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Abstract

In this paper we present the theoretical foundations and the simulation results obtained
with a new dynamic general equilibrium model developed at the Banco de Espafa for the
Spanish economy and the rest of Euro area. The model is designed to help in simulating
the effect of alternative shocks on the main aggregate variables.

The main contributions of this work from a theoretical perspective are the
modelling of a monetary union composed of two regions, the inclusion of housing as a
durable good with its own sector of production and the degree and detail of the
disaggregation considered for each country in the model, which replicates the Quarterly
National Accounts. On the empirical side, the main contribution is the detailed calibration of
the most important ratios of the Spanish and rest of the Euro area economies.
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1. Introduction

In this paper we present the theoretical foundations and the simulation results
obtained with a new dynamic general equilibrium model developed at the Banco
de Espana for the Spanish economy and the rest of Euro area. The model is de-
signed to help in simulating the effect of alternative shocks on the main aggregate
variables. In particular, a version of this model is expected to be used in the
near future to run simulations and alternative scenario analysis for the Spanish
economy within the forecast process. Therefore, one of the requirements of the
model is to replicate the developments of most of the variables included in the
Spanish Quarterly National accounts, which is why the model structure is more
elaborated than what is standard in the literature.

In recent years, there has been a surge of interest in developing optimization-
based models that are better designed to fit the data. Christiano, Eichenbaum and
Evans (2005) show that a dynamic stochastic general equilibrium model (DSGE),
which includes sticky nominal wages and prices, plus several adjustment costs, is
successful in accounting for the estimated effects of a monetary policy shock.
Smets and Wouters (2003) prove that the forecasting ability of this type of mod-
els is comparable to that of an unconstrained Bayesian VAR. These works have
shown the possibilities of DSGE models to contribute to policy analysis. As a
consequence, a number of central banks and other international institutions, like
the IMF, are in the process of building microfounded DSGE models to be used
as inputs into the policy debate. Some recent examples of this current trend
are the US FED (model named SIGMA, Erceg, Guerrieri and Gust (2005)), the
Bank of Canada (model called TOTEM, Binette, Murchison, Perrier and Rennison
(2004)), the Bank of Finland who has one model for the Finnish economy (AINO,
Kilponen and Ripatti (2006)) and another for the Euro area (EDGE, Kortelainen
(2002)), the Bank of England (model called BEQM, Harrison et al (2005)), the
ECB who is developing a new Area Wide model (Coenen, McAdam and Straub
(2006)) and the Bank of Sweden (Adolfson et al (2005)).

The model presented in this paper shares many characteristics with the models
developed in other institutions, but it also includes some innovations. In partic-
ular, the main theoretical contributions of this work are in terms of the country
structure, since we model a monetary union composed of two regions, while the
literature has concentrated its attention on modelling either a small open econ-
omy or two countries with independent monetary policy, generally the Euro area
and the US. This country structure will allow for an analysis of how differences
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in economic structures across regions of a monetary union affect the common
monetary policy, but also of how differences in fiscal and other country specific
policies interact with the common monetary policy. However, these issues will be
studied in depth in further work. Other theoretical contributions are the inclusion
of housing as a durable good with its own sector of production and the degree
and detail of the disaggregation considered for each country in the model, which
allows us to replicate most variables included in the Quarterly National Accounts.

The main empirical contribution of this work is the detailed calibration of the
most important ratios of the Spanish and rest of the Euro area economies, based on
input-output tables and balance of payments data for the five largest Euro area
economies (Germany, France, Italy, Spain and Netherlands)!. The simulation
exercises will be done under two sets of calibrations: one, symmetric across both
areas and based on the calibration for Spain, to highlight the main mechanisms of
the model, and another, asymmetric in order to highlight how differences in the
economic structure affect those mechanisms at play.

Finally, it is important to indicate that the work presented here is part of a
larger project taking place at the Banco de Espana to develop and estimate a
DSGE model of the Spanish economy. This project builds upon the modelling
effort developed at the Banco, a good description of which can be found in Banco
de Espana (2006). In an initial stage, detailed in this paper, the aim is to develop
a general model to serve as framework for the overall project. Therefore, given
its size and complexity, the model will be initially calibrated. However, later
on, smaller versions of this model will be estimated using Bayesian techniques
to pin down those parameters for which there is greater uncertainty. Given this
empirical strategy, those parameters that cannot be easily obtained using available
information, like the parameters of the monetary or fiscal policy rules, the degree
of nominal inertia in prices and wages or the persistence and variance of the
shocks, etc., in this paper will be either set at the values normally found in this
literature or alternatively, at values which simplify the analysis.

1.1. Overview of the model:

The main characteristics of the model are the following:
Countries. The model considers a world made of three countries: Spain (H),
the rest of the Euro area (F') and the rest of the world (I#). The domestic

IThe rest of the Euro area is constructed for the calibration of the model as an aggregate of
Germany, France, Italy and Netherlands
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country (H) and the rest of the Euro area (F') are modeled as a monetary union,
meaning that they operate in a fixed exchange rate regime, and their common
currency floats against the dollar, which is the representative currency of the rest
of the world. These two countries share the same monetary authority that sets
the nominal interest rate; the relevance of each country in the determination of
the interest rate by the monetary authority can be changed. Preferences and
the production structure in countries H and F' are fully specified, whereas the
economic structure of the rest of the world is less so: consumption, investment
and their corresponding prices are exogenously given.

Households. Consumption, labour supply, saving and capital accumulation
decisions are taken by a representative rational household that faces no restrictions
in the financial market.

Producers. Production takes place in a continuum of intermediate goods-
producing firms indexed by j € [0,1]. The intermediate goods-producing firms
can generate three kinds of goods: traded goods (7'), non-traded goods (NT') and
housing (D). The F' country has the same productive structure. As usual in this
literature, the model features enough symmetry to allow the analysis to also focus
on the behaviour of a representative goods-producing firm. These economies may
differ because of variations in preferences and price setting structures. Production
requires three inputs, capital (K), labour (N) and oil (O). Capital utilization
(CU) is variable and increases the user cost of capital so that firms choose it also
optimally. Each sector has a different technology and may suffer sector specific or
economy-wide shocks to total factor productivity. We also assume that factors of
production can move across sectors at no cost but do not move across boundaries.
Only goods and assets are traded.

Variables and aggregators. Aggregate real variables (consumption, investment,
etc.) are obtained as a CES aggregation of its components. This is the result of
the maximization problem face by the competitive firms that operate at different
levels of the distribution process.

Public sector. The public sector levies taxes (both lump-sum and distor-
tionary) and issues bonds to finance public expenditure. This expenditure is
non-productive, does not generate utility for households and is produced by the
non-traded goods sector.

Asset structure. There are three assets in the economy. B and F'B are respec-
tively H and F' one period maturity government bonds that, for simplicity, we
shall assume can only be held by residents in each country. Financial trade takes
place through dollar denominated one-period maturity international bonds that
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may be held by residents in the H (denoted by A) and the F' (F'A) economies or
by the rest of the world (W A). Households have to bear a cost of adjusting their
portfolios.

Foreign Trade. All three economies interact with each other through trade
in consumption and investment goods. The rest of the world, W, is the only oil
producing country in the world.

Nominal and real frictions. There is nominal inertia in both wages and prices.
Intermediate producers set prices on a staggered basis. Price inertia differs across
prices of traded and non-traded goods, as well as across prices of consumption and
investment goods. Price indices are the optimal combination that stem from the
zero profit condition of the competitive final producing firms. Capital adjustment
is costly and firms operate in a market in which they enjoy some monopoly power,
thus they charge a markup on the marginal cost.

Shocks. The model allows for shocks to preferences, prices of the rest of the
world, in particular oil price, foreign demand, sector specific and economy-wide
total factor productivity, fiscal spending and to the monetary policy rule.

The rest of the paper is organized as follows. In section 2 the optimization
problem of the representative household is solved. In the following section the
structure of production and price determination is shown. Section 4 indicates how
to obtain the aggregate variables of the model, while in section 5 the calibration
of the model is explained. Finally, section 6 describes the results of the simulation
exercises and section 7 concludes.

2. The representative household

The representative household is the final consumer of the goods and services pro-
duced, with the following (separable) preferences over consumption (¢;), the hous-
ing stock (D;) and leisure (1 — ny)

. N el 1 a@) "7 (@) (ny(3)M
Ut(l):Et;ﬁzft [1_0_((@_1(@,))7) + l—O'D — 1+90

(2.1)
where 3 represents the rate of time preference, ¢ a is preference shock, o= is the
intertemporal elasticity of substitution of consumption, o' is the intertemporal
elasticity of substitution of the housing services and ¢! is the elasticity of labour
holding the marginal utility of consumption constant. There are habits in the
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consumption of goods and services indexed by v (€ (0, 1)), while there is no role
assigned for money in the model. Furthermore, households are assumed to be
rational and have access to perfect capital markets.

Households are the owners of capital, both productive and housing, the former
is supplied to producing firms at the rental cost r;. Wealth may be held in capital,
domestic bonds (B) or international assets (A) denominated in dollars. In this last
case, the exchange rate (s) determines the value of the assets in domestic currency.
We assume that there are portfolio adjustment costs that depend on the ratio of
foreign assets holdings with respect to nominal value added (i.e. a;—1= vati"ﬁ),
such that if a;_1>0, the return on asset holdings is reduced, whereas the cost of
servicing the debt increases if country H is a borrower (a;—1<0). Moreover, this
cost function is such that ¥(0)=1. > These adjustment costs in the amount of
international assets held by residents of country H (A;) and of country F (F'A;)
imply that these variables (A;, F'A;) should go to 0 and guarantees that the model
is stationary in presence of transitory shocks (Benigno, 2001).3

Housing is included in this model as a consumer durable (see Erceg and Levin
(2002) for a detailed discussion of this issue). Households do not obtain any income
from renting part of their stock of housing but instead they derive utility from
owning it, that is, the model assumes there is a bias towards home ownership.
Equation (2.1) also contains a preference shock (gf), which is a shock to the
discount rate that affects the intertemporal elasticity of substitution of households.

Households earn their income in exchange for labour services (W, in nominal
terms), from the returns on holdings of wealth and the profits of domestic firms
they own ( fol w(j)dj). Capital income stems from holdings of domestic and foreign
bonds as well as from capital, with nominal returns R, W R and r respectively.
Households also receive a compensation for the intensity of use of the capital they

rent hZcuf (i) {F=T,N,D}).* All these sources of income are subject to

2 An example of this function would be:
Ulas 1) =e Yot

To rationalise the existence of transaction costs we assume that there is a financial intermediary
that receives those payments as revenues in exchange for the services of financial intermediation.
This financial firm is owned by residents of the foreign country so that total revenues for the
foreign consumer budget constraint are augmented accordingly.

3Schmitt-Grohé and Uribe (2003) explore alternative ways to remove non-stationarity in open
economy models with incomplete markets, stemming from the accumulation of foreign assets,
and find that all produce similar conditional and unconditional correlations.

“The intensity of capital utilization (cu;) is decided by the firms that rent it.
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distortionary taxes (7. on consumption, 7 on capital income and 7,, on wages).
Households spend their resources on consumption goods and services, investment
goods (I7), housing investment (I?), investment on domestic bonds and inter-
national assets and pay lump-sum taxes (T').> Therefore, households face the
following budget constraint where F =T, N, D:

. -1 .
{ Bii) s A0 +PIPIF (i) +PPIP (i) +(147.) PCycy (i) +PC T, | <

Rt\If(at_l) WRt\I/(CLt_l)

By (i) + 220y ((1—7k)nkt_1(i)+h > CUf(Z')) PG (2.2)

=
(17 ) Wine (0)+ [, wi()dj

The second constraint captures the motion law of the productive capital stock,
where 0 represents the depreciation rate and we allow for adjustment costs (P ())
to obtain a non trivial investment equation,

I (i)
Fe1(d)

The final constraint is similar to the previous one but for the housing stock, where
dp is its depreciation rate and ® (.) represents the adjustment costs function,

ki) = ® ( ) Fea(i) + (1 — 6k (i) (2.3)

: IP(i . .
D,(i) = ®P ( : ). ) Dy 1(i) + (1 = p)Dy_1(4) (2.4)
Dt_l(l)
SPC, PI”, PP are the corresponding prices of consumption goods, investment goods and

housing.
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Household behaviour can be derived from the following Lagrangian:

. (i (1-0) D, (i (1-op) n(i (14¢)
Li(i) = EoZﬁ{ [1—0(< <?))7) L @) ()

Ct_l(Z 1—0'D 1+(p

;

By (i) A7)

Ry (a;_1) + WRf\If(at 1) + PIP]P( )+
RtDItD(Z) (]. —+ TC>PCtCt( ) + PCtTt
By (i) + s, Ay (1) + (1 — Tuw) Wi (2) + fo wi(J)dj
+|:(1—7']€ Ttl{ft 1 +hzcut ]Pct

<

_)\t

\

3 [ = (FE) ) - (1= a0

AP (D)~ @7 (520 D)~ (1 60) Deca)
20" (505) I}

The derivative with respect to domestic bonds relates the wealth shadow price ())
with the domestic real interest rate:

A = o822 W g, ) (25)

T4l

where /¢ represents the rate of inflation of the total consumption deflator. The
second condition provides us with a link between the rate of change of \ and the
expected depreciation of the exchange rate.

M (i) = (a5 el (+)

TPC
Tt

Bringing together these two conditions we obtain the uncovered interest rate parity

condition,
E, (‘StWRt) ~1 (2.6)

St+1 Ry

The marginal utility of consumption is enlarged by the presence of habits

5a[ cr (i) r’ 1

Ai(1) = t @] @) (2.7)

t B Eea | e ] ) (ee()” - ‘
By 1 | (e (0)) CtH(z) (ct(4))%Y

BANCO DE ESPANA 15 DOCUMENTO DE TRABAJO N.° 0631



The optimal choice of productive investment yields the ¢ type conditions and

dynamics,
1

@(i) = —(IJ' 0 (2.8)
(5%)
where i
, A () (1 + 7.) PCy
= 2.9
PC,
\ — BE T Ay (2) Pfgj:l(l = TR)Ten 510
@ (i) = BE, TP () ) . ;o IE () (2.10)
Tt (i) Gr+1(7) (‘I)tJrl(Z) — P 10) +(1‘5>>
Similarly, for housing investment,
1
D _
q; (1) = o0 (G (2.11)
Dy 1(i)
AL (D) (1 + 7.) PC,
Diy== : 2.12
i) = (2.12)
. €41 PCii1 —op(;
QD(i) = BEt 7TtD+1/\t+1<Z) At+1(1) Ptf:&)-l (1 * Tk)DDtJrl (Z)+ (2 13>
t = IPCy [\ . . NG :
mENG) | aPa(0) (9P400) - @8, B +(1-00) )
where 77 7P represent productive investment and housing inflation.

2.1. Labour supply and wage setting

The partial derivative with respect to labour yields the standard marginal condi-
tion relating the real wage and the marginal rate of substitution between labour
and income (M RS):

(1 —7)We _ ef (u(i))”

(1+7)PCy — \(d)
Each household supplies a differentiated type of labour and thus enjoys some
degree of monopoly power. A labour aggregator combines the labour services
from all households and sells a bundle of such services in the same proportion as
firms would choose according to a CES production technology:

W
1 ey —1 ew —1
ny = ng(i) sw di
0

(2.14)
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The aggregator minimizes the cost of producing a given amount of aggregate
labour taking W;(7) as given. The household i’s labour demand is thus given by:

nali) = (W‘;/(j))—sw .

where n; is aggregate per capita hours. From the zero profit condition of the
labour aggregator we obtain the aggregate wage index:

1 1
l—ey
W, = ( / W, (i)t —=w dz’)
0

Furthermore, households act as price-setters in the labour market. Following
Erceg, Henderson and Levin (2000), each period only a fraction 1-6,, of workers

reset their nominal wage. Let W, (for simplicity we drop the index i) denote the
newly set wage at time ¢, in nominal terms. Until the next re-optimization, that
wage is adjusted automatically each period according to the indexation rule: W, =
Wt,ldfw, where d; is assumed to be a function of aggregate variables observed at
time ¢t-1. &€ measures the degree of indexation (fW = 0 no indexation, ¢V =1
full indexation). By forward iteration we obtain:

k

Wieen(i) = W) [ dSss

i=1

It is also assumed that labour is firm specific, so that the ex-post wage will differ
across households and hence the ex-ante and ex-post MRS needs not to be equal:
MRS, 1+ # MRS 1.

Therefore, the wage setting problem solved by the household consists in choos-
ing the wage W;(7) that maximizes the expected discounted stream of utility from
equation (2.1), subject to the sequence of period budget constraints (equation
(2.2)), and the labour demand schedule obtained above:

(W T e
nt,t-}-k(z) _ ( t( )Hz—l t+ ) Ntk (215>

Witk

The first order condition of this problem is (to simplify the exposition we assume
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Tw =Te=0)

o | Uy, 1, () 2
k Ttttk OW(3)
Et Z(Bew) U (7/) (8Wt,t+k(i) nt7t+k(i) ' Wt,t+k(i) 8nt,t+k (Z))
k=0 | Gtttk oW(i) POy PCiyr  oWi(4)
oo i A\ Ung o) my ()
Uy () 50 5 (—Ew)
- k Ct,t+k Ue, 4 (B Wi(s) w o
- Etz(ﬁew) +U ( nt,t+:é€i) Wi t41(2) ( N ) =0
k=0 i Ct t+k ) Wt(z) PCy i Ew
where we have used the FOC of the household (A1 (i) = Ue,,,(i)). Rearranging

terms it implies that W, (i) must satisfy:
- w
> , A WOTT, &, €
k t i=1 "4 w
Et %(ﬁew) nt,t—i—k(Z)Uct,tJrk (Z) ( POt-i—k - 0w —

1 MRS@H_[C(Z.)) - 0

(2.16)
Aggregating across symmetric individuals and solving for the optimal wage W;

cw By peo(B00) sk Ueiik MRSy 11k

w
Ew ds

Wt - ] Hk
E, ZZOZO (59w)knt,t+kUc,t+k ;a:clt:,:”

Uy (Coprome i) . )
where MRS, ;1= Ueq oo Cormmeirn) Notice that the assumption of complete do-

mestic financial markets guarantees a common level of consumption across house-
holds, independently of their current wage.
The average marginal rate of substitution is equal to

a A\ \ P
MRS, (5) — St el (2.17)
Aty (7)
Given that complete markets implies that A\ ;+x = Aiyr and using the firm’s

optimal labour demand (equation (2.15)) we can relate the individual marginal
rate of substitution to the average in the following way,

(%)ﬁdfﬁ] w (2.18)

i=1

%2}
MRS,k = MRS, (”t’”’“) = MRSr

Ntk

finally, the law of motion of aggregate wages is:

l—cew

W, = l(l —0) (’MZ(@'))I_E"’ 0, (Wt_ldfw)l_aw} (2.19)

The log-linearization of wages is explained in Appendix C.
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Figure 3.1: Structure of production in each country
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3. Production

The several stages at which production and exchange take place in this economy
are portrayed in Figure 3.1. In a first stage (lower part of the figure), there is
a continuum of firms producing different varieties of goods using a combination
of inputs (labour, capital and imported raw materials). Then, in a second stage
(middle part of the figure), the intermediate aggregators combine those varieties
(traded, non-traded and housing goods) in order to generate bundles that are sold
to the final goods aggregators of consumption and investment goods (consumption
or investment traded and non-traded goods, public consumption goods, exports
to rest of Euro area or rest of the world). Finally, in a third stage (top part of
the figure), the final good aggregators combine these bundles of goods into the
different baskets of goods demanded by households.
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3.1. Final goods producing firms (final goods aggregators)

Starting from the top of the production process (stage III of figure 3.1), final con-
sumption goods are produced by competitive firms with a technology represented
by the following CES aggregator,

1 1
a=|(we)” () ™ +(we)” () 7~ (3.1)
where p°¢ captures the elasticity of substitution between traded (¢]) and non-
traded goods (c¥). The associated price index is obtained dividing the nominal

expenditure through by the real quantity as follows,
PCNeN + PCEc]

Ct

PCt:

(3.2)

where PC"V represents the consumption price of the non-traded good and PC”
the corresponding price for the traded goods.

The distribution of total consumption between non-traded and traded goods
is obtained by solving a standard maximization problem. That is, the aggregator
chooses the composition of the basket by maximizing its revenues

Max {PC’tct — PCNcY — PC’tTctT}
st

B P
C

N\= ([ N\ I ™ & 1\ P
a = [(we)” () +(we)” (¢)°

implying that the demand of non-traded (traded) consumption goods will be
a function of total consumption and the ratio between the price of non-traded
(traded) goods and the price of total consumption:

pPCN —p°
CiV:Cth<Pét>

PCT —p¢
Cg:Cth(PCZ)

Thus, the relative demand of non-traded versus traded goods only depends on its

relative prices
a _we (PCYY (3.3)
T = Gr \PcT |
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Similarly, traded consumption ¢! is a composite good of consumption goods pro-

duced at home, cp ¢, imported from the Euro area, cg;, imported from the rest of
the world, cy; and oil, ¢?%, that can be represented as an aggregator:

ch

% CT;1 1T ch;1 ﬁ
w (e P 4 (w (e Pt 4
g | o) (en) T+ (@ro) T (en) T+ 5.4)

N . —1 _1
+ (wgzl) T (CtOzl) ppCT + (WWC)pCT (cmt)ﬂch

where, as in the previous case, p°T is the elasticity of substitution among different
types of traded goods.b

In the case of the traded consumption goods the problem to be solved by the
aggregator is the following:

Maz {PC{c] — (PPemy+ FPepy + s, PO + s ' WP ewy) }
st

ch
Ty 1 T 1 pcT 1

1 p— —1 p— —1
T (WHC) pcT (CH7t) pcT + (WFC) pcT (CF,t) pcT +
C — cT _ <l _q

@@ (1) 5T+ (wwe) T (ewn) T

where PC is the price of the home produced traded consumption goods, FP¢
is that of those imported from the Euro area, WP is the price of consumption
goods imported from the rest of the world and P°" is the international price of oil.
Notice that the last two prices are defined in dollars. The first order conditions
expressed as relative demands are

_ T
CF,t _ WrcC FPtC p (3 5)
cuy  wue \ PP '
CtOil o wgil St_lptOiI _pCT (3 6)
CHt B WHC Ptc '
CW,t . wWwo St_lWPtC 7pCT (3 7)
CHt B WHC Ptc '

6We have not considered the existence of adjustment costs in substituting home produced by
foreign produced goods in the ¢! basket. If these costs were present we would obtain dynamic
import equations in which the relative demand of foreign versus domestic countries would depend
on past relative demands as well as the expected value of future relative prices. Thus generating
smoother behaviour of the relative demand functions.
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Substituting out the expressions for the demands of individuals components of
consumption into the definition of the aggregate deflator of consumption (equation
(3.2)) we may express this price as a standard price index as follows:

1

PC, = | (PCY)' ™" 4wl (PCT) ™™ (3.8)

Similarly, we obtain the following expression for the price index of consumption
of traded goods:

c\1-r" c\1-r" il ( —1 poi\1=p" | 1=pT

T cuHo(Pt) —i—wFC(FPt) +we (st P )

PCt = 1 l—pCT (39)

+wwo (S; WPtC)

The sequence of aggregators in the case of investment is obtained in a sym-
metric manner to that of consumption with one exception: total investment (1)
is the aggregate of productive investment (/") and housing (7).

3.2. Intermediate aggregators

Intermediate aggregators are firms that combine the different varieties of goods
produced by varieties-producing firms and aggregate them in a composite good
(stage II of figure 3.1). These aggregators maximize the income from the basket,
taking the varieties as inputs. We assume that this sector is competitive.

Thus, cy(j) varieties are aggregated in a basket cp, selling goods at PC.
These varieties are imperfect substitutes with elasticity of substitution 6°:

1
MCLIcht(j) {PtCCH,t - / RgCU)CH,t(j)dj}
0

where:

This leads to:

cre(J) = ey (Pt;t(oj ))_60 (3.10)

and, imposing the zero profits condition on the aggregator, it gives:
1 1
P = [ ey (3.11)
0

The composite goods Feg g, Wemy, Iy Flgy, Wigy, ¢, IV, IP and aggregate
prices PI, PCN | PIN, PP are obtained in a similar manner.
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3.3. Intermediate-goods producing firms

Finally, at the bottom of the production process, we have a continuum of inter-
mediate goods producing firms, which can be classified into three sectors that
differ from each other in the technology used: traded, non-traded and housing.
Each firm belonging to a sector produces a variety of that kind of good (stage I of
figure 3.1). In the following subsections, we specify the equilibrium conditions for
each firm, the prices of each variety and the demand for production factors in the
traded goods sectors. The problem for firms in the non-traded goods and housing
sectors are solved in a similar manner.

3.3.1. Production and prices

There is a homogeneous technology of production for both consumption and in-
vestment goods. Each intermediate firm in the traded goods sector produces a
variety, yl (), that can be sold at home or abroad as consumption or investment
good:
vi () = v () + " () (3.12)
where,
y C () = cna(i) + Feme(5) + Wena())

Y1 (5) = Lis(§) + FIus(§) + Wik (j)

where Fepy, Wege (Flgy, Wig,) represent the foreign demand from the Euro
area and the rest of the world, respectively, of domestically produced consumption
(investment) goods. Thus (Fep+Wepi+FIg+W1g,) represents total exports
of the domestic country. The F' country demand of consumption and investment
goods produced in the domestic economy is obtained from the intratemporal cost
minimization problem of the household described in the previous section (and
the corresponding one for the F' country). Since the economy of the rest of the
world (V) is not explicitly developed in our model we shall assume the demand
functions for consumption and investment goods exports (Wepy, Wlig,) follow
€X0genous processes.

We assume that there is no price discrimination across countries, thus there is
not pricing to market and prices in foreign markets are equal to those in domestic
markets, but defined in foreign currency terms (i.e. multiplied by the exchange
rate s;).” However, there is price discrimination across consumption and invest-
ment goods. That is, since firms face two segmented markets (for consumption

"Allowing for cross-country price discrimination would introduce an additional channel to
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and investment goods) they set two different prices: PC(j), PI(j). However,
P (j) applies to cg(j), Fem(j) and Weg(5), while P/(j) is the price of Ir(j),
F[H,t(j) and W]H,t(j)

3.3.2. Sticky Prices

If prices were fully flexible, firms would set them to maximize profits taking as
given the demand for each variety. Thus prices would be equal to the correspond-

ing mark-up over marginal costs (mc!) in nominal terms:

PEG) = (e ) PG e )

I
Pl(j) = (9,9—_1) P (j)mel (j)
where P! is defined below, see (4.9).

However, the empirical evidence suggest there is nominal inertia in prices,
that is, prices tend to be sticky (see Alvarez et al. (2006) and Gali, Gertler and
Lopez-Salido (2001) for evidence on the Euro Area and Bils and Klenow (2004)
for the US). Following Calvo (1983), we assume that firms set nominal prices on
a staggered basis. Each firm resets its price with probability 1-6 each period,
independently of the time elapsed since the last adjustment. Thus, each period a
measure 1-0 of producers reset their prices, while #* will be the probability that
the price set at time ¢ will still hold at time ¢+ (thus, flexible prices require =0).
The fraction # of firms which cannot reset their prices optimally adjusts prices
according to a simple indexation rule to catch up with lagged inflation:®

PC . _PC . Ptqrifl
t+i(.])_ t+z‘—1(]) pC

t+i—2

£P
c N (_C '3
= Pt+z‘—1(]) ( t+i—1)

where ¢ is a parameter that indicates the degree of non-optimizers’ price ad-
justment whose extreme values reflect no indexation (¢°=0) or full indexation

explain different responses across countries to area-wide shocks. The possible relevance of this
issue for the different regions of the Euro area will be explored in further research.

8 A simpler but less realistic alternative, often used in the literature (see e.g. Galf and Gertler
(1999)), is to have these firms adjusting to steady-state inflation (7), sometimes assumed to be

zero. In this case non-adjusting firms simply set PC (j)=PC¢ ,(j)7 and P/ (j)=P} ,(j)7.
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(€7=1). Likewise,

£P
plL (i\=p! PtIJrz 1 _pl . I &P
t+z‘(])— tﬂel( ) Pl = t+i71(]) (7Tt+i71)

t+1—2

where we are assuming that the structure of indexation is the same for consump-
tion and investment goods prices.

Let us call PE(j) and PL(j) the newly set prices for varieties of consumption
and investment goods respectively, at t. These prices are chosen to maximize the
expected present discounted value of future dividends:

£P
o0 . yt+k( )PC( )Hz 1 (Wtcﬂ 1) .
o B (00 i (NPT, (et i)'
k=0 Pt+kmct,t+k (j )yt+k (4)
subject to:
ek () = v () + vk (9)
—gc
S0 A\ 17k 3
TC (N _ , TC PtC(J) [Ty (Wtcjm'q)
yt+k(]) = Ytk pC
t+k
NI i k 7 §P 791
I | B (j) Hz 1 (Wt+z‘—1)
yt+k(]) = Ytk Pl

t+k

where 475 (7) = cun()) + Fempn(i) + Wemnen(§) and 425 () = Tmaen(d) +
Flgi+r(j) + Wigik(j). The first order conditions of this maximization problem

are,

- i 0°PL mel, ()
2(69) CtJrkyt-i—k H 7Tt+z 1 —0°) + ax + =0
k=0 =1 Ptc< )

N

ad 0'PL mcl, . ,.(5)
kzo(ﬁe) Ct+kyt+k {E 7rt+z 1 5 (1- 01) +2](t)t+k } =0

_ [ Uct+k
where Ct+k_< T ).
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Solving and given that in equilibrium all firms are symmetric, the newly set
price at each t will be given by:

PO _ ( 0° ) E; 2210(59)'“@%3%”?0&%3/% (3.13)
t c _ oo ¢P :
0 1 Et Zk:o (ﬁ‘g)kCt—&-k H?:l (Wtc—;-i—l) y;‘gcl;
Pl — ( 0 ) Ey Ziio(59)’“Ct+kpﬁkmcft+kyﬂk (3.14)
[ I _ oo &P '
O =1 B0 (80) o T (mhinn)® vl

These equations can be interpreted as dynamic markup equations, so firms set
prices using the expected future evolution of demand and marginal costs.? Finally,
since the different varieties of goods aggregate to a composite good through an
Armington aggregator, the corresponding aggregate prices will be given by:

_1
ocC

Py 1-6°¢ ~ ey | I-
Pe= o (re ) - 0B 319

P 1-67 r(1_pr\] o7
pl = [9 (P,{_l (xl )¢ ) 41— B )} (3.16)
The log-linearization of prices is explained in Appendix C.

3.3.3. Cost Minimization

Once the demand and the prices of the different varieties of goods in each sector
are set, the firms determine their factor demands by minimizing costs taking as
given the prices of the inputs. This problem is subject to the production function
constraint that depends on three factors: labour (n), capital (k) and oil (O). In
addition, we allow for changes in the utilization of installed capital (cu). The
structure of the production function is equal for the first two sectors: Cobb-
Douglas in value added and a CES in gross production (that is, including oil). In
the case of the housing sector oil is not considered (see Appendix A). Moreover,
the sectoral production functions differ in the underlying parameters.

Firms are allowed to change their capital capacity utilization, like in Chari,
Kehoe & McGrattan (2000), but this implies an additional cost for them that

9These expressions are in terms of the firm’s specific marginal cost. For a procedure to
express this variable in terms of an observable measure of aggregate marginal cost see Gali,
Gertler and Lépez-Salido (2001), Woodford (2003) and Sbordone (19999.
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is reflected in the function h(cul).'® The jy, firm chooses factor demands and
capital capacity utilization in perfectly competitive factor markets. Hence, it
chooses n! (j), kI'(j), Of (j) and cul (j) to minimize total costs:

Wt T, - PCt'rt T St P ol T T/ . }
min —n +—=k; ————0; (7)+h(cu
(0T G)EE (7).OF () )CutT(j)}{PtT(]> ) Pl W+ PL(j) G)thien (3))
subject to
T - ﬁi: TS 4 T T T 1 et
ui (=1 7 (OF (7)) 7™ +(Loser) v [(cuf (k! ()™ (22 ni (5)) ](w }; -
3.17

where h'>0 and z;, 2! are total factor economy-wide and sector specific produc-
tivity shocks, respectively.

Factor demands and optimal capital capacity utilization are given by the first
order conditions of this problem:

v 0% G) W
")~ BTG) (813

v OG) _ PGy
" Dokt = PIG) (8.19)

T/ - aytT(j) _ PtOil
D aorG) = PIE) (3:20)
et QUG)_ onded) o

deu () deuf ()
where mc! (j) is the Lagrange multiplier that can be interpreted as the real mar-
ginal cost of producing an additional unit of output. Notice that, given cost

minimization, the firm will take mc! (j) as given when choosing its output price.
It is done similarly for the other sectors.

10Tn other models this cost is introduced as a higher depreciation of capital (see King, Plosser
and Rebelo (1988) or Neiss and Pappa (2005)), but in a multisector model like ours, where
capital accumulation is undertaken by households and capital utilization is decided by firms it
seems more sensible to apply this cost directly to firms.
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4. Aggregate variables

4.1. From production to value added.

The link between (nominal) value added and production can be described by the
following equations for the traded and non-traded sectors !}

Pvfvai = Pyl — s, PP1O; (4.1)
PoNvaly = PNy — s POLON (4.2)
where the Pv’s are the sectoral value added deflators. In real terms
val =yl — Of (4.3)
vay =y = O (4.4)
Then, real GDP (va,) is obtained by aggregating across sectors
va; = va; +va; +yp (4.5)
and the GDP deflator is equal to

Pu— Pvlval +PoNvaly +PPyP (4.6)

Va

4.2. Aggregate constraints.

In a symmetric equilibrium, total capital and labour of the economy are given by
ke =k + kY + K (4.7)

ny =ni +nd +nP (4.8)

while the aggregate prices and resource constraints are,?
Pyl =PEyl“+Plyl"=PF (cyy+FegtWeny) + P I+ F L+ Wig,) (4.9)

yE =yl 4yl =cp s+ Feg A Wew o+ T+ Flg o Wi, (4.10)

1 Appendix B shows the consistency of these definitions and equilibrimum conditions both in
nominal and in real terms.

12Notice that the price of public consumption goods is the same as the aggregate price of
non-traded goods.
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PN (y)-g) =PCY e +PININ (4.11)

yl ==y = + IV + g, (4.12)
yP = 1P (4.13)
PNyN 1 PTyT 4 pDyD
p— it Tl (4.14)
Yt
y=y +y +y (4.15)

The balance of payments, including the risk premium, evolves as follows

Va1 PtXXt—PtMMt

stWRt\If(at_l)at 1 VA'Uat P/Ut'Uat =Sty (416)
where, a,=% ﬁ;at and v,= ”a"“ . Also the import and export deflators are defined
as

FPCcpy+ FPlp, +s;"WPCec
M o t CEt t LFt t Wit
PEM= | WPy, + 5, PO (9 4 OF + OX) (4.17)
PX . PtCFC[-Lt + PtIF[H’t + PtCWCHyt + Pt W[H,t (4 18)
t — .

Xy

4.3. Policy rules.

To close the model we need to specify how common monetary policy and each
countries’ fiscal polices are conducted. Monetary policy is represented by a stan-
dard Taylor rule:

R,=(RR)R'ETR\ PR R (4.19)
where

TR— " 7 Fr" =) va\@ ( Foa, ) "™\ 4,90
R Fr’t <va> (Fva) (4.20)
where RR is the steady-state real interest rate, and T'R; is the target rate. (4.19)
and (4.20) represent that the monetary authority sets the nominal rate (R;) to
prevent inflation deviating from its steady-state level and to counteract movements
in the output gap. pp captures the degree of interest rate smoothing and p, and

p, the elasticity of response to deviations of inflation and output from target.
The weights attached to domestic and foreign variables in the rule () depend on

P
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the relative size of both countries. ' represents the unanticipated component of
monetary policy.
The government budget constraint is:
ghz&4+Jﬁ%+P@ﬂ—TJ@mm—7umm—nfag (4.21)
t

Provided that p_ is above a certain threshold value, fiscal policy must be designed

to prevent the level of debt to explode. Cyclical changes in tax rates are not very

realistic and may, under some circumstances, lead to multiple (sunspot) equilib-

ria (Schmitt-Grohé and Uribe, 1997). Therefore, all 7%, 7*and 7¢ are assumed

constant and we shall assume that lump-sum taxes (7}) respond sufficiently to

deviations of the level of debt as a proportion of GDP (b;) from target b,'

T, =To— T (b1 — b) (4.22)

where: B
by = —— 4.23
! Puvvay ( )

5. Calibration

The large size of this model is reflected in the number of parameters involved. The
log-linear version of the model includes 254 parameters that need to be calibrated
to run simulations (see Appendix D for the complete set of equations of the model
and Appendix E for the log-linear version of the model). Since the theoretical
structure of the model is similar for Spain and the rest of the Euro area, almost
half of these parameters capture the same concepts for the two areas, so that the
number of (non-repeated) parameters of the model is 133.

The calibration strategy chosen in this paper is to set different values for Spain
and the rest of the Euro area only for those parameters that can be obtained from
the input-output tables or balance of payments data, or from the (partial) solution
of the steady state. The rest of parameters take similar values for Spain and the
rest of the Euro area and are either calibrated using consensus values from the
literature, like the discount rate of households, or set to values which do not
prevent the identification of the mechanisms at play, like for example, setting all

13This class of feedback rules represent the quantitative deficit and/or debt targets such as
the Stability and Growth Pact.
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the autoregressive parameters and variances of shocks to a similar value or setting
to zero the weight of value added in the interest rate rule. In further research,
we plan to estimate smaller versions of this model, which will allow us to re-
calibrate most of these parameters with different values across both areas. Under
this calibration, the Euro area is constructed as an aggregate of Germany, France,
Italy and the Netherlands. Given this empirical strategy, the parameters in the
model can be classified into three groups depending on their nature:

Consensus and data moments. The first group is portrayed in Table 1 in
Appendix F and includes the structural parameters (44) of the non-stochastic
part of the model. Included in this group are the discount rate of the households,
the elasticities of substitution across goods and varieties, the elasticity of output
with respect to the different productive factors, the coefficients of the monetary
rule, and so on. Most of these parameters were calibrated using consensus values
taken from the literature or chosen to reproduce some data moments, others were
simply guessed, while the rest were derived from the resolution of the steady
state of the model.!* The resolution of the steady-state was confined exclusively
to those equations necessary to obtain the w’s in all Armington aggregators in
the model. This makes the model consistent with most relevant ratios in the
economies involved and makes it possible to give a value to parameters that are
difficult to pin down from estimated relative demand equations. In particular,
it is worth mentioning that we have chosen a Taylor rule with no inertia and a
coefficient on the output gap equal to zero.

Shocks. The second group, (Table 2) includes the coefficients of the autore-
gressive parameters and variances of the different shocks and exogenous variables
considered in the model (12). These parameters are very important in the sim-
ulation exercises, since they determine the persistence of shocks. In future work
we will try to estimate these parameters, in the meantime, they have been fixed
at a similar sensible value, in line with other models in the literature.

Steady-state ratios. Finally, the third group of parameters corresponds to
steady-state ratios (77) and is depicted in Table 3. These are the only parame-
ters that have been calibrated differently across both regions of the model using

14The exceptions are the elasticities of value added with respect to capital in the three sectors,
that were calculated as one minus the ratio of labor income to value added costs from the input-
output tables, and the tax rates of capital, consumption and wages, that were taken from the
ratio of capital income, value added and social contributions tax receipts over the corresponding
tax bases (nominal value of capital, consumption and labor income). All the required information
comes from the input-output tables, as it will be explained in detail below.
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information from input-output tables (the Euro area has been constructed as an
aggregate of Germany, France, Italy and Netherlands). However, since these ta-
bles are not completely consistent with the theoretical structure of the model, it
has been necessary to transform them. In particular, we have made the following
modifications:

First, only three branches of activity are considered in the model, which are
identified in the input-output tables as traded sector (agriculture plus industry),
non-traded sector (services plus construction industry, excluding housing) and
housing. These three branches are obtained by simple aggregation of their com-
ponents, except for the housing sector. The construction of houses is part of the
construction industry, which is included in the services sector. In order to obtain
a separate housing sector, we extract from the construction industry the part cor-
responding to housing according to the share of investment in housing in total
investment in construction, provided by the tables of breakdown of gross fixed
capital formation.

Second, the only intermediate input considered in the model is imported oil.
This means that the other intermediate inputs, both domestically produced and
imported, should be consolidated with some other aggregate of the economy. On
the one hand, domestically produced intermediate inputs were simply eliminated
from both, the production side and the demand side of the input-output tables.
On the other hand, imported intermediate inputs were classified as final imported
consumption or final investment goods according to the relevance in production
of each type of goods in the corresponding importing branch. That is, if branch
i imports 100 units of intermediate inputs and 70% of the production of that
branch is consumption goods and 30% investment goods, we consider 70% of
those imports as imported final consumption goods and 30% as imported final
investment goods.

Third, the elimination of all intermediate inputs from the input-output tables,
except for oil, means that the basic accounting identity at the branch level does
no longer hold. In particular, the accounting identity that should hold for branch
Jj is the following

vaj + i = df; + il —my
That is, branch j’s value added (va;) plus its demand of intermediate inputs pro-
duced by other branches (ii}) (gross production) equals the demand of the final
goods produced by this branch (df;) plus the demand by other branches of the
intermediate inputs produced by this branch (mf ), minus imports. Since branch
j’s demand of intermediate inputs produced by other branches () is different from
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the demand by other branches of the intermediate inputs produced by branch j
(i1} # i), the elimination of intermediate inputs breaks this identity. In order
to reconcile the identity we propose to redistribute the demand of final goods
produced by branch j (df;) between the different branches of activity which con-
tributed to their production with intermediate inputs. This is done by assuming
that the final demand of every good or service is a weighted average of the value
added of all the different branches which produce intermediate inputs for this
branch, where the weights are given by the share of intermediate consumption
in gross production of each branch. Using an example, if there were only two
branches of activity, one producing only intermediate inputs -tins for tuna fish-
and the other producing one final consumption good -tinned tuna-fish- using the
intermediate input from the other branch -the tins-; then, the calculated input-
output tables would only include the final consumption of the second good -tinned
tuna fish-, since we would have eliminated the intermediate inputs produced by
branch one and demanded by branch two -the tins. Using the transformation
we propose, the final consumption good of branch two -tinned tuna fish- would
be divided into final consumption of the first good -tins for tuna fish- and final
consumption of the second good -tuna fish-, according to the formula mentioned
above. This way the fulfilment of the accounting identities at a sectoral level are
guaranteed.

Finally, the input-ouput tables provide the trade flows of Spain and the coun-
tries forming the rest of Euro area (Germany, France, Italy and the Netherlands)
with the rest of the European Union and the rest of the world separately, but
this geographic separation of trade does not coincide with the one in the model.
In the case of Spain, we need trade flows with the rest of the Euro area and the
rest of the world separately, while for the rest of the Euro area, we need trade
flows with Spain and the rest of the world. This can be achieved by correcting
the trade flows from the input-output tables using balance of payments data on
the geographical structure of trade of Spain and the countries forming the rest of
Furo area.

As was stated earlier, the only difference in the calibration between the two
countries is in the steady-state parameters that have been obtained from the
input-output tables. In particular, Spain shows a higher weight of tradeable in
consumption than the Euro area, and a lower degree of openness to trade in con-
sumption goods (this is probably the result of the late incorporation of Spain into
the European Union). Obviously, imports of Spain from the Euro area are much
higher than imports of the Euro area from Spain. Other important differences are
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that the building sector is larger in Spain than in the Euro area, that the weight
of tradable investment is lower and the relevance of imported oil in the Spanish
economy is somewhat higher. With respect to the public sector, its size is higher
in the Euro area economy. Finally, it is important to highlight that the technology
seems to be more labor intensive in Spain.

In the next section we will carry out simulation exercises under two sets of
calibrations. First, we use a symmetric calibration across the two countries H
and F', based in the calibration for Spain, to understand the mechanisms at play
in the model. Then, we use the (asymmetric) calibration explained here to study
how these mechanisms are affected by differences across countries in parameters.
However, one should keep in mind the fact that the only changes in the value of
the coeflicients across the two regions are in the steady-state parameters, in order
to capture the differences in the underlying structure of the economy, but not in
the behavioural parameters.

6. Simulations

We have undertaken six fairly standard simulation exercises to validate the model:
a rise in Euro area interest rates, a rise in government spending both in the Euro
area and in Spain only, a productivity shock common to all sectors of production of
both countries (and in Spain only), a productivity shock specific to one sector and
one country, an oil price shock and a shock to consumer preferences. All the shocks
are implemented as a rise of a 1 per cent standard deviation of the variable shocked.
As mentioned above, our strategy to proceed will be to run first simulations using
a calibration symmetric across countries to study the mechanisms at play after
each shock. Then, we re-run the simulations using a calibration with different
parameters for Spain and the rest of the Euro area to see the impact of the
different economic structures. In all the simulations the monetary rule is such
that the monetary authorities only react to deviations of the CPI inflation rate.

6.1. Symmetric calibration

6.1.1. Monetary shock

This shock is implemented as a 1 per cent standard deviation increase in the
nominal short-term interest rate. The persistence of the shock is increased because
the shock is autocorrelated with coefficient 0.7. The overall impact of the shock
is fairly standard (see figure 6.1). The rise in interest rates has a direct impact
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Figure 6.1: Monetary shock
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on domestic demand. The higher rates increase the user cost of investment, both
productive and housing, which fall. At the same time, household’s consumption
falls, since the higher interest rate makes savings more attractive and households
substitute consumption today for consumption tomorrow. This effect is reinforced
by the fall in household’s utility caused by the reduction in the housing stock. The
fall in domestic demand reduces GDP, but in a smaller magnitude since net exports
increase. In addition, the fall in activity reduces the demand for capital and labour
as well as the nominal rental cost of capital and the nominal wage. However,
since wages fall by less than prices, real wages (and productivity) increase. The
reduction in the costs of production of firms is passed on to production and final
prices, so that the GDP deflator and CPI fall. Import prices fall by more than
domestic and export prices because of the assumption of complete pass-through of
the appreciation of the exchange rate. Finally, the rise in interest rates increases
the debt to GDP ratio.

6.1.2. Fiscal shock

This shock is implemented as a 1 per cent standard deviation temporary increase
in government consumption for the whole Euro area, that is for Spain and the rest
of Euro area simultaneously, with a high persistence (p;=0.7). The rise in gov-
ernment spending induces an immediate expansion of output, but the multiplier
is smaller than one due to the fall in households’ consumption (see figure 6.2).
This pattern of response is quite standard for DSGE in which rational agents are
engaged on a process of intertemporal substitution (Andrés and Doménech, 2006).
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Figure 6.2: Fiscal shock
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In this model all agents are Ricardian, so they reduce their consumption imme-
diately since they expect that the rise in government spending will be financed
through an increase in taxes today or in the future, to repay debt. Additionally,
the subsequent rise in interest rates, due to the reaction of the monetary policy
rule, reduces consumption further and crowds out both, productive and housing
investment. The negative wealth effect on consumers rises labour supply, which
combined with the fall in real wages increases employment. The rise in output
pushes prices and wages up, although with a lag of one period, but making real
wages fall for a few periods and then increase. This generates an increase of
interest rates (although after an initial fall), matched by a rise in exchange rates.

When a similar shock is only applied to one of the two countries composing
the area, e.g. Spain, qualitatively similar results are obtained. However, there
are two main differences. First, interest rates are raised by less after this shock
since inflation increases only in the country where government consumption has
increased, i.e. Spain. This means that the crowding out effect on consumption
and investment in Spain is smaller in this case and the impact on output larger.
Second, the Spanish trade balance worsens on impact and for a few quarters. The
reason for this is that the higher interest rates decrease activity and domestic
inflation in the rest of the Euro area, reducing the demand for Spanish exports,
but also reducing Spanish import prices from the rest of the Euro area, while
increasing Spanish export prices to the rest of the Euro area.
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Figure 6.3: Productivity shock
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6.1.3. Productivity shock

Figure 6.3 shows the effects of a 1 per cent standard deviation temporary rise in
productivity of all sectors of production (tradeable, non-tradeable and housing) in
both regions of the Euro area, with a high persistence (p%=0.7). The response after
the shock is fairly standard, with an overall increase in activity and a reduction
of prices. Employment falls on impact, as is normally the case in models with
nominal rigidities (Gali, 1999), but it recovers over time. The exchange rate
depreciates on impact and then recovers until eventually it appreciates slightly.
The cost of the domestic factors of production falls, since real wages increase by
a smaller amount than productivity and the cost of capital falls. Finally, since
prices fall, the monetary rule reduces interest rates. In terms of the sectoral
impact of the shock, the exchange rate depreciation makes import prices increase
on impact, specially energy prices, which affect more the tradable sector, since it
is more energy dependent. This makes the marginal costs of the tradable sector
drop by less than the other sectors and the same happens to its prices.

When the productivity shock affects only the Spanish economy, the results for
Spain are qualitatively similar. The main difference is that the increase in pro-
ductivity makes Spanish products more competitive than foreign ones, improving
our trade balance on impact. However, this effect is partially compensated by the
fact that interest rates fall by less in this case because prices increase in the other
region of the Euro area, and the impact on activity is smaller.
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Figure 6.4: Oil price shock
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6.1.4. Oil price shock

This shock is implemented as a 1 per cent standard deviation temporary rise in the
price of oil, with a persistence of 0.7 (see figure 6.4). The impact of the shock is
quite standard, with a general decrease in activity and a rise in all prices, which is
reinforced by a rise in nominal rates, but slightly compensated by the appreciation
of the exchange rate. In line with the slowdown in activity, employment and
capital fall. The rise in prices is translated into wages, but not completely, so that
real wages fall on impact and for some quarters. On the external front, imports
decline due to the increase in its prices, both of energy and imports from the rest
of the Euro area, and the fall in domestic demand. Exports also decline, due
to the fall in demand from the rest of the Euro area, but this decline is smaller
than the one of imports and the trade balance improves. If the rest of the world
were endogenous, exports to the rest of the world would also fall due to the loss
in competitiveness and the impact on the trade balance would be less clear. In
terms of sectoral impact of the shock, it is stronger in the sector which is more
energy intensive, the tradable sector. In this sector, marginal costs increase more
and so do prices, while activity and factors’ demand suffer most from the shock.
It is worth mentioning that the housing sector is least affected by this shock since
we have assumed that this sector does not use energy as a factor of production.
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Figure 6.5: Households’ preferences shock
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6.1.5. Household Preference shock

Figure 6.5 shows the impact of a 1 per cent standard deviation temporary rise
in the discount rate of households in the Euro area, with a persistence of 0.7. A
rise in the discount rate of households makes them more impatient and therefore
try to intertemporally substitute savings for current consumption, this increases
domestic demand, activity and prices. Investment declines moderately due to
the reaction of interest rates to higher inflation. When the shock impacts on
consumers of both regions of the Euro area, the trade balance improves since the
rise in imports, due to the increase in domestic demand, is lower than the rise
in exports from the rest of the Euro area, consequence of the increase in foreign
demand. Furthermore, in this case prices rise in both regions, so that the price of
imports falls only due to the appreciation of the exchange rate, and imports do
not rise by as much.

When the shock affects only consumers in one of the regions of the Euro area,
e.g. Spain, the trade balance worsens, since the rise in imports is stronger, because
of the larger decline in import prices, and there is a decline in exports to the rest
of the Euro area, because of the loss in competitiveness due to the rise in export
prices.

6.2. Asymmetric calibration

The simulations using a different calibration for the steady state ratios of Spain
and the rest of the Euro area show qualitatively similar results to the ones just
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Figure 6.6: Impact of shocks with asymetric calibration
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discussed; the main differences can be found in the magnitude of the impact of
shocks and in the response of trade variables. Figure 6.6 compares the impact
of each shock considered on aggregate value added, CPI inflation, exports and
imports. The dynamics of output and inflation are similar across shocks, but the
impact on activity is larger in Spain, while on inflation is larger in the Euro area.
These differences are mainly due to the much smaller response of trade variables
in the rest of the Euro area, since Spain is relatively small compared to it and the
rest of the world is exogenous. In particular, the left hand side panel of figure 6.6
shows that Spanish imports and, specially, exports react much more to all shocks,
making net exports more volatile in Spain.

Figure 6.7 compares the impact of an idiosyncratic fiscal and productivity
shock to Spain on variables across both countries. It is clear from this graph that
under an asymmetric calibration the impact on the Euro area from shocks in Spain
is very small due to big differences in size between both areas. In addition, the
impact on Spanish activity is also higher under this calibration since the weight
of Spain in the Taylor rule is much smaller (around 10 per cent), allowing Spanish
inflation to deviate more from its steady state value.
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Figure 6.7: Impact of shocks in Spain under asymmetric calibration
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7. Concluding remarks:

In this paper we have presented a new dynamic general equilibrium model devel-
oped at the Banco de Espana for two regions of the Euro area: Spain and the
rest of the Euro area. This model incorporates most of the standard mechanisms
developed in this literature. In particular, it characterizes an economy where the
consumption, labour supply, saving and investment decisions are taken by a rep-
resentative rational household that faces no restrictions in the financial markets.
Production is undertaken using labour, capital and imported raw materials as
inputs by a continuum of firms which enjoy some degree of monopoly power in
product markets. Since firms set prices and negotiate wages in a staggered man-
ner, the model incorporates nominal inertia in wages and prices, which may differ
across traded and non-traded goods and investment and consumption goods. Fi-
nally, households exhibit habits in consumption and face real capital adjustment
costs which also generates inertia in some real variables.

The main theoretical contributions of this work are in terms of the country
structure, since we model a monetary union composed of two regions, while the
literature has concentrated its attention on modelling either a small open economy
or two countries with independent monetary policy, generally the Euro area and
the US. In addition, this work also contributes in terms of the degree and detail
of the disaggregation considered for each country in the model, which allows us
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to replicate most variables included in the Quarterly National Accounts.

We have shown simulation results for two alternative calibrations, one sym-
metric across both countries forming the Euro area and based on Spain, while the
other is asymmetric and incorporates characteristics specific to each region. The
simulations using the symmetric calibration are quite standard and comparable to
other models in the literature. On the other hand the results using the asymmetric
calibration highlight some of the relevant differences between Spain and the rest
of the Euro area. In particular, the main differences are in the magnitude of the
impact of shocks, with a larger impact on activity in Spain and on inflation in the
rest of the Euro area. These differences are due to the much smaller response of
trade variables in the rest of the Euro area both, because Spain is more open than
the rest of the area and the trade with the rest of the world is exogenous, which
represents the largest share of trade for the rest of the Euro area. In addition, this
is amplified by the fact that the weight of Spain in the Taylor rule of the Euro
area is small, allowing for larger deviations of inflation from the target in Spain.
Finally, idiosyncratic shocks in Spain have little impact on the rest of the Euro
area given the differences in size.

The work presented in this paper constitutes the first stage of a larger project
taking place at the Banco de Espana to develop and estimate a DSGE model of
the Spanish economy. The following stages will consist on both, developing the
theoretical structure and estimating the model presented here. The theoretical
developments that we are planning to explore are the inclusion of a financial sector
and credit restrictions, and of a non-competitive labour market of the matching
type, and the interactions between them.

From an empirical perspective, the strategy for further work would be to es-
timate using Bayesian techniques smaller versions of the model presented here,
concentrating on different sets of coefficients each time. In particular, we have
two projects in mind. The first one consists in estimating a model of two regions
of a monetary union, with a lower sectoral disaggregation than the one presented
here, to try to identify differences in nominal inertia in prices and wages that
could explain the inflation differentials between Spain and the rest of the Euro
area. The second project consists in estimating a model for the Spanish econ-
omy, with a similar degree of detail to the one detailed here, to try to identify
differences across sectors in nominal and real inertia that could explain the dual
inflation phenomenon typical of the Spanish economy.
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A. Appendix: Housing intermediate-goods producing firms.

The housing intermediate-goods producing firms face a similar problem to other
firms, with the exception that they do not use oil in the production process. Thus,
the housing sector the firm j chooses n”(j) and kP (j) to minimize total costs:

. Wiy p,. PCyry  p, . Dy
min o () + 5ok (0) + hleu, (5))
{n?(j)kﬁ;,(j),cuf(m{PtD(J) ! PP(j)™ !

subject to
v () = (ew” G ())™ (zeznd’ (7))~

being 2P the total factor productivity shock. Factor demands are given by:

OyP(j) _ dh(cul)
deuP(j) ~ deul())
D

where mc;”(j) is the real marginal cost in the housing sector.

meyp ()
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B. Appendix: From value added deflators to production
prices.

Starting with the definition of nominal GDP,
Pv,va; = PCye; + PI.I + PCY g, + PX X, — PM M, (B.1)
using the definition of each component of demand and its subcomponents,
PCyc; = PCNeY + POl
PCTel = PPeyy + FPCepy + 57 PO e 4+ s "W PE ey,
PLI, = PIFI] + PPIP
PI 1 = PININ + PIF T
PII'TN = PlIy, + FP'py + WP Iy,
PXX, = P°FCy;+ PEWCx, + P Fly, + P/ Wiy,
PMM, = FPFCOp,+ WSPtC Chyy+ Psto

t

7l
CYl+ F P! py+s; ' W PP Iy +s, ' PP (O] + 0))

t
substituting them into equation (B.1) we get the following,

Pvwa, = PCYCN+ [PPCu+FPf Dpy+s; ' PP a” +s, "W PFCW,]
+PPIP+PNIY+ [P/ 1y +F P! Iy +W P! Iy,
+PCY g+ [PEFCyy+PS NCyy+ P Fly o+ P Wy )
- [FPF Cryts; "W PE Cyyts; PP 0 +F P] Iry+s, "W PE Iy +s, PP (O +OY)]

now simplifying,

Pvwa; = PONON 4+ PECy,+ PPIPPNIN + Py,
+PCNg, + PCFCy, + PENCy,
+P/Fly, + P/Wy, — s; ' PP (O] + O)Y)

and rearranging:

Pvwa, = [PCNCY + PCYg] + [PPCuy+ PEFCry + PENChy)
+PPIP + BT
+ [P/ys + P/ Flyy + PIWliy,| — s, PP (O + OF)
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Using the following definitions from the supply side,
Py = PtTytT + PtNyiV + PtDytD

Pvwa; = Pvlva) + PoMvay) + PP .yP
y =17
Pvfval =PIyl — s;'PP"Of
Pyl = PFy/“ + Ply["
PtcytTC = (cys+ Fegy +Wepy) Ptc
Pyt = (I, + Fly, +Wlg,) P!

yT — ch 4 yTI

poil

N N _ pN,N t AN

Pv;'vay = Py, — =0,
t

S,
PNy = PCYy + PINLY
PCYy = PCY (¢ + g)
yV = yNC | NI
we get,
P’UtUCLt = [chvyivc + RgNltN] +
[PEVEC + PIIT] + PPIP 5 B0 (0] + OF)

and substituting further we get,

Pvwa, = PNy + Pyl + PPy — s, P2 (O +O))

finally, using the definition of nominal production we get to the definition of
nominal GDP in production terms:

PUtUCI/t = Ptyt — S;IPtOilOt
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C. Appendix: Log-linearizing prices and wages.

C.1. Prices

The aggregate first order condition,

BO_ ( ¢ ) Ey Y o (B¢ Plmet . kS
t c_ 0 £
P1) B S o (B0)5¢, i T, (n6i0)® wEG0)

can be expressed as,

[e'S) k
(Et PICHReNY | (G yﬁ%) Py
=1

k=0

0° [e'¢) k
_ k T c T TC
= 90_1> By E :(5‘9) CorkPrsk H7t+imct,t+k: Ytk

k=0 i=1

PT pC PE. .
where: pl, = chi:, = ﬁ, 7o, = Pﬁtjil' Rearranging terms:
(G wi ) 7+

(59Ct+1 (7Tt )£P yt+1) py+
<(56)2Ct+2 (W?ngu)é yﬂ%) @C + ...

0 (Ct ) Dy MC 4+
= ( ) ((ﬁe)(ﬁ(gCt—i-lﬂ-tJrl yt+1) Pt+1mcft+1+ (C.1)

HC - 1 T T
<t+27rt+1ﬂ-t+2 yt+2) Diy2MCipyg + ...

now, leading one period the previous expression and multiplying it by ﬁ@ﬂﬁ_l we
obtain,

(5‘9<t+17t+1 yt+112 Dyt
3
(89 Crambin (760)° WEG) BEa
£P
<(59)3Ct+3”tc+1 (Wtqu”tqrz) y?f:s) ZA%C+1 +

0 ) (60<t+17rt+1 yt+1) pt+1mct t+1+
(€L

Il
VR

T
01 ((59) Ctbi-27rtgl7rt+2 yt+2) pt%i-QmCtjé—i-Q_}_
2 CoraTin Tl s s UhS) Diy3MCipyg + .o
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EP
that can be further rearranged by multiplying the left hand side by (:-i) as,
t

T &r
(59<t+1( f;zp (7th) 3/53) ﬁgrl"‘
t

7rt EP
((59) Ct—&—Qﬁ (7?7&1) ?Jtﬁ%) ﬁgrﬁ'

7rf er
((69) s ot (o) y) ot
t

( 0 ) (59<t+17ﬁ+1 yt+1)pt+lmctt+1+
(30

0 — 1 ((59) Ctg—?ﬂ—tglﬂ-t—m yt+2) pt+2mct t+2+ (0-2)
) Ct+37rt+17rt+37rt+3 yt+3) pt+3mct,t+3 + ..

Now subtracting (C.2) from (C.1):
7r - P

(¢ Ters) Py + (ﬁf‘ﬁgl (( - )) (Z ) <t+kH Terio1) ?thk)]
) k=1 =

= () Loy stmet] (©3)

The steady state (computed at 7¢ = 1) is

(g ) e (c4)

4

Now linearizing (C.3),

UV,
(" 5°) (14 + 37+ B ) +
2 20 ~C ~C
(Cy %9)) (pt — Py — (7Tt+1 - €P7Tt ))

6° e
= (Qc_l) (¢y™“p"mc") (1+Ct+ytTC+ptT+met)

and substituting (C.4) we obtain,

59Pt+1 = po (7Tt+1 gpAc) + (1 - 30) (ﬁtT + ﬁfc;{t) (C.5)
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Let us now divide (3.15) by P¢ and take a log-linear approximation,

=~C 0 ¢t
Py = mﬁc 1 g (C.6)
using this expression we can compute:
0 0 0¢ ~ pY*
Py — BOp 1 = (m t1o 9> T, — —fp 1 mﬁfﬂ (C.7)

Now using (C.5) and (C.7) we can derive the expression for inflation in domesti-
cally produced consumption goods:

N N N 1-56)(1-46 T T
(Wf_gpwil) :ﬁ(ﬂ-t+1 §P C) << b 6’)( )) (mct +pt>

or

"0 = 5 (36, - €730) + (0= (el 4 P - BF) ()

C.2. Wages

The law of motion for the aggregate wage index is given by:

W, = {(1 —0,) (Wt)“w s (Wt_ldfw>law] =

or
1

L= (1= 0y @) 40, (fjw> - (C.9)

t

Log-linearizing expression (C.9) around a steady state with zero wage inflation
(that implies w = 1) yields:

7= (1= 0,) (W, — Wiy) + 70,4,

w ~ 1—60,)\ =
P =&V, = ( 0 )wt (C.10)

w
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Let us write (2.16) relative to the aggregate wage,

- wyw Hk dgw €
k tYi+k 1 Li=1 Y144 w
E, E (BOw) 1t 141 Uc 1k FE— i 1MRSt7t+k =0 (C.11)
k=0 [Li: ™ w
W Wi ~ W _ Wik : :
where 7/ ; = Wores o We = 505 Wik = Py This can be written as,
(neUewy) Wi+
divl ~
B0 1 U 7 | it

) dindis ) o
(80)°1 442Uc 10wy o ) +

t+2
ntVt Uc,tMRSt,t—'_

Ew
= (8 1 ) BOns 141 Uc i1t MRSy 41+
v (ﬁ9)2nt,t+2Uc,t+2MRSt,t+2 + ...

That in the steady state (d = 7% = 1) implies,

- ( Ew )MRS
w =
Ew— 1 w

Now log-linearizing this expression around (d = 7% = 1) yields,

nUcwﬂ? <1 + ﬁt,t + ﬁc,t + 'l/ﬁt + fl/j}t> +

ﬁ@nU wi‘U/ ]- _I_Aﬁt,t"rl + Uc7t+1 R +
F W1 + W — (T — € dyra)

L+ nypq0 + Ueyqo + Wipa+

TLUCMRS <1 + ﬁm} + [/j’c’t + ]\mm) +
Ew

= (5 — 1) BONUMRS (1 + 1y + (/jc,t—f—l + M/\Rst,t+1 +

B0VnU.ww | ~ o Iy - N 1o
( ) Wy — (ﬂ—t-‘rl - gwdt+1 + 7Tt+2 —_ Swdt-i-Q)

(C.12)

(80)2nUMRS (1 + fipgyo + Uspin + MRSip40) + ...

or,

0o k
W= (1—f0,) > (80.,)" (M/\mtm — W+ Y (T — chZﬂ)) (C.13)

k=0 =1
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Now, let us solve the model in terms M/\RSt of rather than mtvt. The household
real wage t + k periods after the last re-optimization is related to the average real
wage as follows,

Wit Wi Wi We W

PCyy, PCuy W, WiWi
—~ k -1k
Wt+k) W ( Witi ) W
W &
(PCt-HC (VVt) Lll Wit H i
( Witk > Wi H diy;
PCyyy, Wi ) == u

log-linearizing the previous expression yields,

/Wt,tJrk - ﬁEHk = </M7t+k - ﬁawk) + <ﬁt - Wt) - Z (ﬁﬂﬂ - gwc/l\tﬂ‘)

now, using

©
MRSt,t+k = MRSt+k (nt7t+k) = MRStJrk
Nt+k

W k —PEw
(F)fe:

t) =1

we obtain:

—_— —_— ~~ k —~

MRSt7t+k = MRSH_k — P&y [{Dt — Z (%;U_H — gwdt—i-z)] (014)
Plugging (C.13) in (C.14) we obtain,

( M/\R‘St+k — I/Et.g.k — ngw{ﬁt—i_
(

~ B > 3 -
Wy = [(1 /Bew) Z(ﬁew) 1 + Spgw) Zf:l (ﬁ;iw-i-z o gwdt-&-i)

k=0

and substituting (C.10),

= (%) ZZio(ﬁﬁw)k (M/\RStJrk - @t+k) +
- (1 - Bew) 2210(5%)'“ Zf:l (%;UJM - fW(Ztﬂ)
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that can be quasi-differenced to obtain,

]-_ﬁew
1+ ey,

i 00u1 = | () (WS~ 0) + (A2 - €] (€9

And from (C.10),

~ ~ 0.,
Wy — ngwtﬂ = (1 —0

) (e =€ (Gt - €.0) (o)
and from (C.15) and (C.10) we obtain:
# = €Vd, = |BE{(Fl — €V dua)} = Nu | (C.A7)

where \, = % and f,, = [ﬂ?t - M/\Rst}
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D. Appendix: The complete model.

R
Ao = BE— 2t W (a;-1) (D.1)
Tit1
E A 1PC
% = Bst)\t-&-l\lj(at—l) (D.2)
t
)\t = Uc,t (D3>
€a|:CCt 'y:|_U Cl ]
Ut = Pl )t et (D.4)

_B’YEtgg—&-l [(Cctt%} Ct+1 ((622)27
—~ Ew Ey >0 o (B0w) i,k Uet ok MRS} 14,

Wy = 7 (D.5)
{‘:w - ]' oo —Tw f:l df i
Ey Zk:o(ﬁew)knt,HkUc,Hk%Hpo—H:
—\1l-cw w 1—ew] T=ew
W, = |:(]_ — Qw) (Wt> + Hw <Wt_1d§ ) :| (D6)
AT R
w
MRSk = MRSy, <Wt> H dfﬂ-] (D.7)
t) =1
(1 + 7e)etin (nesn)”
MRS, = D.8
e (1 = Tw) Atk (D8)
dy = m Y (D.9)
W, de\
Nk = (%) Ntk (D.10)
t+k

Note: In fact there are k such equations but we shall only need one because the
price and wage equations can be written as quasi-difference equations and thus
can be expressed in terms of a linear difference equation in the log-linear model.

1
TN (D.11)
k¢
(14 7,)PC,
= D.12
qt >\tP[tP ( )
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t —5 3 IPC

D D
Tt At +a@i50 (P —
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€i41 PCipa op
M1 PR, (1+7x) Dy

O, + (1 - b))
) ki1 + (1 —0)ki
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€—1

N\ [ N\ T oy T
= |(we)” (') 7+ (we)” (er) *

N N NN\ —F°
G _wWe PC,
o wE\prct

PC, = [ (PCY)

1—p° X w(T; (PC’,;T)P/)C] T—p°

_1 L 1 T _q €
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(,T
o = (w 8@z>pcf (cO) ol
1 T 1
(wwe) e ™ (ewe) »7

Cr¢ w

C 7ch
it _ WFC (FPt )
= C
cay  wae \ B

w

T
oil Oil / .—1pOil\ —P
& _ Yo (St B >
= C
CHt WHC P
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Yl = cpy+ Fepgy + Wepy (D.38)
M= Iy + Flyy + Wiy, (D.39)

ﬁc_( 0° ) Ey Zk o(ﬁe) Ct+k kmct t+kyt+k (D.40)
C )
_ ¢
a Ey Zk o(BO)*Ci iy Hz 1(7Tt+z 1) yt+k
PN\ 1—6¢ ~ c ﬁ
re= o (Pes 2 )T) T H - oR) (D.41)
ﬁf—( 6" > E, Zk 0(50) Con +k:mct t+kyt+k (D.42)
t— I ¢P ’
0 -1 B> 020 (B0)Cosy, Hizl (Wt+i—1) Y
P 1-61 (1 _pl ﬁ
P= o (rl o)) s R )] (D.43)
Plyl = [Py + Ply!"] (D.44)
T
w#Tl OT wg)ﬂ_l
ytT: o7 ( ) + T 1 (D45)
(1= sep) o™= [(cuf k)T (zezf i)'~ “TVTT
T _
T T
T yt TPT 1 O Wt
me; (1 — « )(—) 1 — ( ) = — (D.46)
! T ntT T ytT PtT
T <ytT > - <OtT >¢“TT PCire (D.47)
me; ap | Z= — — = .
Lo ktT ! ?/tT PtT
o7 TN\ —1 poil
7o (Y U s D.48
me; ( OtT> T (D.48)
yl T o7 wZT_l
me] o <—tT) 1—sg ! (—;) = f'(cu]) (D.49)
Pvlval = PtTyt — s, tPPOT (D.50)
y' =+’ (D.52)
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yivc = civ + g (D.53)
y =1 (D.54)

jD\éiV _ (90281\] ) E, 2210(59)’“Ct+k511km0ﬁ+k§§k (D.55)
—1 Ey ZZio(ﬁe)kCHk [Ties (ngvifl) Ci]\ik
1
P 17061\] —~N 700N 1—gcN
pCN = [9 (PC¥, (=) )  +(-0)PC, S )] (D.56)
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1
py 1-01N — _pINY] 1-0IN
pIN = {9 (P, (%)) +(1-0)PI; S )} (D.58)
PtN _ PCNcN + P{ffNItN + PNg, (D.59)
Yi
s wN—1 w%]\il
PN —1 N\ LN
yt]V e N%N (Ot ) Y + wN—l (D,60>
(1 = ) T (U k) (Y Y=o o
y %N oY w;\]N W,
t Yt t
N v N ks
N Yi $N_1 (Ot > v PCyry
me, o — 1— — = D.62
coA (ktN ) Moo PN (D-62)
1
N N \ ¥N 1Pozl
mel 50N (%) o (D.63)
; P
N N_
N b ON N
mel ay ytN 1— s — = f'(cul) (D.64)
Cuy Yi
PoNval = PNyl — 57t PPTON D.65
vay =y = O (D.66)

BANCO DE ESPANA 56 DOCUMENTO DE TRABAJO N.° 0631



~ ( P ) Ep Yy o (B0)C i PR ymer IR
= = a
07 —1 By i o(BO)EC oy, Hf:l (ﬂ-tD—l-i—l)é [te-k

1
1-6P —n(1_pD\] 1=6D
PP — {9 (P22 ) T v a-pB )}
vy = (cur’ k)™ (22 ny’) =0

D
W,
mcf(l —ap) (—ytD> — _PDt
t

L

(D.67)

(D.68)
(D.69)

(D.70)

(D.71)
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. T N D . . .
Equations for mc; ., mcyy i, megy,, will be needed if we assume ex-post imper-

fect capital mobility.
Covw  Ucurk

¢ Ucy
ke =k + kY + K
ng=n; + niv + nf)
v =17

ye =y +ui +yl
Py = Py + Ply; + PPy
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t
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(D.83)

(D.84)

(D.85)

(D.86)

(D.87)

(D.88)

(D.89)

(D.90)

(D.91)
(D.92)

FPE et F Pyt s WP  cwart sy WP Tyy+s7 PO (0407 +0O))

PtM

PX =

M,
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Ry F A4

F)\t = BEt F 1PC \I}(F(It_l) (D98>
t+1
FX = FUcy (D.99)
Featir] " e
FUc, = t <F“’fF RN o (D.100)
_57Etht+1 [(Fcct,:sl’] Feiq (FC;)%

ﬁ/f/t _ _Cw Ey Z;o:()(ﬁew)ant,t+kFUc,t+kFMRSt t+k (D.101)

Ew - 1 [ele] —Tw Hl ngmz
E, Zkzo(ﬁgw)antt-i-kFUCvH-k ((11+Tc)) FI—iCHk+

— l—eyw l—ew | I—cw
FW, = {(1 —6,) (FWt(z')) 40, (FWt,lefw) } (D.102)
FWt EW —PEw
FMRS; i, = FMRS, W, H Fd;,, (D.103)
(1+7.)Fel (FnHk)“O
FMRS, = D.104
t+k (1 _ Tw>F)\t+k ( )
Fd, = Frlf¢ (D.105)
— w —Ew
FW, IT; i
Fn = = : Fn D.106
tt+k < FWt+k t+k ( )

Note: In fact there are k such equations but we shall only need one because the
price and wage equations can be written as quasi-difference equations and thus
can be expressed in terms of a linear difference equation in the log-linear model.
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Equations for F'mc; ., , F'mcy ., Fme . will be needed if we assume ex-post

imperfect capital mobility.
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E. Appendix: Log linear Model.
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(assuming a first order autoregressive process for €* with root p,)
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F. Appendix: Calibration values of parameters.

Table 1. Calibration of the structural parameters

Parameter Method Home Euro-area
B (discount rate) Consensus 0.9927 0.9927
v (habits) Consensus 0.7500 0.7500
o (elast. of sub., cons.) Consensus 1.0000 1.0000
op (elast. of sub., housing) Consensus 1.0000 1.0000
¢ (elast. of sub., labor) Consensus 5.0000 5.0000
0. (prop. of hous. non-adjusting) Consensus 0.7500 0.7500
&, (degree of wage index.) Consensus 1.0000 1.0000
gy (elast. of sub., varieties of labor) Consensus 6.0000 6.0000
0 (deprec. rate, prod . investment) Consensus 0.0250 0.0250
0p (deprec. rate, housing) Consensus 0.0050 0.0050
®” (adjust. costs, prod. invest.) Data moments -10.0000  -10.0000
O’ (adjust. costs, housing) Data moments -100.0000 -100.0000
wg (share non-traded consumption goods) Steady-state 0.5395 0.5395
wrc (share of home prod. traded cons. goods) Steady-state 0.5604 0.5604
wre (share of Euro-area prod.traded cons. goods)  Steady-state 0.2668 0.2668
wgil (share of oil in traded consumption goods) Steady-state 0.0924 0.0924
w! (share of productive invest. in total invest.) Steady-state 0.8863 0.8863
wY (prod. invest. share, non-traded) Steady-state 0.4402 0.4402
wi (traded prod. invest. share, home) Steady-state 0.4086 0.4086
wf (traded prod. invest. share, Euro-area) Steady-state 0.4393 0.4393
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Table 1. Calibration of the structural parameters (cont.)

Parameter

p° (elast. of sub., cons.)

P (elast. of sub., traded cons.)

p! (elast. of sub., invest.)

p'F (elast. of sub., prod. invest.)

p!'T (elast. of sub., traded prod. invest.)
sep (param. of oil, traded prod.)

WYy (elast. of sub., oil in traded prod.)
ar (elast. of sub., cap. in traded va.)

0 (prop. of backward-looking firms)

sy (param. of oil, non-traded prod.)

1y (elast. of sub., oil in non-traded prod.)
ap (elast. of sub., cap. in non-traded va.)
¢' (degree of inflation index.)

ap (elast. of sub., cap.l in housing prod.)
YT (capital utilization, traded)

T¥ (capital utilization, non-traded)

TP (capital utilization, housing)

T (capital income tax rate)

T. (cons. tax rate)

Tw (labor income tax rate)

U (portfolio adjustment costs)

pr (monetary rule, lag of interest rate)
P (monetary rule, inflation)
Pva (monetary rule, output gap)
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Method

Guess

Guess

Guess

Guess

Guess

Guess

Guess
Calibrated 10T
Consensus
Guess

Guess
Calibrated I0T
Consensus
Calibrated 10T
Guess

Guess

Guess
Calibrated 10T
Calibrated 10T
Calibrated 10T
Guess

Consensus
Consensus
Consensus

Home

0.3333
0.3333
0.3333
0.3333
0.3333
1.4459
0.9000
0.6915
0.7500
1.7735
0.9000
0.5259
1.0000
0.6445
1.0000
1.0000
1.0000
0.2658
0.1424
0.3411
0.0010

0.0000
1.5000
0.0000

Euro-area
0.3333
0.3333
0.3333
0.3333
0.3333
1.4459
0.9000
0.6801
0.7500
1.7735
0.9000
0.5264
1.0000
0.6215
1.0000
1.0000
1.0000
0.1952
0.2168
0.4007
0.0010



Table 2. Calibration of the autoregresive parameters
Parameter Home Euro-area
Piver (world demand of home cons.) ~ 0.7000 0.7000
Py (world demand of home invest.) 0.7000 0.7000

pu (preferences) 0.7000 0.7000
Py (productivity in traded) 0.7000 0.7000
pen (productivity in non-traded) 0.7000 0.7000
pyp (productivity in housing) 0.7000 0.7000
py (public expenditure) 0.7000 0.7000
Py pe (world cons. deflator) 0.7000
Py pr (world invest. deflator) 0.7000
Ppoq (Oil price) 0.7000
Pivrn (World interest rate) 0.7000
Pk (Taylor rule) 0.0000
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Table 3. Calibration of the steady-state parameters

Parameter

SSR1 (prod. invest. inf./cons. inf.)
SSR2 (housing inf./cons. inf.)

SSR3 (real non-trad. cons./total cons.)

SSR7 (real home cons./trad. cons.)
SSR8 (real Euro-area cons./trad. cons.)
SSR9 (real oil cons./trad. cons.)

SSR11
SSR12
SSR13
SSR15
SSR17
SSR19
SSR21
SSR23
SSR24
SSR26
SSR27
SSR29
SSR42
SSR44
SSR46
SSR50
SSR52
SSR53
SSR55
SSR57
SSR58
SSR60

(
(
SSR5 (nominal non-trad. cons./total cons.)
(
(
(

nominal home cons./trad. cons.)

nominal Euro-area cons./trad. cons.)
nominal rest of the world.cons./trad. cons.)
real prod. invest/total invest.)

nominal prod. invest/total invest.)

real non-trad. invest/prod. invest.)
nominal non-trad. invest/prod. invest.)
real home invest/trad. invest.)

real Euro area invest/trad. invest.)
nominal home invest/trad. invest.)
nominal Euro area invest/trad. invest.)
real oil cons./trad. prod.)

real trad. prod./trad. v.a.)

nominal trad. prod./trad. v.a.)

real oil cons./non-trad. prod.)

nominal non-trad. cons./non-trad. prod.)
nominal public cons./non-trad. prod.)
real non-trad. prod./non-trad. v.a.)
nominal non-trad. prod./non-trad. v.a.)
trad. capital stock/total capital stock)
non-trad. capital stock/total capital stock)

AN AN AN AN AN AN N AN N AN N N N N N N N N N N N

trad. employment/total employment)
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Home

1.0000
1.0000
0.4707
0.4707
0.4592
0.3302
0.0820
0.4592
0.3302
0.1286
0.9277
0.9277
0.3774
0.3774
0.3209
0.4963
0.3209
0.4963
0.1368
1.1368
1.1368
0.0046
0.5062
0.4122
1.0047
1.0947
0.3938
0.5966
0.2544

Euro-area
1.0000
1.0000
0.5871
0.5871
0.4299
0.0794
0.0978
0.4299
0.0794
0.3929
0.9729
0.9729
0.3972
0.3972
0.3616
0.0982
0.3616
0.0982
0.1126
1.1126
1.1126
0.0028
0.5217
0.4110
1.0028
1.0028
0.3152
0.6818
0.2327



Table 3. Calibration of the steady-state parameters (cont.)

SSR88 (nominal invest. imp. Euro area/total imp.) 0.2236 0.0479

SSR89 (nominal cons. imp. rest world/total imp.)  0.1736 0.4493
SSRY0 (nominal invest. imp. rest world/total imp.) 0.0981 0.2739
SSRI1 (nominal cons. imp. oil/total imp.) 0.0642 0.0685
SSR92 (nominal trad. imp. oil/total imp.) 0.0874 0.0758
SSR94 (nominal cons. exp. Euro area/total exp.) 0.5271 0.0675

SSR95
SSR96
SSRI8

nominal invest. exp. Euro area/total exp.)  0.1696 0.0185
nominal cons. exp. rest world/total exp.) 0.2295 0.7173
nominal public/total v.a.) 0.6481 0.7811

Parameter Home Euro-area
SSR61 (non-trad. employment/total employment)  0.6940 0.7421
SSR63 (real trad. prod./total. prod.) 0.2689 0.2696
SSR64 (real non-trad. prod./total prod.) 0.6939 0.7121
SSR66 (nominal trad. prod./total. prod.) 0.2689 0.2696
SSR67 (nominal non-trad. prod./total. prod.) 0.6939 0.7121
SSR69 (real trad. v.a./total v.a.) 0.2418 0.2473
SSR70 (real non-trad. v.a./total v.a.) 0.7195 0.7339
SSR72 (nominal trad. v.a./total v.a.) 0.2418 0.2473
SSR73 (nominal non-trad. v.a./total v.a.) 0.7195 0.7339
SSR75 (nominal trade balance/total v.a.) 0.2648 0.0719
SSR76 (real cons. imp. Euro area/total imp.) 0.3440 0.0775
SSR77 (real invest. imp. Euro area/total imp.) 0.2236  0.0479
SSR78 (real cons. imp. rest world/total imp.) 0.1736  0.4493
SSR79 (real invest. imp. rest world/total imp.) 0.0981 0.2739
SSR80 (real cons. imp. oil/total imp.) 0.0642 0.0685
SSR81 (real trad. imp. oil/total imp.) 0.0874 0.0758
SSR83 (real cons. exp. Euro area/total exp.) 0.5271 0.0675
SSR84 (real invest. exp. Euro area/total exp.) 0.1696 0.0185
SSR85 (real cons. exp. rest world/total exp.) 0.2295 0.7173
SSR87 (nominal cons. imp. Euro area/total imp.)  0.3440 0.0775

(

(

(

(

(

(

(

(

(
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Table 3. Calibration of the steady-state parameters (cont.)

Parameter

SSR99 (nominal public/total v.a. growth cor.)
SSR100 (nominal public cons./total v.a.)
SSR101
SSR102
SSR103
SSR104
SSR105
SSR106
SSR107
SSR108
SSR109
SSR110
SSR111
SSR112
SSR113 (real non-trad. cons. prod./non-trad cons.)
WR®? (world interest rate)

95 (v.a. growth rate)

SS

w2 (v.a. inf.)

inf* (prod. inf.)

nominal taxes/total v.a.)

nominal capital stock/total v.a.)

nominal consumption/total v.a.)

nominal compensation/total v.a.)

nomnal debt/total v.a. tax cor.)

real trad. cons. prod./trad prod.)

real trad. home cons./trad. cons. prod)
real trad. Euro area cons./trad. cons. prod)
real trad. home invest./trad. invest. prod)
real trad. Euro area invest./trad. invest. prod)
nominal trad. cons. prod./trad prod.)

N N N N N N N N N N N

real non-trad. cons. prod./non-trad prod.)
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Home
0.6448
0.1877
0.2148
0.0443
0.6029
0.6322
0.4000
0.7566
0.4224
0.4024
0.5445
0.4224
0.7566
0.9185
0.5512

Euro-area
0.7911
0.2188
0.4752
0.1429
0.5602
0.6313
0.3970
0.6870
0.6682
0.0285
0.6682
0.0285
0.6870
0.9327
0.5594

1.0123
1.0050
1.0050
1.0050



G. Appendix: Definition of variables.

COUNTRY H

¢ : consumption goods consumed in home country

¢V : consumption non-traded goods consumed in home country

cI' : consumption traded goods consumed in home country

cu, © consumption goods produced for consumption in home country

cry @ consumption goods produced in Euro area for consumption in home
country

cwy @ consumption goods produced in rest of world for consumption in home
country

9% : consumption of oil in home country

Uc; : marginal utility of consumption in home country

U,, : marginal utility of labour in home country

I, : investment goods invested in home country

IP : investment productive goods invested in home country

IN : investment productive non-traded goods invested in home country

IT : investment productive traded goods invested in home country

IP : investment housing goods invested in home country

I, - investment goods produced for investment in home country

Ir,; : investment goods produced in Euro area for investment in home country

I : investment goods produced in rest of world for investment in home
country

PC; : (consumption) price deflator of goods consumed in home country

PCYN : (consumption) price deflator of non-traded goods consumed in home
country

Fé’iv : optimal (consumption) price of non-traded goods consumed in home
country

PCT : (consumption) price deflator of traded goods consumed in home country

P1I; : (consumption) price deflator of investment goods invested in home coun-
try

PIT : (consumption) price deflator of investment productive goods invested in
home country

PIY : (consumption) price deflator of investment non-traded goods invested
in home country

—~—N
PI, : optimal (consumption) price of investment non-traded goods invested
in home country
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PIT : (consumption) price deflator of investment traded goods invested in
home country

PP : (consumption) price deflator of investment housing goods consumed in
home country

PP : optimal (consumption) price of investment housing goods consumed in
home country

P, : price of goods produced in home country

PT" : price of traded goods produced in home country

PX : price of non-traded goods produced in home country

PE : (consumption) price of consumer goods produced and consumed in home
country

P : optimal (consumption) price of consumer goods produced and consumed
in home country

P! : (consumption) price of investment goods produced and invested in home
country

P! : optimal (consumption) price of investment goods produced and invested
in home country

y; : production of goods in home country

yl : production of traded goods in home country

yI¢ : production of traded consumption goods in home country

yI'T : production of traded investment goods in home country

yN : production of non-traded goods in home country

yP : production of housing goods in home country

k; : stock of capital goods used in production in home country

kI : stock of capital goods used in production in traded sector in home country

kN : stock of capital goods used in production in non-traded sector in home
country

kP : stock of capital goods used in production in housing sector in home
country

n; : employment in home country

n! : employment used in production in traded sector in home country

n¥ : employment used in production in non-traded sector in home country

nP : employment used in production in housing sector in home country

cul : capacity utilization in production in traded sector in home country
cul : capacity utilization in production in non-traded sector in home country
D

cuy’ : capacity utilization in production in housing sector in home country
OF : oil goods used in production in traded sector in home country
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OX : 0il goods used in production in non-traded sector in home country

me! : real marginal cost of producing traded goods in home country
mcY : real marginal cost of producing non-traded goods in home country

mcP : real marginal cost of producing housing goods in home country

W : wage per worker in home country

W, : optimal wage per worker in home country

q; - Tobin’s q of investment in capital goods in home country
qP : Tobin’s q of investment in housing in home country

ry : real interest rate in home country

D, : stock of housing goods

7, : inflation of goods produced in home country

774 : inflation of value added production in home country
7¢ : inflation of goods produced for consumption in home country
7IPC : inflation of goods consumed in home country

7¢N + inflation of non-traded consumption goods consumed in home country

7l + inflation of goods invested in home country

7IP : inflation of productive investment goods invested in in home country

7P . inflation of housing goods invested in home country

7IN : inflation of non-traded investment goods consumed in home country

A @ Lagrange multiplier of budget constraint

AP : Lagrange multiplier of accumulation of capital for production

AP : Lagrange multiplier of accumulation of housing capital

Ay : Current account of home country

a; : net foreign asset holdings of home country as a percentage of nominal
value added (5 ﬁj}at)

X, : nominal exports of home country

M; : nominal imports of home country

PX : export deflator of home country

PM : import deflator of home country

B; : debt of home country

b; : debt to GDP ratio of home country (%)

T; : taxes of home country

R; : nominal interest rate in home country

s; : exchange rate ($/¢)

va, : value added in home country

va! : value added of traded goods sector in home country

val : value added of non-traded goods sector in home country
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g¢ - value added of public sector in home country / consumption of non-traded
goods by public sector

Pu, : value added deflator in home country

Pvl': value added deflator of traded goods in home country

Pv} : value added of non-traded goods in home country

d; - (gross) wage adjustment rate

¢, : stochastic discount rate

M RS, : marginal rate of substitution between consumption and working hours

ey : preference shock in home country

2z productivity shock common to all sectors of production in home country

2t =z 2N 2P . productivity shock specific to sector of production 7 in home
country
el interest rate shock in Euro area

COUNTRY F

F¢; . consumption goods consumed in rest of Euro area

Fcl @ consumption non-traded goods consumed in rest of Euro area

Fcl' : consumption traded goods consumed in rest of Euro area

Fecpy : consumption goods produced and consumed in rest of Euro area

Fepy @ consumption goods produced in home country and consumed in rest of
Euro area

Feywy © consumption goods produced in rest of world and consumed in rest of
Euro area

FcP! : consumption of oil in rest of Euro area

FUc; : marginal utility of consumption in rest of Euro area

FU,, : marginal utility of labour in rest of Euro area

FI, : investment goods invested in rest of Euro area

FI} : investment productive goods invested in rest of Euro area

FIY : investment non-traded goods invested in rest of Euro area

FIT : investment traded goods invested in rest of Euro area

FIP : investment housing goods invested in rest of Euro area

FIp, : investment goods produced and invested in rest of Euro area

FIp, : investment goods produced in home country and invested in rest of
Furo area

FIy, : investment goods produced in rest of world and invested in rest of Euro
area

FPC; : (consumption) price deflator of goods consumed in rest of Euro area
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FPCY : (consumption) price deflator of non-traded goods consumed in rest
of Efu\learea
PC, : optimal (consumption) price of non-traded goods consumed in rest of

Euro area

FPC! : (consumption) price deflator of traded goods consumed in rest of Euro
area

FPI; : (consumption) price deflator of investment goods invested in rest of
Euro area

FPIF : (consumption) price deflator of investment productive goods invested
in rest of Euro area

FPIY : (consumption) price deflator of investment non-traded goods invested
in rgs\t/ofv Euro area

FPI, :optimal (consumption) price of investment non-traded goods invested
in rest of Euro area

FPIT : (consumption) price deflator of investment traded goods invested in
rest of Euro area

FPP : (consumption) price deflator of investment housing goods consumed in
rest of Furo area

FP, : optimal (consumption) price of investment housing goods consumed in
rest of Euro area

F'P, : price of goods produced in rest of Euro area

FPT : price of traded goods produced in rest of Euro area

FPY : price of non-traded goods produced in rest of Euro area

FPF : (consumption) price of consumer goods produced in rest of Euro area

f}/’t : optimal (consumption) price of consumer goods produced and consumed
in rest of Euro area
FP!: (consumption) price of investment goods produced in rest of Euro area

Flgf : optimal (consumption) price of investment goods produced and invested
in rest of Euro area

Fy, : production of goods in rest of Euro area

Fyl' : production of traded goods in rest of Euro area

FyI'® : production of traded consumption goods in rest of Euro area

Fyl'" : production of traded investment goods in rest of Euro area

Fy» : production of non-traded goods in rest of Euro area

FyP : production of housing goods in rest of Euro area

Fk; : stock of capital goods used in production in rest of Euro area
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FkT : stock of capital goods used in production in traded sector in rest of Euro
area

FEN : stock of capital goods used in production in non-traded sector in rest
of Euro area

FkP : stock of capital goods used in production in housing sector in rest of
Furo area

Fn; : employment in rest of Euro area

Fnl : employment used in production in traded sector in rest of Euro area

Fn : employment used in production in non-traded sector in rest of Euro
area

FnP : employment used in production in housing sector in rest of Euro area

Feul : capacity utilization in production in traded sector in rest of Euro area

Feul¥ : capacity utilization in production in non-traded sector in rest of Euro
area

FeuP : capacity utilization in production in housing sector in rest of Euro area

FO : oil goods used in production in traded sector in rest of Euro area

FOY : oil goods used in production in non-traded sector in rest of Euro area

Fmcl : real marginal cost of producing traded goods in rest of Euro area

FmcY : real marginal cost of producing non-traded goods in rest of Euro area

FmcP : real marginal cost of producing housing goods in rest of Euro area

FW, : wage per worker in rest of Euro area

FW, : optimal wage per worker in rest of Euro area

Fq, : Tobin’s q of investment in capital goods in rest of Euro area

FqP : Tobin’s q of investment in housing in rest of Euro area

F'r, : real interest rate in rest of Euro area

F'D, : stock of housing goods

Fm, : inflation of goods produced in rest of Euro area

Fr¢ : inflation of goods produced for consumption in rest of Euro area

FrIPC : inflation of goods consumed in rest of Euro area

Fr&N : inflation of non-traded consumption goods consumed in rest of Euro
area

Fr! : inflation of goods invested in rest of Euro area

FrIP : inflation of productive investment goods invested in rest of Euro area

FrP : inflation of housing goods invested in rest of Euro area

FrIN - inflation of non-traded investment goods consumed in rest of Euro area

F)\; : Lagrange multiplier of budget constraint

F)F . Lagrange multiplier of accumulation of capital for production

BANCO DE ESPANA 93 DOCUMENTO DE TRABAJO N.° 0631



FP : Lagrange multiplier of accumulation of housing capital
F' X, : nominal exports of rest of Euro area

F'M,; : nominal imports of rest of Euro area

FPX : export deflator of rest of Euro area

FPM : import deflator of rest of Euro area

F'A, : Current account of rest of Euro area

Fa; : net foreign asset holdings of rest of Euro area as a percentage of nominal
value added (#’?U%)

F'B; : debt of rest of Euro area

Fb; : debt to GDP ratio of rest of Euro area (%)

FT; : taxes of rest of Euro area

Fua; : value added in rest of Euro area

Fval : value added of traded goods sector in rest of Euro area

Fval¥ : value added of non-traded goods sector in rest of Euro area

FPu; : value added deflator in rest of Euro area

FPuv!l': value added deflator of traded goods in rest of Euro area

FPvY : value added of non-traded goods in rest of Euro area

Fg; : value added of public sector in home country / consumption of non-
traded goods by public sector of home country

Fd, : (gross) wage adjustment rate in rest of Euro area

F(, : stochastic discount rate in rest of Euro area

FMRS; : marginal rate of substitution between consumption and working
hours in rest of Euro area

Fe} : preference shock in rest of Euro area

Fz; : productivity shock common to all sectors of production in rest of Euro
area

Fzi = F2l'  Fz)N FzP : productivity shock specific to sector of production i
in rest of Euro area

COUNTRY W

We, @ consumption goods consumed in rest of the world

W, : investment goods invested in rest of the world

Weps : consumption goods produced in home country and consumed in rest
of the world

Wep, : consumption goods produced in rest of Euro area and consumed in
rest of the world
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W1y, : investment goods produced in home country and consumed in rest of
the world

W g, : investment goods produced in rest of Euro area and consumed in rest
of the world

W PE : (consumption) price of consumer goods produced in rest of the world
in$

W P/ : (consumption) price of investment goods produced in rest of the world
in$

PP : price of oil in $

W R, : nominal rate of interest in rest of the world

Wa; : Current account of rest of the world as a percentage of nominal value
added
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