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Appendix

In this Appendix we define the symmetric steady state around which we will approximate the economy.
We will analyze the behavior of the economy in the neighborhood of a symmetric deterministic steady
state in which inflation and depreciation rates are zero. Monetary policy shocks are assumed to be zero
and there are no productivity shocks. Nominal interest rates are equal to the preferences’ discount rate.

From (7) in the main text and the foreign counterpart we obtain

The firm’s discount factors are
—_ — s
Sttts = Sptts — B
Then from the firm’s first order conditions we have that in steady state each firm charge the same price

in the domestic and foreign markets.
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Note that in steady state the law of one price holds. Moreover we can write the price indices as
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which implies that in the steady state the real exchange rate is pegged to one (the steady state value for

the real exchange rate is well defined):
P=SP =RS=1

from which using the optimal risk sharing condition it follows that
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In steady state, the demand for domestic and foreign produced goods are given by

YA = {P;]g [nC—l—(l—n)C*}:[i}f]CC
YF = f: h [n€+(1—n)€*} - [ijrc

In equilibrium (8) in the main text and the corresponding foreign condition imply that

Substituting (A.1), (A.2), (A.3) and (A.4) we obtain:
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Aggregate Supply

(A.3)

(A4)

Lr 3o that the previous two equations uniquely determine

In this appendix, we present the log-linear approximation of the supply equations (17) and (18) in

the main text. The derivation of (19) and (20) follows similarly. Since marginal costs are constant we

can separate the maximization problem in the domestic and in the foreign market. When a domestic firm

maximizes in the domestic market, the optimal price Py (h) is given by
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and

Py = [(1> /Onp(z)” dz] =a"Py 4 (1—a) gy (h)'° (A.6)
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Rearranging (A.5), we obtain that
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We now take a log linear approximation around the steady state previously defined. We define ﬁ(h)t,t+s =

In(py(h)/ P i+s) and we obtain
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Note now that
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Log linearizing (8) and (12) in the main text and substituting into (A.7)
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with 7 = BN @ and p = o) ©) and where
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and from log linearizing (A.6)

and similarly for ]/)\(h);t :



Substituting all these expression in the log-linearized first order condition, we get
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Note the dependence on the pricing decision in the foreign country. Similar steps are needed in order to

compute the supply curve for goods sold in the foreign country. The only difference is the presence of a

term that depends on the deviations from the law of one price; rearranging the first order condition we

get
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Let RSh = % then, log-linearizing around the steady state we obtain
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Following the same steps as before we have
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Combining (A.8) and (A.9) we obtain the supply curve reported in the text
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Similar steps are needed in order to get (19) and (20). Here we report the coefficients of the two supply

relations.
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Now define the index as T = % Pe 5o that

Pi

TR=T,+T; =TE, + (rpe — 75y) + (Wi — Ta,t)

The two terms in parenthesis measure the extent of pricing-to-market for the foreign and the Home firm
respectively (the extent of pricing to market measure the difference of the inflation rate for goods sold in
the foreign market and the inflation rate of goods sold on the domestic market). As we noted before a

genuine pricing to market component emerges in this context if a firm, in setting its prices, faces different

degrees of nominal price rigidities depending on the destination of the good. When «

supply considerations, the domestic and foreign market are seen as identical for the Home firm and the
extent of pricing to market measures the local currency pricing dimension. As long as prices are preset in
the currency of the buyer, then an unanticipated movement in the exchange rate will drive a temporary
wedge between the home and the foreign price. But in this case there is no pricing to market behavior

because firms do not choose to set different prices. Similarly for the Foreign firm when o

THt — Ty = ¢"RSh: + B (Etﬂ-;[,t-i,-l - Et7TH,t+1)
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TRt — Thy = —¢FRSf, 48 (Eimpis1 — Eimpiq)

* . 1—ad 1—ad . .
where RSh = %, RSf = sl;f; and (7 = W for j = H,H*,F, F*. When ol # of",
then the firms takes into account the asymmetric effects of shocks in their pricing decision. They optimally

choose to charge a different price for the same good in different markets since prices have different degrees

of nominal price stickiness according to the destination of the good. Indeed
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where f and f are two functions equal to zero when o = o and of = of" and they measure the
pricing to market dimension of the pricing decision. From this it follows that identical CES preferences

do not necessarily rule out pricing to market. In particular, we have that
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Log linearizing (11) in the main text we have an equilibrium relation between domestic and foreign
nominal interest rates that links the interest rate differential to the differences of expected consumption

growth and consumer based-inflation indexes among countries:
it — Z: =P [(Etct+1 — Ct) — (Et :+1 - C;k)i| + Et (7Tt+1 - 7T;<+1) (A].O)

We can obtain a similar log-linearized equilibrium condition in a incomplete market setting in which each
country issues its nominal bond denominated and traded in the country of origin. If we interpret (A.10)
in this way, we can see that, in a stochastic setup with pricing to market, the linearized uncovered interest

rate parity does not hold. Note the following considerations:

e When there are complete markets then (10) holds. Using (10) and (23), we can rewrite (A.10) in

the familiar way

o~

i —if = By (RSp1 — RSy) + By (i1 — mi4q) = (A.11)

= Et (RSt+1 - RS’t) + Et (RSt - RSt+1 + A5t+1) = EtASt+1

Note that the linearized stochastic uncovered interest parity holds independently from the fact that

the law of one price holds;

e In an incomplete market setting, when the law of one price holds, with unit intratemporal elasticity
of substitution between home and foreign goods then the stochastic uncovered interest parity holds.
Indeed, unit intratemporal elasticity of substitution insures that expected consumption growth is

the same across countries (see Corsetti and Pesenti, 2001).

Taylor Rules
Here we explicitly analyze the dynamics of the system under the Taylor rules. In the case in which

the degrees of rigidity are equal across countries, we can restrict the analysis to the following equilibrium



conditions!

Ty — Ty = (JTETS} + BE(Ti41 — T4 1),
étgt = ]/%‘\S’tfl + 7 — 7+ ASy,
* SW A ~R
EyASiq = ¢(me —mf) + ¢ (Tt - Tt) +E,

Sw_ "ns—0)\ (7w = W

from which it is possible to determine the equilibrium paths of the real exchange rate, the nominal exchange
rate, the inflation rate differential and the relative price index TtW. Given the Markovian nature of the

process T} and ’a\f, a rational expectations equilibrium assumes the following form

étgt = aléA\St—l + bﬂAﬂtVYl + Ty + dlgfa
T — Ty = a2é‘\gt—1 + bgﬁvlll + Ty + dzgf,
AS; = asRS, 1 + bsTV | + csT, + dsel

ftW — a4RS;, 1 + bﬂivfl +eyTy + dy2l.

From (A.14), we have that the relative price index TtW has always a unique and stable rational expectation

solution of the form

- - =0\ o NSy T
TV =M1, + M (C + Ttoy Ey jgo(ﬁ/\l)jTtH’

where A is the stable eigenvalue of (A.14), with 0 < A; < 1. Furthermore if the process followed by fft

is Markovian of the form

ﬁ = pgftq + Vo

with 0 < p; < 1, then

TtW = Alﬁvi/l + Uftv

1 We have defined eFf =¢F —2F .



where we have defined

¢n(s—o)
U:AI(CJF 1”") 0<v<l
N 1—BM\py '

Moreover, in a unique and stable rational expectations equilibrium, it is always the case that a1 = as =

a4 =0, a3 =—1 and

b — batp(Bby — 1)

1— Bby — Cby + Bb3 — by + ('
by — barpC

1 — Bby — Cby + b — by + o’
by — byyp(Bby — 1 — ()

1 — Bby — Cby + b — by + (o’
by = M\

The coefficients on the shocks are such that dy =0, ¢4 = v and

C1

C2

C3

dq

da

ds3

(¢ — po)Bbacy + bsca (Bpy — 1) + (1 — Bpy) (ca — 1)
(@ —p2)C+ (1= pa)(1 = Bpy) ’
(1 — py)Bbacy + bzcaC + ¢ (1 —cy)
(@ —p2)C+ (1= pa)(1 = Bpy)
(1 — ¢)Bbacs + (1 — Bpy + €) (bsca + 1 (1 — ca))
(¢ = pa)C + (1= po)(1 = Bpy) ’

PrB —1
(¢ = pr)C+ (1 —pr)(1 = Bpgr)’
—C
(¢ —pr)C+ (1= pr)(1—Bpg)’
C+1—pgp

(¢ —pr)C+ (1 —pr)(1 = Bpg)

Note that both countries follow an inflation-targeting instrument rules, i.e. ¥ = 0, we will have that the

real exchange rate is completely isolated from productivity shocks. In the case in which there are only

monetary shocks (i.e.var(f) = 0) or there is no weight on output stabilization (i.e. 1 = 0) then we have

the following expression for the real exchange rate variance

var(l/%s’t):d%var(ff”)

From the expression for dy, we can see that an increase in the inflation stabilization parameter reduces

this variance. Indeed for ¢ — o0, var(}/f,\S't): 0.
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Managed Exchange Rate Regimes

In the case of managed exchange rate, our equilibrium conditions change into

=7y = (RS + BEy(mii1 — iy,

RS, = RS, 4 +mp — e+ ASy,

H
index Ss— 0 o3l T index
Ty dew _ (CH + 7C 177_5_ on )> (TtW - Tt) +ﬁEt7Tt+dl

EtASH_l = (,ZS(’/Tig — 7I't) + w (j—\th - Tt) + HJASt +/€\f,
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which can be compacted in a system of the form (7i"%* = nrp, + (1 — n) Tpt— (1—n) Tt —NTH )

Yit My My yi mip | ~ mae |
E, = + T; + © ek, (A.12)
Zm My Mro| | ey 0 0
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where Y/ = [7F AS,, winder] m! = [RS;_1, T)V,], MI" is a 3 x 3 matrix, M3", MY are 2 x 2

m

;' are 3 X 1 vectors and 0 is 2 X 1 vector. Under the condition for

matrices, Mj" is a 2 X 2 matrix, m
determinacy, there are three eigenvalues outside the unit circle. Let denote these eigenvalues as w1, wa wj
and collected in the diagonal matrix Y. Let V a 3 X 5 matrix of the left eigenvectors associated with the
unstable eigenvalues, with the property that VM =YV. Furthermore we decompose V in two matrices

with V' = [V} V3] where V7 is 3 X 3 and V4 is 3 X 2. Now, if ft and gtR follow a Markovian process we

have that the solution for y; is of the form
yit = Uy + VT, + U

where U7 = —V, 'V, and WL = Vi H(Ipy — 1) 'Vmi? and U5 = Vi Y (Ipy — )~ Vm™. Further-

more from the system (A.12), we have

m m, m m . m
2 M3y + My 2",

= (MPUT + M)z + (MPU5T, + My URE),
= Z72" + Z9 Ty + ZEL,
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where Z7" and Z%" have been appropriately defined. Reminding that z’ = [ﬁgt ﬁw}, it can be possible

to rewrite the solution

A™(L)RS; = RyP(L)T; + RM(L)E),

A™(L)TY U (L)T, + U™ (L)ef,

where A(L) is a second-order polynomial with A™(L) = det[I — LZ}"] and R (L), RZ*(L), UF(L),

U"(L) are first-order polynomials. The real exchange rate is then a stationary variable and behaves

according to an ARMA process in which the AR component is of the second order (for p,1) # 0).

In the case of managed real exchange rate regime, our equilibrium conditions change into

Ty — Ty = Cérgt + BE(Ti41 — T4 1),
étgt = ]/%‘\S’t—l + 7 — 7+ ASy,

H
. — 0 ~ ~ .
mynder = (g‘H Lentezo) ;7 ‘(:‘777 )> (TtW - Tt) + BE "

EASi1 = ¢(my — ) + ¢ (ﬁw - ft) + ﬂést +gfv

AW AW index
7 =1, +m

which can be compacted in a system of the form

T T T T s T
Yt+1 My M; Y mir | ~ Mo | g
t = + T + €t s
' T T '
2 M3 Mj Z_q 0 0
i —~ ~ /
where y]' = [71'? ASy, mireer] 20 = [RSt-1, Ttvfl], M7 is a 3 X 3 matrix, Mg, M3 are 2 x 2

matrices, M} is a 2 X 2 matrix, m; are 3 X 1 vectors and 0 is 2 X 1 vector. Doing all the steps as before

we obtain that a solution for RS} is given

A"(L)RS; = RH(L)T; + RL(L)ES,

ANLTY = UML), +UL(L)ES,
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where A"(L), UL(L) are first-order polynomial (the second column Z7 is a zero vector) with A"(L) =
det[I—LZ7]) and R-(L), RL(L), UL(L), UL (L) are first-order polynomials. As before, the real exchange
rate is then a stationary variable and behaves according to an ARMA process in which the AR component
is of first order. Note that this AR component would be zero in the case in which there is no weight on
output gap stabilization.

Interest Rate Smoothing

Under the class of interest-rate smoothing rules, the relevant equilibrium conditions for the determi-

nation of the terms of trade and the exchange rate are

Ty — Ty = CJTETS} + BE(Ti41 — T4 1),
étgt = ]/%‘\S’tfl + 7 — 7w + ASy,

H J— o~ ~ .
mindes = (cH +E g fma)> (7Y ~T.) + B

BiASin =7 (1 =B ) + 6(m —m) + 0 (T = T0) +8F,
TW = TW, 4 gindex
i3 = (e =)+ olme—m) o (TV - 1) +2]
which can be compacted in a system of the form
Yit1 My M; vt mir Mae

E, = + T + €
z; M3

(V)

£

S S
Zt-1 0 m3e
where yI" = [rl AS;, winder) 2 =[RSy 1, TV, is—1 —if_4], M? is a 3 x 3 matrix, while mj is a

3 x 1 vector. Following the same steps as in the case of the managed-exchange rate regimes, we obtain

~ R
Yy, = Wiz + V5T + WoE,
5 gs,s + Z8 f +Z8 ~R
2 1%t—1 274t 2e€¢ 5

where the matrices have the same interpretations as in the previous case, clearly starting from different

matrices M 5.
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The second column of Z7 is of zeros. It follows that the only source of inertia in the system is coming

only from the interest rate smoothing component. We can rewrite the solution as

AL)RS; = R3(L)T; + RI(L)E),

AWTY = UpL)T + UL
4@ (i-3) = BT+ F(LE,
where A®(L) is a first order polynomial, R5.(L), RI(L),U%(L),UZ(L), F3(L) and F?(L) are second-
order polynomials. The inertia component is only of the first order.
We now report the proofs of the propositions in section 7.

PROPOSITION 1:

Proof. To capture the dynamic of the relative prices we define the following two variables:
TR = T4+
TV = aT,-(1-n)y
From (21) and (22) and substituting (17), (18), (19) and (20) in the main text, we obtain that
7Ath = ftlil +TEg— Ty Ty — TH
T =T+ nrpy+ (L= n)why — (L= n) iy, — nmmy

Substituting the supply curve expressions

TR=TF, - Tl + 8 (ﬁil - :FtR) (A.13)
and
v _aw (o =) (2w A\ s g
TV =T (e (T - T0) + 8 (T, - TV) (A.14)
on

It is easy to see that from inspection of equation (A.13) and (A.14) that the dynamics of relative

prices do not depend on monetary policy and monetary shocks. Note that only relative productivity
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shocks affect their dynamics. Note that the orthogonality property of the relative prices is robust to the

specification of the monetary policy rule. Two are its main determinants: the assumption of full pricing

to market and the structure of nominal price rigidities across countries and markets. B
PROPOSITION 2

F_ _H" _ F*

H = oF = ol = af" we can consider rules with 1) = 0 since

Proof. Note that as long as a
H F W _
Yo — Y :§<Tt _Tt>
and because of proposition 1, relative prices are orthogonal to monetary policy and monetary shocks. The

system of difference equation that determines the dynamics of the real exchange rate and of the nominal

exchange rate is given by

Mﬁst + %ﬁpl = E/ASi41 — %ASt

ERSi 41—
We can rewrite the system in a matrix form after having defined E;Q¢11 = RS;.
EtZt+1 = BZt + S&t

where z; = [RS;, Qr, ASy], &1 = [Ef,gf} and

14+8+4+¢ 1 1
e -0 ¢6—5 ¢—3
B= 1 0 0

—¢ ¢ ¢

1 -1
S=10 0
1 -1

In order for the system to be determined we need two eigenvalues greater than 1 and one less than 1 in
absolute value (associated with the state variable Q¢+1). The characteristic polynomial associated with

the matrix B is given by

_)\3+)\21+Z+C_)\(1+B¢C>:0
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from which it is easy to see that the stable eigenvalue is Ay = 0. The other two eigenvalues are determined

by solving the second order polynomial. Note that

, 1EAHC . (146C)
AT +< 5 )0

When we evaluate this polynomial at 1 and —1 we obtain that
P(1)>0 P(—1)>0when ¢ > 1= A3, A3 >1

P(1)>0 P(-1)<0whengp<1=0< <1, \3>1

so that the equilibrium is determined when ¢ > 1. Let the eigenvector matrix be

For the given eigenvector matrix E, let’s define V = E~1S where v; j are the elements of V. Then we

obtain

[e’e} 1 t=s E ~H ~F
e A ea1 By (V216 +v226, ) +
RSi41 = — E

1 t—s I F
s=t+1 (E) 6371Et (U371€s + ’03726,5_,_3)

1 t—s H F
o ol o e2,1 By (V218 + 0228, ) +
AS . ~H ~F 2
t+1 = V1,184 — V1,284 — s
= 1 ~H ~F
s=t+1 (/\7’) e3 1l (’1}3)155 + v3725t+5)

from which it easy to see that there is no persistence in the real exchange rate unless the monetary shocks

are serially correlated. ®

xvii



