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Abstract

The recent crisis has emphasized the role of financial - macroeconomic interactions, and international
trade in goods and services, in the transmission of the shocks. Both phenomena, closely related to the
higher degree of globalization, are very relevant for small open economies, and particularly so when a
large share of the economy relies on financial and distribution services. Hence, in this paper we propose
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1 Introduction

The recent crisis has emphasized the role of financial - macroeconomic interactions, and international trade
in goods and services, in the transmission of the shocks. Both phenomena, closely related to the higher
degree of globalization, are very relevant for small open economies, and particularly so when a large share
of the economy relies on financial and distribution services. Hence, in this paper we propose to incorporate
the banking and trade sectors into a medium scale Dynamic Stochastic General Equilibrium (DSGE) model
of a small open economy. The resulting model is then calibrated to match the specific characteristics of
the Luxembourg economy, and used to assess the consequences of a series of policies targeting the financial
sectors. We believe that the results are also of more general interest for studying the reaction of small open
economies to such policies.

The starting point is LSM (Luxembourg Structural Model), the DSGE model for Luxembourg developed
in Deak, Fontagne, Maffezzoli and Marcellino (2011). We introduce in this model a distribution sector, and
a financial sector comprising two tiers: domestic and international. It requires to properly modify all the
other sectors of the original model.

There are five types of agents: Households, Government, Firms, Banks and Unions. Households have finite
lives, with a set of overlapping generations with different features in each time period, and each household
maximizes an intertemporal utility function subject to a budget constraint, determining the optimal amount
of consumption and financial assets. The individual households’ decisions are then aggregated to determine
aggregate quantities.

The Government collects taxes on the returns from assets and on labour income. The tax receipts are
used to finance expenditures, which are made up of unemployment benefits, other transfers to resident and
non-resident population, and public investment. When the receipts are less (more) than the expenditures
there is a deficit (surplus), whose evolution over time, combined with that of interest rates, determines the
level of the public debt, which is financed with the emission of government bonds.

The interest rate is taken as exogenous, in line with the small open economy assumption. However,
following Schmitt-Grohé and Uribe (2004), we assume the existence of a debt-elastic interest-rate premium,
i.e. an interest rate that is increasing in the country’s net foreign debt.

Assets are made up of government bonds, foreign assets and claims to physical capital. These three types
of assets are perfect substitutes in the household’s portfolio, and earn in equilibrium the same (exogenous)
real rate of return. Investment in physical capital is determined by maximizing the cash flow from investing
in physical capital, conditional on the law of motion of physical capital. Households are also in charge of
investment, and therefore they supply capital (and labour).

Firms produce intermediate and final goods. In the (differentiated) intermediate goods sector firms
operate under monopolistic competition, using a Nested CES production function with capital and two
different types of labour as inputs. The different types of labour are introduced to mimic the dual labour
market in Luxembourg and several other small open economies, and represent resident and non-resident
workers. The firms choose the optimal demand of capital and of each type of labour by maximizing profits,

subject to the production function constraint, taking wages and the cost of capital as given. The cost of



capital is determined endogenously in order to match the demand and supply of capital. In the final goods
sector, firms operate under perfect competition, using a Nested CES production function with intermediate
goods only as inputs, possibly with increasing returns to variety. Public investment increases productivity,
in addition to exogenous technical progress.

The wages are determined by the interaction between the firms and the unions that represent the workers
(the so-called "right to manage" model). Given the resulting wages, labour demand is determined, and it is
assumed that for the current wages the supply of each type of labour adjusts to meet demand.

We introduce two banking sectors, one with domestic banks and one with international banks. In the
domestic banking sector there exists a representative, competitive bank that intermediates loans between
households and firms, producing financial services using capital, labor and reserves. The bank is owned by
the domestic households. As in Christiano and Eichenbaum (1995) and Christiano, Motto, and Rostagno
(2008), firms (and banks themselves) will need to finance a given fraction of their factor expenditure in
advance, before revenues from sales can be cashed in, i.e. firms will need short-term working capital.

In the international banking sector, there exists a representative, competitive bank that intermediates
loans between foreign households and foreign firms, producing financial services using capital, labor and
reserves. The bank is owned by the local households. To finance the foreign demand for loans, the bank
issues demand deposit liabilities to foreign households. We assume that the supply of foreign demand deposits
is exogenous, and depends positively on the interest rate paid by the international bank.

We also introduce the distribution sector, where importers buy foreign varieties at a give exogenous price
(including tariffs). Foreign varieties are combined with physical capital and labor to produce distribution
services, which are then sold to domestic final producers and/or re-exported. Foreign demand for re-exported
goods will be modeled as exogenous, in line with the usual small open economy assumption.

We will refer to the resulting model as LSM2.! Due to the complexity of LSM2 and the availability of
only 15 years of quarterly observations for Luxembourg, the model cannot be estimated and is therefore fully
calibrated, matching several of the key characteristics of the Luxembourg economy.

Finally, the calibrated model is used to assess the effects of a set of policy targeting the real and financial
sectors.

The paper is structured as follows. In Section 2 we describe in details the different sectors of LSM2. In
Section 3 we briefly discuss the equilibrium conditions, with full details provided in Appendix A. In Section
4 we discuss the calibration of LSM2, with full details in Appendix B. In Section 5 we use LSM2 to analyze
the effects of increasing competition in the Luxembourg product and labour markets, comparing the results
with those obtained with LSM. In Section 6 we conduct a set of experiments related to modifications in the

banking and re-export sectors. In Section 7 we summarize the main results and conclude.

IThe three other main macroeconometric models for Luxembourg are: the STATEC model Modux (Adam (2004, 2007)),
the model of the Banque Central du Luxembourg (Guarda (2005)), and the STATEC multi-sector model LuxMod (STATEC
(2006)). Each model was developed for specific purposes and none belongs to the NOEM-DSGE class. This is the distinctive
feature of LSM2, which makes it more suitable than the other models for policy simulations, though perhaps less adapted to

other uses, such as short and medium-term forecasting.



2 The structure of LSM2

In this section we provide a detailed description of the main components of the model. Specifically, we
discuss, in turn, households, financial assets, firms and unions, the domestic and international banks, and
the government. The derivations for the households, financial assets, firms, unions and the government are
similar to those in LSM, with proper changes to take into consideration the inclusion of the banking and

distribution sectors.

2.1 Households
2.1.1 The household’s problem at the cohort level

Following Blanchard (1985), in period ¢, the representative consumer of generation z maximizes her expected

lifetime utility:
o0

W= (98)" " u(w2s) (1)

s=t
where ¢ € (0, 1) represents the constant probability of survival, i.e. the share of individuals that survive in each
period, S the subjective discount factor, =, ; = {c,¢, d. 1, M~ /Pt } With ¢; denoting non-durable consumption
(from now on, consumption tout court), d; the end-of-period desired stock of durable consumption goods (from
now on, durables), m, ; the real money holdings kept for transaction purposes, and p; the price of non-durable
consumption. The utility function, u (x, ), is of the constant relative risk aversion (CRRA) type:

paly 1o

{ [QSCCg,t +opd, + om (n;t) } ’ } -1

1—0

(2)

u(z,y)

where ¢ + ¢p + ¢y = 1.

There is a fixed individual endowment of money, m, that can be used as cash for transaction purposes,
or invested into demand deposits. Demand deposits are liquidated before the end of the period, and pay an
interest rate i”. Hence, the period-by-period budget constraint for the representative agent in generation z

can be written as:

R D/~
Azt = jaz,tfl + (]- - TK) ZtD (m - mzut) +wi+

1-4p

(U 4re)m cz,t+%f(dz,t— dz,t_l) )

Investment in durables

where:

The variables are defined as follows: a; is the end-of-period asset stock, R; is gross rate of return common
across assets, T is the tax rate on financial asset returns, i; the exogenous (small open economy assumption)
. . -D L2 ¥ . . . ‘e

interest rate, 7;° the endogenous interest rate on demand deposits, w; is current non-financial income, p; is the

price of the final good, 7¢ is the tax rate on consumption, 6 is the depreciation rate of durables, and s is



an exogenous shock to the relative price for durables. Note that we are assuming that the final consumption
good can be transformed into durables at a rate %f. Furthermore, note that a;+—1 = 0, for ¢ > 2, meaning
that new generations have no endowments.

Following Schmitt-Grohe and Uribe (2004), we assume the existence of a debt-elastic interest-rate pre-

mium, i.e. an interest rate that is increasing in the country’s net foreign debt:

. = Fy
i =1+¢; [eXp<F_GDPt>_1]+6” (5)

where F} represents the country’s net foreign asset position, 7 the long-run, constant, and exogenous interest
rate if the country runs its steady-state net foreign asset position (F), and &;; an interest-rate shock.

Current non-financial income is defined as:

Wt = (1 — TL) [thth + wl,t (1 — th)] + (1 — TK) T + tTt, (6)

Labor income

where h; ¢ is the employment rate of resident workers (at the individual level, the unemployment rate can be
interpreted as the probability of being unemployed), w; ; their wage rate?, 7, the tax rate on labour related
income, W+ the unemployment benefits for resident former workers, m; the exogenous, individual share of
total firm profits, and ¢r; the net government transfer. Note that the expression for labour income reflects
the assumption of perfect unemployment insurance, and the existence of two types of labour, resident and
non-resident.

Notice that, even if the life expectancy of the consumer decreases exponentially, she could still live for
an infinite number of periods. Therefore, it is important to impose as an additional constraint the no-Ponzi
game condition:

T a; t+s
lim Qaths _ 7
T—o0 sl;IO 4 Rt—i—s ( )

which prevents overborrowing.
The intertemporal budget constraint, obtained by iterating on (3) and imposing the NPG condition in
(7), is:

= 1-94
(1+TC) Rt sPs Cz5+%d dzs - Ddz s—1 =
s s s ) © ,

s=t
Rt - .D [ —
?az,tfl + Z Ris [(1 - TK) lg (m - mz’S) + WS} ) (8)
s=t
where Ry ; =1 and, for s > ¢t + 1,

s '
Rt,s = H - (9)
j=t+1 12

The households maximizes the objective function (1) subject to (3) and (7). The Lagrangian can be

2More precisely, for the sake of notational simplicity, wi¢ is the weighted averare of sectoral wages, weighted with the

corresponding employment shares (see eq. 319, p. 56).



written as:

oo

L,:= Z (905)371t {u (wz,S) +

s=t

s —%p

)

R o, 1
|:<ptaz,s—1 + (1 ~TK) Z? (m - mz,S) + (1 + TC)ps%g dzs—1+
Ws — (1 + TC) PsCz,s — Gz, — (1 + TC)ps%gdz,s} } 5 (10)

and the resulting first-order conditions (w.r.t. ¢, ¢, Gz, d, 1, M, y) are:

Ue (22¢) = (L+7¢) Pz e, (11)
Az t+1BRep1 = Asg, (12)
ug (T20) + Bz 1 (1 + Tc)pt+1%f+1 (1-6p)=(1+7c)pesdiras, (13)
U (T24) = Mo (1 — Tx) 0P, (14)
where:
- by lzv=c
v v Mzt © v—1
Ue (T21) = |PcCoy+ Opdl+ O ( o > PoCay s (15)
: S
v v Mzt ° v—1
wio) = |occtotopdzotou () | ot (16)
: m v: 717270 ¢ m v—1
U, (T = ¢y, +opd.  + ( z’t> M (”) . 17
(z2,t) _¢c t T Opd: + oy ) o\, (17)
Substitution of (11) into (12), (13), and (14) yields the two Euler equations:
Pt
Ue (xz7t+1) /BRtJrl = Uc (xz,t) ’ (18)
Pt+1
ug (22¢) + B(1—6p) %ngluc (T241) = %fluc (T2) (19)
and an intratemporal condition:
(1 — TK) ’LtD
Um (T2 =Uc\Tzt) 77—~ - 20
( ’t) ( ,t) (1 +TC’)pt ( )
Combining (20) with (15) and (17) gets:
Mzt = LiCat- (21)
where: )
¢c 1-7k -D) v
w=-— 7 . 22
t (¢M 1+70 t 2 ( )
Combining (18)-(19) and (15), we can express optimal durables in terms of optimal consumption as:
dz,t = ftcz,ta (23)
where: .
bc | _a ¢ 1-0p o
=97 |4 — 55 . 24
t op |7 R pf:»l (24)



For optimal consumption, from (18) we obtain:

Cot+1 = Erp1Caty (25)
where:
l—v—0o >
+ ¢pkivs + dutd E 0
Eii1 = |:¢C ¢th+11] o3y ZH] Dt _ (26)
bo + Op&y + barti Diy1

Equations (21), (23), and (25) imply that:

Z Rt,s (]- + TC)ps Cz,s + Ay dz,s - 0 dz,sfl + (]- - TK) g Mys ¢ =

s=t
- B 5D 5571 .D o
E:Rt,scz’S (14+7¢)ps 1—1—% &, — " 5 + (1 =7K)ijts| ¢ =
s=t S

ZRt,sCz,sZs =cC 12 + L4 ——Co 412841 + H

——Ct422442 + ..

Ry Rt+a
& Eiti
Cz,tZt + mcz’tztﬂ + H L4 4 CZ’tZtJrz +...= thz,ta (27)
Ritq j=1 Ry
where: - ‘
P2 Erys
= Zpa i) —_— 28
Ct Z t+5 P - Rt+s ( )
and:
—0p & .
Zi=1+71c)pe [1+%t (ft (pD 2,1)]—1—(1—71()2?% (29)
t

Note that Z;c,; represents the total value of current consumption, net investment in durables, and cash
holdings for generation z in period t, being the demand for durables and cash related to the demand for
consumption goods via (21) and (23). The term (,c, 4, instead, represents the total discounted flow of future
consumption, net investment in durables, and cash holdings.

Note also that ¢, can be defined recursively as:

Ct =Zi+ 5t+1 R Ct+1 (30)
+

Multiplying both sides by c. ¢, we can easily provide a simple interpretation:

14
CiCat = ZiCayp + T<t+1(5t+102,t)'
t+1 ——
Cz,t41
The discounted flow of future “consumption” (,c,; (i.e. consumption plus net investment in durables plus
cash) equals the current value of “consumption,” Z;c, , plus the discounted value of the one-period-ahead
flow, Ct+1cz,t+1'

Combining (8) and (27), we can therefore write optimal current consumption as:

(R \
Cz,t - Ct ! (taz,tl + ht ) 9 (31)
¥
where:

h' =Y Res [(1-7x)ilm+w,], (32)
s=t
represents human wealth plus the current value of the individual money stock.



2.1.2 Aggregation
Let us assume that the size of each new-born generation is z;, where z; = n'z_4 and z_., is normalized to

one. Then, the total population at any date ¢, Z;, is equal to:

Zy = 2t +  emo1 + PPms F.=

Generation t  Generation t-1 Generation t-2

2
— 1+90+<“0> i
n ' \n

j=0
and it is
Ziv1 = NLs.
The expressions for the aggregate variables can be obtained by linear aggregation of those at the cohort

level. Let us start with aggregate assets. We have
o0
A = Z Oz jaz, g (34)
j=0

Aggregating the budget constraint in (3) over cohorts, we obtain an equation describing the evolution of

aggregate assets:
A = RiAr1 + Hie — Z,Cy, (35)

where
He=[(1—7x) P M+ wi] Zy, (36)

and Z,C} represents the total aggregate value of current consumption and net investment in durables. Equa-
tion (35) can be considered as the budget constraint at the aggregate level.
Next, let us consider aggregate net human wealth, where cohort-level human wealth, h’, is defined in

equation (32). We have:

o
HY = @z hi =7, (37)
7=0

The evolution of aggregate net human wealth is given by

HY,y = ng (HY —H,), (38)

since,

HYy =Zia Y Riprs [we+ (1= 7x)iPm] = (39)
s=t+1

o
= Zt_HR;tlH {Z Ris [ws + (1 —7k) if)m] — fwe+ (1 —7k) i?m] } =
s=t

%Rt+1 (H{" = Hy). (40)

For aggregate consumption, aggregating equation (31) over cohorts yields:

Co=Y @ uje 0=t (Rid + HY), (41)
=0

10



where aggregate assets, A, are defined in (34) and aggregate human wealth, H*, in (37). The evolution of

aggregate consumption is governed by the aggregate Euler equation

— A
Ciy1 = nE 41 (Ct - %Ct —tZt> . (42)

In order to derive this equation, aggregation of the Euler equations at the cohort level, reported in (25),

yields,

o0
7 —1
Cip1 = g <PJZt+17th+1fj,t+1 = Zt+1Ct+1h;U+1 + p&1C,
Jj=0

where the first term on the right-hand side reflects the future consumption of the new generation that will

enter the market in period ¢ + 1 with no financial endowments and only non-financial income. Since

Ziprhiys = Zin (1 - ) t+1 = (1 - ) Hyy,
n n
it is
Ct+1 = <p5t+1C't + C;ﬁ}l (1 - Q;) Htu_),rl (43)
Furthermore, combining (38), (41), and (35) gets:

Hiyy = %Rtﬂ [(Cr — 2¢) Cr — A¢] (44)

This implies that (43) can be rewritten as (42).

Finally, for aggregate durables and cash holdings we have

Dy = Z@jzt—jdzt,j,t =§,Cy, (45)
7=0
o)

Mt = Zgojzt_jmztﬂ.’t = LtCt. (46)
7=0

2.2 Aggregate asset stock

Financial wealth can be held as government bonds, foreign bonds, and claims to physical capital. Hence,
Ay =By + Fy + V, (47)

where B; represents the value of the end-of-period stock of government bonds, F; the value of the end-of-
period stock of foreign assets, and V; the value of the end-of-period stock of claims to physical capital, all
measured in consumption units. By assuming assets to be perfect substitutes in the household’s portfolio,
they earn the same (exogenous) real rate of return in equilibrium. We will now analyze in detail the different

types of assets.

2.2.1 Physical capital accumulation

We are particularly interested in the cash flow from physical capital since, as mentioned, we assume that

households as a whole, which can be considered as an investment firm, are also in charge of investment.

11



More specifically, investment is determined by maximizing the cash flow from investing in physical capital,
conditional on the law of motion of physical capital.

The cash flow from investing in physical capital is given by:

i: Rys { {(1 - TK) = + TK5K] K1 — Is} : (48)

Ps

- s

where Ry, = [ [R;(pj_1/p;)] " is the aggregate discount factor,® r, is the rental rate on capital, and
j=t+1

I; denotes investment. Note that the investment firm can deduct all depreciation from its taxable income.

Physical capital evolves according to:

L
Kt:(l_(SK)Kt1+E(Kt )Kth (49)
t—1

where § i is the depreciation rate of capital and the term = ( Kf 11) K;_1 indicates that there are adjustment

costs. In particular, following Jermann (1998), we assume that those are

—( I; =i ( I )g -
= = — + =s. 50
(Kt—l) ¢ \ K1 ? (50)

The two parameters =1 and =, are designed to make the adjustment cost vanish in the steady state.

The Lagrangian is given by

I~/t = ZRt,s{{(lTK)TS+TK5:| Ks—lf-[s‘i’
s=t

Ps

+u, [(1 —0r)Ks 1+ = (KI:'_) Ky 1— KS} } (51)

The first order conditions (w.r.t. I; and K;) are:

I

-1
- = 2
vt (KH) ) (52)

(1) gt 4 = Y b [1 - 02 (B2
v = T : (53)
t+1 Pit1

with the transversality condition (TVC):
lim Ry jv;K; =0. (54)
J*}OO

Equation (53) can be rewritten as the standard no-arbitrage condition:

(1 —=7K) 741+ Peg1 (TK5K - I;(T) + Pry1Vitt [1 — 0 +E (%)}

DtV

Rit1 = : (55)

where the last term on the right-hand side represents the future marginal contribution of capital to lower

installation costs. In other words, the future net-of-tax gross return on claims to physical capital has to be

. _ s -1
3Using (12), we can show that R¢,s = [] [Rt+j %] = ﬁs% PZ— , where )¢ is the aggregate shadow value of firms’
j=1 axd s

profits in the household budget constraint.

12



equal to the future return of holding a unit of capital for one period (i.e. the future rental rate plus the
future shadow price corrected for depreciation plus the future decrease in installation costs) divided by the
current shadow price of the same unit of capital. Thus v; corresponds to the well-known Tobin gq.

It can be easily shown that:

[(1 —TK) ﬁ + 7Kk | Kt — I + vep1 K

I/th = Pt (56)
RtJrl Pt+1
Hence, iterating on the previous expression and imposing the TVC yields:
vl = Z Rt,s {[(1 - TK) s + TK(SKps} K, 11— psIs} . (57)

s=t+1

The right-hand side in (57) represents the discounted flow of future cash flows in real terms, i.e. the stock

market value of claims to physical capital. This implies that:

Vi = pevi K. (58)

2.2.2 Net foreign asset position

Combining (47), (35), (49) and (202), we get the following law of motion for net foreign assets:

Fo=RF, 1 +He+[(1—7r)re + TrOrpe]| Kim1 — Z2:Cy — pedy — (G — T) (59)

2.3 Firms and Unions

Firms produce intermediate and final goods, and distribute imported intermediate goods. We assume that
there is a single representative firm producing the final good Y under perfect competition. This firm combines
N intermediate goods using a CES production function, possibly with increasing returns in the variety of
intermediate inputs.

Local firms in the intermediate goods sector produce N varieties of differentiated goods, operating under
monopolistic competition. A share © of these N locally produced varieties cannot be traded (exported). The
remaining (1 — ©) can be exported.

Furthermore, other (1 — ©*)N* varieties are imported and distributed, where N* indicates the total
number of foreign produced varieties, and ©* the share of them that can be imported in Luxembourg. Hence,
the total number of varieties in Luxembourg is given by N =N + (1 — ©*) N*. These foreign varieties are
combined with capital and labour inputs by the distributors. The distributed intermediate goods can be either
sold locally (to the final good producer) or exported. The first possibility represents the use of distributed
imported varieties in the local economy while the second possibility captures re-export in the model, which
helps to capture the particulalry large trade flows between Luxembourg and the rest of the world. The use
of capital and labour in the distribution of these imported intermediate goods follows Mazenga and Ravn
(1998, 2004).

Each firm in the intermediate goods sector adopts a nested CES production production function with

capital and two different types of labour as inputs. The different types of labour are introduced to capture
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the dual labour market in Luxembourg, and represent resident and non-resident workers. The firm chooses the
optimal demand of capital and each type of labour by maximizing profits subject to the production function
constraint, taking wages and the cost of capital as given. The cost of capital is determined endogenously
in order to match demand and supply of capital. For the sake of exposition, we will first present all the
derivations for a generic production function, and then specialize the results to the nested CES case, which
requires a more complex notation.

Each distributor of imported intermediate goods adopts a Leontief type production function, with im-
ported foreign intermediate varieties and a nested CES combination of capital and two different types of
labour as inputs. The firm chooses the optimal demand of the intermediate varieties imported, of capital and
each type of labour by maximizing profits subject to the production function constraint, taking prices of the
varieties, wages and the cost of capital as given.

Wages are determined by the interaction between the firms in the intermediate goods and distribution
sector and the unions, which represent the workers (the so-called "right to manage" model). In particular,
we assume that there is a union for each type of workers, and that bargaining with the firm takes place in a
Nash setting. We assume that there is a separate union for each firm, but this is not a restrictive hypothesis
since in symmetric equilibrium firms will make the same choices in terms of demand for labour and capital.
Given the resulting wages, labour demand is determined, and it is assumed that for the current wages the
supply of each type of labour adjusts to meet demand.

Technically, the interaction between the production and labour markets is represented as a game in two
stages, where wage bargaining takes place in the first stage and production in the second. As in Lockwood
(1990), the second stage is solved first, and the solution is used in the first stage. Therefore, after discussing
the final good sector, we will first describe the problem of the firms (second stage), and then the firm-union
bargain (first stage). We will deal, in turn, with producers of non-tradable goods, tradable goods, and

importers of foreign intermediate goods.

2.3.1 Final good sector

The cost function for the final good producing firm is:

N
Cr({p;}.Y) = Eianjyj, (60)
J J:1
~yo\"
s.t. ./\/’piu Zyﬁ Zya (61)
j=1

where y; is the amount of the 4t intermediate good used for production of the final good Y, j = 1,..,. N/
(where N is the total number of domestic and imported varieties); u > 1 is indirectly related to the elasticity
of substitution between goods and directly related to the mark-up in the intermediate goods sector; and
p > 11is a parameter that captures increasing returns to variety; see Kim (2004) for details.

Writing the Lagrangean function as:
i

N N
L= "pyi+A|Y =N > g , (62)

j=1 j=1

T =
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the first order conditions are:

o
b= N (B)" Ty (63)
Hence, for any s,7 € {0,1,...,N'}:
<p ) o (64)
Ys =\ — Yj-
pj ’
Substituting (64) into (61) and simplifying, we get the conditional demand for intermediate good j:
%Y
p ! M
Yyi = : : (65)

1\ M
woe (S)

We can then write the unit cost function as:
N4 o
Cr({p;}. 1) =p=N"m [y pr= : (66)

Jj=1

and, therefore, express the conditional demand for intermediate good j as

y; = <1;j) YN (67)
or: .
=N (E) (68)

2.3.2 Intermediate goods sector - Non-tradable goods: j € [1, ON]

Second stage: profit maximization The problem of a generic firm in the intermediate goods sector

producing a non-tradable good can be formulated as

NT _ _NT( NT\ NT _ WY ,..NT
By T = T T ()T
2
— (1 +7L) (L+9i") Y wlThYT — g, (69)
z=1
where p(yév T} indicates the price of the jt" non-tradable intermediate good; hi\;T, z = 1,2, the amount of the

two types of labour (resident and non-resident) and and kjv T capital; 1, is a fixed financial cost to enter the
market (the fixed cost generates economies of scale and therefore justifies monopolistic competition; see Kim,
2004); v}, and 9, denote the fraction of wage and rental bills, respectively, that must be financed in advance

while i}V denotes the net interest rate firms pay on the working-capital to meet these advance payments®;

4Notice that we assume firms pay taxes on labour, %LinjThi\;T,

working capital to pay 9, fraction of the labour tax in advance. Another option would be to have wage costs entering the firms’

at the same time when wages. Thus, firms must also borrow
profit function formulated as (1 + 7L+ @Z)Lzyv) injThi\gT. The underlying assumption behind this formulation is that taxes are

paid at the end of the period and thus working capital is required only for the advance payment of net wages. Since in our

model a period is one year and firms pay taxes more frequently than annually we choose the first formulation.
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and 7, represents taxes on labour (social contributions) paid by firms; labour income taxes paid by workers

will be taken into account later. In addition:

= yNT 12“

(") = NTE <JY ) P,
NT NT p NT pNT

Y; = f(k'j 7h1j ah2j ),

where the specific functional form for the production function will be discussed later on.

The first order conditions are:

NT NT
Op; yNT 4 pNT dy; = (147 (1+ ") T
ay§VT J J ahéVjT L zj
OpNT GyNT
i NT |,  NT j W
<8y§VT Yj Dy 8ka_VT (L+ogi™)r

where z € {1,2}.
Note that (if the firm takes P and Y as given):

NT NT
9p; yNT 4 pNT — by
8y§VT J J
Hence:
NT
~1 %Y, _ ~ WY . NT
fi NT p(l+7L) 1+ )wzj .
(9th
oyN" .
pj»VT aijT = p(1+ wKzW) T
J

NT and nNT

and, respectively, ny; 1

Conditionally on kN7

for the two types of labour:
YT =T (7).

Note that, thanks to the Envelope Theorem, (72) implies:

= (L +70) (L+9.i").

2
%F<®W>8ﬁT v YT onT

p.
oy \ORYT ) GwlT TP (a2 T
Hence:
onyT p(1+70) (1+43") B
OwlT 1ppp” (%)24_291_\@ oy
wooy T\ oD 7 (and1)
o fnmp ey o (o
NT NT, NT 2 NT
wll Py (on25")" \ Ohz;
since:

o 1 —pup)"
oyt opoyt
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(71)

(72)

(73)

(75)

(76)

(75) implicitly defines the conditional demands
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First stage: firm-union bargaining (Labour market) We follow the standard right-to-manage ap-
proach and assume that each firm-union pair bargains over type-z wage, taking the labour demand curve
into account. The outcome of the bargaining process can be depicted as the solution of the following maxi-

mization problem:

NT oNT . NT 1007
max QN7 = [(1 —71) (w” - w) hiVjT] [W (w2 )] , (81)

wlT p p b

2]

where 05 T is a parameter describing the relative bargaining power of the union for type z workers (possibly

sector-specific), w, the workers’ outside option, and:

AT (') = NIRRT gt )] (kT b hagT) + (82)
2

— (U4 7L) (L+ ") Y wlT R (83)
z=1

Hence, the unions care about a convex combination of the total wage bill and profits.

For z = 1, 2, the first order conditions read as:

NT
GNTZNT | pNT (wNT W ) 3hzj
z j zj zj z 8wN_T
zj
ot
NT NT _ — \pNT
(1-0Y7) (T —w.) n ok =0, (84)
zj
where:
or)" _ (op)T NT | NT Oy;'" Oz
owNT ~ \ gyNT¥i TP | GpNT Gy NT
(+72) (1 i Yws;
) . OnZ;" . :
— (1 +7L) (L +2Li") (hZT + w;VjTaw];T> = —(L+7L) (L+v,i") RN (85)
2]
Therefore,

wNT — 7, #NT

0" (1 N el N = (1 - 95T> (L +72) (L+wpi") (wl — o24) (86)
z) zJ
where:

_ oty
Ezj = awZT h]i\-flT (87)

We will derive similar equations for the tradable intermediate goods sector in the next subsection. Several
factors affect real wages in LSM2. First, as usual, labour productivity. Second, the characteristics of the
labour market, such as the union power # and the replacement ratios w;/w;. Third, the profit rate, since
unions extract some of the producer surplus. Fourth, the relative productivity of the two types of labour,
the relative size of the labour forces, and the unemployment rates. Finally, the relative productivity with

respect to capital and the amount of capital per worker.
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2.3.3 Intermediate goods sector - Tradable goods: j € [ON,N]

Second stage: profit maximization Let us now consider the problem of a generic firm in the intermediate
goods sector producing tradable goods, 7', such that yI' = sHyT is sold at home and yf" = s¥yT is exported

(sf =1- sf, and 0 < sf < 1), with corresponding prices given by pf and pf. The firm should choose the

T

amount of labour and capital to be used for the production of yJT (h;FJ and kj ,

respectively, z = 1,2), and

the share of yJT sold at home, sf , to optimize the following problem:

2
max 7= 0] ()0 = (U ™) o (L 7) (Lo 3w - v
z=1

{nT, T s
where:

p; = sipi +sipi, (88)
P (89)
yi = [k hijh5), (90)

1-p

ou (sfyl ) "
o= N (g/ P (91)

F,T
v 55Y;

W= (=) <Y> o (92)

Note that Y* and p* represent foreign output and the foreign aggregate price. Furthermore, note that the

*

elasticity of substitution between intermediate goods is the same at home and abroad, i.e. p* = p: this
assumption is maintained for notational simplicity, but the model can be easily generalized.® As in the
non-tradable sector, 1; is a fixed financial cost to enter the market that generates economies of scale and
therefore provides a basis for monopolistic competition; see Kim, 2004.

The first order conditions are:

opT dy] N W
<8ijij +PjT> 3hZTj = (1+7) (L+vi") szjv (93)
opT oyt .
(oot a7 ) = (e o
J J
it = pi. (95)

where z € {1, 2}.
Assuming if the firm takes P and Y as given:

Opj _ 1—psi'p]' +s7p] 1—pp;

= . (96)
oyl  n yy weoy;
Hence: a7 -
Py v, 1 _Pj
, R 97
5ijyJ +p; I (97)

5The distinction between local and foreign elasticities is important to study shocks to local markups that do not transmit to

markups in foreign markets. In this case, we obviously use the generalized version of the model.
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This implies that:

pl b = p(+7) (L+v,")wh, (98)

PPt = (14 ™) (99)

Conditionally on kT and, respectively, hQTJ and hlj, the FOCs implicitly define the conditional demands
for the two types of labour:
hL = nL (wlh). (100)

Finally, from the Envelope Theorem:

2
ap] Ay, onT, . 0%yl Ohl W
. =u(1+7.)(1 WY 101
oyT <ahT oul; P (ahT-) gut, M R oy
z]
Hence
ohl;  p(L47L) (L+vpif)
owly el (007N g ot
’ Z f(é’hfj) P (onT,)?
—17 —
1 1+7) (L+yi")wl,  0%yT [ oyF
— (1—u)( TL)(T;/’L ) wi; ?2 ailj]T (102)
w; pj Y; (0nL)) 2

First stage: firm-union bargaining (Labour market) The firm-union bargain is similar to that in the

non-tradable sector. In particular, the counterpart of equation (81) is:

maxQ = [(1—-7 wZTj Wz ;T ” 7t (wzj) e
e oo (%] 02 -
where: ,
7T (wh) =p) [f (W03, k)] f (B, b3, k] ) — (U4 70) (L4 9.i") > whinl. (104)
s=1
The first order conditions are:
0T#T |hL + (wT, —w.,) ;}é + (1= 07) (wl - w.) hfjgﬁé =0, (105)
where: 7
g% =~ (14 71) (14 3" BT, (106)
Hence: P o
67 (1 + ij;weTJ> 2—; = (1 - azT) (1+70) (14 vi%) (wl — ), (107)
zj Zj
where:
#lo= plyl — (1 +7L) (L+ " sz] = (108)
T T
& = :;}ZZZJ :Tj (109)
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2.3.4 Intermediate goods sector - Distribution of imported varieties

Second stage: profit maximization The generic distributor of imported intermediate varieties produces

tradable intermediate goods, y}', such that y;w H o= M Hij is sold in the home market and yJM i

J
(1- S;WH)y] is re-exported (0 < sMH < 1). The corresponding prices are p] H and p;MF. The main
feature that distinguishes the distributor of imported varieties from the tradable intermediate goods producers
is that the former use foreign varieties imported at the price pj, as well as capital and labour to produce
their services of distribution. Apart from this difference the profit maximization problems in the two sectors
are very similar:

max 7TM = p;-VI (y;w) yﬁw — (1 + tM) p}‘\/[méw + (110)

M M M,H
{ }LZJ,k)J X

—(1+¢Kiw)rk§w—(1+7L 14" ZthM—

where zéw denotes the imported amount of the foreign intermediate good. The maximization problem is

subject to:
P = I an
M,F M,H
s;h = 1=s, (112)
ij = min[mxé\/[,fM (/ij,héw)L (113)
MH M\ rn
P—K S y
pitt = N <3YJ> D, (114)
1—p
pn [ SME M
O L S e (115)

Equation (111) implies that imports of foreign intermediate goods are perfect complements to local dis-
tribution services, produced via capital and labor, as in Ravn and Mazzenga (2004). Cost minimization
implies that 7r133 = fM (kjw , hé\/l ) therefore, in equilibrium 37 =Y; M /7. For the sake of simplicity, let’s
anticipate this equilibrium outcome, and rewrite the maximization problem as:

Mo — M (, M M\ Py
{h%»k;‘l’;\lfl ﬂ—j - |:pj (y]) (1+t )7(1:|yj + (]_16)

— (L + ™) rkM — (1 +7L) (14" ZthMf

The first order conditions are then given by:

[apéwyMerM(lthM) pﬂ L/ (1 +7L) (1+ i) wlf (117)
MIjg j M - L 270
ayj ’ J T ahzj J
8p§” M M My Pt 8yJM W
sy oyt — (L M) = = (L+ygi))r, (118)
[ay] J J 1 akj
M,H M,F
it = p (119)

where z € {1,2}.
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If the firm takes P and Y as given:

dy}! I y! pooy
Hence: apM "
D v, M Py
Mo oM 2T 121
ay]MyJ P; . (121)
This implies that:
M My P ayJM ~ W M
pyt = (L+ M) o = p(1+7L) (L4+¢i" ) wli, (122)
T h‘zj
M My P ayé\/[ W
pyt —p (14 tM) = ST (1 + g’ ). (123)
T k’j
The resulting profits are:
1
M _ M, M
4y (1_,u> pjy; — Yy
while the value added amounts to:
p*
vl = [pf = (1) Bt gt (120

Conditionally on kM M and, respectively, h and hM

15, the FOCs implicitly define the conditional

demands for the two types of labour:

M M (M
hzj = hzj (wzj) - (125)
Finally, from the Envelope Theorem:
2
opM ([ oyM { Pt 0?yM ohM
J J M M M J z] ~ W
+|pi —p(l+t } =p(1+70)(L+9i"). (126)
oy <8h% J ( ) ! (6h%)2 ow ( )
Hence
M M 14 MY P oy;"
ahzj 1 pJ NJ( + )71'1 ah%
8wM7wM _ M s gyM 2 « 92y M o
Tl () [ e B
1-p )" 0y ]!
1 Ty ont Pyt [y
M M M)\ P + M2 ahM (127)
weg | pt = p (L) 2 (Ohl) 2j

First stage: firm-union bargaining (Labour market) The firm-union bargain is similar to that in the

non-tradable sector. In particular, the counterpart of equation (81) is:

W\ ] [E )]
mw%jXQ =|(1-7p) ( ;J - P) h%] % (128)
where:
M () = [pﬁw —p(1+¢M) ]:E‘ﬂ yM — (L+7L) (L4 i ZthM. (129)
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The first order conditions are

oM AM | pM 1 (M —w, ) 2 +(1—92”) (WM — @, ) WM I =, (130)
J J ( J 8111% J J 311)%
where:
37?5.” ~ -W M
3 M:—(1+TL)(1+¢LZ ) hj. (131)
zj
Hence: u u
wy; — wz»t T ~ . _
oM (1 + JwMeA;[> = (70 (14 ") (1-02) (wlf - w.), (132)
zJ zJ
where:
Pi 2
M= {pJM —p (14 M) ﬂﬂ yrt = (L4 71) (L+ ™) Y wifnlf, (133)
z=1
oM M
el = L2 (134)
8wzj hzj

2.4 Domestic banking sector

There exists a representative, competitive bank that intermediates loans between households and firms,
producing financial services using capital, labor and reserves. The bank is owned by the households. As in
Christiano and Eichenbaum (1995) and Christiano, Motto and Rostagno (2008), firms (and banks themselves)
need to finance a given fraction of their factor expenditure in advance, before revenues from sales can be
cashed in, i.e. firms need short-term working capital.

To finance working-capital loans, the bank issues demand deposit liabilities to households. Working

capital loans are made in form of demand deposits to firms. Hence, total deposits are equal to:

DT = DH + DF . (135)

<~ <~
Dep. to households Dep. to firms

In equilibrium, demand deposits to households will match the supply of money not held for transaction

services:

DH =M —M=M-.C, (136)
where ¢ is the equilibrium value related to equation (22), while demand deposits to firms will be equal to the
short term working capital:

2
DY = rK 41, Z w,H,. (137)
z=1

The parameters ¢; and 1 represent the fraction of wage and rental bills, respectively, that must be
financed in advance. Demand deposits pay an interest rate :”. Interest on demand deposits created when
firms and banks receive their working-capital loans are paid to the recipient of the loan. Firms and banks
hold these demand deposits until the factor bill is paid in a settlement period that occurs after the goods
market. Interest paid by firms on working capital loans is denoted "V + i”. Since firms receive interest

payments on deposits, the net interest rate is i;".
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Working-capital loans and demand deposits share the same maturity. Loans are extended just prior
to production, and then paid off after production. Households deposit funds into the bank just prior to
production, and then liquidate the deposit after production.

Demand deposits are associated with financial services. The bank has a technology for converting labor
and capital services, and excess reserves, into transaction services:

DT

CB
ECB 1-¢
. ) , (138)

A.CB KCB)O‘CB AFICB I
= aen [y e (5

where E€B denote excess reserves, and:

1
2 w
HEE = lzz (aZHSB)”] , (139)
z=1

where 571 + 20 = 1. Note that:

OHCB HCB \17"
W = Ay, (W) . (140)

Recall that loans are not used until the end of the period; excess reserves are then defined as:

where o¢B denotes the required reserves coefficient. Excess reserves enter the production function in order to
capture the idea that banks held excess reserves for a precautionary motif, given the possibility of unexpected
withdrawals.

After the goods market clears, the bank settles claims for transactions that occurred in this market. The
bank’s sources of funds are: interest and principal on working capital loans, plus the resources it received
from households at the start of the period. The bank’s uses of funds are: principal and interest payments on
demand deposits, plus gross expenses on labor and capital services. Then, the bank’s net source of funds at

the end of the period is:

% = p¥ + (1+4” +i") DF — (1+47) (D* + DF) +
2
— (U4 Ygi™) rKP — (14 4i") (14 72) Y wfPHIP, (142)

z=1
that can be compactly rewritten as:
2
I8 =iV DF —iPD" — (14 ¢gi™) rKP — (14 4i") (14 72) > wIPHIE, (143)
z=1
The bank solves the following maximization problem:
max €% =W DF —iPDH — (1 + i) rK°F + (144)
{DF,DH KCB HCB}
2
(19 d™) (1 +70) Y wiPHE,
z=1
CB CB
DH + DF oCB o8¢ ECBN 1€
st DEEDT_ s [(KCB) (AHCPY! } ()
p p
where:
EYP = (1-0“P) D" — o“PDF. (145)
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2.4.1 Profit maximization
The previous problem can be rewritten as:

HCB _ ZWDF

max
{DF,E" KCB HCB} 1,QCB

CB
s, EZADN en [(KCB)“CB (AHCB)laCBr (

(1—0%B)p

We can form a Lagrangian:

L£=i"D" -

B ,L-D ECB + QCBDF

Z-D ECB 4 QCBDF

1_QCB

+

2
— (L4 i) rKP — (140 i") 1+ 7L) Y wSPHTP,

z=1

+

2

— (14 9gi") rKP — (1+¢i") (1+70) Y wlPHIP+

z=1

)\CB a©B 1—-a®B £CB ECB 17603

pAZCB |:(KCB) (AHCB) :| < )

p p
and compute the FOCs (w.r.t. DF, ECB KCB HCB \“B);

\CB

(1-09B) (i +4P) —iP = -

, AP cB cpy DT
ZDZP[(l—E )(1—9 )Ecg—l],

. )\CB DT
(1+wK,LW)T:T€CB CBW’
(14 ¢pi™) (1+7L) cn _ X o _ qomy,, DT
) (20 = e (1) D
B
D7T — AZCB |:(KCB)QCB (A}IC'B)lacjg]5 (ECB
p p

The first order conditions can be compactly rewritten as:

P = (1 ) (4 7) -0 (12 €°7)

(L ogi™)r=[(1-07) (" +47) -

(L+2pi"™) (L +7L)wS?

[(1 _ QCB) (ZW +2D) _ ZD] é-CB (1 o

DT
p

Note that equation (154) can be rewritten as:

aCB)

z HCB
z

oCB 1_aCB ¢or
= :AZCB |:(KCB) (AHCB) :| (

(07

ECB

p

OB (1 _ fCB) EDCTB ‘1
(1-0P) (1-¢°7) B — 1

24

ECB
p
E°B 4+ DF
1— oCB
a,HEB\"
()
)1505
DT
ECB’
B DT
KCB’

DT azHCB K
()

)1505

)1503

} |

(146)

(147)

(148)

(149)
(150)
(151)

(152)

(153)

(154)

(155)

(156)

(157)

(158)



Equation (154) has a clear economic interpretation: if the bank increases excess reserves by one (mar-
ginal) unit, it decreases the amount of working-capital loans by the same amount, incurring therefore in an
opportunity cost equal to i +¢". This extra unit of reserves is used in the production of financial services,

and increases total demand deposits DT by its marginal productivity (1 — OB > }?CTB. Finally, the increase

in total demand deposits will be used to increase working capital loans, and this will lead to an increase
in revenues equal to (1 — QCB) (iW + iD), but also implies that these new loans have to be financed via
households’ demand deposits, that cost i”. The other conditions have now a straightforward interpretation.

Equation (154) implies that:

ECB =x¢BpT, (159)
where:
(1= 78) (i +iP) —iP] (1-£°7)
TP = —— : (160)
’lD + ZW
Hence, equation (157) can be rewritten as:
DT a®B 1—a¢B
= _ \IJFB (KCB) (HCB) , (161)
p
where:
1 1-¢CB
\PFB = (AZCB)?T (TCB) ¢CB ) (162)

Equations (136) and (137), together with the first order conditions (154)-(157) determine in equilibrium
the following variables:

DY DH KCB goB iW D, (163)
Note that, taking (154) into account:

since:

(L+pgi") rKP + 22: (149" 1+ 7)) wSPHSP =
o
[(1 _ QCB) (Z-W _|_Z-D) _ iD] ¢CBpT, (165)
and, thanks to (154) and (141):
[(1—=09B) (" +iP) —iP] ¢“PDT =W DF —iPDH. (166)
2.4.2 Bargaining

The general framework for bargaining goes through, so here we repeat those equations only that are specific

to this sector. The outside option for the bank if negotiations fail can be written as:

798 = — (1 +¢yi") rK°F, (167)
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which implies that the value added of successful negotiations is:

2
7B = [(1—o“P) (" +iP) —=iP]€9PD" — (1+wi"™) (1 +70) Y wSPHIE.

z=1

The general formulation of the first order condition is the same:

o750 [P+ (ue® ) PET] 4 (1-067) (u? - ) HEP DT 0 <0
T ( ) ow¢B ( ) ( ) ow¢B

but the derivative inside is different:

aﬁ.CB
CB
owg

CcB oDT
owéB

= [(1=077) (" +3") —i"] ¢ +

CB
—(L4+v¢i") (1 +7L) <HZCB +wSP 0H, ) ,

ow¢B
where, thanks to (161):

oDT oDT 9HCB 9HSE

8w§B ~ QHCB 8HZCB awgB
DT ZHCB ! HCB
:(lfozCB) a7, (a z ) OH,
HCB LCB (‘3w§B
(L+vpi™) (1 +7L)HSB B
(L= ) ¥ +iP) —iP]gP =

where:
cp _ OHP wiP
= = owSB HEEB'
Hence:
ox°r W ~ CB
OwCB =— (1 +9") A +70) HS®.

Combining (169) and (173) gets:

e (1 WP — e op —(I—GCB>(1+¢Z'W)(1+%)(wCB—w)
z HZOB wgB z - z L L z z) -

Equation (156) implies that:

(L") (1 +7L)HOB 7
[(1—0B) (W +iP) —iP]€7P (1 - aCB)

apT DT 9HCB DT QHCB QHCB) 9HCB
guwcs ~ 1% 5B 5,8~ FHCB gHCE guoh
We can now substitute (171), and then (156), finally obtaining:
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2.5 International banking sector

There exists a representative, competitive bank that intermediates loans between foreign households and
foreign firms, producing financial services using capital, labor and reserves. The bank is owned by the local
households. As before, the international bank needs to finance a given fraction of its factor expenditure in
advance, before revenues can be cashed in. To finance the foreign demand for loans, our bank issues demand
deposit liabilities to foreign households. Hence, total demand deposits are denoted D¥B. We assume that
the supply of foreign demand deposits (D*) is exogenous, and D¥?Z depends positively on the interest rate

paid by the international bank, denoted %' B:

JFB P
DFB — <Z> D*, (177)
where of'P € (1,2) so:
dDFB dQDFB
&5 ~ (diFB)? < (178)

Given that foreign firms have access to the international financial market, the foreign recipient of the loans
pays an interest rate equal, in equilibrium, to the exogenous international interest rate ¢. Loans to foreign
firms and foreign demand deposits share the same maturity. Loans are extended just prior to production,
and then paid off after production. Households deposit funds into the bank just prior to production, and
then liquidate the deposit after production.

Foreign demand deposits are associated with financial services. The bank has a technology for converting

labor and capital services, and excess reserves, into transaction services:

FB
DFB oFB o8 s pEBN 1S
— A,FB (KFB> (AHFB)l ] ( ) _
p p
FB
rB [ BFB 1-¢
AFB (yFB)* () . (179)
p
where EF'B denote excess reserves:
B = (1-o"") D7, (180)

and:
2 ®
HFB = lz %, (aZHZFB)H] . (181)
z=1
Hence, we can solve the production function for D2 /p, getting:

_1_
¢F'B

DFB
p

_ [(1 _ QFB)PEFB AZFB:| (KFB)aFB (A/U-_IFB)LQFB7 (182)

o DFB of'B 1—af'B
—— =UFB(KFB)"  (AHFP) . (183)

The bank’s sources of funds are: interest and principal on loans to foreign firms, plus the resources it received

from foreign households at the start of the period. The bank’s uses of funds are: principal and interest
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payments on demand deposits, plus principal on loans, plus gross expenses on labor and capital services.

Then, the bank’s net source of funds at the end of the period is:

7P = DFB 4 (1+14) (1 - o"P) D"+

— (1+i"P)DFP — (1 - oFP) DF P+
2
— (L + i) K" — (149 i™) 1+ 7L) Y w!PHEP, (184)

z=1

that can be compactly rewritten as:

FB — [(1 _ QFB>i_iFB] DFB 4
2
— (L4 pd™)rK"P — (149 i") 1+ 70) Y wlPHEP. (185)
z=1
2.5.1 Profit mazimization
The bank solves the following maximization problem:
FB _ _ FB\,_ :FB] pHFB
{KFIE%(EB} P =[(1-o"P)i—i"P] D"P + (186)
2
— (1 + ™) K" — (14 9™ (14 7L) Y wfPHEP,
z=1
DFPB FB (-FB\® " FBy1-a""?
st S = WEE ()T (A

The FOCs are (w.r.t. KF'B HFB):

DFB
(1+pxi™)r = [(1=0")i=i""] o™ o, (187)
FB FB\ *
(T+y i) +7)wl? = [(1-0"P)i—i"P](1- aFB)%Z% (%) , (188)
where: .
DFB — 1€ | FB & ppye’? FByl-a’?
=p|(1-0"") Az (K"P) (AH"P) . (189)

Equations (177) and (189), together with the first order conditions (187) and (188), determine in equilib-
rium the following variables:

DFB KFB gEB FB (190)

Note that:
s = o, (191)

since:

2
(L4 i) r KPP 43" (1 9") (L4 7L) w. HEP =

z=1

[(1=0"P)i—i"P] DFP. (192)
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2.5.2 Bargaining

The general framework for bargaining goes through, so here we repeat those equations only that are specific

to this sector. The outside option for the bank if negotiations fail can be written as:
7P = — (1 + g™ r K", (193)

which implies that the value added of successful negotiations for firms is:

7P = [(1="P)i—i"P] DFP — (1+4i") (14 71) > wiPHSP. (194)
j=1

The general formulation of the first order condition is the same:

FB~FB | ;7FB FB OHI'P FB FB FB ot
0. 7" P | H P + (w? —w.) 6w?3} + (1 -0 ) (wi? —w.) H] 5FF = 0; (195)
but the derivative inside is different:
orts rBy; _ rpy ODFP W . e, rpOHIP
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where:
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ort? W ~ FB
Combining the two yields:
FB _ & ~FB
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z z
Equation (188) implies that:
(149 i) (1 +7L)HB
(L= eB)i— iFP](1 - afF)
aDFB DFB (c)HFB DFB aHFB aHFB aHFB
|:8wFB —(1=k) HFB yuFB ~ “HFB gfFB awFB] OHFB" (200)
We can now substitute (197), and then (188) again, finally obtaining:
ZHFB K —1
€ ° = [(l—aFB—n)%Z <aHFZB ) -‘r-li—l] . (201)
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2.6 Government

The Government budget constraint is:
By =RBy 1+ Gy — T, (202)

where G and T indicate, respectively, total expenses and revenues, while B is government debt.

The Government collects revenues from taxes on the returns on financial assets (A), on profits, and on
labour income (H; and Hj are, respectively, resident and non-resident workers, whose wages are w; and wa,
unemployment benefits are w; workers pay taxes at the rate 7, and firms pay social contributions at the rate
71,). Furthermore, the government collects taxes on consumption and on imports. Therefore, total revenues

in period ¢t amount to:

Ty =7k [itFim1 + (re — pidxc) Kooy + I + i (My — 0 Cy)] +

+(rtp +71) (w1, H1p +wo Hay) +

1-46 _
+rrwie (1 — Hiyg) +Tope {1+%§1 <§t T Dg; 1)} Ci+
t

+M (1 — ") N*p},aM. (203)

where t" ©, N, ©*, N*, p3, , 2 represent respectively the import tariff (entering into the Government
revenues by simplification), the share of domestic varieties that can be traded, the total number of domestic
varieties, the share of foreign varieties that can be traded, the total number of foreign varieties, the price of
these foreign varieties, the quantity imported.

Government expenditure is composed of unemployment benefits for residents (SU BS), transfers to non-
resident workers (T'RF), and core expenditure (G), where the latter can be further split into other transfers

to resident households (T'R), public investment in infrastructures (INFR_INV), and general government
consumption (GCON). Overall, we have:

Gt = SUBSt +TRFt+Gt, 204

SUBSt == ’lZ)l’t (]. - Hl,t) 5 205
TRF, = TR} (tp+71)waHay, 206

INFR_INV, = 0,Gy, 208

(204)
(205)
(206)
TR, = 0,Gy, (207)
(208)
GCON, = (1—0,— 0y)G. (209)

where g € (0,1) represents the share of transfers to resident households from core government expenditure.
Note that transfers TRF are modelled as a percentage (T RY") of total labour taxes on non-resident workers.

The stock of public infrastructures evolves according to the following accumulation equation:
INFR;=(1-6inyrr)INFR;_1 +INFR_INV,, (210)

and affects Total Factor Productivity via a purely external effect (see Section 4.1 and Appendix B for further

details). Note that d;y g represents the depreciation rate for public infrastructures.
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We further assume that core government expenditure is persistent and depends on the part of the (pri-

mary) deficit which excludes core government expenditure, Ty — (Gy — G):
Gy =9G—1+ (1 =9)d"* [T, — w14 (1 — Hyy) — TR (11, +71) wa Hoy| - (211)

This specification of the Government sector implies a zero public debt and deficit in steady state when
d*f = 1. Otherwise, a value of d“ > 1, combined with that of the other variables and parameters in (211),
determines the equilibrium level of debt and deficit. Note that the parameter ¥ measures the persistence of

core government expenditure.

3 Symmetric equilibrium

In a symmetric equilibrium for all firms in a given sector the prices charged for the differentiated goods and
the quantities produced are the same, i.e., pj = p* and y% = y', where i = NT,T, M. Furthermore, the
equilibrium is characterized by the optimality conditions for households and government.

In Appendix A, first we specialize the analysis of the production sector and labour market to the case of
a CES production function, and then we summarize the equilibrium conditions for the various sectors under
the case of these CES production functions. The equilibrium conditions are normalized by the exogenous
technological progress and by the cohort size, so that we express variables in efficiency terms. For the sake
of simplicity, we maintain the previous notation, but now variables are measured in efficiency units.

The set of equilibrium conditions are used in the next section to fully calibrate the model.

4 Calibration and steady state analysis

Due to the complexity of LSM2 and the availability of only 15 years of quarterly observations for Luxembourg,
the model cannot be estimated and we have to fully calibrate it. In this section we summarize the calibration
procedure for the model parameters, and then discuss the resulting steady state. Appendix B lists all the

parameters of LSM, summarizes their meaning, and discusses their calibration in more detail.

4.1 Calibration

We can divide the model parameters into three groups according to how we set their values. The parameters
in the first group are set directly to standard values in the DSGE literature. In particular, we fix the
subjective discount rate (5) to 0.995, the elasticity of intertemporal substitution to unity (i.e. ¢ = 1 which
implies that preferences are logarithmic), the weight of capital in the production functions in all sectors (a,
a®B and af'B) to 0.36 (the implied capital share in production is 39%), the persistence of core government
expenditure (9) to 0.9, the returns to variety to zero (which implies that p = 1), the elasticity of substitution
among intermediate goods to 6 (so that u = 1.2), the persistence of the stochastic, persistent, but stationary

component of productivity to 0.95 and the elasticity of substitution between the two labour types in the
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CES labour aggregator to 1.5 (so that x = 1/3). We set the relative bargaining power of the unions (Hi,
I =T/ NT,M,CB,FB) to 0.35 for the tradable and non-tradable intermediate goods producers, to 0.27 for
the distributors of imported intermediate goods, and to 0.65 for the domestic and international banks.

We follow Backus, Henriksen, and Storesletten (2008) in setting the depreciation rate on physical capital
(0k) to 8.5% and on the stock of public infrastructure (§;npr) to 4.15%. We set the elasticity of the
international interest rate with respect to the national debt/GDP ratio (£;) to 0.000742 based on Schmitt-
Grohe and Uribe (2004). Following Boldrin, Christiano, and Fisher (2001) we assume that the elasticity of
the adjustment cost with respect to the investment-capital ratio is 0.23 (so that ¢ = —3.348).

We set the parameter related to the elasticity of substitution between durables and non-durables in the
utility function (v) in order to reproduce an elasticity of substitution equal to 1.5. The percentage of total
labour taxes on non-resident workers that is transferred back to non-resident workers (T'RL") is chosen to be
0.6. We choose a small value for the fixed cost to enter the market of intermediate good j (¢;) and set it
equal to 0.00001. The parameter related to the elasticity of TFP with respect to public infrastructure () is
chosen to be equal to 0.01.

Next, we normalize the foreign aggregate price level (P*), the labour-augmenting productivity parameter
(A) and the parameters augmenting type-1 (a1) and type-2 (az) labour in the labour CES aggregator to
unity. We also assume that Luxembourg and the rest of the world are symmetric in terms of the share of
non-traded varieties, both ® and ©* are equal to 0.5. We normalize the number of traded varieties to unity,
which implies that we set both N and N* equal to 2, again for the sake of symmetry.

We follow Christiano, Motto and Rostagno (2008, 2010) by setting the fraction of the rental and wage
bills the firms must finance in advance (¢ and ¢ ) to 92% and the required reserves coefficients for both
the domestic and international banks (0“? and o) to 2%. We set the parameter related to the elasticity
of foreign demand deposits to the interest rate paid by the international bank (o£'7) to 1.5.

For the second parameter group, some values are directly observable or can be estimated. Average life
expectancy at birth in Luxembourg was 79.18 years in 2008 (CIA factbook) which implies that the individual
survival rate in our model (¢) is 0.987. The average value of net foreign position (f) was 85% of GDP at
the end of 2007 an 2008 (according to the BcL bulletin). The population growth rate in Luxembourg is 1.2%
(data from CIA factbook, year 2008) which implies that n equals to 1.012.

We average depreciation rates for durable goods owned by consumers estimated by the Bureau Economic
Analysis over all types of durable goods and set the depreciation rate on durables (6p) to 21.7%.

Guarda (1997) estimates the elasticity of substitution between capital and labour in a CES production
function to be 1.012 in the tradables sector in Luxembourg (implies that A = 0.012). We set the share of
type-1 labour in the labour CES aggregator (5¢1) to 0.6 to reflect the fact that approximately 60% of the
employed workforce is resident.

We set the tax rates in LSM according to the values reported in Tazation trends in the EU, European

6Guarda (2000) actually found evidence of complementarity between these labour types in Industry and in Services, but he
was using a Translog production functin with gross output (instead of value added) and intermediate consumption. In addition,
his sample covered 1984-1996 using unpublished national accounts data prior to the introduction of ESA95. Thus, these past

results may not be relevant for the current analysis.
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Commission, 2008. In particular, the tax rate on consumption (7¢) equals to 25.1%. The total average
effective tax rate on labour related income is 29.6%, but only 67.9% of this amount is paid by the employee
while the remaining part is paid by the employer. Thus, we set the tax rate on labour related income (71) to
20.1% and the social contribution rate on labour related income (71) to 9.5%. Estimates of the tax rate on
capital income (7x) are not reported in the mentioned source due to data availability problems, so we take
the average effective tax rate on corporate profits as a useful approximation, and set the parameter equal to
29.6%.

The average TFP growth rate () in Luxembourg over 1995-2009, as reported in the Annual Report of
the Luxembourg Central Bank (2006, p. 54) was 0.6%.

We use the Overall Trade Restrictiveness Index (Kee, Nicita and Olarreaga, 2009) for the European Union
to set the tariffs in the model at 6.6%. The ad-valorem equivalent of all tariff and non-tariff barriers that
the European Union imposed against foreign imports was equal to 6.6% in 2006.” However, in Luxembourg
94.5% of all imported goods were originated from countries within the EEA in 2007 and no tariffs were applied
on them. Thus, the average effective tariff on imported goods was 0.363%, which is a weighted average of
zero and 6.6%, where the weights are the respective import shares. Similarly, 88.2% of all exported goods
from Luxembourg in 2007 were sold within the EEA and were exempt from tariffs. The remaining share of
exported goods were subject to a tariff rate of 9%, which is the MA-OTRI in 2006 for the European Union.
Thus, the effective tariff on exported goods is 1.062%, which is a weighted average of zero and 9%, where the
weights are the respective export shares.

In the third group there are fifteen model parameters that we calibrate jointly so that the resulting steady
state matches values observed in the data.

The relative weight of durables, non-durables and money holdings kept for transaction services in the
utility function (¢¢, ¢p and ¢,,) are calibrated in order to reproduce: i) the share of durables consumption
in household final consumption expenditure (average annual share between 1995-2008) 0.116, ii) the ratio
between nominal consumption of non-durables and the currency stock in the households’ hands (the velocity
of money) equal to 7 (average between 2006-2009, OECD data), and iii) their sum is normalized to unity. The
fixed individual endowment of money () is calibrated to reproduce the interest rate on demand deposits i”
equal to 1.94% (OECD-STAN data).

The constant and exogenous long-run interest rate equals 7 if the country settles down to a net foreign
position equal to its steady-state value. We calibrate its value to match the observed net asset foreign position
at 85% of GDP in Luxembourg (represented by f). The parameter related to the long-run debt/GDP ratio
(dE) is calibrated in order to reproduce the observed debt/GDP ratio of Luxembourg equal to 0.069.

The share of transfers to resident households (o, ) and the share of public investment in infrastructures (g,)
in core (government) expenditure are calibrated in order to make the model replicate the share of government

transfers in total government expenditure (data from OECD annual national accounts, years 2003-2007) and

"The 2008 value is slightly lower (5.8%) but the impact is negligible. More importantly, these indices were calculated for
goods only. There is ample evidence that ad valorem equivalents of barriers to trade in services are much higher. Accordingly
protection faced by Luxembourg exports is underestimated, though most of the exports are to the rest of the EU with no

barriers. We decided not to take this into account as no exhaustive data is available for services.
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the share of government investment in total government expenditure (data from OECD annual national
accounts, years 2003-2007). The replacement ratio of unemployment benefit for domestic workers (REP1)
and the replacement ratio of unemployment benefit for foreign workers (REP2), are both expressed as a
share of the total gross income of employed domestic workers. These are calibrated in order to replicate a 5%
unemployment rate of type-1 workers and a ratio of type-1 to type-2 workers equal to 1.4238. The calibrated
parameter values are reported in Appendix B.

2¢B) and the international (zf"?) banks are

The sector specific productivity parameters of the domestic (
restricted to be the same across banks and are jointly calibrated to reproduce the observed ratio between
interest rates on demand deposits (i”) and working capital (i” + ") equal to 2 (OECD-STAN data). We
also set the two parameters related to the share of demand deposits in the production function of the domestic
and international banks (fCB and £¢8 ) to be the same accross banks and calibrate this common value in
order to replicate the observed ratio between demand deposits to households (d7) and to firms (D7) equals
to 0.07 (OECD-STAN data). We calibrate the value of the foreign demand deposit level (D*) to reproduce
the observed ratio between net export of services (service trade balance) and GDP equal to 46.82% (average
of annual values 2005-2008, data from CIA factbook 2008).

Finally, the foreign real output level (Y*), the price of imported goods (p},) and the foreign demand
deposit level (D*) are calibrated to match international trade flows. The foreign real output level (Y*)
and the price of imported goods (p};) are calibrated to reproduce the share of goods exports and goods
import in GDP equal to 59.5% and 47.8% (average of annual values 2005-2008, data from CIA factbook
2008), respectively. We normalize the weights on imported foreign varieties in the production function in
the distribution sector (71) to unity. We then calibrate the weights on capital and labor (72) to make the
model replicate the share of the transport sector value added in GDP. The latter is adjusted to account for
the share of international transport services only in GDP, as in Ravn and Mazzenga (2004), giving a value
of 2.5% of GDP (average of annual values between 1995-2009, OECD-STAN data).

4.2 Steady state

We now discuss the steady state resulting from the calibration of LSM2. To start with, we can easily recover

the national accounting identity:

1-0p &4
¥ &

GDP; = p; [1 + %g (ft - )] Cy + pdi+

GCON; +INFR _INV; + NXq,
where net trade can be derived from the definition of the balance of payments:
NXy=F,—(1+i)Fo1+ [ =7 + TR} (11, +71)| wo 1 Hoy. (212)

The shares of consumption, investment and public expenditure in GDP turn out to be about 38.6%, 28.6%
and 15.9%, respectively, while net exports to GDP is about 16.9%. These values are fairly similar to the
actual ones for Luxembourg prior to the crisis period. For example, the corresponding shares for the year

2000 derived from national accounts data are, respectively, 40.9%, 23.1%, 15.1% and 20.9%.
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GDP can be also decomposed as

GDP, = (1+7p)wiHit+ (1 +7L) we Hay + 1 Ky—q + I+
itD (Mt — LtCt) +tM (1-0%) N*p}kwxi\/[,

where i (1,C; — m) represents the opportunity cost of holding money for transaction services. In this case,
the respective shares of wages, profits and returns on capital to GDP are about 51.6%, 18.7% and 29.3%.
According to national account data for the year 2000, the compensation of employees to GDP ratio was only
slightly lower, at 46.3%, while the operating surplus to GDP ratio was about 41.4%.

In terms of production factors, employment of resident workers is about 95% of the labour force, cor-
responding to an unemployment rate of about 5% to be compared with an actual value of 3.6% in 2000,
increasing afterwards, in particular due to the crisis (up to 7.8% in 2010). About 54% of the resident labour
force is employed in the banking sectors according to LSM2, which more generally correspond to the ser-
vices sectors of the economy, rather in line with the value of 48.6% of employment in the services sectors in
Luxembourg in 2000. The ratio of resident to non-resident employment is about 1.42, and the wages of the
non-resident workers are about 15% lower than those of the resident workers.

Finally, for the public sector, the deficit is very low (due to a comparable level of tax receipts and

expenditures) and the public debt is about 7% of GDP, in line with actual values before the crisis.

5 Reforms in the labour and product markets

In this section our aim is to compare the outcome of simulations performed with LSM2 and with LSM. As
LSM was mainly focused on the real economy, we replicate exercises targeting reforms in the real sector.
We start by assessing the consequences of two measures illustrating well the functioning of the model and
its policy relevance: an increase in the replacement rate and a decrease in the mark-up, associated with
liberalization in the product market.

For each of the mentioned policy measures, we focus on the effects on a set of aggregate key variables:
changes in wages of resident and non-resident workers, in employment of resident and non-resident workers,
in unemployment of resident workers, in the total wage bill for resident and non-resident workers, in overall
firms’ profits, in the private demand components (Consumption, Investment, Net exports), in gross domestic
product (GDP), in the government deficit, and in total factor productivity (TFP). We focus on the changes
in each variable with respect to its starting value, and use +, ++ and +++ to denote an increase in the range
of, respectively, 0-0.5%, 0.5-1% or larger than 1%. The symbols -, - -, and - - - have a similar interpretation
for negative changes. We report results on the impact effects of each shock (ly in the tables) and on the
subsequent effects due to propagation, up to 20 years after the shock. ®

We compare the policy effects with those obtained running similar experiments using LSM, in order to
assess whether the inclusion of the banking and re-export sectors changed substantially the model response

to real shocks.

8More detailed results and findings for other variables are available upon request.
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5.1 Higher replacement rate

We consider a permanent increase of 1% in the replacement rate and show how a measure targeted to
alleviate the impact of economic recession on workers may have unexpected effects in presence of imperfectly
competitive markets.

Looking at effects of our simulations, summarized in Table 1A, it turns out that, in addition to the
expected positive income effect for the unemployed, there is also a positive effect on the wage of workers that
are still employed. Due to the bargaining structure of the labour market, if the outside option for workers
improves, their wage also has to increase. However, higher wages decrease labour demand and lead to a
decrease in employment, with the latter effect dominating the former so that the total wage bill actually
decreases. In turn, this lowers consumption, which shrinks firm profits and investment, which further reduces
demand and gross domestic product (GDP). The only positive effect is on net trade, since lower consumption
decreases imports.” Moreover, the higher replacement rate combined with lower employment raises public
expenditures for unemployment benefits. Tax receipts decrease due to lower wages, profits and consumption.
And the combination of higher expenditures and lower receipts increases the government deficit. It also
determines cuts in government investment (infrastructure, but also research and development, education,
etc.), which translate into a negative impact on total factor productivity. These responses are very similar

to the same shock evaluated with LSM (see Table 1B).1°

5.2 Lower mark-up

We now assess the consequences of a 1% permanent decrease in the mark-up, a policy often considered capable
of improving consumer welfare. However, a lower mark-up may lower firm profits, constraining investment
and reducing employment. Hence, a-priori it is not clear whether the overall effects of a lower mark-up are
beneficial. The results of this simulation conducted with LSM2 are reported in Table 2A.

Lower prices increase real wages and therefore disposable income and consumption. Higher demand
stimulates production, but not enough to increase employment in the presence of higher wages. Hence,
employment decreases (and unemployment goes up), though the total wage bill increases thanks to the
higher real wages. Higher taxes receipts on income and profits improve the public deficit situation, and free
resources for public investment, which in turns has a positive effect on productivity. Hence, the overall effects
of enhanced competition in the product market are positive. The effects of this policy are again very similar
when evaluated with LSM, see Table 2B and Deak et al. (2011) for more details.!!

9Notice that the way net trade is defined is different in LSM2 and LSM. Hence, the result cannot be directly compared for
this variable.

10Responses to the shock (not reported, available upon request) are fairly homogenous across sectors, with increases in the real
wages that trigger decreases in employment for both resident and non resident workers, which are in turn generally associated

with lower levels of capital stocks.
11 The response to the shock is in this case heterogenous across sectors, due to the different market and cost structures. Starting

with the tradable and non tradable sectors, reduced mark-up translates into reduced prices, which in turn increases demand,
production, labour and capital demand, and real wages. For the domestic Banks the higher production in the other sectors
translates into more demand for working capital. Hence, these Banks increase their demand for labour and capital. Finally,

for the international Banks there are no changes in demand but their costs of production increase due to higher real wages and
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6 Shocks to the banking sectors

In this section we use LSM2 to assess the consequences of a variety of changes in the banking sectors. Our
first objective is to illustrate the general equilibrium properties of LSM2. To proceed, we consider a biased
growth driven by an increase in the productivity of the banking sector only. Under such circumstances, we
expect in general equilibrium that the advantaged sector will attract resources to grow. Hence a combination
of macroeconomic growth and reallocation of resources towards the sector fueling this growth. The second
objective is to assess the impact of economic policies and exogenous shocks to the banking sector, like decreases
in the supply of foreign deposits, increases in the monetary policy rate, increases in the international and
domestic banks reserves, and increases in the working capital requirements. The final objective is to assess
the robustness of the results to some changes in the structure of the banking sectors. In particular, we assess
the consequences of a different bargaining in the labour market between unions and banks, and of a lower
share of the banking sector in the economy.

For each shock, we focus first on the effects on a set of key variables at the sectoral level, including wages,
employment and total wage bill of resident and non-resident workers, capital, output in the case of the
production sectors, and deposits and interest rates for the banking sectors. Then we move at the aggregate
level and evaluate the effects on GDP and private demand components (Consumption, Investment, Net
exports), government deficit, capital stock and returns on capital, profits, unemployment, wages, employment
and total wage bill of resident and non-resident workers, total assets, and TFP.

As in the case of the product and labour market experiments, we focus on the changes in each variable
with respect to its starting value, and use +, ++ and +++ to denote an increase in the range of, respectively,
0-0.5%, 0.5-1% or larger than 1%. The symbols -, - -, and - - - have a similar interpretation for negative
changes. We report results on the impact effects of each shock (labeled as ly in the tables) and on the

subsequent effects due to propagation, up to 20 years after the shock. 2

6.1 General equilibrium properties of LSM2

We start with the productivity of the banking sector, and more generally of the services sector of an economy.
This experiment is justified by the uneven distribution of productivity gains across sectors, and fits well

3 As changes in the productivity in one sector will

the characteristics of an advanced services economy.
affect the other sectors in general equilibrium, this experiment helps understanding the general equilibrium
properties of the model. In the case of Luxembourg, however, there is an additional and more operational
justification to such simulation. The country has engaged an ambitious policy in terms of R&D spending in
the framework of the 2020 Agenda. Given that the country is already specialized in a cluster of activities
related to financial services, most of the results of this effort should fall on the services grouped here in the

international banking sector. This is exactly what the first part of this experiment reproduces: a differentiated

increase in productivity in favor of the financial services sector.

capital costs. Hence, they reduce their transformation, demand less labour and capital, and need less foreign deposits so that

the interest rate of them decreases.
12More detailed results and findings for other variables are available upon request.
13This contrasts with the traditional hypothesis that productivity gains are larger in industry.
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Interestingly, a positive change in one sector may be detrimental to another sector if resources are dis-
placed. These effects are traditional in any general equilibrium framework fitting full employment. Here, the
aggregate effects are uncertain, since more productive capital and labour could lower the required amounts of
these factors of production, possibly generating unemployment and a drop in investment in the absence of an
increase in aggregate demand. We proceed in two steps, starting with technical progress in the international
banking only, before comparing with the situation where productivity arises in the domestic banking sector.
We indeed expect different general equilibrium effects as one of the inputs of the international banking sectors
is foreign deposits.!*

Let us simply consider a permanent increase of 1% in the productivity of the international banks only,
whose effects are summarized in Table 3A at the sectoral level, and in Table 3B at the aggregate level.

The increase in productivity would bring to an increase in profits, which is not possible given perfect
competition. As it is relatively less costly to produce banking services, resources shift towards this sector.
Banks increase their output, therefore hiring more labour and renting more capital, and increasing the
demand of international deposits. Hence, there is an increase in the returns on capital, and in the interest
rate on international deposits. Concerning wages, the effects of workers’ displacement is uncertain. Qutside
the banking sector, employment decreases, as well as wages. But as a result of bargaining, wages decrease
less than expected, and employment decrease more. Thus, there are more workers to be re-employed in the
growing sector than under perfect competition on the labour market. Hence, in the banking sectors, the
unions are willing to accept an even lower real wage in exchange for a substantial increase in employment.

Therefore, overall in the international banking sector the increase in productivity determines more em-
ployment and more total wages, a minor decrease in per capita wages, more capital and a mild increase in
the aggregate return on capital, and higher international deposits and interest rate on them.

The increase in the rental and wage bill in the international banking sector requires higher working capital,
and hence the demand for credit from domestic banks increases. To match the increased demand, associated
with an increase in the related interest rate on domestic deposits, more capital and labour are needed in the
domestic banking sector. The former brings the rental cost of capital further up, the latter determines also
in this sector a minor decrease in the real wage, accompanied by a more relevant increase in employment and
in the total wage bill, for both resident and non resident workers.

In the tradable goods, non tradable goods and distributors sectors, the higher rental rate of capital
decreases investment and the capital stock. This in turn lowers the capital per worker and hence labour
productivity. There should therefore be a major decrease in the wage, but this effect is attenuated — as
already mentioned — by the bargaining between the unions and the firms. Since the decrease in wage is only
limited, firms react by shedding employment, with an overall noticeable effect on the total wage bill in all the
three sectors. Lower capital and labour lead to a decrease in output, and in turn this brings to lower profits.

Hence, an interesting story emerges. Indeed increases in productivity that are not homogeneous across

sectors determine substantial sectoral reallocations of capital and labour, and affect their relative compen-

14We have also considered the effects of higher productivity in both banking sectors. However, since the size of the international
sector is much higher than that of the domestic sector, the effects are very similar to those reported in the first part of this

subsection, and therefore we do not discuss them in detail.
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sation across sectors. However, changes in factor returns in the disadvantaged sector are contrasted, with
labour compensation losing less than expected due to bargaining, but labour demand adjusting more sharply.

The overall effects on the economy of higher productivity in the international banking sector are shown
in Table 3B. The increase in capital in the two banking sectors more than compensates the decrease in the
production sectors, so that at the aggregate level investment and capital increase, as well as the returns
on capital. For employment and the total wage bill a different story holds, as the per capita wage mildly
decreases as explained above. The decrease in total profits in the production sectors more than offsets the
higher wage bill, so that overall private consumption, and assets, decrease. Net exports instead increase,
mostly due to a decrease in the amount of imports. Overall, the effects on GDP are mildly positive.

In terms of fiscal balance, the deficit decreases. A look at the separate behaviour of expenses and receipts
reveals that the former decrease, mostly due to lower unemployment, and the latter as well, though to a lesser
extent. Lower receipts are due to the major decrease in profits and taxes on them, an effect that dominates
the higher payments coming from higher rental and wage bills.

Let us now consider the consequences of higher productivity in the domestic banking sector, starting with
the effects within this sector. Results are summarized in Tables 4A and 4B. As in the previous case, with
higher productivity profits would go up, which is not possible so that the banks should increase capital and
labour.

However, there is now no major increase in working capital needs in the other sectors, and so no request
for higher "production" in this domestic banking sector. Due to the higher productivity, the banks can keep
production fixed or mildly decrease it even if using smaller amounts of capital and labour.

Lower labour demand enters into the bargaining and lowers the total wage bill, which enter into the loss
function of the unions that ask for a small increase in the per capita wage as a compensation, also related to
the increased labour productivity. Since capital and labour are complement, capital demand also decreases.
Thus, overall the effects on the domestic banking sector of an increase in productivity within this sector
are rather negative, with both capital, labour and the total wage bill decreasing, for both resident and non
resident workers. The key for this result is the lack of more demand for the output of this sector. This also
implies that the interest rate (the cost of working capital) decreases a bit.

The lower cost of working capital is however beneficial for the production sectors. In both the traded,
non traded and distributors sectors there is an increase in demand for capital and labour, associated with
higher returns on capital and wages, and also higher total wages, profits and output.

The effect on the international banking sector are similarly positive, since this sector also uses the working
capital, However, overall the effects are rather small since the size of the domestic banking sector is limited.

At the aggregate level, from Table 4B, the effects are quantitatively limited but qualitatively positive,
except for a small decrease in employment in the medium-long run, which is however associated with higher
total wages. All the private demand component increase, as well as GDP, and the fiscal deficit is reduced
thanks to higher tax receipts on higher profits, and rental and wage bills. Hence, while also in this case there

are relevant sectorial differences, higher productivity is overall positive for the economy as a whole.
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6.2 Foreign deposits

We now turn to policy simulations and economic shocks affecting the new sectors in LSM. Firstly, a decrease
in the supply of foreign deposits can be used to mimic one of the consequences of the recent financial crisis,
where many banks and other investors brought large amounts of funds back home.

We consider the consequences of a permanent 1% exogenous decrease in D*, the foreign deposits used by
the international banks. The results are summarized in Tables 5A and 5B.

Starting with the effect in the international banking sector, as a reaction to lower deposits the banks want
to decrease also the other inputs, namely, capital and labour. Due to the firms-union bargaining, we end up
with a slight increase in real wages accompanied by a substantial decrease in employment. The capital stock
also diminishes substantially, and brings down the cost of capital. Overall the activity of this sector shrinks
substantially.

The lower cost of capital is however good news for the tradable, non tradable and distributors sectors,
who react by increasing the capital demand, and therefore also the labour demand, due to complementarity
across inputs. Hence, wages also increase, though mildly since the unions appreciate the increased labour
demand, and the overall total wage bill is higher for both resident and non resident workers. The output of
three sectors, and the profits, are higher across the entire simulation period. This outcome would be of course
different in the presence of other simultaneous shocks affecting directly these sectors, such as an increase of
their financing costs.

The wage and rental bills increase substantially in the traded, non traded and distributors sectors, but
not enough to offset the major drop in the international banking sector. This is evident from the aggregate
results in Table 5B. Hence, the overall demand for credit, associated with the working capital, shrinks, which
means that there is a contraction in the domestic banking sector. Actually, this sector experiences a drop
in the demand for both labour and capital, and a small reduction in the activity level, also associated with
slightly lower interest rates on deposits.

At the aggregate level, lower interest rates on deposits stimulate consumption even in the presence of a
small decrease in the total wage bill (again related to the dominant role of the international banking sector).
However, both investment and net exports decrease, as well as Gross Domestic Product. Profits increase,
due to the good performance in the sectors that operate under imperfect competition. This increases the tax
receipts, but not enough to compensate for the lower receipts associated with lower wage and rental bills.
Hence, the deficit deteriorates, which brings in automatic cuts in public expenditures, including productive

expenditures that in turn leads to a (limited) reduction in TFP.

6.3 Monetary policy

An increase in the central bank interest rate permits to assess at a disaggregate sectoral level the effects of
a change in monetary policy, enhancing the understanding of the aggregate effects. We consider the effects
of a tightening of monetary policy, specifically, a permanent 1% increase in the policy rate. The results are
summarized in Tables 6A and 6B.

The higher policy rate translates into a higher interest rate paid on the foreign (non euro area) deposits in
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the international banking sector. This increases the supply of funds, and therefore also increases the demand
for labour and capital. This is associated with an increase in the returns on capital, but with a decrease
in the per capita wages since, as explained above, the unions are willing to accept a small increase in the
per capita wage in exchange for a major increase in employment, thus maximizing the overall wage bill, for
both residents and non residents. Hence, overall the activity of the international banking sector expands
substantially.

In principle we should expect that a tightening of monetary policy should translate into lower output and
employment, but here there is an additional effect due to the presence of the international banking system.
If and only if Luxembourg offers a better remuneration to deposits, there is a marked increase in the activity
of the international banking system that more than compensates the contraction of the rest of the economy
as a result of the large size of this sector. Hence, the outcome of increases in interest rates in small very open
economies specialised in financial transformation can be very specific. However, the positive effects we find
can be a bit over-estimated since we do not distinguish between deposits from euro area and the rest of the
world.

The three production sectors of the economy, on the other hand, suffer. This is because higher interest
rates and higher demand for capital in the investment bank sector make investment more costly, and hence
the capital level shrinks. This causes a reduction in labour demand as well, accompanied by lower total wages
for both residents and non resident workers. Overall, the output in the all three sectors shrinks substantially.
This is a feature to be taken into consideration in the policy debate in highly specialized economies, in the
sense that under certain circumstances the development of the advantaged sector can be detrimental to the
other sectors.

The domestic banks face a lower demand for working capital by the production sectors, but a much higher
one from the international banking sector. At the same time, higher interest rates make it more convenient
to postpone consumption and increase savings, so that the supply of deposits increases, so much so that
the increased demand can be matched even in the presence of a lower interest rate on deposits paid by the
commercial banks. The capital stock and employment also increase in this sector, as well as the rental and
wage bills.

At the aggregate level, we get a mixed picture, see Table 6B. Total private consumption, as said, decreases
but investment and net exports increase, the latter due mostly to lower imports since production in the
intermediate sectors and consumption shrink, and higher export of financial services. Overall the effects on
GDP are positive. Both the capital stock and employment increase, as well as the total capital and wage
bills. However, profits are reduced, since the sectors in imperfect competition shrink. The effects on the fiscal
balance are positive, due to lower expenditures for unemployment subsidies and higher receipts on capital
and labour.

The aggregate results we have obtained are fairly different from the standard text-book analysis, which
would suggest lower aggregate investment and GDP as a consequence of a tighter monetary policy. The
difference is due to the dominant role in the Luxembourg economy of the international banking sector that
actually benefits from the higher policy rates. The results for the more traditional production sectors are

indeed in line with standard economic theory.

41



6.4 Banks reserves

We now consider the consequences of an increase in the bank reserves, which can originate either by regulation
or by the desire of the banks to be better prepared in case of emergency situations. We start with a 1% point
permanent increase in the reserves of the international banks, and then move to the same type of shock for
the domestic banks. The results are presented, respectively, in Tables TA, 7B and 8A, 8B.

Higher reserves for the international banks is equivalent to a drop in available funds to be used as input
in the "production" process. Since the production inputs are complementary, the banks also decrease their
demand of labour and capital, with subsequent negative effects on the returns on capital and on the total
wage bill.

The lower capital cost is good news for the production sectors, and they all react by increasing the demand
of capital, and as a consequence of labour. Hence, these sectors expand while the international banking sector
shrinks.

The domestic banks are mostly affected through the changes in the working capital, that are positive
for the production sectors, negative for the international banks, and overall negative. Lower working capital
needs therefore generate a decrease in the interest rate on deposits, but also in the demand for labour and
capital, with negative consequences similar to those in the international banking sector, though more limited.

At the aggregate level, see Table 7B, the higher returns on capital have a negative effect on investment,
but the lower interest rates on deposits stimulate consumption, notwithstanding a decrease in the total wage
bill and partly also thanks to higher profits (that we remind are redistributed to the consumers). The overall
effects are however quite negative, with higher unemployment and deficit, and lower GDP.

The effects of higher reserves for the domestic banks are also negative, but the transmission mechanism
is rather different, as we will now see. Starting from the domestic bank sector, Table 8A shows, at first sight
surprisingly, good results. Higher reserves means lower funds available for lending. However, the demand of
working capital by the production sectors and the international banks is basically unchanged. Hence, the
interest rate paid for the working capital increases substantially, as well as paid by the banks on deposits,
inducing consumers to increase the deposits they offer in order to match the increased needs. The higher
level of this "production" input requires to increase also the use of capital and labour, with positive effects
on employment and the total wage bill for both residents and non resident workers.

For the other sectors, there is no major credit crunch but a substantial increase in the financing costs, that
brings both the international banks and the producers in the traded, non traded and distribution sectors to
shrink both capital, and labour, and production. Hence, the results for these sectors in Table 8A are virtually
all minuses.

At the aggregate level, the positive effects on the commercial banks are nearly invisible, due to the overall
small size of this sector. The negative effects for the other sectors dominate, with negative consequences on

virtually all the aggregate variables reported in Table 8B.
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6.5 Working capital requirements

The last experiment we consider is a 1% permanent increase in the working capital, which mimics the general
increase in the liquidity needs of the firms experienced during the crisis. The results are reported in Tables
9A and 9B.

Starting this time from the production sectors, we see from Table 9A that the effects are very similar
across the traded, non traded and distribution sectors, and all negative. The firms in these sectors reduce
the demand for capital and labour, and in turn this has negative effects on the returns on capital and on real
wages, and of course on output.

The results for the international bank sector are very similar to those mentioned above, with a generalized
deterioration in all the variables.

The effects for the domestic banks are instead positive, since they can charge higher interests on the loans
to the firms, and can also pay higher interests on the deposits from consumers in order to match the increased
need of working capital. This also leads to higher demand for labour and capital, and to an increase in the
total wages for both resident and non resident workers.

At the aggregate level, see Table 9B, the negative consequences in the large international banking and
production sectors dominate, determining a generalized and prolonged deterioration in the economic condi-
tions. GDP and all the demand components decrease, as well as employment and the total wage bill, for
both the residents and the non resident workers. The fiscal position deteriorates substantially, due to lower

tax receipts on both profits and capital and income.

6.6 Robustness analysis

In this section we assess how robust are the results we have obtained to some changes in the structure of
the banking sector. First, we consider the monopoly union case, where unions act as a monopolist in the
labour market and maximize the total wage bill, taking the labour demand of the firms into account. This
corresponds to increasing to unity the bargaining power of the unions in the wage negotiations with the
banks. Second, we consider the opposite case, where the union power decreases. Finally, we consider a
different calibration of the model, such that the value added of the banking sector in steady state decreases
from about 53% to about 39%. We have repeated all the policy experiments discussed in this section for
each of the three different scenarios, but here for simplicity we will focus on the effects of an increase in the
productivity of the international banking sector, the first experiment we have considered. The results are
fairly representative of the consequences that the different scenarios have on the outcome of the other policy
changes.

Starting with the case of stronger union power in the banking sector, the results are reported in Tables 10a
at the disaggregate sectorial level, and 10b at the aggregate economy level. Comparing Tables 10a and 3a,
we see hardly any differences. However, a look at the numbers underlying the plus and minuses in the tables
(available upon request), reveals that there is a slightly lower decrease in the real wages in the international
banking sector, as a consequence of the stronger union power, and a slightly lower increase in employment,

coming from the reaction of the banks to the slightly worse conditions for them in the labour market in
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terms of higher wages. At the aggregate level, a comparison of Tables 10b and 3b reveals a similar pattern.
The overall effects of the higher productivity in the banking sector remain however positive, with slightly
higher GDP (after one year) and investment, notwithstanding the negative displacement effects in the other
(tradable and non tradable) sectors of the economy, where employment and wages decrease, as in the baseline
case, causing a slight decrease in aggregate consumption.

The effects of lower union power are symmetric, and more evident at the aggregate level. A comparison of
Tables 11b and 3b reveals that wages, both per capita and as total wage bill, are now slightly lower, and this
determines slight more employment (this effect is only visible from the detailed results, which are available
upon request).

Finally, the results for the case of a lower share of the banking sector in the value added are reported in
Tables 12a and 12b. A lower share of the banking sector implies that the positive effects in this sector coming
from higher productivity are lower, but the negative effects on the other sectors are also lower, so that the
aggregate effects are not obvious. A comparison of Tables 3b and 12b (and also 3a and 12a) suggests that
the effects are fairly similar in the two cases. An analysis of the actual figures confirms this finding, revealing
only a slight increase in aggregate GDP, investment and employment in the presence of a smaller banking
sector, but accompanied by slightly lower per capita wages and consumption.

Overall, this robustness analysis suggests that the qualitative results we have obtained as an outcome of
the policy experiments are fairly robust to modifications in the size of the banking sector, and to the working

of the labour market in this important sector of the Luxembourg economy.

7 Conclusions

In this paper we have developed a structural macroeconometric model for Luxembourg of the NOEM-DSGE
type characterized by the presence of the banking and distribution sectors, two key sectors for a small open
economy and to understand the consequences of the recent financial crises and some related policy responses.

The model, labeled LSM2 since it is an extension of the LSM model (Luxembourg Structural Model),
is characterized by a careful theory based specification of the economy, which is represented by households,
government, firms and unions, which interact in the product, labour, financial, banking, and distribution
markets.

A properly calibrated version of LSM2 provides useful qualitative insights on the expected consequences
of a variety of changes in economic policy, and can also be relevant to assess the effects and propagation of
several types of economic shocks. When the shocks or policies take place in the real sectors of the economy,
the responses are qualitatively similar to those obtained with LSM.

We have then used LSM2 to assess the consequences of a variety of changes in the banking sectors. We
have considered, in turn, increases in the productivity of the banking sector, decreases in the supply of foreign
deposits, increases in the monetary policy rate, increases in the international and domestic banks reserves,
and increases in the working capital requirements. These experiments shed light on the likely consequences,
both at the sectoral and at the aggregate level, of a variety of relevant changes in this dominant sector for

the Luxembourg economy.
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To conclude, while LSM2 includes a set of specific features of the Luxembourg economy, such as a dual
labour market combined with strong union power and the presence of a sizable financial sector, we believe

that its general structure can be of general interest for modeling small open economies.
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8 Appendix A: Derivation of the symmetric equilibrium of LSM2

In the following subsections first we specialize the analysis of the production sector and labour market to the
case of a CES production function, and then we summarize the equilibrium conditions for the various sectors
under the case of a CES production function. The equilibrium conditions are normalized by the exogenous
technological progress and by the cohort size, so that we express variables in efficiency terms. For the sake

of simplicity, we maintain the previous notation, but now variables are measured in efficiency units.

8.1 The nested CES case

For the sake of clarity, we do not distinguish between tradable and non-tradable goods in the intermediate

goods sector, but the same production function is assumed in both production processes

y = A{akA+(1—a)(Ah)A]%, (213)

2
> e (azhz)“] . (214)

with 3.0 = 1 — 3¢1. Note that A represents a labour-augmenting productivity parameter. We use this nested
CES specification since it clearly distinguishes the elasticity of substitution between aggregate labour and
capital, and that between the two types of labours. A few additional comments are in order. First, if A — 0

and k — 0, then both CES aggregators collapse to standard Cobb-Douglas forms:

Ak* (AR)' ™, (215)
h = (arhy)™ (aghe)™. (216)

In this case, it is evident that s¢; represents the share of labor income that accrues to type-j employment. In
general, these parameters remain strictly linked to the distribution of income across different types of workers.
Second, in (214) only relative labor productivity matters, i.e. ay/as. Finally, we allow for a (purely external)
effect of the stock of public infrastructure (INFR;) on the Total Factor Productivity, A. In particular, we
model A as:

A= (INFR,)” - EXOG - PROD, (217)

where 0 < w < 1, EXOG represents exogenous technical progress growing at a constant rate v, and PROD

the stochastic, persistent, but stationary component that drives the real business cycle. We assume that it is
log(PROD;) = plog(PROD;_1) + €41- (218)

where p € (0, 1) measures the persistence of productivity.
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Note that:

oy A AN
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It follows that the first order conditions of the firm can be written as:
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Recall that the elasticity of labour demand with respect to wages was:
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The production function for the transport services used in the importing sector is similar, but not identical:
M M AAATR
Yy =ma {a (E™)" + (1 —a) (AR™M) } ) (230)

where 74 is a constant productivity parameter. Also the detivation of the elasticity of labor demand is sligtly

different:
M MY Pa | 9yM
1 P — (1M Bt | B -
z 7h§/1 ﬂﬂ yM 2+ M _ (1+tM>@ 92yM B
w g™ \On L ™ | (@h1)?
—1
lp_ ™ M oy _
{[ WM (1) S At g A K}X . (231)

on™M h'
o i R -1

49



8.2 Households

The key equations for the Household sector of LSM2 are:

— A

Dy = &,Ct,
My = 1,Cy,
Ay = R Ay 1 +Hy — 2,C,
Hy=(1-7g) (i?Mt +Ht) +

(1—=7r) [wiHiy +w1e (1= Hig)l +0,Gr,
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1
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® &
8.3 Asset Stock

The key equations for the Asset Stock sector of LSM2 are:
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8.4 Intermediate goods sector
8.4.1 Non-tradable goods

The key equations for the non-tradable goods sector and associated labour market are (we drop the time

index for the sake of simplicity):

JNT = A [a(kNT)’\ +(1-a) (AhNT)A] b (247)

Wy, NT NT A Z/NT A hNT o
pl ) (o) =Nt (Y ) (r) )

yNT 1=x
w1+ i")r =pTad? (kNT) , (249)
bt yNT 1%“
oNT = N5 (Y) P, (250)
wT — @, ~NT ) ‘

oNT (1 + = %7 g”“) ZNT = (1 - 95T) (1+72) (148" (wlT —1w,), (251)
VT = <1 — i) pNTyNT o, (252)

where:

WNT = lz P (azhiVT)Kl ﬁ , (253)

-1

{1;\” (1-a) (AAZI;;)A—’—)\_H} s, (a;z%T)m+

k—1
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€, =
2

AN = pNTYNT — (14 7L) (1 + ") Y wlThYT, (255)

z=1
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Tradable goods
The key equations for the tradable goods sector and associated labour market are (we drop the time index

8.4.2
for the sake of simplicity):
T _ 4 T\A _ ARTY x 9
y =Alalk)M+(1 a)(h) , (256)
y 1—X\ hT 1—k
w(l+7r) (1 + 1ZJLZ'W) w!l =pT'(1 - a)(AA)’\%Zag (hT> (hT) ) (257)
w1+ r =pTad (kT> , (258)
p" =p" =p", (259)
H,T 1“
H p;u sy
P =N < v ) P (260)
F F e=u (sTy" g *
p= -y e () e (261)
- ~T
w, — W, T - ) _
07 (1 R T) W (1 — ef) (1+70) (L4 i) (wl —w.), (262)
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o
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z=1
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8.4.3 Distributors of imported intermediate goods

For the distributors we have (we drop the time index for the sake of simplicity):

where:
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8.5 Banking
8.5.1 Domestic banks

For the domestic banking sector we have (we drop the time index for the sake of simplicity):

DH =M —M=M-.C, (280)
2
F :'l/}KTK+¢LszHz; (281)
z=1
DT c 1 1-¢9B 1—aCB
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8.5.2 International banks

For the international banking sector we have:

JFBN 77T
DFB — <Z> D*, (294)
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8.6 Government
The key equations for the Government sector are:
By = RiBi1 + G — T,

Ty =71k [itFim1 + (re — pid) Kooy + 1 + i (M — u,Cy)] +

+(rtp +7L) (w1, H1t +wo e Hay) +

1-46 _
+rrwie (1 — Hiyg) + Tope [1+%f <§t T Dgé. lﬂ Ci+
t

+M (1 - 0") N*py ),
Gy = SUBS, + TRF, + G4,
SUBSy = w1, (1— Hyy),
TRF; = TR} (1 +71) wa Hay,
TR, = 0,G4,
INFR_INV; = 0,G4,
GCON, = (1 — 0, — 05) G,
INFR, = (1 —6;npr) INFR,_, + INFR_INV,,

T, — w1 (1 —Hyy)

Gy =9G_1 + (1 —09)dt - )
—TRt (TL + TL) wg,tHg’t

7

@] , = rep] GROSSINC;,
w} , = repyGROSSINC,

where:

GROSSINCt = wlytHLt + 117]1’25(1 — Hl,t) + 7"th,1 + Ht.

The last two equations determine unemployment benefits as a function of net income.

8.7 Aggregation
The aggregate variables are given by:
1 1 1qp
Y = NPH [@N (V) +(1-0)N (y")" + (1 - 0" )N* (1) ] ,

ON (pPNT)TF 4 (1 - ©) N (pH) ™7
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8.8 Numeraire

We set the numeraire as the price of the non-traded goods:

PN =1. (322)

8.9 Exogenous variables

The following variables are treated as exogenous in LSM:

Rt = 1+(1*7'K)Zt, (323)

v (7 )
1t =1+E; |ex — — 1| + &4, 324
=i |ow (7 oo t (324
A, = Ay (INFR,)® - PROD;, (325)
log(PROD,) = plog(PROD;_1) + £4t. (326)

8.10 Variables of particular interest

Finally, we develop the equations for some variables of interest. Let’s start with the accumulation equation
for wealth:

Ay = Ry Ayt +Hy — Z,C,. (327)

Substitute the definitions of A;, H;, and Z;:

Fy+ By +pwi Ky = Ry (Fy—1 + Bio1 +pr—1ve1 K1) +
(1 — TK) (ZtDMt + Ht) + (1 — TL) [wl’tHl,t + wl,t (1 — Hl,t)] + Qlét+

1-96 _
oo (o150

)} + (1 —7g)iPu | Cp (328)
Taking the the following no-arbitrage conditon into account:

|:(1 — TK) % + TK5K] Kt—l — It + Vth
R, ’

Pr—1Vi—1 K1 = py (329)

leads us to:

T
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The previous equation can be reorganized as:

Fi+B; =Ry (F1+ Bi—1) +

+wiHigp + w14 (1 — Hiyp) + 1K1 + 1 + 0, G+

1-6 _ . -
— Dy |:1+%£1 <£t — - Déél>:| Ct—I—ZtD (Mt —Ltct) —ptft+
t

Ti [ieFi—1 4 (re — ped) K1 + g +iP (My — uCy)] +

T (w1 Hyy + 01 (1 — Hi )]+ 7epCy {1 + 5 (ft - %%)}

Take now the definition of T} into account:

F,+B,=(1414)Fi_1+RB_1+

+ (1 +7r)wieHip + W14 (1 — Hig) +reKeoq + e + 0.Gy — Ti+

1—0p &,
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+tM (1 - ") N*piz + (11 + 71) wo ¢ Hy 4.
It’s time now to take the government budget constraint into account:

Fy—(4i) Fron = 1+ Tr) wigHye + reKon + i+
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1-60p& 1
¥ &
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This takes us to the national accounting identity:

1-0p &
14 &

GDP; = p, [1 + 5 (ft — )] Ci + peli+
GCON;+INFR _INV, + NX;,
where:
GDP, = (1+7p)wi e Hip+ (1 +7r) we Hoy + 17 Kyq + I+
il (M; — uCy) + tM (1 — ©*)N*pi,zM,

and:

NX; =CA, — NFP,,

where C' Ay, the current account surplus, and N F P;, the net factor income from abroad, are equal to:

OAt = Ft _Ft—lv
NFP, = F_1— [1 — 7L+ TRf (TL =+ %L)] w2,tH2’t.

Finally:
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To compute the factor shares, assume that indirect taxation is attributed proportionally to capital and

labor:

sNGDP; = (1 + %L) wy, Hy g + (1 + 7-L) wo 1 Hoy + SNtM (1 - @*) N*p?\/[.ﬁi\/l

This implies that:
(I4+7)wieHie+ (1 +7L) we Hay

GDP, —tM (1 — ©*) N*p% aM  ~

SN =

and consequently that: -
Tth_l -+ Ht + ZtD (Mt — Ltct)

" GDP,— M (1— 0 ) Nepi, oM

SK

(340)

(341)
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Focusing on intratemporal trade in goods (produced in the intermediate-good sector, but considered final

because either exported or imported):

IMPF = (1—-©*)N*(1+tM)p; 27,

EXPF = (1-0)Np{y +(1—0")Np" I y"r,
IMPE + EXPE

PEN, = ¢ ¢

0 ¢ GDP, ’
F

ToT, = Li.

D

As far as trade in financial services is concerned:

NXPP = (1-0"P)iDfP —if PDfP.
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9

Appendix B: LSM2 parameters and their calibrated value

As discussed in the main text, we can divide the LSM2 parameters into three groups according to the way

we set their values. Here we provide additional details for the parameters of each group.

9.1

Parameter values based on other papers in the literature or theoretical

considerations
[ : the subjective discount factor. We set this parameter to 0.995.

v : the parameter related to the elasticity of substitution between consumption and dwellings in the

utility function. We set the parameter in order to reproduce an elasticity of substitution equal to 1.5.

o : this parameter equals 1/0¢, where o¢ is the elasticity of intertemporal substitution. We assume

logarithmic preferences, i.e. we set the parameter equal to unity.

&, the elasticity of the international interest rate with respect to the national debt/GDP ratio. Following

Schmitt-Grohe and Uribe (2004), we set the parameter equal to 0.000742.

0k : the depreciation rate of physical capital. Following Backus, Henriksen, and Storesletten (2008),

we choose a value of 8.5%.

¢ : the elasticity of the adjustment cost with respect to the investment-capital ratio. Following Boldrin,

Christiano, and Fisher (2001), we set the parameter equal to 1 — 1/0.23.

Z; and Z5 : the scale and intercept parameters of the adjustment cost function. Their values are
2 =[py—(1—6x)]"° and Z5 = (1 —1/¢) [y — (1 — 6x)] to make the adjustment cost zero in the
steady state.

O : the share of non-traded domestic varieties. We set the parameter equal to 0.5.
N : the number of available domestic differentiated intermediate goods. We set the value equal to 2.

O* : the share of traded foreign varieties (the share of importable varieties into Luxembourg). We

choose a value equal to 0.5 for the sake of symmetry.

N* : the number of available foreign differentiated intermediate goods. We choose a value equal to 2,

again for the sake of symmetry.

p : the parameter capturing the increasing returns to variety. We assume no returns to variety in the

benchmark parametrization, and set the parameter equal to 1.

1 : the parameter related to the elasticity of substitution among intermediate goods. We set the

parameter to obtain an elasticity equal to 1.2.

Y : the fraction of the rental bill the firms must finance in advance. We follow Christiano, Motto and

Rostagno (2008, 2010) by setting its value to 0.92.
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e 1; : the fraction of the wage bill the firms must finance in advance. We follow Christiano, Motto and

Rostagno (2008, 2010) by setting its value to 0.92.
e ¢, : the fixed cost to enter the market of intermediate good j. We choose a small value equal to 0.00001.

e O, : the relative bargaining power of the union for type z workers in the tradable and non-tradeable

intermediate goods sectors. We choose a value equal to 0.35.

° Hﬁ/[ : the relative bargaining power of the union for type z workers in the distribution sector. We choose

a value equal to 0.27.

. 95 : the relative bargaining power of the union for type z workers in the domestic and international

banking systems. We choose a value equal to 0.65.
e P*: the foreign aggregate price level. Normalized to unity.

e 7, : the weights on imported foreign varieties in the production function of distributors of imported

intermediate goods. We normalize its value to unity.

e TRE : the percentage of total labour taxes on non-resident workers that is transferred back to non-

resident workers. We choose a value equal to 0.6.

e d;nFR : the depreciation rate of the stock of public infrastructure. The same reference as before suggests

a value of 4.15%.
e ¢ : the persistence of core government expenditure. We choose a value equal to 0.9.

e « : the relative weight of physical capital in the CES production function. This parameter is strictly
related to the capital share in output (actually, under a Cobb-Douglas specification, the two coincide).
We set the parameter equal to 0.36, a standard value. The implied capital share in production under

the benchmark parameterization lies around 39.2%.
e A : labour-augmenting productivity parameter. We normalize it to unity.
e a7 : the parameter augmenting type-1 labour in the labour CES aggregator. It is normalized to unity.
® a5 : the parameter augmenting type-2 labour in the labour CES aggregator. It is normalized to unity.

e r : the parameter related to the elasticity of substitution between the two labour types in the CES

labour aggregator. We set the value of the parameter in order to obtain an elasticity equal to 1.5.

e w : the parameter related to the elasticity of TFP with respect to public infrastructure. We choose a

value equal to 0.01.

e o“B : the relative weight of physical capital in the production function of the domestic bank. For

simplicity we set the parameter equal to the relative weight of physical capital in the manufacturing

sectors, i.e. 0.36.
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9.2

0B : the required reserves coefficient for the domestic bank. We follow Christiano, Motto and Rostagno

(2008, 2010) by setting its value to 0.02.

of'B : the parameter related to the elasticity of foreign demand deposits to the interest rate paid by

the international bank. We set its value to 1.5.

afB : the relative weight of physical capital in the production function of the international bank. For
simplicity we set the parameter equal to the relative weight of physical capital in the manufacturing

sectors, i.e. 0.36.

of'B : the required reserves coefficient for the domestic bank. We follow Christiano, Motto and Rostagno

(2008, 2010) by setting its value to 0.02.

p : the persistence of the stochastic, persistent, but stationary component of productivity. We set the

parameter equal to 0.95, a standard value in the literature.

Parameter values inferred from direct evidence on the value of the parame-

ter:

dp : the depreciation rate of durable goods. We average the BEA rates of depreciation for 'Durable

goods owned by consumers’ and set its value to 21.69%.

@ : the individual survival rate, i.e. at the individual level, one minus the probability of dying at the
end of the current period. Average life expectancy at birth in Luxembourg was 79.18 years in 2008

(CIA factbook): the survival rate that reproduces this outcome is 0.987.

Tk : the tax rate on profits and capital income. Because of data availability problems, the source
Tazation trends in the EU, 2008, does not report an estimate of the average effective tax rate on
capital. We take the average effective tax rate on corporate profits as a useful approximation, and set

the parameter equal to 29.6%.

T¢ : the tax rate on consumption (both durables and non-durables). We choose a value of 25.1%, taken
from Tazation trends in the EU, European Commission, 2008. Note that the tax base for consumption

tax includes non-durables consumption expenditure and the investment in durables.

F : The steady-state net foreign position relative to GDP. The average value of net foreign position
was 95% and 75% of GDP at the end of 2007 and 2008, respectively (according to the bulletin of the
Luxembourg Central Bank). Thus, we set the parameter to 0.85.

71, : the tax rate on labour related income, paid by the employee. We follow again Tazation trends in
the EU, 2008, and set the value to 20.1%. The figure has been obtained this way: the total average
effective tax rate on labour equals 29,6%, but only 67,9% of this amount is paid by the employee.

Hence, the average effective tax rate on labour paid by the employee becomes 20.1%.
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e 7 : the social contribution rate on labour related income, paid by the employer. Given the previous

9.3

result, we set the parameter to 9.5%.

n : the population growth rate. We set the parameter equal to 1.012, since the current population

growth rate in Luxembourg is 1.2% (data from CIA factbook, year 2008).

tf : the tariff on exported goods. As before, in 2007 88.2% of all exported goods were sold within
the EEA and were exempt from tariffs. The remaining share of exported goods were subject to a tariff
rate equal to 9%, which is the MA-OTRI in 2006 for the European Union. This is the ad-valorem
equivalent of all tariff and non-tariff barriers that a country faces as an exporter. Thus, the effective
tariff on exported goods is 1.062%, which is a weighted average of zero and 9%, where the weights are

the respective export shares.

tM : the tariff on imported intermediate goods. The Overall Trade Restrictiveness Index in 2006 for the
European Union equals 6.6%, as computed by the World Bank. This index is the ad-valorem equivalent
of all tariff and non-tariff barriers that a country imposes on foreign imports. However, in 2007 94.5% of
all imported goods originated from countries within the EEA and no tariff was applied in Luxembourg,.
Thus, the effective tariff on imported intermediate goods is 0.363%, which is a weighted average of zero

and 6.6%, where the weights are the respective import shares.

A : the parameter related to the elasticity of substitution between capital and labour in the CES
production function. Guarda (1997) estimates the elasticity to be 1.012 in the tradables sector. We set

the value of the parameter in order to obtain the elasticity equal to 1.012.

21 ¢ the share of type-1 labour in the labour CES aggregator. We choose a value equal to 0.6 to reflect
the fact that approximately 60% of the employed workforce is resident.

~ : the rate of exogenous long-run technological progress. We set this parameter equal to 0.6%, which
is the average TFP growth rate in Luxembourg over the 1995-2009 period, as reported in the Annual
Report of the Luxembourg Central Bank (2006, p. 54).

Parameter values calibrated so the model matches observed ratios in the
data:
¢ : the relative weight of durables consumption in the utility function. We calibrate the parameter in
order to reproduce the share of non durable goods consumption expenditure from the final consumption

expenditure of households equal to 0.884 (average annual share between 1995-2008). The implied value
of ¢ is 0.8634.

¢p : the relative weight of non durables consumption in the utility function. We normalize the weigths

to sum up to unity hence its value equals to 1 — ¢ — ¢, = 0.1341.

¢y : the relative weight of real money holdings kept for transaction services in the utility function. We

calibrate the parameter in order to reproduce the ratio between nominal consumption of non-durables
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and the currency stock in the households’ hands (the velocity of money) equal to 7 (average between

2006-2009, OECD data). The implied value of ¢,, is 0.0026.

m : the fixed individual endowment of money. We calibrate the parameter in order to reproduce the

interest rate on demand deposits i equal to 1.94% (OECD-STAN data). The implied value is 0.1788.

7 the constant and exogenous long-run interest rate if the country settles down to a net foreign position
equal to its steady-state value (interest rate risk premium is zero). We calibrate its value to match the
observed net foreign position at 85% of GDP in Luxembourg (represented by F'). The implied value
equals 2.074%.

REP1 : replacement ratio of unemployment benefit for domestic workers, expressed as a share of the
total gross income of employed domestic workers. We choose a value equal to 25.797% in order to

replicate a 5% unemployment rate of type-1 workers.

REP2 : replacement ratio of unemployment benefit for foreign workers, expressed as a share of the total
gross income of employed domestic workers. We choose a value equal to 18.716% in order to replicate

the ratio of type-1 to type-2 workers equal to 1.4238.

Y *: the foreign real output level. We calibrate it in order to reproduce the ratio between goods exports
and GDP equal to 59.5% (average of annual values 2005-2008, data from CIA factbook 2008). The
implied value is 0.4389.

phy: the foreign price level of imported intermediate goods. We calibrate its value in order to reproduce
the ratio between goods imports and GDP ratio equal to 47.8% (average of annual values 2005-2008,
data from CTA factbook 2008). The implied value is 0.4954.

07 : the share of transfers to resident households in core (government) expenditure. We set the parameter
equal to 42.557%, in order to make the model replicate the share of government transfers in total

government expenditure (data from OECD annual national accounts, years 2003-2007).

05 : the share of public investment in infrastructures in core (government) expenditure. We set the
parameter equal to 11.489%, in order to make the model replicate the share of government investment

in total government expenditure (data from OECD annual national accounts, years 2003-2007).

d"E : the parameter related to the long-run debt/GDP ratio. We calibrate the parameter in order to
reproduce the observed debt/GDP ratio of Luxembourg at 0.069. The implied value for the parameter
is 1.0008491.

2B and 2B : the sector specific productivity parameter of the domestic and the international banks.

We restrict the productivity to be the same across the two banks and calibrate their value jointly to
reproduce the observed ratio between interest rates on demand deposits and working capital equal to

2 (OECD-STAN data). The implied value is 55.9315.
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. ECB and EF B . the parameter related to the share of demand deposits in the production function of the
domestic and international banks. We restrict their values to be the same accross banks and jointly
calibrate them to reproduce the observed ratio between demand deposits to households and to firms

equals to 0.07 (OECD-STAN data). The implied value is 0.8958.

e D* : We calibrate its value to reproduce the observed ratio between service trade balance and GDP
equal to 46.82% (average of annual values 2005-2008, data from CIA factbook 2008). The implied value
is 412.153.

e 75 : the weight on capital and labor in the production function of imported intermediate goods distrib-
utors. We calibrate its value to make the model replicate the share of the transport sector value added
from GDP (corrected for the estimated share of transport services that are devoted to international
trade as in Ravn and Mazzenga (2004)) equal to 2.5% (average of annual values between 1995-2009,
OECD-STAN data). The implied value is 8.041.
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Table 1: Effects on selected variables of a 1% permanent increase in the replacement rate
A. Using LSM2

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP -- - - -- - -
Consumption -- - - - - - -
Investment - - - - - - -
Net exports +++ - — — — — —
Government deficit +++ +++ +++ +++ +++ +++ +++

Capital stock - - - - - - -
Returns on capital -- - - - - - -
Profits - - - - - - -
Unemployment +++ +++ +++ +++ +++ ++4+ +++
Employment, resident
Employment, non residen
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident -- - - - - - -
Total wages, non resident -- - - - - - -
Total assets + + + + + + +
Total Factor Productivity - - - - - - -

B. Using LSM

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP -- -- - - -- -
Consumption -- - - - - - —
Investment - - - - - - -
Net exports - - — — — - -
Government deficit +++ +++ +++ +++ +++ +++ +++

Capital stock - - - - - - -
Returns on capital - - - - - - -
Profits - - - - - - -
Unemployment +++ +++ +++ +++ +++ +++ 4+
Employment, resident -- - - - - - -
Employment, non residen -- - - - - - -
Wages, resident + + + + + + _
Wages, non resident + + + + + + R
Total wages, resident -- - - - - - -
Total wages, non resident -- - - - - - -
Total assets + + + + + + -
Total Factor Productivity - - - - - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 2: Effects on selected variables of a 1% permanent decrease in MARKUP

A. Using LSM2

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP + + + + + + +
Consumption ++ ++ ++ ++ ++ ++ ++
Investment + + + + + +
Net exports - + + + + +
Government deficit
Capital stock + + + + + + +
Returns on capital + + + + + + -
Profits ++ ++ ++ ++ ++ ++ ++
Unemployment +++ +++ +++ +++ +++ +++ +++
Employment, resident - -
Employment, non resident - - - - - - R
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Total assets - - - - ; R _
Total Factor Productivity + + + + + + +

B. Using LSM
Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP + + + + + + +
Consumption ++ ++ ++ ++ ++ ++ ++
Investment + + + + + + +
Net exports ++ ++ ++ ++ ++ + +
Government deficit
Capital stock + + + + + + ++
Returns on capital + + + - - - -
Profits ++ ++ ++ ++ ++ ++ ++
Unemployment + ++ ++ +++ +++ +++ ++4+
Employment, resident - -
Employment, non resident - - - - - - -
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Total assets - - - - - - +
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
-, --,and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.

with respect to the initial value.



Table 3a. Disaggregate effects of a 1% increase in FB productivity

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank

Foreign demand deposits +++ +++ +++ +++ +++ +++ +++
Interest on foreign demand deposits +++ +++ +++ +++ +++ +++ +++
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident 4+ 4+ +++ +++ 4+ 4+ 4+
Employment, non resident +++ +++ +++ +++ +++ +++ +++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -

Total wages, resident 4+ 4+ 4+ 4+ 4+ 4+ 4+
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++

Domestic Bank

Total demand deposits + + + + + + ++
Interest on demand deposits + + + + + + +
Net interest rate on working capital + + + + + + +
Capital stock + + + + + + +
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident + + + + + + ++
Total wages, non resident + + + + + + ++
Value added (GDP %) + + + + + +

Non traded
Output -—- - - - - - -
Capital stock — - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %) — - — — - - -

Traded
Output -—- - - - - - -
Capital stock — - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %) — - — — - - -

Distributors
Output -—- - - - - - -
Imported foreign varieties — — - — - - —
Capital stock - - - - - - -
Employment, resident - - - — - - -
Employment, non resident - - - - - - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - - — - - .
Total wages, non resident - - - - - - -
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 3b. Aggregate effects of a 1% increase in FB productivity

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP + + + + + + +
Consumption - - - - - - -
Investment + + + + + + +
Net exports --- + + + ++ ++ ++
Government deficit - -
Capital stock + + + + + + +
Returns on capital + + + + + + +
Profits - --- --- - - - -
Unemployment — -
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident + + + + + ++ ++
Total wages, non resident + + + + + + ++
Total assets - - - - - - -
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
with respect to the initial value. -, - -, and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 4a. Disaggregate effects of a 1% increase in CB productivity

Horizon in years after the shock

Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank
Foreign demand deposits + + + + + + +
Interest on foreign demand deposits + + + + + + +
Capital stock + + + + + + +
Employment, resident + + + + + + +
Employment, non resident + + + + + + +
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Value added (GDP %) + + + + + + +

Domestic Bank
Total demand deposits - - - - - - -
Interest on demand deposits - - - - - - -
Net interest rate on working capital -— — — - — - -
Capital stock - - - - - . .
Employment, resident - - - — - - -
Employment, non resident - - - - - - -
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident - - - — - - .
Total wages, non resident - - - - - - -
Value added (GDP %) — - — — - - -
Non traded
Output + + + + + + +
Capital stock + + + + + + +
Employment, resident + + + + + + +
Employment, non resident + + + + + + +
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Profits + + + + + + +
Value added (GDP %) + + + + + + +
Traded
Output + + + + + + +
Capital stock + + + + + + +
Employment, resident + + + + + + +
Employment, non resident + + + + + + +
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Profits + + + + + + +
Value added (GDP %) + + + + + + +
Distributors

Output + + + + + + +
Imported foreign varieties + + + + + + +
Capital stock + + + + + + +
Employment, resident + + + + + + +
Employment, non resident + + + + + + +
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident + + + + + + +
Total wages, non resident + + + + + + +
Profits + + + + + + +
Value added (GDP %) + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 4b. Aggregate effects of a 1% increase in CB productivity

Aggregate

1y

2y

Horizon in years after the shock

3y

4y

S5y

10y

20y

GDP

Consumption

Investment

Net exports

Government deficit
Capital stock

Returns on capital

Profits

Unemployment
Employment, resident
Employment, non resident
Wages, resident

Wages, non resident
Total wages, resident
Total wages, non resident
Total assets

Total Factor Productivity

+ + + +

o+ o+ o+ +

+ + + + 4+

o+ o+ o+ + o+ + o+ o+

+ + 4+ + o+

b+ + + +

+ + + +

+ + + +

+ + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%

with respect to the initial value.

-, --,and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 5a. Disaggregate effects of a 1% decrease in D*

Horizon in years after the shock

Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank
Foreign demand deposits --- - - — - - -
Interest on foreign demand deposits - - - - - - -
Capital stock - - - - - - .
Employment, resident - - - - - - -
Employment, non resident - - — — - - .
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident - - - - . . .
Total wages, non resident - - - - - - .
Value added (GDP %) - - - - - - -

Domestic Bank
Total demand deposits - - - - - - -
Interest on demand deposits - - - - - - -
Net interest rate on working capital - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - - - - _
Employment, non resident - - - - - - -
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident - - - - - - _
Total wages, non resident
Value added (GDP %)
Non traded
Output +++ +++ +++ +++ +++ +++ +++
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident 4+ 4+ +++ +++ +++ 4+ 4+
Employment, non resident +++ +++ +++ +++ +++ +++ +++
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident 4+ +++ +++ +++ +++ +++ 4+
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Profits ++ +++ +++ +++ +++ +++ 4+
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++
Traded
Output ++ ++ ++ ++ ++ ++ ++
Capital stock +++ +++ +++ +++ +++ ++ ++
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident ++ ++ ++ ++ ++ ++ ++
Total wages, non resident ++ ++ ++ ++ ++ ++ ++
Profits ++ ++ ++ ++ ++ ++ ++
Value added (GDP %) ++ ++ ++ ++ ++ ++ ++
Distributors

Output ++ ++ ++ ++ ++ ++ ++
Imported foreign varieties ++ ++ ++ ++ ++ ++ ++
Capital stock +++ +++ +++ +++ +++ ++ ++
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident ++ ++ ++ ++ ++ ++ ++
Total wages, non resident ++ ++ ++ ++ ++ ++ ++
Profits ++ ++ ++ ++ ++ ++ ++
Value added (GDP %) ++ ++ ++ ++ ++ ++ ++

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 5b. Aggregate effects of a 1% decrease in D*

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP - - - - - - -
Consumption + + + + + + +
Investment - - - - - - -
Net exports +++ - - - - - -
Government deficit +++ +++ +++ +++ +++ +++ +++
Capital stock - - - - - - -
Returns on capital - - - - - - -
Profits ++ ++ ++ ++ ++ ++ ++
Unemployment +++ +++ +++ +++ +++ +++ +++
Employment, resident - - - - - - -
Employment, non resident - - - - - - -
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - -
Total assets + + + + + + +

Total Factor Productivity

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%

with respect to the initial value.

-, --,and - - - indicate, respectively, a decrease in the

range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 6a. Disaggregate effects of a 1% increase in interest rate

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank

Foreign demand deposits +++ +++ +++ +++ +++ +++ +++
Interest on foreign demand deposits +++ +++ +++ +++ +++ +++ +++
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident 4+ 4+ +++ +++ 4+ 4+ 4+
Employment, non resident +++ +++ +++ +++ +++ +++ +++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident +++ +++ +++ +++ 4+ 4+ 4+
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Value added (GDP %)

Domestic Bank

Total demand deposits ++ ++ ++ ++ ++ ++ ++
Interest on demand deposits - - - + + + +
Net interest rate on working capital - - - - - + +
Capital stock + + + + + + +
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident ++ ++ ++ ++ ++ ++ ++
Total wages, non resident ++ ++ ++ ++ ++ ++ ++
Value added (GDP %)

Non traded
Output -—- - - - - - -
Capital stock — - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %)

Traded
Output -—- - - - - - -
Capital stock — - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %)

Distributors
Output -—- - - - - - -
Imported foreign varieties — — - — - - —
Capital stock - - - - - - .
Employment, resident - - - — - - -
Employment, non resident - - - - - - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - - — - - .
Total wages, non resident - - - - - - .
Profits
Value added (GDP %) . - - — - - .

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 6b. Aggregate effects of a 1% increase in interest rate

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP + + + + + + +
Consumption -- - -- - - - -
Investment + + + + + + +
Net exports --- +++ +++ +++ +++ +++ +++
Government deficit - - - — —
Capital stock + + + + + + +
Returns on capital ++ ++ ++ ++ ++ + +
Profits - --- --- --- - --- ---
Unemployment — — - — —
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -

Total wages, resident ++ ++ ++ ++ ++ ++ ++
Total wages, non resident ++ ++ ++ ++ ++ ++ ++
Total assets + + + + + + +
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
with respect to the initial value. -, - -, and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 7a. Disaggregate effects of a 1% point increase in FB reserves

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank
Foreign demand deposits --- - - - — - -
Interest on foreign demand deposits --- - - - - - -
Capital stock — - — - - - -
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident ++ ++ ++ ++ ++ + +
Wages, non resident ++ ++ ++ ++ ++ + +
Total wages, resident - - - - - - .
Total wages, non resident - - - — - - -
Value added (GDP %) . — — — - o .

Domestic Bank
Total demand deposits — - - — - — -
Interest on demand deposits - - - - - - -
Net interest rate on working capital - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - — - - -
Employment, non resident - - - - - - -
Wages, resident ++ ++ ++ ++ ++ + +
Wages, non resident ++ ++ ++ ++ ++ + +
Total wages, resident - - - — - - .
Total wages, non resident - - - - - - -
Value added (GDP %) — - — — - - o

Non traded

Output +++ +++ +++ +++ +++ +++ +++
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident 4+ 4+ 4+ 4+ +++ +++ +++
Employment, non resident +++ +++ +++ +++ +++ +++ +++
Wages, resident ++ ++ ++ ++ ++ + +

Wages, non resident ++ ++ ++ ++ ++ + +

Total wages, resident 4+ 4+ 4+ 4+ +++ +++ +++
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Profits ++ 4 4+ 4+ +++ +++ +++
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++

Traded

Output +++ +++ +++ +++ +++ +++ +++
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident 4+ 4+ 4+ 4+ +++ +++ +++
Employment, non resident +++ +++ +++ +++ +++ +++ +++
Wages, resident ++ ++ ++ ++ ++ + +

Wages, non resident ++ ++ ++ ++ ++ + +

Total wages, resident 4+ 4+ 4+ 4+ +++ +++ +++
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Profits ++ 4 4+ 4+ +++ +++ +++
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++

Distributors

Output +++ +++ +++ +++ +++ +++ +++
Imported foreign varieties +++ +++ +++ +++ +++ +++ +++
Capital stock 4+ 4+ 4+ ++ +++ +++ +++
Employment, resident +++ +++ +++ +++ +++ +++ +++
Employment, non resident +++ +++ 4+ 4+ +++ +++ +++
Wages, resident ++ ++ ++ ++ ++ + +

Wages, non resident ++ ++ ++ ++ ++ + +

Total wages, resident +++ +++ +++ +++ +++ +++ +++
Total wages, non resident +++ 4+ 4+ 4+ +++ +++ +++
Profits +++ +++ +++ +++ +++ +++ +++
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 7b. Aggregate effects of a 1% point increase in FB reserves

Horizon in years after the shock

Aggregate 1y 2y 3y 4y Sy 10y 20y
GDP - - - - - - -
Consumption ++ ++ ++ ++ ++ ++ ++
Investment -- -- -- - - - —
Net exports +++ - - — — — —
Government deficit +++ +++ +++ +++ +++ +++ +++

Capital stock - - - - - - -
Returns on capital -—- -—- - - - -
Profits +++ +++ +++ +++ +++ +++ +++
Unemployment +++ +++ +++ +++ +++ +++ +++
Employment, resident - - - - —
Employment, non resident - - — — —
Wages, resident + + + + + + +
Wages, non resident + + + + + + +
Total wages, resident - - . —
Total wages, non resident - - — — .
Total assets + + + + + + +
Total Factor Productivity - - - - - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
with respect to the initial value. -, - -, and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 8a. Disaggregate effects of a 1% point increase in CB reserves

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank
Foreign demand deposits - - - - - - -
Interest on foreign demand deposits - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Value added (GDP %) - - - - - - -

Domestic Bank

Total demand deposits ++ ++ ++ ++ ++ ++ ++
Interest on demand deposits +++ +++ +++ +++ +++ +++ +++
Net interest rate on working capital +++ +++ +++ +++ +++ +++ +++
Capital stock 4+ 4 4+ 4+ 4+ 4+ 4+
Employment, resident +++ +++ +++ +++ +++ +++ +++
Employment, non resident 4+ +H+ 4+ 4+ 4+ 4+ 4+

Wages, resident - - - - - - _
Wages, non resident - - - - - - -

Total wages, resident +++ +++ +++ +++ +++ +++ +++

Total wages, non resident 4+ ++ 4+ ++ +++ 4+ 4+

Value added (GDP %) +++ +++ +++ +++ +++ +++ +++
Non traded

Output - - - - - - -

Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Traded
Output - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Distributors
Output - - - - - - -
Imported foreign varieties - - - - - - _
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - - - - - _
Total wages, non resident - - - - - - -
Profits - - - - - - -
Value added (GDP %) + + + + + + -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 8b. Aggregate effects of a 1% point increase in CB reserves

Horizon in years after the shock

Aggregate 1y 2y 3y 4y Sy 10y 20y
GDP - - - - - - -
Consumption - - - - - - -
Investment - - - - - - -
Net exports +++ - - - - - -
Government deficit +++ +++ +++ +++ +++ +++ +++

Capital stock - - - - - - -
Returns on capital - - - - - - -
Profits - - - - - - -
Unemployment + + + + + + +
Employment, resident - - - - - - -
Employment, non resident - - - - - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - _
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - -
Total assets + + + + + + +
Total Factor Productivity - - - - - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
with respect to the initial value. -, - -, and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 9a. Disaggregate effects of a 1% increase in working capital

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y Sy 10y 20y

International Bank
Foreign demand deposits - - - - - - -
Interest on foreign demand deposits - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Value added (GDP %) - - - - - - -

Domestic Bank

Total demand deposits ++ ++ ++ ++ ++ ++ ++
Interest on demand deposits ++ ++ ++ ++ ++ ++ ++
Net interest rate on working capital + + + + + + +

Capital stock ++ ++ ++ ++ ++ ++ ++
Employment, resident ++ ++ ++ ++ ++ ++ +++
Employment, non resident ++ ++ ++ ++ ++ ++ +++

Wages, resident - - - - - - _
Wages, non resident - - - - - - -

Total wages, resident ++ ++ ++ ++ ++ ++ ++

Total wages, non resident ++ ++ ++ ++ ++ ++ ++

Value added (GDP %) ++ ++ ++ ++ ++ ++ ++
Non traded

Output - - - - - - -

Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Traded
Output - - - - - - -
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - _
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - - - - _
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Distributors
Output - - - - - - -
Imported foreign varieties - - - - - - _
Capital stock - - - - - - -
Employment, resident - - - - - - -
Employment, non resident - - - - - - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - - - - - _
Total wages, non resident - - - - - - -
Profits - - - - - - -
Value added (GDP %) - - - - - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect tc
the initial value. -, --, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 9b. Aggregate effects of a 1% increase in working capital

Aggregate

1y

2y

Horizon in years after the shock

3y

4y

S5y

10y

20y

GDP

Consumption

Investment

Net exports

Government deficit
Capital stock

Returns on capital

Profits

Unemployment
Employment, resident
Employment, non resident
Wages, resident

Wages, non resident
Total wages, resident
Total wages, non resident
Total assets

Total Factor Productivity

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%

with respect to the initial value.

-, --,and - - - indicate, respectively, a decrease in the

range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 10a. Disaggregate effects of a 1% increase in FB productivity - Different bargaining

Horizon in years after the shock

Sector / Variable 1y 2y 3y 4y 5y 10y 20y

International Bank
Foreign demand deposits +++ +++ +++ +++ +++ +++ +++
Interest on foreign demand deposits +H+ +++ +++ +H+ 4 4+ 4+
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident +++ +++ +++ +++ +++ +++ +++
Employment, non resident +++ +++ +++ +++ +++ +++ +++
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident +++ +++ +++ +++ +++ +++ +++
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Value added (GDP %) +++ 4+ +++ +++ +++ +++ +++

Domestic Bank

Total demand deposits + + + + + + ++
Interest on demand deposits + + + + + +
Net interest rate on working capital + + + + + +
Capital stock + + + + + +
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident - - - - -
Wages, non resident - - - - - - -
Total wages, resident + + + + + ++ ++
Total wages, non resident + + + + + ++ ++
Value added (GDP %) + + + + + + +

Non traded
Output
Capital stock
Employment, resident
Employment, non resident
Wages, resident
Wages, non resident
Total wages, resident
Total wages, non resident
Profits
Value added (GDP %)

Traded
Output
Capital stock
Employment, resident
Employment, non resident
Wages, resident
Wages, non resident
Total wages, resident
Total wages, non resident
Profits
Value added (GDP %)

Distributors
Output
Imported foreign varieties
Capital stock
Employment, resident
Employment, non resident
Wages, resident
Wages, non resident
Total wages, resident
Total wages, non resident
Profits
Value added (GDP %)

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%

with respect to the initial value.



Table 10b. Aggregate effects of a 1% increase in FB productivity - different bargaining

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP - + + + + + +
Consumption - - - - - - -
Investment + + + + + + +
Net exports - + + + + + ++
Government deficit
Capital stock + + + + + + +
Returns on capital + + + + + + +
Profits --- --- --- --- --- - ---
Unemployment
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident - - - - - -
Wages, non resident - - - - - -
Total wages, resident + + + + + ++ ++
Total wages, non resident + + + + + ++ ++
Total assets - - - - - - -
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1%
with respect to the initial value. -, --, and - - - indicate, respectively, a decrease in the
range -0.5 - 0%, -1 -0.5% or smaller than -1% with respect to the initial value.



Table 11a. Disaggregate effects of a 1% increase in FB productivity - Lower union power

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y 5y 10y 20y

International Bank

Foreign demand deposits e+ i+ +++ +++ 4+ ++ +++
Interest on foreign demand deposits +H+ +H+ +++ +++ 4+ ++ 4+
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident +++ +++ +++ +++ +++ +++ +++
Employment, non resident +++ +++ +++ +++ +++ +++ +++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -

Total wages, resident +++ +++ +++ +++ +++ +++ +++
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
Value added (GDP %) +++ +++ +++ +++ +++ +++ +++

Domestic Bank

Total demand deposits + + + + + + ++
Interest on demand deposits + + + + + + +
Net interest rate on working capital + + + + + + +
Capital stock + + + + + + +
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident + + + + + + ++
Total wages, non resident + + + + + + ++
Value added (GDP %) + + + + + +

Non traded
Output - - - - - - -
Capital stock - - — — - -
Employment, resident - - - - - - -
Employment, non resident - - - - — - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident — - - - — - -
Profits - - - - - - -
Value added (GDP %) - - - — — —

Traded
Output - - - - - - -
Capital stock - - — — - -
Employment, resident - - - - - - -
Employment, non resident - - - - — - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident — - - - — - -
Profits - - - - - - -
Value added (GDP %) - - — - - o

Distributors
Output - - - - - - -
Imported foreign varieties - - - - - -
Capital stock - - - - — - .
Employment, resident - - - - - - -
Employment, non resident - --- - - - - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - - — - - .
Total wages, non resident - --- - - - - -
Profits - - — - - .
Value added (GDP %) - - — - - -

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 11b. Aggregate effects of a 1% increase in FB productivity - lower union power

Horizon in years after the shock

Aggregate 1y 2y 3y 4y 5y 10y 20y
GDP + + + + + + +
Consumption - - - - - - _
Investment + + + + + + +
Net exports - ++ ++ ++ ++ ++ ++
Government deficit - - - — — — —
Capital stock + + + + + + +
Returns on capital + + + + + + +
Profits --- - --- --- --- --- ---
Unemployment --- - - - - - -
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -

Total wages, resident + + + + + ++
Total wages, non resident + + + + + ++
Total assets - - - - - - -
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 12a. Disaggregate effects of a 1% increase in FB productivity - Lower share of banks in VA

Horizon in years after the shock
Sector / Variable 1y 2y 3y 4y 5y 10y 20y

International Bank

Foreign demand deposits i+ +++ +++ e+ ++ +++ +++
Interest on foreign demand deposits +H+ +++ +++ +H+ 4 4+ 4+
Capital stock +++ +++ +++ +++ +++ +++ +++
Employment, resident +++ +++ +++ +++ +++ +++ +++
Employment, non resident +++ +++ +++ +++ +++ +++ +++

Wages, resident - - - - - - -
Wages, non resident - - - - - - -

Total wages, resident +++ +++ +++ +++ +++ +++ +++
Total wages, non resident +++ +++ +++ +++ +++ +++ +++
4 +H+ +4+ 4+ 4 4+ 4+

Domestic Bank

Total demand deposits ++ ++ ++ ++ ++ ++ ++
Interest on demand deposits + + + + + + +
Net interest rate on working capital + + + + + + +
Capital stock + + + + + + +
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++

Wages, resident - - - - - - _
Wages, non resident - - - - - - -

Total wages, resident ++ ++ ++ ++ ++ ++ ++

Total wages, non resident ++ ++ ++ ++ ++ ++ ++

Value added (GDP %) ++ ++ ++ ++ ++ ++ ++
Non traded

Output - - - - - - -

Capital stock --- - - J— - — -
Employment, resident - - — - — - —
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident --- - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %) - - - - — — —

Traded
Output - - - - - - -
Capital stock - - - — - - .
Employment, resident - - - - - - -
Employment, non resident - - - — - - -
Wages, resident - - - - - - -
Wages, non resident - - - - - - -
Total wages, resident - - - - - - -
Total wages, non resident - - - — - - -
Profits - - - - - - -
Value added (GDP %) - - — - - — -

Distributors
Output - - - - - - -
Imported foreign varieties - - — - - — -
Capital stock - - - — - - .
Employment, resident - - - - - - .
Employment, non resident - - - - — - -
Wages, resident - - - - - - _
Wages, non resident - - - - - - -
Total wages, resident - - — - - - .
Total wages, non resident - - - - - - -
Profits - — — - - - .
Value added (GDP %) - - — - - — o

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.



Table 12b. Aggregate effects of a 1% increase in FB productivity - lower share of banks in VA

Horizon in years after the shock

Aggregate 1y 2y 3y 4y Sy 10y 20y
GDP + + + + + + +
Consumption - - - - - - -
Investment + + + + ++ ++ ++
Net exports ++ ++ ++ ++ ++ ++ ++
Government deficit
Capital stock + + + + + ++ ++
Returns on capital ++ + + + + + +
Profits --- --- --- --- --- --- ---
Unemployment
Employment, resident ++ ++ ++ ++ ++ ++ ++
Employment, non resident ++ ++ ++ ++ ++ ++ ++
Wages, resident - - - - - + +
Wages, non resident - - - - - + +
Total wages, resident ++ ++ ++ ++ ++ ++ ++
Total wages, non resident ++ ++ ++ ++ ++ ++ ++
Total assets - - - - - - -
Total Factor Productivity + + + + + + +

Note: +, ++, and +++ indicate, respectively, an increase in the range 0-0.5%, 0.5-1% or larger than 1% with respect to
the initial value. -, - -, and - - - indicate, respectively, a decrease in the range -0.5 - 0%, -1 -0.5% or smaller than -1%
with respect to the initial value.








