




Yt =
h
!

1
� Y

� � 1
�

H;t + (1 � !̂ )
1
� (YF;t )

� � 1
�

i �
� � 1

; (41)

where

(1 � !̂ ) = (1 � ! )(1 � � )� � 1:

Higher transportation costs � , or an increase in the elasticity of substitu-
tion � decreases the value of(1 � !̂ ), and raises the home bias in the economy.
The demand functions for individual retail goods are given by

YH;t (h) =
�

PH;t (h)
PH;t

� � " p

YH;t ; for all h 2 [0; 1]; (42)

and

YF;t (f ) =
�

PF;t (f )
PF;t

� � " p

YF;t ; for all f 2 [n; 1];

where

P1� " p
H;t =

1
n

Z n

0
P1� " p

H;t (h) dh: (43)

and

P1� " p
F;t =

1
1 � n

Z 1

n
P1� " p

F;t (f ) df: (44)

A.3.2 Capital Producers

At the end of each period, capital producers buy capital from intermediate
goods producers, and the …nal good in order to produce more capital. The
value of a new unit of capital isQt ; which as we show below equals the price of
loans. Capital accumulation dynamics are given by the following expression:

K t = (1 � � ) VtK t � 1 +
�
1 � �

�
I t

I t � 1

��
I t : (45)

where � denotes the rate of depreciation and the adjustment cost function,
� ( :), is an increasing and convex function as in Smets and Wouters (2003).
Furthermore, in the steady state, � = �� = 0 and �

00
> 0: Speci…cally, we

use the following function:

�
�

I t

I t � 1

�
=

 
2

�
I t

I t � 1

� 2
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The capital accumulation expression also includes a capital quality shock (Vt)
that evolves as:

log(Vt) = �v log(Vt�1) + "vt :

Pro�t maximization delivers the following expression

1�Qt

�
1� �

�
It
It�1

�
� It
It�1

��

�
It
It�1

��
(46)

= �Et�t;t+1Qt+1

"
�0
�
It+1
It

��
It+1
It

�2#
:

A.3.3 Intermediate Goods Producers

In each country, there is a continuum of intermediate goods producers, each
producing a homogeneous good that is sold to retailers for di¤erentiation.
Intermediate goods producers purchase capital from capital producers, and
need to borrow an amount St to purchase an amount of capital Kt. There
are no �nancial frictions in the relationship between retail �rms and domestic
�nancial intermediaries. Therefore:

QtKt = QtSt

The production function of intermediate goods in the home country is
given by

Y M
t = (AtXtNt)

1�� (VtKt�1)
� ; (47)

where � is the share of capital in the production function. The above pro-
duction function has two technology shocks and the capital quality shock
introduced above (Vt). The �rst technology shock, Xt; is a world technology
shock, that a¤ects the two countries the same way: it has a unit root in logs,
as in Galí and Rabanal (2005), Lubik and Schorfheide (2006), and Rabanal
and Tuesta (2010). In addition, there is a labor-augmenting country-speci�c
technology shock, At; that evolves as an AR(1) process. The evolution of the
technology shocks is:

log (Xt) = log (Xt�1) + "xt ;

log(At) = �a log(At�1) + "at :
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Let PMt denote the (real) price of the intermediate good (normalized by the
�nal good price Pt). Then, the labor demand is given by:

PMt (1� �)
Y M
t

Nt
=
Wt

Pt

The (real) return to capital is given by:

RKt
Pt

=
�PMt Y M

t =Kt�1 + (1� �)VtQt
Qt�1

A.3.4 Retail �rms, Nominal Price Rigidities and Local Currency
Pricing

In the home country, a continuum of retail �rms indexed by h 2 [0; n];
purchase the intermediate good and di¤erentiate it into a continuum of home
and foreign di¤erentiated retail goods. Each retail �rm sells its product,
YH;t (h), to domestic and foreign �nal goods producers. Having paid a price
PMt for each unit of intermediate good, retailers repackage it at a negligible
cost, and choose the price that maximizes discounted pro�ts subject to a
Calvo-type restriction. We assume local currency pricing (LCP) for goods
that are shipped internationally: a retail �rm chooses a price for the domestic
market and a price for the foreign market, each price quoted in the destination
market currency. Hence, there is price stickiness in each country�s imports
prices in terms of local currency, and the law of one price does not hold in
the short-run.
In each period, a fraction 1��H of retail �rms in the home country change

their prices, and set a price for the domestic market, PH;t(h), and a price for
the foreign market, P �H;t(h). Additionally, we assume that the prices of each
�rm that cannot reoptimize in a given period is indexed to sector-speci�c
lagged in�ation in the destination market:

PH;t (h)

PH;t�1 (h)
= (�H;t�1)

�H ; and
P �H;t (h)

P �H;t�1 (h)
=
�
��H;t�1

��H ; (48)

where 0 < �H < 1: Therefore, when allowed to reoptimize, �rms maximize
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the following stream of discounted pro�ts:

Max
PH;t(h);P

�
H;t(h)

Et

8>><>>:
1P
k=0

(��H)
k �t;t+k

�
PH;t(h)

Pt+k

�
PH;t+k�1
PH;t�1

��H
� PMt+k

�
YH;t+kjt(h)+

1P
k=0

(��H)
k �t;t+k

�
NERtP �H;t(h)

Pt+k

�
P �H;t+k�1
P �H;t�1

��H
� PMt+k

�
Y �
H;t+kjt(h)

9>>=>>; ;

(49)
where PH;t(h) and P �H;t(h) are prices of retail good h in the home and

foreign markets. YH;t+kjt(h) and Y �
H;t+kjt(h) are the associated demands for

retail good h in each country for those �rms who last reoptimized at t:

YH;t+kjt(h) =

264PH;t (h)
�
PH;t+k�1
PH;t�1

��H
PH;t+k

375
�"p

YH;t+k;

Y �
H;t+kjt(h) =

264P �H;t (h)
�
P �H;t+k�1
P �H;t�1

��H
P �H;t+k

375
�"p

Y �
H;t+k:

The �rst order conditions for the pricing decisions of retail �rms in the
home and foreign market are:

P̂H;t(h)

PH;t
=

"p
"p � 1

Et
1P
k=0

(��H)
k �t;t+kP

M
t+kYH;t+k

�
PH;t
PH;t+k

�
PH;t+k�1
PH;t�1

��H��"p
Et

1P
k=0

(��H)
k �t;t+kYH;t+k

�
PH;t
PH;t+k

PH;t+k
Pt+k

�1�"p �PH;t+k�1
PH;t�1

��H(1�"p) ;
(50)

P̂ �H;t(h)

P �H;t
=

"p
"p � 1

Et
1P
k=0

(��H)
k �t;t+k

PMt+k
RERt+k

Y �
H;t+k

�
P �H;t
P �H;t+k

�
P �H;t+k�1
P �H;t�1

���H��"p
Et

1P
k=0

(��H)
k �t;t+kY �

H;t+k

�
P �H;t
P �H;t+k

P �H;t+k
P �t+k

�1�"p �P �H;t+k�1
P �H;t�1

���H(1�"p) :
(51)

Equation (50) is the usual optimal price condition under a Calvo-type
restriction with indexation, and includes the aggregate demand for domestic
intermediate goods from �nal goods producers (YH;t). Equation (51) is the
expression for the price of exports and transforms the relevant real marginal
cost of production (PMt ) to foreign currency by using the real exchange rate.
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It includes exports of the composite good to the foreign country (Y �
H;t). Note

that the coe¢ cients re�ecting the degree of nominal rigidity (�H , �H) are the
same for domestic in�ation and for exports.
The evolution of the home-produced intermediate goods price indices in

the home and foreign countries are, given indexation:

P
1�"p
H;t = (1� �H)

�
P̂H;t

�1�"p
+ �H

"
PH;t�1

�
PH;t�1
PH;t�2

��H#1�"p
; (52)

P
�1�"p
H;t = (1� �H)

�
P̂ �H;t

�1�"p
+ �H

24P �H;t�1
 
P �H;t�1
P �H;t�2

!�H351�"p : (53)

A.4 Closing the Model

In order to close the model, we impose market-clearing conditions for all types
of home and foreign intermediate and retail goods. For intermediate goods,
we need to take into account the size of the countries and transportation
costs. Hence, we multiply per capita quantities by the size of each sector.

nY M
t = nYH;t + (1� n)�Y �

H;t + (1� n)(1� �)Y �
H;t:

Notice that a fraction � of the exports is assigned to transportation costs
and the rest is demanded by the foreign country. For the �nal good, the
market clearing condition in the home country is:

Yt = Ct + It +GtYt: (54)

We introduce a government expenditure for each country (Gt; G�t ) such
that the ratios of government spending/�nal good production in each country
evolve as AR(1) processes in logs. We assume that both governments run a
balanced budget every period (i.e. GtYt = Tt and G�tY

�
t = T �t ).

The law of motion of the internationally traded bonds is written in ag-
gregate terms and is given by :

NERtDt

Pt
=
NERtDt�1R

�
t�1	

�
NERt�1Dt�1
Pt�1Yt�1

�
Ut�1 +NXt

Pt
; (55)
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where real net exports (NXt
Pt
) are given by

NXt

Pt
=
(1� n)NERtP

�
H;tY

�
H;t � nPF;tYF;t

Pt
: (56)

Finally, we assume that both countries follow a monetary policy rule that
targets deviations of domestic CPI in�ation and real GDP growth from their
steady-state values, that we normalize to zero:

Rt
R
=

�
Rt�1
R

�'R
[(Pt=Pt�1)

'� (GDPt=GDPt�1)
'y ]

1�'R exp("mt ): (57)

B TheModel with Unconventional Monetary
Policy

Here, we discuss the extension of the model where the central bank has a
second instrument, direct credit provision to the corporate sector. Let Sgt
be the provision of public credit, where the government is willing to fund a
fraction  UMP

t of intermediated assets using government bonds:

Sgt =  UMP
t St:

Unlike bankers, the government does not have an incentive to divert assets.
But government provision of intermediated assets has a cost of �UMP per unit
supplied. Since privately intermediated funds are constrained by �nancial
intermediaries net worth, we can rewrite equation (33) as

QtSt = �tN
W
t +  UMP

t QtS
g
t (58)

=
�t

1�  UMP
t

NW
t ;

where the fraction of publicly intermediated assets follows the rule:

 UMP
t = �(EtR

K
t+1 �Rt � prem); (59)

and where prem is the steady-state external �nance premium between private
investment and public bonds. Whenever the premium increases, the central
bank provides credit to the private sector and aims at reducing the accelerator
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e¤ects due to the �nancial friction. However, the public intervention has an
e¢ ciency cost. Once the budget constraint of all the sectors is aggregated,
the cost appears in the market-clearing condition of the �nal good:

Yt = Ct + It +GtYt + �UMP Mt QtSt: (60)
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C Tables
Table 1: Calibrated Parameters

Value Parameter
� 0.99 Discount factor
� 0.025 Depreciation rate
� 0.36 Capital share on the production of intermediate goods
"w 6 Elasticity of substitution across types of labor
"p 11 Elasticity of substitution across types of goods
g 0.33 Fraction of government spending in GDP
! 0.85 Degree of home bias in the UK
!� 0.9625 Degree of home bias in the EMU
� 1.01 Elasticity of substitution between H and F goods
n 0.2 Size of the U.K.
RK=R 0.01 Risk premium
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Table 2: Prior and posterior distributions, model parameters

Parameters Description Prior Posterior
Type Mean Std. Dev.

b Habit persistence Gamma 0.5 0.1 0.66
(0.56- 0.76)

b� Habit persistence Gamma 0.5 0.1 0.41
(0.31- 0.52)

� Labor disutility Gamma 1.0 0.25 0.86
(0.63- 1.1)

�� Labor disutility Gamma 1.0 0.25 0.80
(0.58- 1.03)

� Cost of foreign position Gamma 0.01 0.005 0.01
(0.002 - 0.019)

� Iceberg costs Gamma 0.10 0.02 0.1
(0.07 - 0.13)

�N Banker survival probability Beta 0.95 0.025 0.91
(0.87 - 0.95)

��N Banker survival probability Beta 0.95 0.025 0.86
(0.79 - 0.93)

�� Steady-state leverage ratio Normal 4 0.25 4.12
(3.73 - 4.52)

��
� Steady-state leverage ratio Normal 4 0.25 3.99

(3.58 - 4.39)

 =  � Investment adjustment cost Gamma 3 1 1.58
(0.94 - 2.22)

�H Calvo lotteries in prices Beta 0.75 0.10 0.71
(0.64 - 0.78)

�F � Calvo lotteries in prices Beta 0.75 0.10 0.66
(0.60 - 0.73)

�H Indexation Beta 0.50 0.20 0.12
(0.02 - 0.22)

�F � Indexation Beta 0.50 0.20 0.08
(0.01 - 0.16)

�w Calvo lotteries in wages Beta 0.75 0.10 0.78
(0.75 - 0.82)

�w� Calvo lotteries in wages Beta 0.75 0.10 0.79
(0.75 - 0.83)

'� Taylor rule in�ation Normal 1.5 0.125 1.63
(1.46 - 1.80)

'�� Taylor rule in�ation Normal 1.5 0.125 1.45
(1.27 - 1.63)

'y Taylor rule output growth Gamma 0.5 0.2 0.78
(0.61 - 0.96)

'y� Taylor rule output growth Gamma 0.5 0.2 0.79
(0.57 - 1.02)

'R Interest rate smoothing Beta 0.5 0.2 0.82
(0.79 - 0.85)

'R� Interest rate smoothing Beta 0.5 0.2 0.83
(0.79 - 0.87)

Notes: Parameters without an asterisk are for the UK, with an asterisk are for the EMU.
The table presents the posterior mean and the 90 percent credible set.
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Table 3: Prior and posterior distributions, shocks processes

Parameters Description Prior Posterior
Type Mean Std. Dev.

�c AR(1) Intertemporal Beta 0.5 0.2 0.87
(0.79 - 0.95)

��c AR(1) Intertemporal Beta 0.5 0.2 0.97
(0.94 - 0.99)

�a AR(1) TFP Beta 0.5 0.2 0.91
(0.84 - 0.97)

��a AR(1) TFP Beta 0.5 0.2 0.27
(0.03 - 0.51)

�� AR(1) Intratemporal Beta 0.5 0.2 0.18
(0.02 - 0.33)

��� AR(1) Intratemporal Beta 0.5 0.2 0.05
(0.01 - 0.11)

�g AR(1) Govt. Spending Beta 0.5 0.2 0.94
(0.91 - 0.97)

��g AR(1) Govt. Spending Beta 0.5 0.2 0.97
(0.97 - 0.99)

�v AR(1) Capital Quality Beta 0.5 0.2 0.98
(0.97 - 0.99)

��v AR(1) Capital Quality Beta 0.5 0.2 0.98
(0.97 - 0.99)

�uip AR(1) UIP Beta 0.5 0.2 0.90
(0.86 - 0.94)

� ("ct) Std. Dev. Intertemporal Gamma 2 1 2.56
(1.89 - 3.22)

�
�
"c

�
t

�
Std. Dev. Intertemporal Gamma 2 1 1.39

(0.86 - 1.93)

� ("at ) Std. Dev. TFP Gamma 1 0.5 2.47
(1.65 - 3.28)

�
�
"a

�
t

�
Std. Dev. TFP Gamma 1 0.5 2.39

(1.43 - 3.35)

� ("�t ) Std. Dev. Intratemporal Gamma 30 10 42.7
(28.6 - 57.0)

�
�
"�

�

t

�
Std. Dev. Intratemporal Gamma 30 10 38.6

(25.2 - 52.0)

� ("gt ) Std. Dev. Govt. Spending Gamma 1 0.5 2.39
(2.14 - 2.65)

�
�
"g

�

t

�
Std. Dev. Govt. Spending Gamma 1 0.5 0.82

(0.73 - 0.92)

� ("vt ) Std. Dev. Capital Quality Gamma 1 0.5 0.36
(0.27 - 0.45)

�
�
"v

�
t

�
Std. Dev. Capital Quality Gamma 1 0.5 0.14

(0.11 - 0.17)

� ("mt ) Std. Dev. Monetary Policy Gamma 0.25 0.1 0.2
(0.17 - 0.23)

�
�
"m

�
t

�
Std. Dev. Monetary Policy Gamma 0.25 0.1 0.18

(0.15 - 0.22)

�("uipt ) Std. Dev. UIP Gamma 0.5 0.2 0.38
(0.26 - 0.52)

� ("xt ) Std. Dev. Permanent TFP Gamma 1 0.5 0.99
(0.77 - 1.24)

� ("nwt ) Std. Dev.Net Worth Gamma 1 0.5 1.16
(0.26 - 2.00)

�
�
"nw

�
t

�
Std. Dev.Net Worth Gamma 1 0.5 0.84

(0.22 - 1.43)

Notes: Parameters without an asterisk are for the UK, with an asterisk are for the EMU.
The table presents the posterior mean and the 90 percent credible set.
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Table 4. Second Moments

Standard Deviations (in %) Variance Decompositions

Data Model TFP Cap. Q. Pref. Gov. Sp. Mon. UIP N.W.
�gdp 0.6 1.44 25:9 46:6 1:6 18:0 6:7 0:7 0:6
�gdp� 0.55 0.86 32:2 22:0 5:2 6:8 32:5 0:1 1:2
�c 0.73 1.1 9:5 29:1 54:6 2:6 3:3 0:8 0:1
�c� 0.5 0.82 17:2 10:0 45:4 5:0 22:1 0:2 0:2
�i 3.88 4.59 11:0 69:1 5:9 3:4 3:5 6:0 1:1
�i� 1.37 1.8 17:8 44:7 15:6 1:8 15:3 1:9 3:0
�p 0.59 0.66 42:0 40:1 4:0 2:1 8:8 2:8 0:3
�p� 0.42 0.57 50:7 21:5 7:1 1:0 19:2 0:3 0:3
�rw 0.55 0.73 40:5 31:8 23:3 0:6 0:8 3:0 0:0
�rw� 0.54 0.6 54:0 17:0 25:9 0:4 2:4 0:3 0:1
r 0.8 0.81 1:3 93:3 1:2 2:4 1:1 0:4 0:3
r� 0.77 0.58 5:7 81:0 7:3 2:4 2:9 0:1 0:6
�(rer) 3.07 3.47 3:4 7:0 1:0 0:6 8:2 79:9 0:0

Note: The table presents the standard deviation of the observable variables at
the model�s posterior mean. The variance decomposition is performed at the
posterior mean of the model�s parameters. �TFP�includes TFP and unit root
shocks, �Pref.�includes intertemporal and intratemporal utility shocks, �N.W.�

are net worth shocks.
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Table 5. Steady State E¤ects and Welfare Gains

Variables in Levels Ind. M.P. M.U.
� = 0:05

Output (gdp) 100 100:43
Consumption (c) 100 101:20
Investment (i) 100 101:21
Capital (k) 100 101:20
Employment (n) 100 100:00
Exports (x) 100 101:25
Imports (m) 100 101:25

Welfare Gains (�� 100) � 1:20

Note: All the variables are reported in levels except the welfare gain, which is
expressed as a percentage of steady state consumption. The macroeconomic
variables with an independent monetary policy are normalized to 100. �Ind
M.P.�means Independent Monetary Policy. �M.U.�means Monetary Union.
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Table 6. Business Cycle E¤ects and Welfare Gains

Standard Ind. M.P. Ind. M.P. M.U. M.U. M.U. M.U.
Deviations and Q.E. � = 0:1 � = 0:05 � = 0:05. � = 0:05
(in %) Low R.P. High R.P.

Output (�gdp) 1:33 1:11 2:94 2:94 1:76 3:44
Consumption (�c) 0:92 0:91 1:11 1:11 0:85 1:23
Investment (�i) 3:80 2:60 10:26 10:26 5:22 12:27
Employment (�n) 2:22 2 4:72 4:72 3:00 5:47
Exports (�x) 3:40 3:38 1:91 1:91 1:33 2:17
Imports (�m) 1:62 1:32 3:83 3:83 2:23 4:50
In�ation (�p) 0:58 0:79 0:97 0:97 0:32 1:11
RER (�rer) 3:30 0:56 1:10 1:10 0:68 1:28

Welfare Gains (�� 100) � 0:06 �1:71 �0:53 2:35 �2:19

See notes in Table 5. In addition, �Q.E.�means Quantitative Easing. The
welfare gains measures the impact of both the steady state and business cycle

e¤ects of each monetary arrangement.
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Table 7. Experiments

Standard Deviation Steady State Welfare
GDP C K L GDP (EX+IM) (�)

1. Fiscal Policy Convergence
Ind. M. P. 1.33 0.92 1.19 2.22 100.00 100.00
M.U. and � = 0:05 2.87 1.30 1.81 4.54 100.43 101.25 -0.47

2. High Elasticity � = 5
Ind. M. P. 1.81 1.22 1.38 3.22 100.00 100.00
M.U. and � = 0:05 3.05 0.97 1.31 4.81 100.02 103.21 -0.32

3. Larger trade gains
Ind. M. P. 1.33 0.92 1.19 2.22 100.00 100.00
M.U. and � = 0:03 2.94 1.11 1.64 4.72 100.63 101.82 0.00

4. Smaller R.P.(�rp = 2:6)
Ind. M. P. 1.33 0.92 1.19 2.22 100.00 100.00
M.U. and � = 0:05 2.76 1.07 1.52 4.45 100.43 101.25 0.00

See notes in Table 5. In addition, �EX�denotes real exports and �IM�denotes
real imports.
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Figure 4. Impulse Response Functions to 1 Standard Deviation Increase in Capital Quality Shock.
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Figure 5. Impulse Response Functions to 1 Standard Deviation Increase in TFP Shock.
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Figure 6. Sensitivity Analysis of Welfare.




