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Appendixes

5.1
Appendix of Chapter 1

5.1.1
The Model of Huang and Liu (2001)

In the model economy, the production of a final consumption good
requires N stages of processing. The production of each good at stage 1
requires labor services only, with a constant-returns-to-scale technology given
by Yi (j) = Hi (j), where H; (j) is the labor input and Y; (j) is the output.
The production of each good at stage n € {2,..., N} uses labor and all goods

produced at the previous stage as inputs according to the following technology

Yo (j) = { /0 Yt () dz] UG

where Y, (j) is the output of a stage-n firm of type j, Y,,_1 (4, 2) is the input
supplied to j by a stage-(n — 1) firm of type z, u > 1 is function of the elasticity
of substitution between such goods, H, (j) is the labor input used by j, and
r € (0,1) is the share of composite of stage-(n — 1) goods in j’production.
Firms behave as imperfect competitors in their output markets and are price-
takers in their input markets. Given the constant-returns-to-scale technologies,
the unit cost is also the marginal cost and is firm-independent. The optimal

price decision under flexible prices is just a mark-up over marginal costs
P, (j) = p [P (Paa)” (W), (5-1)

where F=r—"(1—r) " P, = [fol P, 4 (z)ﬁ dz} o is a price index for
goods produced at stage n — 1, and W is nominal wage per hour.

The representative household is infinitely lived and maximizes expected
life utility. The following equation describes the labor supply decision of the
household W

A 9
5 =C. (52
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Table 5.1: Parameter Values

Parameter Description Interval
@ Private information precision [0.10, 50.0]
15} Public or Semi-public information precision [0.10, 50.0]
r Share of goods produced at stage (n — 1)

in the production of stage n [0.10, 0.90]

where consumption C'is a Dixit and Stiglitz (1977) composite of the final-stage
goods 1 1
1
C= [/ Y (2)# dz] =Y, (5-3)
0
where Yy (2) is a type z good produced at stage N. We combine equations
(5-1), (5-2), and (5-3) to obtain

() o

which log-linearized yields pf = rP,_; + (1 — )0, where § = Yy + Py is

nominal aggregate demand.

5.1.2
Simulation

We simulate the model in order to understand the evolution of semi-
public information precision Bn The model’s structural parameters are «, [,
and r. For ease of reference, we group all primitive parameter definitions and
values in Table 5.1. We avoid extreme values of r even tough results don’t
change dramatically in these cases. We comment about the extreme cases r = 0

and 7 = 1 bellow.

~

3 limit
Substitute the lag of the expression for A, at (1-13) in (1-12) to obtain

a recursive expression for Bn

. [5 (04 + Bn—l)i| 2 Bt

Bn = R 2 . ~ 2
BatBut) Bur+ [(B=ra)Bus+ras]

(5-4)
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If we set Bn = Bn_l = B*, we obtain

| o (o)
g = ~\2 . R
8(a+p) B+ |(B=ra) B +raf

2

which is a root of the third degree equation
FX) = (X)) + e (X)?+ X + e, (5-5)

where

clz%[Zﬂ(l—r)+r2a] > 0,

o=ala(l-2r")-28(1-r)],
e = —a?p (1—7’2) < 0.

Considering the parameter values of Table 3.1, Bn decreases monotoni-

cally to B*, the unique positive root of (5-5) when stage n increases.

Extreme values of r

If r = 1, zero is necessarily one of the roots of f(X) and thus we must
define 3* as the unique strict positive root of (5-5). For values of r very close
to zero, we need an extra condition regarding the exogenous precisions «, f3,
and 7 to guarantee monotonicity. If » = 0, for example, we need o < %B. To

see this, consider (5-5) when r =0
F(X)=(X)P+2a (X)) +ala—28)X —a?B. (5-6)

In order to 3, converges monotonically to B*, the first derivative of (5-4) must

be non-negative on [3*

(A I

B 1= [(a + B2+ 5/3’*] T

= 5 >a.

9B,
aBn—l

If we substitute B* = « in the third degree equation (5-6), we obtain the

result

f(a)sza:ZB.
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5.2
Appendix of Chapter 2

5.2.1
Proofs of Results

Proof 19 (Proof of Result 12: ERPT under Complete Information)

If information is complete, the external price of a given exporter is
pr=(1—7r")0" +1r"Pp.
Because firms are identical, all set the same price. As a result,
Pr=01—-r")0"+r"Pp = Pjp=0",

and the price of an imported good is py = Pp = e + 0*. Now, consider the
prices of domestic firms. Under complete information, all final goods’ firms set
the same price

pp=(1—=r)0+rle+0"].

Setting r = 1 establishes the result

ph:PF:€+9*.

Proof 20 (Proof of Result 13: Incomplete ERPT (Morris and Shin (2002)))

Under dispersed information, the optimal response for an exporter is
py=E[(L—r)0" +rP;| S}

After iterating and writing E [0* | S*| for the average expectation of 0* across

exporters, we have
pp= (=) (M) E[EF 07| 7] S (5-7)

Given the signals, it is straightforward to compute the high-order beliefs. The

average expectation of 6* across exporters is
E0* | 3% z/ E 0" | %) df
felo]

=(1- )\*)/ rpdf + A {/ yrdf — e}
felo,1] f€lo,1]
=(1=X\)0"+ X [0—e¢].
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Now, the expected value of the average expectation for a given exporter is

BB |9]197) = [0~ X)0 + X [0 -] | 5]
:(1—)\*)E[9*|%}] + A" [E[9|%ﬂ —e}

1— (1= X =72

=X =)
A ( X )Lyf_e}'

More generally, we have

E[E " | & %ﬂ _ [1 oy (1 — (1= A" _n*)k+1>] ;

e (1_(1—)\*_77*) ) [y;_e}' (5-8)

If we replace (5-8) in (5-7), we obtain

p}=<1—r*>zz°o<r*>k[1—v(1‘“‘”‘”*) )]f

1 — (1 — O\ = n*)kJrl
1— * 00 s\ k )\* *
+ ( r )Zk:o (T ) ( A* + 77* |:yf 6]
=(1-05)2;+0" [y}—e} :
where
)\*
0F =
L—r (1= X —n*)
2%
= Ta €(0,1)

v~

. signal effect for exporters

As a result, import prices are

pr=e+p;
=e+ (1—6) a3 40" [y; — ¢
= (1—6%) [z} +e] + 5y}

Setting r* = 0 establishes our result.

Proof 21 (Proof of Result 14: ERCP Puzzle) Given Result 13, aggre-
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gate imports’ prices are

Pr = ffe[o,l]pfdf
= (1-6% [ffe[o,l]x?df + e} + 6*ff6[071]y;df
= (1= [0 + €] + 5°0.

As a result, domestic prices are

ph=FE[(1—=71)0+1rPpr| 3]
=E[(1=r)0+7r[(1—=05)[0"+e +0"0] | Su)
=[1—=r(1=6)E[0|Su]+r(1—0)E[0"+e]| 3]
=(1=08)xn+0[yn+el,

where

S=A+r(1=6)(1—-X—n)
1_05—}-[1—7’(1—(5*)]03

2 2 2
0y + 0y, +og
N ~~ 7

. signal effect for domestic firms

Setting r = 1 establishes our result.

Proof 22 (Proof of Result 15: Macroeconomic Stability and ERPT)
Given Result 14, the first derivative of § with respect to o2 is

o5  r(1=20") (02 +0y) — 1502 (0F + oy +07) — 0}

Y

do? (02 +02 + 03)2

where
o00* B (1 —7r*) oi*

do? [crf:* + 05* + (1 —1r%) 03]2.

2_ 2 92 _ 2 -
If we set o = 03, 0, = 0., we obtain

o) o2 (1 =702 (02402 +02)
— >0 2o 1= 1+ LA
907 T{[0y+( 7")%]( +02)+ EFTrEs

x

If we also set r =1, r* =0, we obtain

352 _ (o —oi+0?) (oijai) PRI S
doe (02 + 02+ 02)

2
Y
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If instead we have r = r*

% 252 T 2 2 2 2
do2 <A)21(A)2 2r (1 —r) o202 <A — 5‘76) + (rop — o2) (A) } :

where

— 2., 2, 2
A=o,+o0,+0,,

AEU§+U§+(1—T)U2

e

Note that if

o2 00
> -2 c(0,1)=—>0.
r>E e =55

Note also that

0?5 (1=8") (07 +0y) — 502 (07 + 07 + 07)
= e > 0,
Ordo? (02 + 02+ 02)2

2 2 2
0%6 (opop

Or*do? [0920* + 05* + (1 —r*) 03]2 (ag +o2+ 03)2
(1—r*)ol— [Uﬁ* + 02*] (20325 + 205 -+ Ug)
[0323* + 05* + (1 —1r%) ag]

5.2.2
Production Chains

For n = 1, domestic prices are

pap=E0]S1]=0-XNa1+ Ay +e],
Pra=E07 [ ST = (1= X)) + A" [yf —el.

Then, foreign prices are

Pr1 =pa1—e=(1—=XA)[z1 —e] + Ay,
pr1 =€+ ppy = (1 =X [2] +e] + A"y7.

If we aggregate:

| - N *
PH,IEE]O par(J)dj = (1 —=XN)O0+N[0"+¢],

* 1 >k . N * * *
PF,1Emf;pF,1(J)dJ:(1—)\ )0+ A0 —e],
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and then

P;[’lEPHJ—@:(l—)\)[e—@]—f—)\Q*,
Pry= e+ Ppy = (1= \) 07+ + \'0.

The countries price levels are

P1E(1—X)PH,1+XPF,1
(T=x)[(L =X 0+ X0+ €] + x [(1 = X) [0 + ] + A"
= (1—=0)0+6,[0"+¢],
sz(l_X*)P;,l"‘X*P;I,l
(LT= ) =XV + X[ —e]] + X [(1 =N [0 — €] + \6"]
=(1—8)0"+67[0—¢],

where

oi=(1—=x)A+x(1—=2X),
== x)N +x (1=A).

Now, consider n = 2:

pu2=FE[(1—r)0+rP |
=FE[(1—=r)0+7r[(1—=06)0+060"+e€]] | )
=(1=r8)E[0| S +r5HE[0" + €| )
=(1—=Xo)xa+ N[y + €],

Pra=E[1—r")0"+r Py | S
=E[(1—=r)0"+r*[(1=06)0"+6710—¢]] | 33
=(1—=r" o)) E[0" | S5 +r0jE[0 —e| 3}
= (1 =X) x5+ A5 [y; — €]

Foreign prices are

p}},g =pr2—e= (1= XA [r2 —e] + Aoy,
Pr2 =€+ ppy = (1= A3) [25 + €] + A5,
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where

A=1—=rd)A+7r6(1—n),
A =1 =r"0) N +r*6 (1 —n%).

If we aggregate
Py = ifg"pm (G)dj = (1= D)0+ X [0" + 6.
P;iz— f Pro () dj = (1=X3) 0"+ A5[0 —e],
and then

PITI,2 EPH’Q—GZ (1 —)\2) [9—6] +)\26*,
Pro=e+4 Pry = (1—=X5) 0" +e] + \30.

The countries price levels are

(1 =x) Pr2+ xPrp2

= (1 =x)[(1=2A2) 0 + A [07 +e]] + X [(1 = A2) [0 + €] + A30]
= (1—109)0+ 020" + €],
(1
=

= (

—X") Pro+ X "Piry
= X)[A =23 0"+ A5 [0 — el + X" [(1 = A2) [0 — €] + A20]
1= 05) 0 + 85[0 — e,

where

da=(1—x) X+ x(1—X),
0y = (1 =x") A5+ X" (1= A2).

For a generic n > 1:

Pra = (1= An) Tn + Ao [yn + €]
Prn = (1 =A%) 2y + AL [yn — €],
Prg = (L= An) [2n — €] + Ay,
Prn = (1= X,) [z}, + €] + ALy,
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where

Mm=EA+r(1=XA=n)0p_1, A1 = A,
A =N+ (L= =06, Al =X,

and

=0 =x) A+ x(1=X),
==X+ X" 1=\

If we aggregate

Pru,=(1-=X)0+X,[0" +¢],
Pr,=1=X)0"+ X, [0 —¢],
P, = (1= ) [0 —e] + A\07,
Prp=1—=X)[0"+¢]+ A0,

which yields

P,=(1=0,)040,[0" + €],
Pr=(1-0.)0"+0,[0—¢€.

We can obtain recursive expressions for (A, A%)

ny n

Mm=A+r(1=X—=n)d,1
=A+r(1=A=n) 1= A +x (1 =X)],
=N+ (1=X" =09,

S (1N ) (LX) N X (= Au)].

Write the weights in matrix format

A, =A+ AN,
An =A+ BAn—b

33
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where

s 7

A= | =
| o An |
| 51 | A

A= X xa =], A= — A
X o7 | A*

A= L= =X ,..B = ril=A=mn) 0
X" 1= 0 r* (1 =X —n%)

If we combine the two equations

An=A+A[A+ BA,_

=3 CIA,,
where
A = A+ AA.
C = AB.

In order to solve the matricial difference equation, we must obtain

the inverse of I — C and calculate the powers of C'. Under our simplifying

assumptions (r =r*,02 = 02,02 = 0o, ), the weights on e are A = X and
n=n*. As a result

1 — _

X" 1=x

where 7 =7 (1 —X—n).

We can show that matrix I — C is invertible. Just note that

1—7(1- ]
I—C| = (& X) X

if and only if
A=r)l=rl-=x—x")]=0.

Thus, matrix I — C' is invertible as long as 7 # {1, (1—x— X*)fl}. This

condition is not restrictive because 7 € (0,1). In this case

N 1 1—7(1—=x") X
(1 C>"u_fnr—ml—x—xﬂ[ —Y" 1—fﬂ—x)l
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We must also calculate the powers of C'. The eigenvalue ¢ is such that

F(l=x)—¢ —7X
—7X* F(l—x*)—¢

Y

or
[Fl=x—x")—9¢llr—¢] =
As a result, we obtain
o={r,7(1-x—-x"}

The eigenvectors {v} are

| 1=-x —x V11 [Un]

V22

or

V21 = —V11,
*

Vg = —V12.

If we set v11 = v12 = 1, we can rewrite C' as

C=TDT,
where
T = 1 1* = X X; -1
-1 x X+ x* 1 1
- X
D= r ~ 0 R
|0 F(l=x—X")
and then
C"=TD"T !
X Ch(l-x—x)"  —[L-=x—x)]
XEX | X1 -(1=x—x)"] 1+X(1—x—x)"

Finally, we obtain

Ap=I-CM(I-C)" Ay
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If we ignore home-bias (y = x* = 1), then x + x* = 1. We can rewrite
(I —C)~" and C™ as

(1-0) = [ o ]
X)

=7 —r(1—x) 1—-7(1-
and
1— _
onom| X)X
—(1=-x) x
After tedious calculation, we obtain
1—7
Op = - A
X+ (X" —x) ( 17 )
< 5nfl — X <X
0, = X" —(x —x)(l_N)A
< 5:;71 — X* > X
/\n =\ + f(;n—l
<A1 S 01 <o X <X,
AL =A+T0,_
<A 10 <0 e X >
5.3

Appendix of Chapter 3

Proof 23 (Proof of expression (3-21): Equilibrium Aggregate Price Level)
First, we replace (3-1) in (3-7) to obtain:

P = Z;”;OfAHE PP+ (1 — 1) 6 | Si—j (2)] dz
SR BRI Sus (de (1= 1) S fy Bl Sy (2)]de.

From the definition of the average 1% order belief in (3-8):

P, =rE[P]+(1-r)E[f].
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If we iterate one time, we obtain:

P,=rE[rE[R]+ (1 —r)E[B]] + (1 —7r)E[6]
:rzE_’ [E_‘[Ptu —{—T(l—T)E_’[E_’[QtH +(1_T)E[9t]
=r*E*[P]+r(1—r)E*[0]+ (1 ~r)E0)].

If we iterate N times:
P =rNEN[P)+ (1 —r) L ER (6]
Taking the limit as N — oo, we obtain expression (3-9):
Po=(1—r) 322" ER (0],
which proves the result.

Proof 24 (Obtaining the Expectations) E [0,_,, | S;—; (2)] : First, we
calculate the distribution of the fundamental 0,_; given that the firm upda-
ted its information set at period t — j. We can compute f(6;—; | ©1—j_1, 24—;)

as

I A U )

S Oy O 1) O

_ SOy, ey | Oryj) f (61j)

N ffooof(Qtijgtfjflamtfﬂdet—j

_ S Or—j—1 [ =) f (@i | Oiy) [ (61—j)
ffooo f (Qt—j, 9t—j—1, l‘t—j) d‘gt—j

f(etfj | etfjflaxtfj)

where the last equality holds due to the independence of & (z) and €;_;. As

Ti—j (Z) = et_j + St—j (Z) )

9t—j—1 = 9t—j — €t—j,

where & (z) ~ N (0,571) and €,_; ~ N (0,a™"), we have that f (x| 0;—;) =
N (0,—;,67") and f (01—j-1 | O1—;) = N (61—, a™1). If the dynamics of 0; was

9t—j—1 = pet—j — €t—js
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we would have

Ele]
Elo,-j) = E[0) = 5 _tp =0,
Var [&] a™!
Var(6,—;] = Var|b] = - =1 ol

Therefore, the distribution of 0;_; would be given by f(6;—;) = N (0,¥71)

where U = « (1 — p?). Thus, we would obtain

a0y O
gt (pa)” vt

=wxem{—§Kﬁ+a+@Wéfoohhxa+awﬁromﬁ@

1[utxa—mjf
2

(0=, 0i—j_1,7,_;) = c X exp {——

X exp {—% [51“,52_j (2) + 0929152—3‘—1} }

1 1(0y — p)*
=cXxdX X exp{ ———2 "L &
\V2moX p{ 2 32

where

c = (2m) 2 (Ba®)Y?, d=2roexp{—% [-p?S72 + Bai ; (2) + ap®07 ; 1]},
,LL:[Axt_j(2)+<1—A)Zt_j_1], A:ﬂ(ﬁ‘i‘()é‘i‘\l/_l,

Zp—j—1 = Apet,jfl, A=« (ﬁ + Oé)_l .

S2=(B+a+ )7,

As p — 1, we have ¥ — 0, A — 0, and ¥* — (/B+a)71. Thus
fOuj | Orjr,20-5) = N(p,0%) where p = [624—; (2) + (1 = 6) 0p—j1], and
ot =(B+a).

Proof 25 (Proof of Lemma 17: Higher Order Beliefs) In this Appen-

dixz we derive the general formula of the k-th order average expectation
E*[6] = N m_o (1= A)" (K gBrmn + O p1-m-1]

with the weights (K g, Omi) Tecursively defined for k > 1

1—
Fmk+1| _ (1—9) 1-(1- )\)m]k LA Km.k ’
5m,/€+1 d 5m,k
where the matrix A, is given by
(A=) 1 -1 =N +6[1—(1-N"] 0

A

S[L—@—=X"" =1 — (1= [1—(1- A)m“}] ’
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and the initial weights are (K1, 01) = (1 —0,9).
We start by computing E* [0,] as
0] = gofA [ 9t|\5tj(2)]d2
=20, B 10 [ Sij (2)] dz
=220y, (L= 0) mij (2) + 06— 1] dz
=AY (L= N [(1=6)0r—j + 66,—;1]

We can use this result to obtain E*[0;] as

E2 = mOfA [El (9t \\stm()]dz
=AY e [ X (L= N E[(1=6) 0, + 60,1 | Simm (2)] d2.
We know that

(1=0)xp—m (2) + 00—y :m >3,

Elbij | Sim (2)] = {

O ; tm < j.
Thereafter,
E*[0) = Ao fp, 200 (L= N {(L =) E [ | Semn (2)] + E [Br—jo1 | Semm (2)]} d2
+AY OfA —N"{(1=0)E [0 | St—m (2)] +60; 1} dz
+ A mofa, e m+1 (1= A [(1=0) 0, + 00, j1] dz
=2 oo 2y (1= N [(1=8) 2y (2) + 00, 1] dz
+ /\Zmzof/\m —N"[(1=8)[(1 =0) Zp—m (2) + 00—m1] + 601 _1n_1] dz

+ /\anozofzxmzzimﬂ (1— A)j [(1—=6)0;—; + 00,_;_1]d=

= N0 (1= X" [(1 = 6) Oren + 60y ma] S (1= N
FAY (=N (1= 8) O+ [1 = (1= 6)%] O]
H AP (L= A [(1=6) 0+ 66, 1] >0 L (1= N)"

= Ao (L= A" [(1 = 0) Or—n + 00r 1] [L = (1 = A)"]

F AT (L= N [(1=0)2 O+ [1— (1= 0)%] O]
A, (1= A (1= 8) 6y + 06,5 1] {1 (11— )\)j]

= A o (L= N)"2[1 = (1 = XN)"][(1 = 0) Or—s + 60— —1]
Ao (L= N [(1=6)" O+ [1 = (1= 0)°] O] -

We can write this expression as

E*[6:]) = AY-320 (1= A [Kj26i-j + 8j20:—j1]
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where
o — (1 B 52) [1 (1- )\)j:| (11— 5)2 [1 —(1— A)J#l}
=[i-a-w) e -] -8,
5,0 = 52 [1 (1- )\)j:| I [1 (- (5)2} 1—(1— )\)j-&-l}
— :1 —(1- A)jH: (1 - /-@?71) + [1 —(1- )\)j} 532',1-
Note that

PR IPED P [1 - (1= /\)j]n [1 -(- /\)jH] )

We use induction to obtain the gemeral case. Suppose that (3-18) holds for
k—1. Then

Ek_l [915] = )\Zfrizo (1 - )\)m [K"m,k’—let—m + 5m,k—19t—m—1] )

where
1

S (L= A (Rjho1 + Gjr1) =

y-1- A"

As a result,

E"[0,] = Z;o:ofAmE [Ek_l (0] | St (Z)] dz
= oy, E [/\Z;‘;o (1= N [Kjgr18—j + Ojp10—j1] | Stem (2)| dz

= Ao o o S (U= N {kju1 B [0i—j | St (2)] + 6501 B [01—j-1 | Sicm (2)]} d2

+AY OfA )" {mp1 B Or—m | Siem (2)] + Omp-10—m-1} dz

+AY e ofA j= m+1 (1= A [Kj k105 + 0jr—10i—j_1] dz

- )‘Zm ofA 1 - >‘) (’ij,k—l + 5j,k—1) [(1 - 5) Li—m (Z) + 59t—m—1] dz
+ A oS, (L= X" K1 [(1 = 6) p—n (2) + 00e—n—1] + O p—10r—m—1] dz

FAY o fo 30 et (1= N [5j0-10e—j + Sjk-16i—j1] dz

= A (L= X" (1= 0) O + 0011 D1 (L= N (Kjkr + Gjhm1)

F A (1 =N (Rt (1= 0) O + [Kinp—10 + Gnp1] Or— 1]
+)\QZ]°.';1(1—)\) [Kjk—16i—j + 65— 19t91]z NEEPIE

=AY g (L= A" 1= (1= X" (1= 6) by + 00s 1]

+ AT (1= M) K1 (1= 6) O + [ e—16 + G p1] O 1]
F A o (L =X)L = (1= N)"] [Emr—10t-m + Omp—10t—m—1] -
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We can rewrite the last three lines above as

Ek [et] = )‘Z;LO:O (1 - )‘)m [/{m,ket—m + 5m,k9t—m—1] )

where
g = (1= 6) [1 = (1= )™ " 4+ [(1 =) A1 =N+ [1 = (1= N)"]] s
= (1= -a-n"
=811 =N+ =1 =N A1,
Ok = 01— (1 =N N A =N g1+ AT =N+ 1= (1= X" g1
—0[1—(1-N""
FO[[1 =@ =" =1 = (1= N™] fmgemr + [ = (1= N S,

AL=N"=[1-Q-XN""] -[1—(1-N)"].

Rewriting these weights in matriz format, we obtain

5m,k+1 0 5m,k
where the matriz A,, is given by
[(1=0)[1—(1—=N""]+0[1—(1-N"]] 0

A, =

S[-a-n" - -a-n")] [1—O—AW“J’

which 1s exactly our result.
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