fall after the
shock. In the accompanying quarter, since half of all workers obtain
a chance to reset their wages, the real wage falls, which is consistent
with the finding in Li (2011) that real wages lag business cycles by
one quarter in developing economies.

Appendix D. Asymmetry in Currency Invoicing in
International Trade between Developing and Advanced
Economies

It is a well-known fact that there is an asymmetry between devel-
oping and advanced economies in regards to the currency in which
exports and imports are denominated. Indeed, while exports and
imports are largely denominated in foreign currencies in develop-
ing economies, they are largely denominated in national currencies
in advanced economies. For example, Gopinath and Rigobon (2008)
report that 97 percent of exports and 90 percent of imports in the
United States are priced in the U.S. dollar. To exemplify the pricing
practices of exporters and importers in developing economies, we
look at exports and imports by currency at Turkish trading ports.
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Figure D1. Inflation of Consumer Prices and the Turkish
Lira Share of Exports (Imports) in Total Exports
(Imports) in Turkey at the Dock

A. TL Shares in External Trade B. Inflation of Consumer Prices
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Notes: Our calculations are based on data from the Turkish Statistical Institute.
In panel A, the dotted lines with circles and the dashed lines with multiplication
signs indicate the share of TL-denominated exports in total Turkish exports at
the dock and the share of TL-denominated imports in total Turkish imports at
the dock, respectively.

In figure D1, we illustrate the share of exports (imports) priced in
the Turkish lira (TL) in total exports (imports) as well as consumer
price inflation between 1996 and 2012. Inflation is measured as the
percentage change in CPI over the last twelve months. It is notable
that the remarkable success in reducing inflation has produced only
a modest rise in the shares of TL-denominated exports and imports
in the recent years. Indeed, they have stayed at very low levels, below
5 percent, the period under consideration.
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