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This note derives and log-linearizes the equilibrium conditions characterizing the solution
to the models we use in the main text. Our model assumptions correspond exactly to Steinsson
(2007). Our notation also closely matches Steinsson (2007) with minor differences. We point

out these differences where they arise.

A Households

In this section we derive the equations determining the optimal decisions of the households
in the world economy. We start by examining how spending and labor supply are allocated
optimally over time and then solves for the optimal composition of spending within a given

period.

A.1 Intertemporal decision problem

Household x located in home solves
(o)
max Eg {Zﬁt [u(Ct) — v (L () 7ft)]} ) (A1)
t=0
subject to

PtC't + Et [Mt,t+1Bt+1] = Bt + Wt (:L‘) Lt (.T) + / ‘I)t (Z) dz — Tt,
Ng
where C} is consumption, P; is the nominal price of consumption, B;y1 represents a portfolio
of state contingent claims held by household x, M; .y is the state-price associated with this
portfolio, Wy (z) is the (possibly household specific) nominal wage rate of household z, L; (z)

is labor supply, ®; (z) is profits received from home producer z, T; is lump sum taxes and &,
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is a country wide preference shock. The notation reflects that financial markets are complete
so consumption and the portfolio of state contingent claims are the same for all domestic

households. The first order conditions associated with this problem are

Ue (Ct) = Py, (A2)
My = ﬂT_tAT7 (A3)
v (Le(2),6) = Wil()As, (A4)

where A; is the lagrangian multiplier on the budget constraint. Equations (A2) and (A3) imply

Ue (Ct+1) P
My =p——H2
t,t+1 ﬂ Ue (Ct) Pt+1

(A5)

which holds in all states of nature in period ¢ + 1. Defining the gross nominal interest rate as

I, = 7&[]\/{1”1] we get!
Ue (Cry1) Py }
1=pLE, | ———~ A6
Bt tl:uc(ct) Pt-{—l ( )

This is the consumption Euler equation which is slightly different from the equation in Steinsson
(2007). On page 8 Steinsson (2007) argues that

1 Ue (Ct) Pt+1:|
L =E; |-—— A7
e [ﬁuc (Ciy1) B (A7)
which should hold, he argues, if I; = m This is, however, not exactly true since the
equation requires that I; = E; |:Mt1t+1i|. To see this notice that equation (A5) implies
1 1 u.(Cy) P,
- ue (Cy) Py (A8)

M1 Bue(Ciyr) P

Taking the period t expectation yields equation (A7) with the alternative definition of the
nominal interest rate. This difference in consumption Euler equations is immaterial for the
subsequent results, however, as they both reduce to the same log-linear expression. We will
discuss this further below.

Using equations (A2) and (A4) we get the optimal labor supply relation

Wt (LE) )

v (L (), &) = uc (Cr) )

(A9)

The notation indicates that the wage rate is household specific which will be the case under the
assumption of heterogeneous labor markets. Under the homogeneous labor market assumption
the wage rate is the same for all domestically located households. This implies that the labor

supply will be identical across all households since the preference shock affects all households

ITo see why this definition must hold, suppose that B;11 (j) is a state contingent claim that pays out one
unit of home currency if state j arise in period ¢+ 1 and zero otherwise. M; ¢41 (J) is the associated state price
(nominal price in home currency divided by the probability of the state). The expectation over all states then
equals the cost measured in period ¢ home currency of acquiring a unit of home currency for certain in period
t + 1. This cost is the same as the inverse of the gross nominal interest rate.



identically.

Household z located in foreign solves
max Eg {Zﬁt [u(CF) —v (L (x) ,fi)]} (A10)
t=0

subject to
*

1 B
PO+ —Ee [My 1 11Bi4] = ?t + Wi (z) L (x) Jr/ O} (2)dz — 1T} (A11)
t t Nr

An asterisk denotes a foreign variable and ¢; is the nominal exchange rate defined as the cost

in home currency of a unit of foreign currency. The first order conditions are given as

uc (Cy) = PrAj, (A12)
A A%
Mt,T?t = 5T7t£7 (A13)
t
v (L (2),&7) = W (2)Af. (Al4)

Using equation (A12) and (A13) gives

uc (Cip1) PFoe

M1 =0 - . . (A15)
ue (CF) Py e
Taking the period t expectation gives the consumption Euler equation
c (CF Py
1= BLE, |~ ( ttl) K (A16)
uc (CF) Pl e

Notice that we may incorporate a foreign nominal interest rate into the model by defining

I = %] This implies

=S|
Et[Mt,t#»l%

u. (Cy) P

w(C7) iy

1= BIE, (A17)

Hence, we must have that

Ue (Ct*ﬁ»l) Pt* Et
uc (CY) Py et

Ue (Ct*ﬂ) by

ItEt * *
uc (CY) Pry

(A18)

] = I'E,

The log-linear version of this equation is the uncovered interest parity condition.

The optimal labor supply relation is given as

Wi (x)
pr

U (Lz (J?) afr) = Uc (C:) (Alg)

Using equation (A5) and (A15) we get

ue (Cor1) P _ e (Chp) PY e
e (Cr) Prya uc (Cf) Py i1

(A20)



which must hold in all states of nature in period ¢ 4+ 1. This equation can be rewritten

= ! A21
Qt Ue (Ct) ’ ( )
where we have defined Q; = % as the real exchange rate and assumed that Q¢ = 1.

A.2 Intratemporal decision problem

The previous analysis focused on how to allocate spending and work time optimally across
time. We now analyze how households’ choose spending optimally across different goods within
a given period.

Aggregate consumption in home, C4, is given by the following CES index

n
n=1 1 n=1|n-1

1
Cy = QS}-II,tOH:It +¢1:I“,tCF,72 ) (A22)

where Cy; and Cr, are bundles of home and foreign goods and where ¢, (qf) F)t) is a shock
to the demand for home (foreign) goods. We assume that ¢, + ¢, = 1. Allocating spending

in an optimal way requires

min PH,tCH,t + PF,tCFﬂg (A23)
Cw,t,Cr,t

subject to Cy = C. Optimality requires

P =N
Cait = d’H,t( ;n) Ct, (A24)
s
P -n
Cri = ¢py (;t) Ct, (A25)
s
where
Pr= (6ms (Pue) ™"+ 6, (Pe)' ") (A26)

The subindices Cr ¢+ and Cr are given as

Chs

=1 O —1
( Cre(2) dz) (A27)
Ny
y

0f—1 o7 —1
( Cri(z) % dz> . (A28)
Nr

Crt

These equations reflect that the elasticity of substitution between different goods is production
country specific. In other words, the elasticity of substitution is the same for goods produced

within the same country regardless of where the good is sold. Allocating spending optimally



requires

-6
P t
Cri(z) = e (2) Ch.t, (A29)
Py
_p*
P t
Cri(z) = e (2) Cr.t, (A30)
Pr
where
1-6, 1o
PH,t = PH,t (Z) d 5 (A31)
Nu
1-6; =
PF,t = ( PF,t (Z) t dZ) . (A32)
Nr
Using equations (A24), (A25), (A29) and (A30) we get that
Py (2)\ " (P "
= d ’ A
Ce(2) = o (C) 7 (T) e (A33)
Pry(2)\ " (Prs\ 7"
Cri(z) = ¢p, (PtFt> 5 Ct. (A34)
The solution to the corresponding foreign problem gives rise to the demand functions
—0*
. L (Prc(@\ T (PR L
Ciu() = i ( b ) (%) e (A35)
—04 _
. . [ Pre () P\ .
Cire () = G ( e ) () e (A36)
The corresponding price indices are
1
* * % \1— * % 1— i
P = (¢F,t (PF,t) e oy (PH,t) n) ! (A37)
and
Pp, = Pry(2) 7 dz ) (A38)
' N D
1-6 =%
PL, = ( Ph(z) dz> . (A39)
, Ny P

A government sector in each country finances government spending through lump sum
taxation. For convenience, government spending on goods follow demand functions identical to

those used by the private sector.

B Firms

We assume that a continuum of goods producers exists in each country. Each producer uses a
production function with decreasing returns to scale in labor and sells her particular good to

households and governments in both home and foreign. The goods are sold under monopolistic



competition and prices are staggered as in Calvo (1983). Moreover, we assume that producers
employ local currency pricing and therefore sets two prices, one for each market.

Following Steinsson (2008), we consider two assumptions regarding labor markets. Under the
first assumption each producer can only use the labor supply of a particular type of households
in her production. Hence, labor markets are highly segmented. Under the second assumption,
producers can use the labor supply of all households. In other words, the second assumption

implies a country-wide labor market. We will consider each assumption in turn.

B.1 Heterogenous labor markets

Each producer z located in home has the following production function

—Or £ —0r
(PH()> oo+ Goar) <PH<>> (Chir + Clr) = Arf (Lp (2)), (B1)

Pr,r Phr

where the left hand side of the equation denotes total demand for producer z’s good. We use
a slightly different notation compared to Steinsson with respect to producer z prices. More
specifically he denotes by p; (z) and p; (z) the home and foreign price of the good produced
by home firm z. We use Pp;(z) and Pj, (2) to denote the same prices. The function f is
increasing and concave. The notation reflects that each producer, under the heterogenous labor
market assumption, can only use the labor supply of a particular type of household denoted by

x. If the producer gets the opportunity to revise her prices in period ¢ she solves

max E o=t M, B2
Pit(2), P )ALk @)V Tzzt o (B2)
—0r
P z
X {PHJ, (Z) ( ;’t ( )> (CH7T + GH7T)
H,T

Py (2)

—0r
) (Chrr+Gir) —Wir (z) L () }

subject to equation (B1). The parameter « is the probability that a producer does not update
her price in a particular period. It follows from the heterogeneous labor markets assumption
that the nominal wage rate and labor demand in period T depends on when the producer has

last updated her price. The first order conditions are

> 1—07) Py (2) 7 (Pyr)’™ (Cyr+ G
Y oM,y (1 —07) P ( 30 71( H,T) 9( w1 +Gur) _ 0 (B3
T—t +S1 707 Pr (2)" " (Pur)”" (Cur+ Gur)
> 1= 07)erPy, (2)77 (Pr )7 (CF o + G
EtZCVTitMt,T ( T)er H,t (3 » ( H,T)QT ( H,T H,T) _— (B4)
T—t +Se 001 Py, (2) 7 (P;I,T) (CI*i,T + GTH,T)
—Wir (x) + Si,rArfi (Lr (x)) =0, (B5)



V T > t, where S;r is the nominal marginal costs of production in period 7" for a producer

that has changed price in period ¢. Using equation (A9) we can write equation (B5) as

Ser— u(Llr (2),&r)
P, Arfi(Lr (z))u. (Cr)’ (B6)

Denoting total demand for producer z’s good in period T by Dy 1 (2) the production function
implies L; 7 (z) = f~1 (D7 (2) JAr). Notice that we use a different notation than Steinsson
for the total demand for producer z’s good in period T'. He uses yr (z) whereas we use Dy 7 (2).

With this definition we can write real marginal costs

Str_ (f7' Dy (2) /A7), &7)
P, Arfi(f7' (Der (2) JAr)) ue (Cr)”

(B7)
Equation (B3) can be written as

B> o' My (Cur + Gur) (Pur)’™ (1—07) Pr (B8)
T=t

o Pui(2)  Sir Or —o
Pr Pr 0r—1

or
— T—t o
E; E @ Mth (CH,T + GH,T) (PH,T) (1 — HT) Pr (Bg)

T=t

<PH,t (2) P Pr_i  Sir Or > B
x| /R 2w X — =0.
P; Pt+1 Pr Pr eT -1

This equation can be written

B> o' My (Cugr + Gur) (Pur)’™ (1—07) Pr (B10)
T=t

o Pry (%) ﬁ 1 Syr br ~0
TR 0 [T )

where IT; = Pf - is the gross home inflation rate. A similar manipulation of equation (B4) gives

B> o "Mz (Cirp +Girr) (Phir)’™ (1 67) Pr (B11)
T=t

T

P;-(I,t (2) 1 Ser Or
X(QT Pt* H fZ_TTHT—l =0.

k=t+1

The solution to the home producer’s problem is characterized by equations (B1), (B7), (B10)
and (B11). Similar equations characterize the solution to a generic foreign producer’s problem.
In contrast to Steinsson (2008) we want to use output in our simulations. First, we want

to investigate the volatility of the real exchange rate relative to output and second, we want to



specify monetary policy rules that depend on output. In our models home nominal output in
period t can be found by aggregating profit and wage income across all households located in

home. Denoting home real output by Y; we get

PY, = /N ) <Wt (z) L¢ () + /N T (2) dz) dx (B12)

W (@) Ly (2) da + /N B, () dz,

Ny

where we have used that there are equally many households and producers in the economy.

Profits @, (z) are given as

—0, -
Qi (2) = épPui(2) (PI;;;(;)> <Pgt) (Cy +Gy) (B13)
—04 _
P; N
+e005r, P (2) ( P (Z)> ( g) (CF +GY)
it
~Wi(2) Li (2)

where subscript ¢ denotes the price charged in period ¢ by firm z, which not necessarily has
been updated in period t. Here W} (2) Lt (2) is the wage bill of producer z. Aggregating across

producers yields

Sy (Pr (2))' " dz (PH,t
(P )" P,

fNH (P;I,t (z))
(Pi)

— Wi (2) Ly (2) dz.
Ny

-n
/N P (2)dz = épPus > (Cy + Gy) (B14)

1-0
“dz (P},
04 Pt*

-n
eidly Pl ) (€7 + 6

Hence, real output is given as

Sy (Pr (2)' " dz <PH,t

1-n
i = opq (P Pt) (Ct + Gy)
H t
1-6
Py (z Ydz (P5 N\
ol Ve CDL 08 (T} . (513
t

1-0,
(Pie)

Similarly, foreign real output can be written

fNF (P;,t (2))170: dz (P;‘,t
1-65 P*
(Pi:) t

1 [y, (Pre(2)' % dz (P \ "7

1-n
Y o= 4 ) (C; + @)




B.2 Homogeneous labor markets

Under the homogeneous labor market assumption

—0p
Py, (2
B 9) (G + )
P r

= Arg (Lt (2),Kr (2)), (B17)

(PH.,t (2)

—0r
P ) (Cur+Gur)+ <
H,T

where the function g has constant returns to scale in labor and capital, but decreasing returns
to scale in labor. We assume, following Steinsson, that all producers are endowed with a non-
depreciating stock of capital denoted by K (z). Each producer can use her capital stock in the
production of her own good, or rent it out to other producers on country-wide capital markets.
By renting out their capital stock, producers receives the capital rental rate from the renters.

Producer z located in home solves

Et i OéTitMt,T

max
Py (2),Pfy (2) ALk (2), Kk (2) }32, Tt
—0 * —0r
Pz T N Pf . (2) X X
x3 Ppy (2) <H’t ( )> (Car+Gur)+erPy, (2) | =22 (Chr+Gir)
Py,r ’ P
7WTLT (Z) - RT (KT (Z) - f( (Z)) } (B18)

subject to equation (B17). The first conditions can be written as

Et Z OzT_tMt’T (CH,T + GH,T) (PH’T)GT (1 - QT) PT (Blg)

T—t

Pu.(z) +4 1 Sr 0
H.,t T T

X - —_— - =0,

( P kgi-l Wi Pror— 1)
E Yo" M1 (Chr + Girr) (Pirr)”™ (1 6r) Pr (B20)

T—t

P;I t (Z) T 1 ST QT

X QT - * T+ D = 07
—Wr + SrArgr (Lt (2),, K7 (2)) = 0, (B21)
—Rr + SrArgr (Lt (2), K7 (2)) = 0. (B22)

Notice that

Lr(z)
We g0 (Ir (), Kr(x) 9 (FE1)
Ry Lr(z o Lr(z) ’
T gK( T( gK(K;[;(z)’ )

where the second equation holds because ¢ (-) has constant returns to scale. This equation

IL(i((’z)) = % where L is

(B23)

F
O

implies that all producers will use the same capital labor ratio, so




total labor demand in period T and K = / Ni K (2)dz is the aggregate capital stock. Using
that

Sy Wr/Pr

= i B24
PT ATgL (LT—g,l)’ ( )

the implication is that marginal costs are the same across all producers within the same country.

Also, notice that equation (B22) can be written as
Lt
RT = STATgK ?, 1]. (B25)

This equation defines the rental rate of capital and has no implications for the equilibrium
dynamics of the remaining variables. We are not interested in the rental rate of capital, so we
will not use this equation any further.

Using equation (A9) we can write real marginal costs as

& _ vl (LTLET)
Pr Apgr (Lr,K)uc(Cr)’

(B26)

This equation shows that real marginal costs depend on aggregate labor demand in home, not
labor demand of producer z as under the assumption of heterogenous labor markets. We can
find an expression for total demand for home goods in period T by integrating equation (B17)

across all producers in home. This gives

.

P —0r pP* Py

/ (I;T (Z)) (Cur+Gor)+ (I;T ( )> (Chr+Gir)dz
Ngy H,T H, T

_ /NH Arg ([L(’; 81) Kr(2) dz (B27)

or

<fNH PH,T (Z)ieT dZ

" -0
fNH PH,T () ""dz
—0r
(Pir)

The left hand side of this equation is total demand for home products which we denote by Dr,

+ (Chr+Gir)=Arg (Lr,K) .
implying that Ly = ¢! (DT JAr, K ) Hence, we may write marginal costs as

& o U (g_l (DT/AT7K) 7£T)
PT o ATgL (g_l (DT/AT,K) ,K) Ue (CT)

(B29)

Under homogeneous labor markets nominal output is also given by equation (B12). However,

in contrast to the heterogeneous labor market model we now need to account for the presence

10



of two production factors. We get that the profits of home producers z are given by

P —0, P -n
® () = omelnels) (T} (T (civ o (B30)
—0¢ _,
* * Py (Z) Py ! * *
it Pire (2 (jﬂ) (7)) @iven
H,t t

Aggregating across producers yields

I,y (Prie ()% dz (PH,t

(Pre)' ™" by

1—6, _

P (z dz [ P n

S (i C) (;) (C; +Gi)
(Pir.) t

- Wi (2) Ly (2)dz — Ry (
Ny

-n
/N Py (2)dz = ¢y, Puy ) (Cy + Gy) (B31)

* *
+0p1tPrr 4

Kr(2)dz — K > ,
Nu
where we have used that K = fNH Kr (2)dz. Since fNH Kr (2)dz = K the last term drops out
so we have the same expression as under heterogeneous labor markets. Hence, real output in

home and foreign are given by equations (B15) and (B16).

C Steady state

In this section we discuss the non-stochastic steady states of the models. We focus on symmetric,
zero-inflation steady states where the growth rates of the real variables are zero. With symmetric
we mean a steady state where all shocks and all real variables in Home and Foreign attain the
same values, so e.g. C = C*, G = G*,0 = 0" and so on, where a variable without a time
subscript denotes the steady state value. Furthermore, the labor supply of all households are
identical. Notice that because of the optimal risk sharing condition, the symmetry assumption
implies that @ = 1.

Steinsson focus on a steady state where C' = C* =Y (Steinsson, 2007). In contrast, in our
steady state C+G = C* +G* =Y. Furthermore, because of the symmetry assumption ¥ = Y.
In the following we will discuss how to derive the steady state values of the various variables in

the two models.

C.1 Heterogeneous labor markets

In the steady state we consider, real marginal costs are the same for all producers in Home and
Foreign, which follows from the symmetry assumption. This, together with the fact that the
steady state real exchange rate is unity, implies that all producers set the same relative prices

Py(z) Pj(z) Pp(z) Pr(z) S 0 S* 6"

P I P~ P  PH—-1 PO —1

(C1)

11



Equation (A31) then implies that Py /P = Py (z) /P. Similar conditions hold for the other

indices Pr, Py and Pj; implying that we may write the resource constraints as

ou () Cr e (F2) T van = arw, (©
6 (1) e ereon () Tora - asw), ()

where we use L (z) = L and L* (z) = L*. Furthermore, in a symmetric steady state C =

C*,G=G*" A= A* and L = L* so the resource constraints imply

PH -n » P -n . Pk -n PF -n
oyt (P) +ou <Pz> = ¢F <PI:> +op (P . (C4)
The Home and Foreign CPI price indices, equations (A26) and (A37) can be written
PH 1-n PF 1-n
1= — -
P* 1—-n Pz 1-n
1=¢p (= o == :
o (F)  +on(F) (c6)

These equations imply that

P P, P: P
H_f_F__H_ (C7)

p P P+ p*

provided that 1 # 1 which is the relevant case in our analysis.?

equations (C4), (C5) and (C6) yields

Using these conditions in

Sy + oy =0p +dp, 1=0¢y+oép, 1=0¢p+0oy (C8)

which in turn implies that ¢3; = ¢ and ¢y = ¢5. Hence, to have a symmetric steady state
requires the same degree of home bias in Home and Foreign.?
Using the fact that relative prices are unity, and home and foreign private and public

consumption are identical, equation (C2) implies

C=Af(L)-G (C9)

¢ ¢
21f = 1, the appropriate CPI price index is Cobb-Douglas so in the steady state 1 = (%’) " (&) T with

a corresponding relation holding for the Foreign CPI. These relations also imply PTH =

3In other words, it is not possible to have a symmetric steady state (as we have defined it) if the degrees of
home bias in the two countries are not the same.

12



with a similar equation holding in Foreign. The optimal pricing relation (B10) implies

S v (L, €) 0—1
P Af (L)u.(C) 0 (C10)
which, using the previous expression for C, may be written
L -1

Afi(L)uc (Af (L) = G) 0

As this equation implicitly defines L, it can be used to derive labor supply in the steady state,
conditional on assumptions about functional forms and parameter values. Using this value of
L, the steady state values of the remaining variables can be determined. In particular, we may
use the fact that the definition of aggregate output in the two countries, equations (B15) and
(B16) implies Y = C+G = Af (L) and Y* = C* + G* = A*f (L*). We do not determine these
steady state value here, however, as the log-linearized equations we will derive subsequently

will not depend on these steady state values.

C.2 Homogeneous labor markets

The only difference between the homogeneous and heterogeneous labor market models in the
steady state is that production is determined by different production functions. Using the same
arguments as under the heterogeneous labor market the resource constraint in the homogeneous

labor market model implies

C=Ag(L,K)-G. (C12)
where K is the aggregate stock of capital in the economy. The optimal pricing relation then
implies

Uy (ng) _ 0—-1
Agr (L, K) ue (Ag (LK) —=G) 0 (C13)

This equation may be solved to yield the steady state value of L conditional on assumptions
about functional forms, parameter values and the steady state value of K. Again, we will not
do this, as the subsequent log-linearized equations do not depend on the steady state values of
these parameters. What we will do, however, is to assume that two particular functions of the
steady state values in the two models, denoted by w and defined below, take the same value.

This function defines the elasticity of marginal cost with respect to demand.

D Log-linearizing the models

In this section we log-linearize the equilibrium conditions of the two models around the zero
inflation non-stochastic steady state. We use the linearized equations to determine the first-

order equilibrium dynamics of the models.

13



D.1 Households

The equations characterizing the behavior of households are the two consumption Euler equa-
tions (A6), (A17) and the optimal risk sharing equation (A21). In log deviations from the

steady state, these are given as

¢t = Ercrp1 — 0 (i — Eemega) (D1)
¢f =Eciy — o (if —Egmliy) (D2)
oq = ¢ — ¢}, (D3)

where a lower case variable denotes the log-deviation from steady state of the corresponding

upper case variable. We have defined 0 = — UUC((g))C. Notice that these equations are similar to

those in Steinsson despite the differences in the original consumption Euler equations, equations
(A6) and (A7). The difference in the original equations is related to Jensen’s inequality, and is
zero to a first order approximation. Therefore the log-linear consumption Euler equations are
identical.

D.2 Firms

We now turn to linearizing the home price indices, equations (A26), (A31) and (A32). We may
rewrite (A26) as

Py \' " Pr \T"
=0y, ( gt> + Opy ( ]I;;t) . (D4)

First, a remark on notation. A lower case variable indicates a log-deviation of the real equivalent

of the particular upper case variable from steady state. For instance, pg ; is the log-deviation

from steady state of P}’;'t’t whereas ¢; is the log-deviation of C} as previously noted. Using this

definition, we can write the previous equation as

0= ¢ypus+ Oprpr, (D5)

where we have used that because ¢, + ¢, = 1, changes in relative demand have no impact
on the price index up to the first order. We also use that all relative prices are unity in the
steady state as discussed in section (C).

Because of the Calvo price setting assumption, in terms of log-deviations from steady state,

equation (A31) can be written

l—«

THt = (ph,t - pH,t) , (D6)

where py, ¢ indicates the price set by producers changing price in period ¢ and pg ¢ is the price

index in period ¢. mg ¢ is the log-deviation from steady state of
(A32):

Pt
H,

Prii” Similarly for equation

11—«

TFt = (pf,t - pF,t) . (D7)
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Steinsson argues that 7, = ¢y mH+ + ¢pmpe. To see this, notice that

log ( Pf 1) (D8)

| (PH,t P, PH,t1>
0g
Pgi 1 Pgy P

= THt—PHttPHt-1-

Tt

and, similarly, that 7, = 7 — pr+ + pr+—1. Combining these equations imply

T =0y (Tt —PHt +PHt-1) + Op (TFr — Dt + DFi—1) - (D9)
Using that 0 = ¢ypu + dppre We get

Ty = QuTH + OpTry. (D10)

Similar manipulations of the foreign indices give

* 1-a * *

Tpt — o (pf,t - pF,t) ) (D11)
* 1-a * *

THt — o (Ph,t - PH,t) ) (D12)
T = QuTpet OpTis (D13)

where we have used that ¢} = ¢ and ¢}; = ¢ in the steady state.

D.2.1 Heterogenous labor markets

We now turn to the linearization of equations (B1), (B7), (B10) and (B11). Consider first

equation (B1) which can be written

T —0r _
PH t (Z) PT 1 PHAT K
D = L L el N il )
T ST ( P, Pur kgl i P (Cr+Gr)
—Or
Py (2) Pt o 1 P\ "
N R TGy y () “civon.
P; PH,Tk:H_lHk Py

(D14)

where the left-hand side indicate total demand in period T for the good of a producer that last

changed her price in period t. The log-linear version of this equation is

Ydor = (D15)
- a C G
¢ (C+G) P — 0 (ph,,t —PH,T — k:zt;rl Wk) —npu,T + C+ GCT + C + GgT

+op (C+G)

)

T
o* * * * * C * G *
S —10 (ph,t —PHT — thH 7Tk-> — NPT+ c1ar + crair

where Y, C' and G are the steady state levels of output, consumption and public spending and

d: 1 is the log-linear version of D; . We denote by $ a,r and E{T the log-linear versions of

15



¢ and @y p. We have used that in a symmetric steady state D =Y, C = C*, G = G*, and
oy = ¢p. Wenow use Y = C'+ G, denote with a superscript M weighted averages of home and

foreign variables, such that ¢! = ¢ er + ¢pch and ¥ = ¢y + pper and define S, = C—E;G

to get

~M

dir = Secy' + (1= Se) g7 + b — Opiy + (0 — ) pif o +0 Z T (D16)

k=t+1
Linearizing the foreign equivalent gives
M * ~Mx
T =Sy + (1= S) g™ + by — Op}y + (0 —n)pis + 0 Z e, (D17)
k=t+1

~M * o~ ~
where ¢pp = Qydpr + PpdpT, p%* = ¢Hp7,t + ¢ppye and p%? = QuPrr + PppPET.
We now turn to linearizing the expression for real marginal costs, equation (B7):

Sy o (SN (Dur/Ar) &p)

P, Arfi(f~Y(Dir/Ar))uc (Cr) (D18)

We use (h_l)/ (z) = m to get

L mEO R AR (D) e (©) —u (5,6 Aue(O) fu (D) ik
o (Afi (L) e (C)) o
+Ull (L,¢) fz(L (_%) Afi (L) uc (C)

A

(Afi (L) ue (C))?
. (C
(Af

ar

a(1,6) (1) e (©) + Aue O i (0) gty ()

1 (L) u. (0))°
+ Vig (L,f) € o U (L,f) Uce (C)CC
Afi (L) ue (C)°T  Afi (L) ue (C) ue(C) 7

where s is steady state real marginal costs, s; r is log-linearized expression for real marginal

costs and ap = log (Ar). This equation can be written

_ o (LY  fu(L)Y 1, ueLg)
T (vz(L,E)fz(L)A A(fl(L))2>dt’T+aT+vl(L,§) &r
~ (LY  fu@Y |
<1+U1(L75)fz(L)A A(fl(L))2> T' (D19)

Notice that £, does not indicate a log-deviation from steady state but instead measures the
absolute deviation from steady state.
This expression is comparable to the second to last equation on page 9 in Steinsson (2007)

except for the last term in the parentheses. Steinsson has \I\}I}’X where U = m. It is

straightforward to show that

vY  fu(L)Y
VA A2(f(L)*

(D20)
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_fu()Y

Hence, \I,A ;é ALY

B2 — in general. Correspondingly, we define

vy (L)Y fu(L)Y

(L OARL)  A(f (L)

Moreover, we define (as in Steinsson, 2007) ar = (1 +w) ar — Z}’f((LL f)) & so we have

1 -
S, = wdt’T + —ct —ar.
g

Using the expression for d; r, equation (D16) we get

T

1 ~
sir = wS.eH +—cp— w@p%t +w (- n)pJ\H/{T + wb Z ™ —Gr

7 k=t+1

~M
w(l—5.) gy + W -
Similarly, real marginal cost in foreign is given as
* M * 1 ~%
sip = wScer —|—U w@pft +w(0— ’l7p 7+ wb Z 71- *—an
k=t+1

~M *
w(l—5.) g™ + wop -

(D21)

(D22)

(D23)

(D24)

These equations correspond to, but are slightly different from, equations (40)—(41) in Steinsson

(2007). In section E we explain the reason for this difference.

We now turn to linearizing the optimal pricing relations equations (B10) and (B11).

log-linear version of equation (B10) is given as

e’} T
_ 1 -
E, E (aﬂ)T ¢ <ph,t_ E T, — S¢,7 + 9= 19T> =0,
T=t

k=t+1

where @T is the log-linear version of 1. This expression can be written

o0

1 SN
pht Z Olﬁ <8t t+j — 9t+]> +EtZ(Oéﬁ)J Zﬁt+k~
j=0 k=1

17

The

(D25)

(D26)



Consider the last term in this expression:

E; Z (aﬁ)j Z Tt+k

= Et 0157Tt+1 +(@B)? (mes1 + Toya) + (aB)® (Megr + Tega + Tegs) + } (D27)
= lﬂt-s-lz af) +7Tt+22 ap) +7Tt+3z 045

3
= |j'%+1 + T2 1((i ;5 +7Tt+31(oiﬁ(iﬁ + ...

1
= l—aﬂEt; aﬁ 7Tt+j.

Hence, the expression for py, ; is

phe=(1—aB)E > (aB) (St,t+j - eilgtﬂ‘) +E Y (aB) miyy, (D28)
7=0

Jj=1

which corresponds to equation (42) in Steinsson (2007).

Similar manipulations of equation (B11) and the foreign optimal price relations give

Py =(1—aB)E > (aB) (St,t+j — g0t~ Qt+j) +E Y (aB) 7y (D29)
=0

j=1
Pyt = (1—aB)E; Z (ap)’ <3t,t+j - “9t+]> + Eq Z (ap)’ Ty (D30)
j=0 j=1
pri=(1—aB)E Y (ap) (Sf,tﬂ‘ “g— 10t Qt+j) +E DY (aB) miyy (D31)
j=0 j=1
Equation (D6) can be written
1-a l-«o
Dht = TH,t + — P (D32)
Using this relation and combining (D23) and (D28) gives
l-«o l1-«a
THt + TpH,t = Dht (D33)
0o ) 1 t+3
= kE; z (ap)’ (wScc%_j + e w@p%t +w(@—n) p%tH + wb Z M
7=0 k=t+1
_ ~M 1 - l—a «— ;
—Gppj+w(1—Se) gt +wép oy — 9_19t+j> S ; (aB) iy,

which corresponds to equation (46) on page 10 in Steinsson (2007) under the assumption that

S. = 1, although Steinsson writes ... + d)%tﬂ... instead of ...wqb%tﬂ... We have defined k =
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w}ﬂ. Rewriting this equation gives

1—« 1l—«a
(1 it) (it 2 — wboe (o + 1) (D34)
= KE Y (aB) [ (WSe+071) ety + dpdery +w (0 —0) P 4rj — Qrt
j=0
M ~M 1 -
Fw (1= 5c) g¢yj + whpipj — - 19t+j
11—« > j R
+ E, Z (af) (14 w) w1 — wlPpmi ),

j=1

where we have used that o' (c;q; — ¢}, ;) = qiy;, that pry = 257, + i, and defined
7T§7t = mut — Ty and other variables with a superscript R analoguously. This equation
corresponds to the last equation on page 10 in Steinsson. Notice that this equation can be

written in quasi-differenced form as

1l -« l—«
(14 wb) (ﬂ'H’t + apH’t> — whop (wg)t + - pg,t) (D35)
= H[(WSC+0'71)C£\/I+¢FQt+w(0_77)pAHl,t_at+w(1_SC)giw
~M 1 ~
e~ 5]
1—

«
+OéﬁEt ((1 + (,dg) Ti41 — w9¢F7Tf+1)

1-a
+ (1 +wh) <7TH,t+1 + aPH,t—&-l) ]

l-«o
_OéﬁEt |:WQ¢F (ﬂ—fb],t+1 + apg’t+1>:| .

We now use that w41 = Ty ++1 — PH,1+1 + pH,+ Which holds because

P,
41 = log (;:1) (D36)
t

~ g (PH,t+1 P PH,t>
Pa: Paiq1 P
= THt+1 — PHt+1 T PHt-

Using this relation gives

wb

1+ wb (Wﬁ,t - ﬁEtﬂ'g,H—l + K:pg,t)
w(®—mn) o
1+ wp PHE TR g%

~ ~M 1 -~
(at—w(l—Sc)giw—w(bH,t—i-e_l@t).

THt — BEtTH 141 + KDH: — OF

wS.+o7t

1+ wb G Th

(D37)

K

14 wb
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Similar manipulations of equation (D29) gives

wb
7TH t BEtWH t+1 T "ipH O 1+ wb ( ﬁEth t+1 T KPR t)

wSe+a! w(®—mn) ¢H
= - D
& 1+ wb “t +H 14+ wb Pt Kl—&—w@qt (D38)

K ~ ~M 1 -~
T (at—w(l—SC)gi\/[—quH’t—l—0_19t>.

Using these two equations it is straightforward to show that

W%,t = ,BEﬂrﬁ’tJrl - f@pﬁ,t + Kqt, (D39)
wS, +o1 1 + wn
”%t = 5Et”%t+1 + HWCV TR w@th
K - 1 ~
1 T+l (at —w (1 - Se) gtM - W¢H,t + 01915) . (D40)

Notice that the last equation is different from the corresponding equation in Steinsson (2007)

(the fifth equation on page 11). The equation in Steinsson adds 112;75 o ¢9F q¢ to the right-hand

side.

— M R *  _ M R
We now use that 7y = 75, + ¢pmyy, and 7y, = 7, — ¢y, to get

wS.+o7t 14+wn a

Ty = BEmHiat+k Trwf & ~FTropPHe H¢Fp§,t + KOpq:
,Hﬁ (at —w (1= S g — why, + ei@ , (D41)
Ty = BEThiq+ ”%CV - 1Iwszt + ROEPI — ROH L
e (v s 4 0. (D12)
where we have used that (;S%t = —(,25%: . Similar manipulations of the corresponding foreign
variables yield
ﬂ},t = BEtﬂ—;‘,t-&-l + “%Cy* - 110(:797 %4: H‘f’FPg; — KQpqt
s (@ st - 4 ). (D13
mre = PBEmrip + H%Ciw* it wz Jl\vlt* + H¢prt + KOy q:
s (@ e s - wB + ). (D)

where pY; = ¢yph, + ¢pprs and piy = ph, — pry. Using equations (D10) and (D13) gives

wSe+o71 . 14 wn .
Ty = PBEimier + Nw (¢HC£\4 + ppey’ ) — Ry b (¢HPAH/I¢ + ¢FP%1‘,)
—KPpdp (pﬁl,t - Pﬁ’%) + 260 0pq: (D45)
K 1 M

@ —w (1 - 50) (o9 + brgl) —w by — O) brrs + g1 |

1+ wl
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which corresponds to the last equation on page 11 in Steinsson (2007), since pﬁt = —pg’;. This

equation can be written as

wS.+o ! " Oy —dp)w (@ —n .
™ = BEm+ HW (QI)HC,{VI + (chi\/I ) - "“bF( “ 1 i)we( ) (pF,t - pH,t)
+260 g PR (D46)
K _ N ~M 1 ~M
1+ w0 al —w(1—S,) (¢H9tM +opgl’ ) —w(oy — o) du, + met ]
Similarly, we get
* * WSC + 0-71 * ¢ - ¢ w(0— n *
= PEmig + ”W (¢HC1{V[ + ¢FC£V[) + H¢F( 4 lj—)wﬁ( ) (pre — PH,t)
=260 Prq (D47)
K M % ~M * 1 ~M=x
1ro a" —w(1=5) (dugt™ + opgt’) — w(dy — dp) bpy + mat

The calibration Steinsson uses has # = 7. Hence, the variable pp; — P+ 18 unimportant for the
equilibrium dynamics. However, with 6 # n we need an equation determining the evolution of
prt — Py Using the Phillips curve relationships for 73, , and mpy and 73 , = 77 +ply, —Phr g1

and Tpy = Ty + Drt — DFt—1 gives

mf —m— (1 + 6+ 5) (pre *P?{,t) + (pri—1— p;I,t—l) (D48)
2w (0 —n) . wS.+o7t
= —kKop T+ wf (pre — Piry) + Tl (o — Op) cff — 26bpa
+BE¢ (7} 41 — meg1) — BB (PFie+1 — Pirss)
R ~ « ~M ~Mx 1 ~R
“Tr o al —w(1=5.) (g — g™) *W(QSH,t*Qf’F,t) +0_19t:| ;

which determines the evolution of pp; — p?{,r Notice that pr; — p}‘“ = 7; + q; where 7, is the

home terms of trade.

D.3 Homogeneous labor markets

We now want to linearize the equations of the homogeneous labor markets model. Consider

first equation (B28). The log-linear version is given as
~M
dT = ¢H,T - npAH/I,T + SCC’{Z\“/I + (1 - Sc) gf[]\“/[' (D49)

Notice that # does not enter this equation. To see why consider the first fraction entering
equation (B28)

Jny Par(x)""dz [y Pur(2)""dz (D50)
—fr B S
(Pu,T) (fNH Pur (Z)l—eT dz) =07
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where the equality follows from equation (A31). The log-linear approximation of this fraction

is given as

-0 phor(2)dz+0 prr (2)dz =0, (D51)
Ny Nu
where pp, 1 (2) indicates the log-linear version of the real home price charged by home producer
z in time T'. This price might not have been changed in period 7. Up to a linear approximation,
this fraction does not affect aggregate demand for home goods. We explain the intuition for
this result in the main text.

The log-linear version of (B29) is
1 ~
st = wdr + ;CT —ar, (D52)

where w is defined as

oo @Y  a(LEK)Y
(L&) Ag (LK) 4 (g1 (L,I_())Q’ (D53)

and ar is defined as in the heterogeneous labor markets model. Similar equations determine
aggregate demand and real marginal costs in foreign.

We now turn to linearizing the optimal pricing relations. The only difference between the
homogeneous and heterogeneous labor market with respect to the pricing relations is that
marginal costs are producer specific under heterogeneous labor markets. Under a homogeneous
labor market marginal costs are the same for all producers within the same country. Hence, the
log-linear optimal pricing functions under homogeneous labor markets are given by equations
(D28), (D29), (D30) and (D31) under the restriction that s;;4; = S¢4;.

Combining equation (D49) and (D52) yields

~M 1 ~
ST = Wohyp — wnp%T +wSeef +w(l—8.)gd + —cr —ar. (D54)

Inserting this into equation (D28) gives

o0 ) M 1
phe = (1—ap)Er> (aB) (W¢H,t+j — WP 4+ WSeCty; + Ct+
=0
_ JRPN - ;
— G4y tw (1 — Sc) gtj\j_j — 9—10t+j> + E; Z (aﬁ)J Tt (D55)
j=1

which can be written

1 - ~M 1 -~
phe = (1—af) [fwnp%t erScCiw + ;Ct —a;+w(l— Sc)giw +wopg, — 09— 1915
+aBE; (Te41 + Phit1) - (D56)
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Now using equation (D6) and 7411 = g 41 — Prt+1 + Dt We get
Ty = BB+ (WSe+o0) e — k(1 +wn)pl, — KOpply, + KOpa:
—K <Et —w(l—=58)gM -~ w@;ﬁ]]\;t + 911@) . (D57)
Similar manipulations of (D29) gives
Tie = BB+ (WSe + o) et — k(14 wn) P%t + K’d)Hpﬁ,t — KOGt

~ ~M 1 -
—K <at —w (]. — SC) gfw - quHi + 9_19t) . (D58)

The foreign relations are given as

Ty = BEiTrpq+5 (wSC +o” ) c,fw* — (1 )p i /<;¢Fp§:§ — KOpqt
(@~ =80~y + 510 ). (D59)
mrt = PEmpiat+k (WS +o ) M —k (1 77)p “¢Hth + KOGt
(@ w50 by + 108 (D60)
Using equations (D10) and (D13) we get
m = BEmg1+ 6 (wSe+ 07 (dpet! + opct™) + kwndp (b — ép) (pre — piry) (D61)

. ~ 1 -~
1206 0pa — A[a —w (1= S0) (Grglt +0poi"") = w (G — ) Brre + 70 |,

T o= BBtk (WS +07) (due + dpel’) — wndp (by — bp) (pre — Phy)  (D62)

~M x ]_ ~M x
20y dpa — k[T = w (1= 8.) (g™ + 6pgl) —w (b5 — 6p)Ops + 500 |

Finally we need an equation determining the evolution of pr, — pj;,. Using the expressions for

Ty, and TRy gives

mi—m— (L4 r+8) (Pre — Pirg) + (Pri—1 — Piri—1) (D63)
= 2Kwnop (pF,t - p*H,t) + K (WSC + U_l) (g — oF) Cf — 260[q
+BE¢ (771 — meg1) — BBe (Prie+1 — Pirss) (D64)

~ ~Mx 1 ~
| —w (- c)<¢H—¢F>gﬁ—w(¢ﬁt—¢?t)+9_19ﬂ.

D.4 Output and monetary policy

The log-linear version of equation (B15) is given as

~M
ye=m—-1)¢p (pF,t - p?{,t) + Scciw +Opat + Oy + (1-5.) gtMa (D65)
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where we have denoted by 1; the log-linear expression for real output in home. In deriving this

equation we use that the log-linear versions of

fNH Sl (Z))l_et dz and fNH (PI*Lt (Z))l_et dz

(D66)
P L0 L\ O
(Pri.) (PH7t)
equal zero. Foreign real output can be written
* * * AM* *
yi == (=1 ¢p (pre = Pire) + S’ = bpai + O, + (1 5) g/ (D67)

To close the models we specify equations for the nominal interest rates. These are written as
rules for monetary policy. We employ two specifications. Under the first specification monetary

policy is set as a function of domestic consumption and inflation as in Steinsson (2008):
it = piit—1 + (L= pi) Yece + (1 = p) Yo + e, (D68)

i} = piif_y + (L= p) i + (L= p;) Uo7, (D69)

where ¢; and € are home and foreign monetary policy shocks, respectively. Under the second
specification we instead assume that monetary policy depends on output instead of consump-

tion:
it = piit—1 + (1= p) Yoye + (1= p;) e + &, (D70)

it = piii_y + (1= p) boyi + (1= p) Yors + 7 (D71)

E The log-linear models

In this section we summarize the log-linearized equations of our models and compare them with
the equations used by Steinsson (2008).

In all models the household sector is characterized by the equations

ct = Biciy1 — 0 (it - EﬂTt+1) s (E1>
C;k = EtCz+1 — 0 (Z;tk — Et’/T;k+1) s (EZ)
oq =ct — ;. (E3)

E.1 Our heterogeneous labor markets model

With heterogeneous labor markets, the supply side of the economy is characterized by the

equations
wS,. +o1 N
T = [Emigr + A0 (e’ + dpc™) (E4)
—Rop—— iwe (Pt — Dire) + 260G pe — Ny,
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wS. +o!

o= BB+ h e (G + 6pet”) (E5)
+Kop 1 1 j_ ol (pF,t - PH,t) — 260 Ppqs — Ny,
mr =7 — L+ 6+ B) (pre —Pire) + (Pre—1 — Dirs—1) (E6)
2w (6 —n) . wSe + o1
= _Hd)FW (pre — Piy) + A (1 — Op) cff — 26bpa
* * 1 *
+BE¢ (1741 — meg1) — BB (PRe1 — Phria) — ———— (0 — nf) -
O — op
In general, the shocks are given by
K _N " ~M 1 ~M
N = 1+ w aiw —w(l-25.) (¢H9tM+¢F9£VI ) —w(oy _¢F)¢H,t+ﬁ6t ]7
(E7)
* K - * % ~M * 1 ~M=x
e = 1+ wo aiw —w(l-25.) (¢HgtM +¢F9tM) —w(oy _¢F)¢F,t +m9t 1»
(E8)
but we will assume that only productivity shocks vary over time. In that case we have
kK ~m
- E9
ur 1 + weat ) ( )
* o ~M *
= — . E10
Mt 1 +w9at ( )
We also define
Ciw = ¢pyct + ¢pcy, Civ[* = ¢pci + dpc, Cf =c¢ — ¢, (E11)
at' = dpar+ opay, A = ¢ya; + ¢par, (E12)
ar=(14+w)ay, a; =(14w)aj, (E13)
Finally, the monetary policy rules are given by
it = piir—1 + (1= py) Yeer + (1 — p;) rme + e, (E14)
i = piii1+ (L= pi)hec;y + (1= py) oy + 7. (E15)

As mentioned above, we also use versions of the models where real output enters the interest
rate rule. Under the assumption that productivity shocks are the only real shocks impinging

on the economy we have that output in the two economies is given as
yr=n—1)¢p (pF,t *p?{,t) + Scciw + Orqs, (E16)

yr=—n—-1)¢p (pF,t —p*H,t) + Scci\/[* — Ppqt. (E17)

These specifications underlie the results in the main text.
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E.2 Steinsson’s heterogeneous labor markets model

Steinsson (2008) uses a calibration of the model where # = 7. In this situation, he argues that

the model consists of equations (E1)—(E3), the Phillips curves

w + ot %
7 = BEimi1 + A (ouct’ + dpct™) + 2665 dpar — (E18)
* * w + 0'71 M x M *
my = BEimi  + Aol (puet"™ + ¢pct') — 2605 dra — N7, (E19)

and monetary policy rules given by equations (E14)—(E15).

The only difference between our model and Steinsson’s is in the coefficient on ¢ M +¢ pcM*

and the corresponding foreign variable in the Phillips curves. Steinsson has n“ﬁ_‘;; whereas
%. The difference reflects that the way Steinsson log-linearizes the resource
constraint is erroneous. More specifically he argues that Y; = C; + G; implies the log-linear

relation y; = ¢; + g;. The correct version is y; = S.c; + (1 — S..) g where S. = C/(C + G) is

we have k

the steady state ratio of consumption to output. The implication is that if S. = 1 our and
Steinsson’s heterogeneous labor market models are identical. With S. < 1 the two models will

differ. As shown in the main text, however, these differences are quantitatively unimportant.

E.3 Owur homogeneous labor markets model

The only difference between our homogeneous and heterogeneous labor market models is the
specification of the Phillips curves and the equation determining the evolution of pp: — pj; -
Hence, the model consists of equations (E1)-(E3) and (E14)—(E15) in addition to

my = PEimi +k (wSc + O'_l) (qSHciW + (;SFciw*)
+rwndp (b — Or) (DRt — Dirs) + 260 5O pa — 7y, (E20)
7y = PEmi,+k (o.)SC + 0'_1) (¢Hci‘/[* + QSFc,fw)
—kwndp (b — ) (Prt — Piry) — 260G pa: — s (E21)
=7 — (1+ K+ ) (pF,t - p?{,t) + (pF,tfl - p*H,tfl) (E22)
= 2Kkwnop (pp)t —p*H’t) + K (wSc + 0‘_1) (b — OF) cf —2KOg Gt
* * 1 ~ ~%
+BE¢ (7741 — me41) — BBt (D1 — Plrggr) — P (e — 7)) s
H F
where
o= ka4, (E23)
o= waMr, (E24)

under the assumption that productivity shocks are the only real shocks impinging on the econ-

omy.
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E.4 Steinsson’s homogeneous labor markets model

Steinsson argues that the homogeneous labor market model is identical to the heterogeneous
labor markets model except for the slope of the two Phillips curves. His model consists of
equations (E1)—(E3) and (E14)—(E15) and the equations

T = BEymii1 + K (w+ 071 (et + dpet™) + 260y dpar — 7, (E25)

m; = BEm +k(w+oh) (St + dpet’) — 260y dpar — ;- (E26)

There are two differences between our model and his. First, we again have a different coefficient
on ¢pcM + M and ¢y cM* + dpcM in the Phillips curves. (As in the model with heteroge-
neous labor markets, this difference is quantitatively unimportant.) Second, he does not include
the variable py, — pp. in his equations. This variable cancels out under heterogeneous labor
markets when € = 7, but this is not the case under homogeneous labor markets. The intuition
is provided in the main text. This second difference has a quantitatively important effect on

the results.

F Programming errors

As mentioned in the main text, we identified three errors in the part of Steinsson’s Matlab
code that computes the AR(5) based statistics. The first error is present in the Matlab
script “model _quant_estimation.m” (line 158). The main part of this script consists of a
loop that simulates data from the model, estimates the AR(5) on the simulated data using a
median unbiased estimator and passes the estimated coefficients to a script (“ar_lives.m” to be
described below) that computes the AR(5) based statistics using the impulse response to the
estimated AR(5). The error is that the script does not pass all the coefficients of the estimated
AR(5) to “ar_lives.m”. The script estimates the model

1
qe = p+org-1 + Z%‘ (qt—j — @t—1-j) + &, (F1)
=1

giving the estimates i, a1, 1711, ...,@4. The impulse response functions are generated using the

model
qe = (541 + 7711) Gt—1 — 7711%—2 + €&, (F2)
whereas the correct model is
qe = (al + @1) gi—1+ (@2 - @1) Gt—2+ (@3 - @2) gi—3+ (@4 - 123) Gt—4 —@5%—5 +et. (F3)

The effect of this error on the estimated up-lives, half-lives and quarter-lives is ambiguous.
The second and third errors are in the script “ar lives.m,” which computes the impulse

reponse function from the AR(5) and derives the up-life, half-life, and quarter-life based on the

4The Matlab programs are available on http://www.aeaweb.org/articles.php?doi=10.1257/aer.98.1.519.
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impulse response function. The second error is that Steinsson takes the absolute value of the
impulse response when computing the up-life, half-life and quarter-life (various places in lines
50-69). To see the effect of this error suppose an impulse response falls to 0.25 in period ¢ and
—0.25 in t + j whereafter it increases to zero. The true quarter-life is ¢ but Steinsson’s code
will indicate ¢ + j as the estimated quarter-life. The third error relates to the way the up-life
is estimated and implies that all up-lives are one quarter too long (line 57).

Table F1 reports the behavior of the real exchange rate in various versions of alternative
versions of the homogeneous and heterogeneous labor market models using alternative Matlab
codes. The simulations all use Steinsson’s calibration of the models. The first rows of each panel
report results using Steinsson’s models and original Matlab code. The results in these rows
match the results in Table 2 in the main text labelled “Reproduction of Steinsson’s results”.
The second rows use the corrected version of Steinsson’s model, sets S. = 1 so there is no
government spending in the steady, and use his original Matlab code. The results in the third
rows are based on the same model and Matlab code as in the second rows except that we set
S. = 0.75. Hence, the differences between the first, second, and third rows are the marginal
effect of correcting the model errors we have identified. As discussed in the main text, these
errors are most important for the behavior of the real exchange rate in the homogeneous labor
market model. Using the correct model rather than Steinsson’s reduces all four measures of
persistence as well as the two measures of volatility. The effect of using the correct model in
the heterogeneous labor market and of changing the value of S, has very little effect on the
various statistics.

The models underlying the results in rows three, four, five, and six are our corrected models
where the differences between the rows are explained by differences in Matlab programs. Rows
four report results where we have corrected the first programming error mentioned above,
namely the fact that Steinsson does not use all the estimated parameters in the AR(5) when
deriving the impulse response function. This error has ambiguous effects on the estimated
persistence of the real exchange rate. In the homogeneous labor market model, removing the
error reduces the half-life but increases the up-life divided by the half-life and the quarter-life
minus the half-life. For the heterogeneous labor market model, removing the error increases
the half-life and up-life divided by the half-life but decreases the quarter-life minus half-life. Of
course nothing happens with the HP-filtered or growth rate based statistics, as the programming
error only relates to the computation of the impulse response function.

The results reported in rows five are derived using Steinsson’s Matlab code where we have
corrected both the first and second error. The second error is that Steinsson uses the absolute
value of the impulse response function when computing the up-, half- and quarter-life. Com-
paring rows four and five shows that the second error has very little effects on the estimated
behavior of the real exchange rate. Removing the error has no consequence for the half-lives or
the up-lives divided by the half-lives but tends to reduce the quarter-lives minus the half-lives
somewhat. This latter effect is most pronounced in the heterogeneous labor market model.
Removing the third programming error, that the up-lives are estimated to be one quarter too
long, reduces the up-lives divided by the half-lives.

To summarize, table F1 shows that for the homogeneous labor market model, the main

reason for the discrepancy between our results and Steinsson’s is the model errors. For the
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heterogeneous labor market model, the first programming error is the most important reason

between our results and Steinsson’s.
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