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Abstract

In this appendix we provide all the symmetric equilibrium conditions of the
model, we show how to transform variables to make them stationary, and we
present the full set of log-linearized equations. We also report the parameter
estimates from estimating the model with the price and quantity variables in
levels, and additional posterior second moments of the variables implied by

each model
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In this Appendix, we present the following sections. Section 1 presents the symmet-
ric equilibrium conditions, section 2 presents the normalized equilibrium conditions,
while section 3 presents the loglinearized model, and the relationship between ob-
servable variables in the data and in the model. Section 4 briefly explains how to
estimate the model with price and quantity variables in levels, and presents the
results from conducting such estimation. Section 5 presents additional posterior

second moments of the observable variables implied by the models.

1 Symmetric Equilibrium Conditions

Euler equation
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where p, and p; is the marginal utility of consumption in each country with external

habit formation:
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The risk sharing condition under complete markets delivers:
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1.1 Demand functions

The aggregate consumption demand functions by type of good are:
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And, in the foreign country,
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Since there is no price discrimination and all prices are set in euros, we have subti-

tuted everywhere the fact that P¥ = PH" and P} = PI”.

1.2 Labor supply
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where total labor is allocated between tradable and nontradable activities:
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1.3 Technology

The production functions in the two sectors are:
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and
yi = X2 LT (14)
1.4 Price setting

Denote by pY¥ the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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The evolution of the price level of non-tradables is
P = o (P2 )P - a )]
where 11 | = iﬁ;

Denote by pf the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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where
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The evolution of the price level of non-tradables is
P = [0 (PE, (0,)7) 7 (1= 0) (1)) (22)
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Denote by pY" the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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The evolution of the price level of non-tradables is
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Denote by pl" the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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1.5 Relevant price indices
The Spanish consumer price inflation is given by
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where:
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The rest of euro area aggregates are given by:
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The European Central Bank targets the euro-area wide CPI, which is assumed to

be an harmonic mean of the price levels of Spain and the rest of the euro area:
PPN = Py (P (35)

using the country sizes as weights.

The relative price variables move as follows:
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and the real exchange rate moves as:
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1.6 Market Clearing
The market clearing for the nontradable goods sector at home is
y =Y =G+ G (43)

The market clearing condition in the tradable goods sector at home is

y' =Y =G+ "+ G (44)

Aggregate real GDP aggregates tradable and nontradable goods using the appropiate

relative prices:
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For the foreign country, these expressions become:
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1.7 Monetary Policy

In order to abstract from fiscal policy considerations, it is assumed that government
spending in the two areas is financed through lump sum taxes. Monetary policy is
conducted by the ECB with a Taylor rule that only targets the EMU CPI:
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1.8 Shocks Processes
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2 Normalized Equilibrium Conditions

Here we list again all the equilibrium conditions of the model when technology grows
at different rates in each sector, and therefore inflation rates and real growth rates
are different in each sector. As we go along we define the particular normalization

each variable needs.

2.1 Technology

The production functions in the two sectors are:
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2.2 Relevant price indices

Next, from the pricing equations in the steady state we obtain the following rela-
tionships:
ZTPH — ZNPN

and
ZT*PF* — ZN*PN*

These relationships also hold for the normalized variables:
ST pH _ 7N BN
and
ST* pF* _ ZN* pN*

Hence, in each country and sector, the differential growth rate of technology also

determines the inflation differential.

We normalize price levels as follows:
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Then, if there were no trend growth rates of technology, all prices would grow at a

rate II, which is the inflation target of the ECB.

Then, the price levels are given by
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where £, = ¢P° [((11j5;«)) , and PT = PtT(Hr%T)t. Note that the preference

shock absorbs the possible difference in the trends of the tradable good technology

shocks across countries.

For the aggregate CPI:
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shock allows the normalization of price levels across sectors that can have different

where P, = . In this case the preference

trends.

The rest of euro area aggregates are given by:
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The European Central Bank targets the euro-area wide CPI, which is assumed to

be an harmonic mean of the price levels of Spain and the rest of the euro area:
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using the country sizes as weights.

2.3 Market Clearing

The market clearing for the nontradable goods sector at home is

VN Gy (68)
-\ N_ ___ GY
where Ct = [(1+aN)(1+x)]t and G [(1+aN)t(1+m)]t .

The market clearing condition in the tradable goods sector at home is
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Aggregate real GDP aggregates tradable and nontradable goods using the appropiate

relative prices:
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For the foreign country, these expressions become:
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2.4 Demand functions

The aggregate consumption demand functions by type of good are:
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2.5 Euler equation and risk sharing

Euler equation and risk sharing:
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Hence, in this version of the model, trends in the real exchange rate are entirely due

to different productivity trends across sectors and countries
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2.6 Labor supply
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(L™ = Wy (87)

where W, = M{VW’ and W; = WEM, and total labor is allocated

between tradable and nontradable activities:
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L; =L+ LY (89)

2.7 Price setting

Denote by pY¥ the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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The evolution of the price level of non-tradables is

1

l1—0o -0
(HN )<PN (HN)(l_‘PN) Py -0
1= |6 = +(1-0 <L> 93
where ITI)Y | = ?Z’l.
t—2

Denote by pf the optimal price set by those who receive the Calvo lottery. The
optimal price is given by:
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The evolution of the price level of tradables is
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Denote by pY" the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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The evolution of the price level of non-tradables is
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Denote by pf” the optimal price set by those who receive the Calvo lottery. The

optimal price is given by:
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2.8 Relative prices
The relative price variables move as follows:
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2.9 DMonetary Policy

In order to abstract from fiscal policy considerations, it is assumed that government
spending in the two areas is financed through lump sum taxes. Monetary policy is
conducted by the ECB with a Taylor rule that only targets the EMU CPI:

PEMU ) pEMU A=p)Vr

R, =R, (%) exp(em). (115)

where €} is an iid monetary policy shock.

2.10 Shocks Processes
5N Z.N 5N Z,N
log(Z;") = p™ " log(Z," ) + " (116)
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log(Z{") = p”"" log(Z[")) + el +¢f (121)

log(GN") = p& N 1og(GN") + 5 (122)

log(GT™) = p&T log(GI™) + 57" (123)

3 Loglinear approximation

Here we present the linearized model that we estimate in the paper. Consumption
and production levels, and real wages are normalized by the relevant time trends to
make them stationary. Lower case variables denote percent deviations from steady
state (i.e. l; = log(L;) — log(L) ~ £=L), while lower case variables with a tilde
denote percent deviations from steady state for those variables normalized by the

appropiate level of technology (i.e. & = log(C;) —log(C), where C; = [(Hz)(C#T)V)

Also, we set all normalized preference shocks (the gs in the previous section) to be

a constant. Therefore they do not appear in the loglinearization.

3.1 Euler equation and risk sharing

fiy = Eifigq + (1o — EApgia) (124)
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3.2 Demand functions

Let “s define the following relative prices: t¥ = pN — p,, t# = pf — p,, tF' = pI' — Py,
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the consumption demand functions by households are:

el = vl — (e — )T + ¢ (128)
&= —vth — (e —v)th + ¢ (129)
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R (SR (131)
&=t — (e )+ & (132)
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3.3 Labor supply
wly = Wy + [y (134)
o'l =+ (135)

The hours allocation across sectors is:
L= (1= +1 (136)

=0 =)0+ (137)

3.4 Technology

The production functions in the two sectors are:

g =z +1 (138)
and
git =28+ 1. (139)
In the foreign country:
g =2 (140)
and
gt =z . (141)
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3.5 Price setting

In the four sectors:
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3.6 Relevant price indices
The Spanish consumer price inflation is given by
Ay = AAP; + (1= M)A + (1 —7)Ap (146)
The rest of euro area aggregates are given by:
Af; =7 (1= XN)APT + v N AP + (1 =) AR (147)

The European Central Bank targets the euro-area wide CPI, which is assumed to

be an harmonic mean of the price levels of Spain and the rest of the euro area:
APEMY = sAp; + (1 — s)Apr (148)

using the country sizes as weights.
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The relative price variables move as follows:

tN =1+ ApY — Ap, (149)
t, =1, + AP, — Apy (150)
th =t + A — Ap, (151)
ty =14 1+ Ap, — Apy (152)
=1+ APy — Ap; (153)
i =t +Ap - Ap; (154)
fy =1+ Ap — Ap; (155)
t =1L + Ap — Ap; (156)

and the real exchange rate moves as:

rery = reri_1 + Ap; — Ap; (157)

3.7 Market Clearing

The market clearing for the nontradable goods sector at home is

g =1 =) +ng (158)

where n = G—N = g—f, is the fraction of government spending activities over output

in the steady state.

The market clearing condition in the tradable goods sector at home is
gt = (=) + 1= Ne"] +ng/ (159)
For the foreign country, these expressions become:
go= 0=+ (160)

and
g =A== + X+ g (161)
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Aggregate real GDP aggregates tradable and nontradable goods using the appropiate
relative prices:
ge =@ + 5 + Q= NE +5") (162)

go= ) =)&) (163)
3.8 Monetary Policy

In order to abstract from fiscal policy considerations, it is assumed that government
spending in the two areas is financed through lump sum taxes. Monetary policy is
conducted by the ECB with a Taylor rule that only targets the EMU CPI:

re = p,ri-1 + (1 — Pr)’VnAﬁEMU + e (164)

3.9 Shocks

The technology shocks evolve as:

2= pP A el v Ef (165)
72 =oAL e (166)
7 =p"T i el et (167)
2 =L (168)
The demand shocks are:
9 =g e (169)
g = Vgl + e (170)
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~* * Tk G’ *
g =" e ’ (171)

~ * * * G, *
giv = PG’N gﬁl + & o (172)

Finally, the innovation to the Taylor rule is €}".

3.10 Relationship between variables in the model and in the

data

In order to be able to relate the observed variables in the data model with those in

the model, first we need to note that:

P(1+ aT>t = PtN<1 + O‘N>t = PtH(l + O‘T)t = PtF(l + O‘T*)t
Pt*(l—i—CYT*)t — PtN*(l—l—aN*)t — PtH(l—i-OéT)t — PtF(l—l-OéT*)t

Note that the a’s give the differential inflation rate with respect to the EMU aggre-
gate,

Therefore, the variable PN = PN (Hﬁ# does not grow.Then, we have the following
relationship in logs:

Py +t(a —7)=p

where 7 = log(II). We denote by the superscript obs the variable as it is defined in
the data:

ApNOBS = —aN + ApY
Ap 0P = ™ 4 ALY
AptOBS = T — OZT + Aﬁt

Ap;PP = 1 -+ AP
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where 7 = log(II). For output growth:

AyNOBS = o + AN
AyPPS = z+a + Ay,
AyN OB — gy 4™ + AN
AyrOP% = 4 + A

4 Estimating the model with levels of variables!

In this section I present the results from estimating the model when all price and

quantity variables are introduced in levels in the measurement equations, which now

look as follows:

i e
pNoBS pOBS | (N LAY
py e P+ — o’ + Apy
prOBS . prOBS | o (1" L A

where 7 = log(II). For output growth:

yiVOBS _ NOBS—I—[E—I—O( +Ayt
gt = y?’?s +z+a’ +Af,
yi\f* ,OBS _ OBS +r +a + AgtN*
yt*,OBS _ *OBS + x4 aT + Agji‘

Since the measurement equations includes nonstationary variables, a diffuse prior
is needed to initialize the Kalman filter. DYNARE uses the Koopans and Durbin
(2001) algorithm.

The estimated parameter values are the following for the two models. Note that
they are not so different from those reported in Table 5 in the main text. Since we

calibrate most parameter values related to the size of the sectors, and the model

'T am grateful to Michel Juillard for help in DYNARE programming.
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does not have capital, it appears that estimating the model in levels does not add

additional information with respect to the estimation with variables in first differ-

€nces.
Table A.1. Posterior Distributions, Variables in Levels
Restricted Unrestricted Restricted Unrestricted

On 0.38 0.34 1 1.45 1.44
(0.25- 0.52) (0.21- 0.44) (1.27 - 1.66) (1.25 - 1.64)

0 p- 0.46 0.42 P 0.73 0.69
(0.33- 0.59) (0.29- 0.55) (0.67 - 0.78) (0.64 - 0.74)

On 0.66 0.66 T 0.67 0.70
(0.57 - 0.77) (0.59 - 0.75) (0.54- 0.82) (0.56- 0.87)

O - 0.88 0.86 p&T 0.96 0.86
(0.82 - 0.96) (0.83 - 0.90) (0.94- 0.98) (0.82- 0.90)

Oy 0.34 0.46 PPN 0.78 0.78
(0.04 - 0.62) (0.13 - 0.81) (0.66 - 0.89) (0.67 - 0.91)

O e 0.38 0.36 p&N 0.98 0.89
(0.07 - 0.69) (0.06 - 0.66) (0.97 - 0.99) (0.85 - 0.93)

0.40 0.24 m 0.14 0.13
PN (0.08 - 0.72) (0.04 - 0.45) o(e") (0.11 - 0.18) (0.09 - 0.16)

. 0.46 0.44 Z 0.52 0.52
PN (0.1 -0.7) (0.17 - 0.70) U(gt ) (0.34 - 0.70) (0.35 - 0.69)

£ 0.49 0.51 o(e?h) 0.60 0.57
(0.21 - 0.83) (0.25 - 0.77) (0.40 - 0.80) (0.37 - 0.77)

v 0.52 1.23 o2 0.57 0.45
(0.14 - 0.92) (0.48 - 1.95) (0.34 - 0.82) (0.26 - 0.63)

x 0.55 — o(el™) 0.75 0.71
(0.47 - 0.63) (0.53 - 0.98) (0.48 - 0.91)

™ 0.50 - o2 0.89 0.88
(0.46 - 0.54) (0.60 - 1.22) (0.61 - 1.15)

ay -0.13 - o (9T 3.10 2.31
(-0.19 - 0.08) (2.55 - 3.65) (1.91 - 2.67)

ar 0.04 - G 3.17 2.61
(0 - 0.08) (2.61 - 3.72) (2.16 - 3.03)

- —0.06 - o(e5M) 4.56 2.69
(-0.10 - -0.02) (3.83 - 5.27) (2.28 - 3.15)

Qg 0.07 - o(e 2.33 1.93
(0.02 - 0.11) (1.89 - 2.78) (1.61 - 2.25)

Log-L  -104.84 -24.63

5 Additional second moments in the data and in

the models

In the following tables, we present contemporaneous correlations, and autocorrela-
tions of each variable, in the data, and their posterior mean counterparts in the two

estimated models. The models’ implications are not so different regarding the fit of
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contemporaneous correlations and autocorrelations. Both models do a good job in
fitting the correlations between each of the inflation indicators, and also do a good
job in capturing the near-zero correlations between most inflation indicators and real
growth indicators (Table A.2). None of the models does a good job in capturing the
large and positive correlation of real growth variables: the models predict positive
correlations, but not as large as in the data. Also the models do not do a very good
job at capturing the contemporaneous correlation between the nominal interest rate
and the rest of EMU (inflation and growth) variables.

Table A.2. Correlations in the data and in the models

Ap,  ApY  Ap; ApYt Ay
Apy
Data 038 1
Restricted 0.68 1
Unrestricted 0.62 1
Apy
Data 0.56 030 1
Restricted 049 027 1
Unrestricted 0.50 0.27 1
Ap;"*
Data 0.01 029 024 1
Restricted 0.21 030 052 1
Unrestricted 0.22 0.31 0.27 1
Ay,
Data -0.01 0.17 -0.09 -0.19 1
Restricted 0.06 0.13 -0.16 -0.03 1
Unrestricted -0.16 -0.01 -0.18 -0.02 1
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Table A.2 (cont.). Correlations in the data and in the models
Apc Ap App Aptt Ay AyY Ayp Ayt

Ayl

Data 0.16 0.10 0.02 -0.14 074 1

Restricted 0.15 0.07r -0.01 -0.01 0.68 1

Unrestricted 0.06 -0.04 -0.03 -0.01 0.50 1

Ay;

Data -0.01 0.12 0.06 -0.12 054 0.14 1
Restricted -0.13 -0.04 -0.07 -0.04 0.18 0.08 1
Unrestricted -0.07 0.03 -0.09 -0.01 0.22 0.09 1

Ay,

Data 0.11 0.12 0.02 -0.15 0.51 021 087 1
Restricted 0.06 0.05 0.04 -0.08 0.15 022 041 1
Unrestricted 0.03 0.03 0.03 -0.09 0.13 0.18 046 1
Tt

Data -0.11 0.05 0.03 0.11 0.17 -0.11 042 047
Restricted 0.10 0.06 029 035 -0.18 -0.08 -0.25 -0.21
Unrestricted 0.19 0.13 039 044  -0.21 -0.12 -0.25 -0.19

When it comes to matching persistence of the observed variables, both models deliver
higher inflation persistence and lower output growth persistence than in the data
(Table A.3). They both do a particularly good job in matching the persistence of

nontradable inflation in the rest of the EMU, and the nominal interest rates.
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Table A.3: Correlogram in the data and in the models

1 2 3 4 5)

Ap,

Data 0.07 0.05 0.03 -0.02 0.01
Restricted 0.34 -0.02 -0.09 -0.07 -0.03
Unrestricted 0.35 -0.02 -0.1 -0.07 -0.06
ApY

Data 0.20 -0.05 -0.16 -0.15 -0.02
Restricted 0.62 0.31 0.12 0.03 -0.01
Unrestricted 0.63 0.32 0.13 0.03 -0.02
Apj

Data 0.1 0.09 042 -0.08 0.03
Restricted 0.40 0.07 -0.01 -0.01 0.01
Unrestricted 0.39 0.06 -0.01 -0.01 0.01
Ap,"*

Data 087 0.75 056 0.30 0.13
Restricted 0.86 0.67 0.50 0.35 0.24
Unrestricted 0.86 0.68 0.50 0.36 0.25
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Table A.3 (cont.): Correlogram in the data and in the models

1 2 3 4 5)

Ay,

Data 036 0.28 0.34 0.06 0.20
Restricted 0.02 -0.06 -0.06 -0.05 -0.04
Unrestricted 0.05 -0.04 -0.08 -0.08 -0.06

Ay

Data 0.13 027 0.30 -0.05 0.24
Restricted -0.01 -0.03 -0.04 -0.05 -0.06
Unrestricted -0.01 -0.04 -0.05 -0.05 -0.4

Ayy

Data 0.43 043 0.12 0.07 -0.02
Restricted 0.00 -0.056 -0.06 -0.05 -0.04
Unrestricted 0.00 -0.05 -0.07 -0.06 -0.05

N, *
Ay,

Data 0.25 041 0.16 0.32 0.02
Restricted 0.03 0.02 -0.01 -0.04 -0.05
Unrestricted -0.01 -0.05 -0.07 -0.06 -0.05

Tt

Data 0.89 0.75 0.60 045 0.32
Restricted 0.74 0.52 038 0.29 0.25
Unrestricted 0.76 0.53 0.37 0.27 0.21

31



