
Appendix 1. Data and Sources

Real U.S. Loans: Loans and leases in bank credit, all commercial
banks (in billions of dollars, seasonally adjusted), divided by con-
sumer price index. Source: Federal Reserve Bank of St. Louis
(FRED).

Real S&P 500: S&P 500 Stock Price Index (not seasonally adjusted).
Source: FRED.

Real Swiss Domestic Demand: Domestic demand (in millions of
Swiss francs, at prices of preceding year, chained values, refer-
ence year 2005, seasonally adjusted). Source: State Secretariat
for Economic Affairs (SECO).

Real Swiss Loans Denominated in U.S. Dollars: Domestic and
foreign assets, claims against banks plus claims against cus-
tomers denominated in U.S. dollars for all banks (in millions of
Swiss francs), divided by consumer price index. Source: Monthly
Balance Sheets, Monthly Bulletin of Banking Statistics, Swiss
National Bank (SNB) and SECO.

Real Swiss Net Interest Payments: Net labor and investment income
(in billions of Swiss francs), divided by consumer price index.
Source: Swiss Balance of Payments, SNB, and SECO.

Real SMI: Swiss market index (not seasonally adjusted). Source:
Monthly Statistical Bulletin, SNB.

Appendix 2. The Model

Physical Setup

I present the equations for home; unless otherwise specified, foreign
is symmetric and its variables are marked with an asterisk (*).

The physical setup is described by the production function, the
law of motion for capital, the CES aggregator for the final good, and
the resource constraint:

Xt = AtK
α
t L1−α

t , with 0 < α < 1 (A1)

1
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St = It + (1 − δ)Kt (A2)

Kt+1 = StΨt+1 (A3)

Yt =
[
ν

1
η X

H η−1
η

t + (1 − ν)
1
η X

F η−1
η

t

] η
η−1

(A4)

Yt = Ct + It

[
1 + f

(
It

It−1

)]
+ Gt. (A5)

Households

The problem of the households is

max
Ct,Lt,Dh

t

U(Ct, Lt) = Et

∞∑
t=0

βt

[
lnCt − χ

1 + γ
L1+γ

t

]
(A6)

s.t. Ct + Dh
t+1 = WtLt + RtD

h
t + Πt − Tt.

The first-order conditions are

Lt :
Wt

Ct
= χLγ

t (A7)

Dh
t+1 : EtRt+1β

Ct

Ct+1
= EtRt+1Λt,t+1 = 1, (A8)

where Λt,t+1 is the stochastic discount factor.

Non-Financial Firms

Goods Producers

From the problem of the goods producers, the wage is defined by

Wt = (1 − α)PH
t Kα

t Lt
−α with PH

t = ν
1
η Y −1

t

(
XH

t

)−1
η . (A9)

I define the gross return on capital as

Zt = αPH
t K1−α

t Lα
t . (A10)

The demands faced by the intermediate competitive goods producers
are

XH
t = ν

[
PH

t

Pt

]−η

Yt (A11)
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and

XH∗
t = ν∗

[
PH∗

t

P ∗
t

]−η

Y ∗
t ,

where Pt is the price of the home final good, PH
t the price of home

goods at home, and PH∗
t the price of home goods abroad. The price

of the final good is

Pt =
[
ν(PH

t )1−η + (1 − ν)(PF
t )1−η

] 1
1−η

Pt

PH
t

= [ν + (1 − ν)τ1−η
t ]

1
1−η ,

where τt is the terms of trade, the price of imports relative to exports.
Because of home bias in the final good production, Pt �= P ∗

t NERt.

Capital Producers

Capital producers maximize their expected discounted utility

max
It

Et

∞∑
τ=t

Λt,τ

{
QτIτ −

[
1 + f

(
Iτ

Iτ−1

)]
Iτ

}
.

The first-order condition yields the price of capital goods, which
equals the marginal cost of investment

Qt = 1 + f

(
It

It−1

)
+

It

It−1
f ′

(
It

It−1

)
− EtΛt,t+1

[
It+1

It

]2

f ′
(

It+1

It

)
.

(A12)

Banks

Home Banks

The problem of the bank is to maximize the value of the bank

V (st−1, bt−1, dt−1)

= Et−1Λt−1,t

{
(1 − σ)nt + σ

[
max

st,bt,dt

V (st, bt, dt)
]}

(A13)
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subject to the borrowing constraint

Vt(st, bt, dt) ≥ θ(Qtst + Qbtbt). (A14)

I guess that the form of the value function of the Bellman equation
is linear in assets and liabilities,

V (st, bt, dt) = νstst + νbtbt − νtdt. (A15)

Taking λt as the constraint multiplier, the problem yields the fol-
lowing first-order conditions:

st : νst − λt(νst − θQt) = 0

bt : νbt − λt(νbt − θQbt) = 0

dt : νt − λtνt = 0

λt : θ(Qtst + Qbtbt) − {νstst + νbtbt − νtdt} = 0.

Rearranging terms yields

(νbt − νt)(1 + λt) = λtθQbt (A16)(
νst

Qt
− νbt

Qbt

)
(1 + λt) = 0 (A17)

[
θ −

(
νst

Qt
− νt

)]
Qtst +

[
θ −

(
νbt

Qbt
− νt

)]
Qbtbt = νtnt. (A18)

From equation (A17), I verify that the marginal value of lending
in the international asset market is equal to the marginal value of
assets in terms of the home final good. Let μt be the excess value
of a unit of assets relative to deposits; equations (A16) and (A17)
yield

μt =
νst

Qt
− νt.

Rewriting the incentive constraint (A18), I define the leverage
ratio net of international borrowing as

φt =
νt

θ − μt
. (A19)
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Therefore, the balance sheet of the individual bank is written as

Qtst + Qbtbt = φtnt. (A20)

I verify the conjecture regarding the form of the value function
using the Bellman equation (A13) and the guess (A15). For the con-
jecture to be correct, the cost of deposits and the excess value of
bank assets have to satisfy

νt = EtΛt,t+1Ωt+1Rt+1 (A21)

μt = EtΛt,t+1Ωt+1 [Rkt+1 − Rt+1] , (A22)

where the shadow value of net worth at t + 1 is

Ωt+1 = (1 − σ) + σ(νt+1 + φt+1μt+1) (A23)

and holds state by state. The gross rate of return on bank assets is

Rkt+1 = Ψt+1
Zt+1 + Qt+1(1 − δ)

Qt
. (A24)

From equation (A16),

νst

Qt
=

νbt

Qbt
,

which implies that the discounted rate of return on home assets has
to be equal to the discounted rate of return on global loans

EtΛt,t+1Ωt+1Rkt+1 = EtΛt,t+1Ωt+1Rbt+1, (A25)

where Rbt is defined in the next section.

Foreign Banks

Let V ∗
t (s∗

t , b
∗
t , d

∗
t ) be the maximized value of V ∗

t , given an asset and
liability configuration at the end of period t. The following incentive
constraint must hold for each individual bank to ensure that a bank
does not divert funds:

V ∗
t (s∗

t , b
∗
t , d

∗
t ) ≥ θ∗(Q∗

t s
∗
t − Q∗

btb
∗
t ). (A26)

At the end of period t − 1, the value of the bank satisfies the
following Bellman equation:
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V ∗
t (s∗

t−1, b
∗
t−1, d

∗
t−1)

= Et−1Λ∗
t−1,t

{
(1 − σ∗)n∗

t + σ∗
[

max
s∗

t ,b∗
t ,d∗

t

V ∗(s∗
t , b

∗
t , d

∗
t )

]}
.

(A27)

The problem of the bank is to maximize equation (A67) subject to
the borrowing constraint, equation (A26).

I guess and verify that the form of the value function of the
Bellman equation is linear in assets and liabilities,

V (s∗
t , b

∗
t , d

∗
t ) = ν∗

sts
∗
t − ν∗

btb
∗
t − ν∗

t d∗
t . (A28)

Maximizing the objective function (A67) with respect to (A26),
with λ∗

t as the constraint multiplier, yields similar first-order con-
ditions to the ones from home. If I rearrange the FOCs of the
maximization problem of the foreign bank,

(ν∗
bt − ν∗

t )(1 + λ∗
t ) = λ∗

t θ
∗Q∗

bt (A29)(
ν∗

st

Q∗
t

− ν∗
bt

Q∗
bt

)
(1 + λ∗

t ) = 0 (A30)

[
θ∗ −

(
ν∗

st

Q∗
t

− ν∗
t

)]
Q∗

t s
∗
t −

[
θ∗ −

(
ν∗

bt

Q∗
bt

− ν∗
t

)]
Q∗

btb
∗
t = ν∗

t n∗
t .

(A31)

From the optimization problem of the foreign banks, the shadow
value of global borrowing and domestic assets are equalized,

ν∗
st

Q∗
t

=
ν∗

bt

Q∗
bt

; (A32)

or, in terms of returns,

EtΛ∗
t,t+1Ω

∗
t+1R

∗
kt+1 = EtΛ∗

t,t+1Ω
∗
t+1R

∗
bt+1. (A33)

Let μ∗
t be the excess value of a unit of assets (or international

borrowing) relative to deposits,

μ∗
t =

ν∗
st

Q∗
t

− ν∗
t . (A34)
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With Ω∗
t+1 as the shadow value of net worth at date t + 1, and

R∗
kt+1 as the gross rate of return on bank assets, after verifying

the conjecture of the value function, I define the marginal value of
deposits and the excess return on assets as

ν∗
t = EtΛ∗

t,t+1Ω
∗
t+1R

∗
t+1

μ∗
t = EtΛ∗

t,t+1Ω
∗
t+1

[
R∗

kt+1 − R∗
t+1

]
with

Ω∗
t+1 = 1 − σ∗ + σ∗ (

ν∗
t+1 + φ∗

t+1μ
∗
t+1

)
R∗

kt+1 = Ψ∗
t+1

Z∗
t+1 + Q∗

t+1(1 − δ)
Q∗

t

. (A35)

Aggregate Bank Net Worth

Finally, aggregating across home banks, from equation (A20),

QtSt + QbtBt = φtNt. (A36)

Capital letters indicate aggregate variables. From the previous equa-
tion, I define the households’ deposits

Dt = Nt(1 − φt). (A37)

Furthermore,

Nt = (σ + ξ) {Rk,tQt−1St−1 + Rb,tQb,t−1Bt−1} − σRtDt−1. (A38)

For foreign banks, the aggregation yields

N∗
t = (σ∗ + ξ∗)R∗

k,tQ
∗
t−1S

∗
t−1 − σ∗R∗

t D
∗
t−1 − σ∗R∗

btQ
∗
bt−1B

∗
t−1,

(A39)

where R∗
bt equals R∗

kt, from equation (A33). The balance sheet of
the aggregate foreign banking system can be written as

Q∗
t S

∗
t − Q∗

btB
∗
t = φ∗

t N
∗
t . (A40)
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Global Interbank Market

The interest rate on the global interbank loan yields

R∗
b,t+1 = Ψ∗

t+1
Z∗

t+1 + Q∗
b,t+1(1 − δ)
Q∗

bt

. (A41)

Equilibrium

To close the model, the different markets need to be in equilibrium:

Yt = Ct + It

[
1 + f

(
It

It−1

)]
+ Gt (A42)

Y ∗
t = C∗

t + I∗
t

[
1 + f

(
I∗
t

I∗
t−1

)]
+ G∗

t (A43)

Xt = XH
t + X∗H

t

1 − m

m
and X∗

t = XF
t

m

1 − m
+ X∗F

t (A44)

St = It + (1 − δ)Kt =
Kt+1

Ψt+1
and S∗

t = I∗
t + (1 − δ)K∗

t =
K∗

t+1

Ψ∗
t+1

χLγ
t = (1 − α)

Xt

LtCt
and χL∗γ

t = (1 − α)
X∗

t

L∗
t C

∗
t

. (A45)

If the economies are in financial autarky, the net exports for home
are zero in every period; the current account results in

CAt = 0 =
1 − m

m
XH∗

t − τtX
F
t . (A46)

On the other hand, if there are global banks in the economy, the
current account is

CAt = Qb,tBt − RbtQb,t−1Bt−1

= X∗H
t

1 − m

m

PH
t

Pt
− XF

t τt
PH

t

Pt
(A47)

Bt = B∗
t

1 − m

m
(A48)

Dh
t = Dt + Dgt and Dh∗

t = D∗
t + D∗

gt. (A49)
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Appendix 3. Definition of Equilibria

Frictionless Economy

In a model without financial frictions, the competitive equilibrium is
defined as a solution to the problem that involves choosing twenty-
two quantities (Yt, Xt, Lt, Ct, It, X

H
t , XH∗

t , Kt+1, Wt, Zt, St, Y
∗
t , X∗

t ,
L∗

t , C
∗
t , I∗

t , K∗
t+1, X

F
t , XF∗

t , W ∗
t , Z∗

t , S∗
t ), two interest rates (Rt, R

∗
t ),

and five prices (Qt, P
H
t , Q∗

t , P
F∗
t , τt) as a function of the aggregate

state (It−1, Kt, At, Ψt, I
∗
t−1, K

∗
t , A∗

t , Ψ
∗
t ). There are twenty-nine vari-

ables and twenty-nine equations: equations (A1)–(A5), (A7)–(A12),
and equation (A24) for home, where equation (A9) has two rela-
tions. These conditions also hold for foreign. I close the model with
equations (A42–A44) and (A46).

Economy with Financial Frictions

The competitive banking equilibrium without government interven-
tion is defined as a solution to the problem that involves choosing
the same twenty-two quantities as in the frictionless economy (Yt, Xt,
Lt, Ct, It, XH

t , XH∗
t , Kt+1, Wt, Zt, St, Y

∗
t , X∗

t , L∗
t , C

∗
t , I∗

t , K∗
t+1, X

F
t ,

XF∗
t , W ∗

t , Z∗
t , S∗

t ) plus the fourteen variables related with banks
(Nt, Dt, Bt, Ωt, μt, νt, φt, N∗

t , D∗
t , B∗

t , Ω∗
t , μ∗

t , ν
∗
t , φ∗

t ), five interest
rates (Rt, R

∗
t , Rkt, R

∗
kt, R

∗
bt), and six prices (Qt, Q

∗
bt, P

H
t , Q∗

t , P
F∗
t , τt)

as a function of the aggregate state (It−1, Kt, At, Ψt, I∗
t−1, K∗

t ,
A∗

t , Ψ
∗
t ). There are forty-seven variables and forty-seven equations:

equations (A1)–(A5) and (A7)–(A12) for home, where equation (A9)
has two conditions. These twelve equations are equivalent for foreign.
Equations (A19), (A21)–(A24), and (A36)–(A38) define part of the
banking variables and interest rates and also hold for foreign. The
equilibrium is completed with equations (A25), (A33), (A41), (A47),
and (A48).

Appendix 4. Deterministic Steady State

In table A1, I show the comparison between the average of Swiss data
for 2002–8 and the deterministic steady state of the home economy.
The first part of the table presents the ratios of the main variables
with respect to GDP, while the second part shows the ratios with
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Table A1. Comparison between Swiss Data and
Deterministic Steady State

Data Model

A. Ratios with Regard to GDP

XH∗ 1−m
m − XF Net exports 0.0777 −0.0516

C Consumption 0.5933 0.6945
I Investment 0.2146 0.2243
G Gov. Consumption 0.1140 0.1300
B + K Total Assets 5.7288 10.7368
B Global Asset 1.0246 1.7658

B. Ratios with Regard to Final Domestic Demand

XH∗ 1−m
m −XF Net exports 0.0848 −0.0492

C Consumption 0.6435 0.6622
I Investment 0.2329 0.2138
G Gov. Consumption 0.1236 0.1240
B + K Total Assets 6.2245 10.2373
B Global Asset 1.1135 1.6836

Notes: The Swiss data is HP filtered and evaluated between 2002 and 2008. See
sources in appendix 1.

respect to the final domestic demand. In both cases the ratios of the
deterministic steady state of the real variables match the data. There
are two caveats. First, the net exports of the model are negative,
while in the data they are positive. To model a small economy with
a big financial sector, I need a net importer home country. If I only
included the data for goods, the net exports of Switzerland would be
negative. Second, the financial variables of the model (total assets
and assets from home banks with foreign counterparties) almost dou-
ble the data. However, the ratio of global assets over the total assets
matches the data, which is most relevant for the results.

The deterministic steady state also matches the ratio between
the Swiss and the U.S. economy. In particular, for the period 2002–
8, the U.S. GDP is almost twenty-nine times bigger than the Swiss
GDP. In the model, foreign production is twenty-seven times bigger
than home production.
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Appendix 5. When Foreign Banks Lend to Home Banks

In this section, I allow for symmetry in the portfolio of the banks:
foreign banks lend to home banks, and home banks lend to foreign
banks. However, there is still a positive net asset position for home
banks. I only specify the new problem of home and foreign banks;
the rest of the model remains the same.

The Model

Home Banks

For an individual home bank, the balance sheet implies that the
value of the loans funded in that period, Qtst plus Qbtbt, where Qbt

is the price of loans made to foreign banks, has to equal the sum
of the bank’s net worth, nt, home deposits, dt, and loans made by
foreign banks Qjtjt. Then, the balance sheet of a home bank reads

Qtst + Qbtbt = nt + dt + Qjtjt. (A50)

Let Rbt be the global asset’s rate of return from period t − 1 to
period t and Rjt the one on foreign banks’ loans. The net worth of
an individual home bank at period t is the payoff from assets funded
at t − 1, net borrowing costs:

nt = [Zt + (1 − δ)Qt]st−1Ψt + Rb,tQb,t−1bt−1 − Rtdt−1

− RjtQj,t−1jt−1,

where Zt is the dividend payment at t on loans funded in the previous
period.

At the end of period t, the bank maximizes the present value
of future dividends, taking into account the probability of contin-
uing being a banker in the next periods; the value of the bank is
defined by

Vt = Et

∞∑
i=1

(1 − σ)σi−1Λt,t+int+i.

Following the previous literature, I introduce a simple agency
problem to motivate the ability of the bank to obtain funds. After
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the bank obtains funds, it may transfer a fraction θ of assets back
to its own household. Households limit the funds lent to banks.

If a bank diverts assets, it defaults on its debt and shuts down.
Its creditors can reclaim the remaining 1 − θ fraction of assets. Let
Vt(st, bt, dt, jt) be the maximized value of Vt, given an asset and lia-
bility configuration at the end of period t. The following incentive
constraint must hold for each bank individually to ensure that the
bank does not divert funds:

Vt(st, bt, dt, jt) ≥ θ(Qtst + Qbtbt − Qjtjt). (A51)

The borrowing constraint establishes that for households to be will-
ing to supply funds to a bank, the value of the bank must be at least
as large as the benefits from diverting funds. In this case, diverted
funds correspond to total assets minus what home banks borrowed
from foreign banks; I assume that home banks cannot run away with
money from foreign banks.

At the end of period t − 1, the value of the bank satisfies the
following Bellman equation:

V (st−1, bt−1, dt−1, jt−1)

= Et−1Λt−1,t

{
(1 − σ)nt + σ

[
max

st,bt,dt,jt

V (st, bt, dt, jt)
]}

. (A52)

The problem of the bank is to maximize equation (A52) subject to
the borrowing constraint, equation (A51). As in the baseline model,
I assume that the value function is linear with respect to home
and foreign loans, deposits, and foreign borrowing. Taking λt as
the constraint multiplier, the problem yields the following first-order
conditions:

st : νst − λt(νst − θQt) = 0

bt : νbt − λt(νbt − θQbt) = 0

dt : νt − λtνt = 0

jt : νjt − λt(νjt − θQjt) = 0

λt : θ(Qtst + Qbtbt − Qjtjt) − {νstst + νbtbt − νtdt − νjtjt} = 0.

Rearranging terms yields

(νbt − νt)(1 + λt) − λtθQbt = 0 (A53)
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(
νst

Qt
− νbt

Qbt

)
(1 + λt) = 0 (A54)

(
νst

Qt
− νjt

Qjt

)
(1 + λt) = 0 (A55)

[
θ −

(
νst

Qt
− νt

)]
Qtst +

[
θ −

(
νbt

Qbt
− νt

)]
Qbtbt

−
[
θ −

(
νjt

Qjt
− νjt

)]
Qjtjt = νtnt. (A56)

From equation (A54), I verify that the marginal value of lend-
ing in the international asset market is equal to the marginal value
of assets in terms of the home final good. Moreover, from equa-
tion (A55), the marginal cost of holding foreign debt is equal to the
marginal benefit of domestic assets; this is the case because home
banks cannot run away with money from foreign banks. Let μt be
the excess value of a unit of assets relative to deposits; equations
(A53) and (A54) yield

μt =
νst

Qt
− νt.

Rewriting the incentive constraint (A56), I define the leverage
ratio net of international borrowing as

φt =
νt

θ − μt
. (A57)

Therefore, the balance sheet of the individual bank is written as

Qtst + Qbtbt − Qjtjt = φtnt. (A58)

I verify the conjecture regarding the form of the value function
using the Bellman equation (A52) and the guess:

V (st, bt, dt) = νstst + νbtbt − νtdt − νjtjt, (A59)

where νst is the marginal value of assets at the end of period t, νbt

is the marginal value of global lending, νt is the marginal cost of
deposits, and νjt is the marginal cost of holding foreign debt. For
the conjecture to be correct, the cost of deposits and the excess value
of bank assets have to satisfy
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νt = EtΛt,t+1Ωt+1Rt+1 (A60)

μt = EtΛt,t+1Ωt+1 [Rkt+1 − Rt+1] , (A61)

where the shadow value of net worth at t + 1 is

Ωt+1 = (1 − σ) + σ(νt+1 + φt+1μt+1) (A62)

and holds state by state. The gross rate of return on bank assets is

Rkt+1 = Ψt+1
Zt+1 + Qt+1(1 − δ)

Qt
. (A63)

From equation (A53),

νst

Qt
=

νbt

Qbt
,

which implies that the discounted rate of return on home assets has
to be equal to the discounted rate of return on global loans

EtΛt,t+1Ωt+1Rkt+1 = EtΛt,t+1Ωt+1Rbt+1, (A64)

where Rbt is defined in the next section.
And, from equation (A55),

νst

Qt
=

νjt

Qjt
,

which implies that the discounted rate of return on home assets has
to be equal to the discounted rate on borrowing from foreign banks

EtΛt,t+1Ωt+1Rkt+1 = EtΛt,t+1Ωt+1Rjt+1 = EtΛt,t+1Ωt+1Rbt+1.
(A65)

Equations (A57) and (A60)–(A64) are equal to the ones in the base-
line model.

Foreign Banks

The problem of foreign banks is similar to the one of home banks,
except that now the interbank market assets, b∗

t , are loans from home
banks and are on the liability side, and j∗

t are loans to home banks
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and are on the asset side of foreign banks. The balance sheet for an
individual foreign bank is

Q∗
t s

∗
t + Q∗

jtj
∗
t = n∗

t + d∗
t + Q∗

btb
∗
t .

The net worth of the bank can also be thought of in terms of
payoffs; then, the total net worth is the payoff from assets funded at
t − 1, net of borrowing costs which include the international loans,

n∗
t = [Z∗

t + (1 − δ)Q∗
t ]s

∗
t−1Ψ

∗
t + R∗

jtQ
∗
jt−1j

∗
t−1

− R∗
t d

∗
t−1 − R∗

btQ
∗
bt−1b

∗
t−1.

Let V ∗
t (s∗

t , b
∗
t , d

∗
t , j

∗
t ) be the maximized value of V ∗

t , given an
asset and liability configuration at the end of period t. The following
incentive constraint must hold for each bank individually to ensure
that a bank does not divert funds:

V ∗
t (s∗

t , b
∗
t , d

∗
t , j

∗
t ) ≥ θ∗(Q∗

t s
∗
t + Q∗

jtj
∗
t − Q∗

btb
∗
t ). (A66)

At the end of period t − 1, the value of the bank satisfies the
following Bellman equation:

V ∗
t (s∗

t−1, b
∗
t−1, d

∗
t−1, j

∗
t−1)

= Et−1Λ∗
t−1,t

{
(1 − σ∗)n∗

t + σ∗
[

max
s∗

t ,b∗
t ,d∗

t ,j∗
t

V ∗(s∗
t , b

∗
t , d

∗
t , j

∗
t )

]}
.

(A67)

The problem of the bank is to maximize equation (A67) subject to
the borrowing constraint, equation (A66).

I guess and verify that the form of the value function of the
Bellman equation is linear in assets and liabilities,

V (s∗
t , b

∗
t , d

∗
t ) = ν∗

sts
∗
t + ν∗

jtj
∗
t − ν∗

btb
∗
t − ν∗

t d∗
t . (A68)

Maximizing the objective function (A67) with respect to (A66),
with λ∗

t as the constraint multiplier, yields similar first-order con-
ditions to the ones from home. Rearranging the FOCs of the maxi-
mization problem of the foreign bank,

(ν∗
bt − ν∗

t )(1 + λ∗
t ) − λ∗

t θ
∗Q∗

bt = 0 (A69)
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(
ν∗

st

Q∗
t

− ν∗
bt

Q∗
bt

)
(1 + λ∗

t ) = 0 (A70)

(
ν∗

st

Q∗
t

−
ν∗

jt

Q∗
jt

)
(1 + λ∗

t ) = 0 (A71)

[
θ∗ −

(
ν∗

st

Q∗
t

− ν∗
t

)]
Q∗

t s
∗
t +

[
θ∗ −

(
ν∗

jt

Q∗
jt

− ν∗
t

)]
Q∗

jtj
∗
t

−
[
θ∗ −

(
ν∗

bt

Q∗
bt

− ν∗
t

)]
Q∗

btb
∗
t = ν∗

t n∗
t . (A72)

From the optimization problem of the foreign banks, the shadow
value of global borrowing and domestic assets are equalized,

ν∗
st

Q∗
t

=
ν∗

bt

Q∗
bt

; (A73)

or, in terms of returns,

EtΛ∗
t,t+1Ω

∗
t+1R

∗
kt+1 = EtΛ∗

t,t+1Ω
∗
t+1R

∗
bt+1. (A74)

Similarly, the marginal value of an extra unit of domestic asset and
the marginal value of an extra unit of home asset equalize,

ν∗
st

Q∗
t

=
ν∗

jt

Q∗
jt

; (A75)

or, in terms of returns,

EtΛ∗
t,t+1Ω

∗
t+1R

∗
kt+1 = EtΛ∗

t,t+1Ω
∗
t+1R

∗
jt+1 = EtΛ∗

t,t+1Ω
∗
t+1R

∗
bt+1.

(A76)

Let μ∗
t be the excess value of a unit of assets (or international

borrowing) relative to deposits,

μ∗
t =

ν∗
st

Q∗
t

− ν∗
t . (A77)

With Ω∗
t+1 as the shadow value of net worth at date t + 1, and

R∗
kt+1 as the gross rate of return on bank assets, after verifying
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the conjecture of the value function, I define the marginal value of
deposits and the excess return on assets as

ν∗
t = EtΛ∗

t,t+1Ω
∗
t+1R

∗
t+1

μ∗
t = EtΛ∗

t,t+1Ω
∗
t+1

[
R∗

kt+1 − R∗
t+1

]
with

Ω∗
t+1 = 1 − σ∗ + σ∗ (

ν∗
t+1 + φ∗

t+1μ
∗
t+1

)
R∗

kt+1 = Ψ∗
t+1

Z∗
t+1 + Q∗

t+1(1 − δ)
Q∗

t

. (A78)

The framework can be thought of as one with asset market inte-
gration because banks cannot divert funds financed by other banks.
In particular, home banks can perfectly recover the interbank mar-
ket loans. Foreign banks are only constrained on obtaining funds
from foreign households.

Aggregate Bank Net Worth

Finally, aggregating across home banks, from equation (A58),

QtSt + QbtBt − QjtJt = φtNt. (A79)

Capital letters indicate aggregate variables. From the previous equa-
tion, I define the households’ deposits,

Dt = Nt(1 − φt). (A80)

Furthermore,

Nt = (Rk,tQt−1St−1 + Rb,tQb,t−1Bt−1) (σ + ξ)

− σ (RtDt−1 + RjtQjt−1Jt−1) . (A81)

The last equation specifies the law of motion of the home banking
system’s net worth. The first term in the brackets represents the
return on loans made in the last period. The second term in the
brackets is the return on funds that the household invested in the
foreign economy. Both loans are scaled by the old bankers (that sur-
vived from the last period) plus the startup fraction of loans that
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young bankers receive. The last two terms in the equation are the
total return on households’ deposits that banks need to pay back
and the total return on loans from foreign banks that home banks
need to pay back, respectively.

For foreign banks, the aggregation yields

N∗
t = (σ∗ + ξ∗)

(
R∗

k,tQ
∗
t−1S

∗
t−1 + R∗

j,tQ
∗
j,t−1J

∗
t−1

)
− σ∗(R∗

t D
∗
t−1 − R∗

btQ
∗
bt−1B

∗
t−1), (A82)

where R∗
bt equals R∗

kt, from equation (A74), and R∗
jt equals R∗

kt, from
equation (A76). The balance sheet of the aggregate foreign banking
system can be written as

Q∗
t S

∗
t + Q∗

jtJ
∗
t − Q∗

btB
∗
t = φ∗

t N
∗
t . (A83)

I define the deposits as in the original model:

D∗
t = N∗

t (1 − φ∗
t ). (A84)

Moreover, J∗
t n = Jt(1 − n) and B∗

t n = Bt(1 − n).

Global Interbank Market

The return on loans to foreign banks made by home banks is
Et(Rbt+1) = Et(R∗

bt+1
εt+1
εt

), and similarly for the return on loans
from foreign to home banks, Et(Rjt+1) = Et(R∗

jt+1
εt+1
εt

). The rate
on global loans is equalized to the return on loans to home firms,
Rkt, in expected terms in equation (A65); home banks are indiffer-
ent between lending to home firms or to foreign banks. For foreign
banks, equation (A76) equalizes the rate of return on global loans to
the rate of return on foreign loans. The double equalization drives
the asset market integration. In addition, the rate of return on the
global asset market is related to the gross return on capital in the
foreign country in the following way:

R∗
b,t+1 = Ψ∗

t+1
Z∗

t+1 + Q∗
b,t+1(1 − δ)
Q∗

bt

, (A85)

which equalizes the returns on the international asset and the foreign
lending. Moreover,

Rj,t+1 = Ψt+1
Zt+1 + Qj,t+1(1 − δ)

Qjt
. (A86)
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Figure A1. Impulse Responses to a 5 Percent Decrease in
Ψ∗

t , Models without Policy

Impulse Response Functions

I evaluate the model presented above up to a first-order approxima-
tion. The calibration is the same as in the baseline model. First, I
compare the reaction of the model to the baseline framework when
a quality-of-capital shock hits the economy. Second, I allow the poli-
cymakers to intervene; I let the central banks use direct lending and
equity injections as explained in the main text.

No Policy

The results are in figure A1. The dashed line and the solid line are
the same as in the main text, the model with global banks and with
banks but in financial autarky, respectively. The dotted-dashed line
is the model with double financial openness or double flows. The
introduction of flows from foreign to home banks does not change
the implications of the shock for foreign variables. However, because
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the foreign economy is relatively big for the home economy, this
addition does change the spillover to the home economy.

I plot the net flows from home to foreign, Bt − Jt, under the
global asset label. As in the previous model, the net flows decrease
when foreign is hit by a negative quality-of-capital shock. Home
banks decrease how much they lend to foreign because foreign banks
are more financially constrained. The decrease in lending to foreign
prompts a decrease in the net worth of home banks; it falls more than
in the baseline model because net flows shrink more. Home banks
are more financially constrained, foreign banks decrease lending to
home banks, and this prompts the larger fall in the net international
flows. Due to the further fall in home banks’ net worth, loans and
investment at home collapse. Consumption falls more on impact. Up
to a first-order approximation, relaxing the assumption that foreign
banks cannot hold claims on home banks prompts a larger spillover
from foreign to home.

Policy Response—Unconventional Policy

As in the baseline model, I evaluate the consequences of introducing
a central bank that carries out unconventional policy. First, I allow
the foreign central bank to lend directly to non-financial firms or
to inject equity into banks. The results are in figure A2. Second,
I assume that both central banks carry out unconventional policy.
The results are in figure A3.

In figure A2, the dotted-dashed line is the same model as in the
previous figure: the model with double flows without policy. The
dotted line is the model with loan policy carried out by the foreign
central bank, and the solid line is the model with equity injections to
the foreign banking system. The impact of the foreign policy in the
big economy is similar to the baseline framework: the intervention
reduces the impact of the shock on the asset price; the net worth of
foreign banks falls less on impact and so does investment. Consump-
tion, on the contrary, is hit more with the policy because households
are paying for the policy. The home economy benefits from the pol-
icy through a lower drop, on impact, of the asset price; investment
falls less on impact. The net global asset is also smoother due to the
smaller reduction on lending from foreign to home, and so is the net
worth. Consumption shows almost no changes.
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Figure A2. Impulse Responses to a 5 Percent Decrease
in Ψ∗

t , Double Flows Model with Policy
by the F Central Bank

Figure A3 plots the case in which I allow both central banks
to carry out unconventional policy—in particular, equity injections.
The dotted-dashed and the solid lines are the same as before, the
model without policy and with equity injections to the foreign banks,
respectively. The solid line with asterisks is the model when both
central banks intervene. The foreign economy adopts the policy and
has the same reaction as in the previous figure. It seems that the
home economy also behaves as in the previous policy, but this is not
the case. The net global asset fall less due to a smoother behavior
of the home asset price; the last effect also makes investment fall
less on impact. Again, home consumption falls slightly more due to
the intervention. The home economy presents a milder reaction to
the shock when the home central bank carries out unconventional
policy than when it does not; the foreign economy does not show
major changes.
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Figure A3. Impulse Responses to a 5 Percent Decrease
in Ψ∗

t , Double Flows Model with Equity Injections
by F and H Central Bank

Up to a first-order approximation, the model with double flows
behaves in a similar fashion to the model with the assumption that
foreign banks cannot hold claims on home banks. Unconventional
policies are effective at reducing the impact on home and foreign of
a negative quality-of-capital shock in foreign, but less effective than
in the baseline model.

Welfare Analysis

As with the baseline model, I evaluate the second-order approxima-
tion of the model and the implications of loan market interventions.
In this case, for simplicity, I only evaluate the unconditional wel-
fare for one policy; I have shown that for the baseline model the
simulations and the unconditional welfare give similar results.

The unconditional welfare results for the double flows model with
unconventional policy are in table A2. As in the baseline model,
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Table A2. Unconditional Moments: Deterministic and
Stochastic Steady States Comparison, Policy in F

and in H, υ∗
g = 0.25 and υg = 0.25

Stochastic Steady State Ψ*

Determ. No Policy Loan Market F Loan Market F H

Mean SD Mean SD Mean SD

Y 0.6867 0.6866 0.0027 0.6866 0.0027 0.6867 0.0027
K 5.8471 5.8473 0.0055 5.8466 0.0055 5.8463 0.0055
C 0.4554 0.4553 0.0018 0.4553 0.0018 0.4554 0.0018
L 0.2283 0.2283 0.0028 0.2283 0.0028 0.2283 0.0028
Y ∗ 0.7622 0.7622 0.0022 0.7622 0.0022 0.7622 0.0022
K∗ 6.6490 6.6489 0.0068 6.6489 0.0068 6.6490 0.0068
C∗ 0.4436 0.4436 0.0024 0.4436 0.0024 0.4436 0.0024
L∗ 0.2628 0.2628 0.0011 0.2628 0.0011 0.2628 0.0011
N 1.9811 1.9805 0.0190 1.9782 0.0190 1.9767 0.0190
N∗ 1.6414 1.6412 0.0189 1.6412 0.0189 1.6412 0.0189
TOT 0.9519 0.9519 0.0017 0.9519 0.0017 0.9519 0.0017
Ψ∗ 1.0000 1.0000 0.0013 1.0000 0.0013 1.0000 0.0013
B 1.3244 1.0729 0.6396 1.0636 0.6395 1.0652 0.6393
V ∗ 2.6838 2.6837 0.0065 2.6837 0.0065 2.6838 0.0065
J 0.0019 0.0000 18.0489 0.0000 18.0452 0.0000 18.0402
ϕ∗

g 1.0000 0.0000 1.0000 0.0000
CE −0.0010 −0.0009
CE* 0.0001 0.0004

Notes: All the variables are in levels except for the consumption equivalents, which
are in percentages. The first column, “Determ.,” corresponds to the deterministic
steady state; the third and fourth, “No Policy,” are the mean and standard deviation
of the stochastic steady state, respectively. The fifth and sixth, “Loan Market F,”
correspond to the loan market intervention in foreign. The last two columns, “Loan
Market F H,” are loan market interventions in foreign and home.

intervention implies a reduction in the standard deviation of the
variables, which shows in the fifth digit. The intervention is zero at
the steady state, and the shock has a very small standard deviation.
The message from the intervention carried out only by the foreign
central bank is similar to the baseline model: foreign consumers
are better off and home consumers are worse off. The mechanism
behind this is the same. However, when both central banks inter-
vene, there is a Pareto improvement for the economy, with respect
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Figure A4. Unconditional Utility: Non-Cooperative and
Cooperative Consumption Equivalents under

Quality-of-Capital Shocks in Foreign, Model with Flows
from and to the Home Banking Sector

to only foreign intervening. The difference with the baseline model
comes from relaxing the assumption that foreign banks cannot lend
to home banks, even though in the model with the interventions
these flows are reduced to almost zero. The intervention carried out
by the home central bank does not hurt foreign consumers because
they get the benefits from the loans that foreign banks hold in their
balance sheet; the value of the foreign financial intermediaries, V *,
is higher when both central banks intervene.

Non-Cooperative vs. Cooperative Policies

Finally, I evaluate the cooperation across countries. In the baseline
model, the Nash equilibrium resulted in both central banks interven-
ing, while the cooperative equilibrium implied that only the foreign
central bank would intervene, while the home policymaker would do
nothing. However, this was not Pareto improvement.

The results regarding the consumption equivalent for different
levels of intervention are in figure A4. On the one hand, home inter-
vention does not affect much the welfare of either foreign or home
consumers. Home consumption equivalent increases very little when
home intervenes, and foreign consumption equivalent also increases
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with home policy; this is the difference with the baseline model, in
which home intervention would benefit home consumers but hurt for-
eign households. In this model, home policy benefits both countries.
On the other hand, foreign intervention is much more effective. With
low values, foreign consumers’ welfare improves. However, when the
intervention is aggressive, the foreign consumption equivalent falls
due to the costs. Home consumers take advantage of the foreign
intervention and their welfare improves. Then, the Nash equilib-
rium results in both central banks intervening, as we can see in the
left-hand-side panel of the figure. The cooperative equilibrium, the
sum of both welfares weighted by the countries’ population, implies
an active foreign and home central bank. This result is different
from the baseline model because now, home policy benefits foreign
consumers.

Relaxing the assumption that foreign financial intermediaries are
not allowed to lend to home banks does not change, in general terms,
the non-cooperative result: both central banks are active. This is
the case because the net international flows are positive for the
home economy, as in the baseline model. The difference with Dedola,
Karadi, and Lombardo (2013) comes from the assumption of a rel-
atively small economy, rather than two economies of similar size,
and the effects of the real exchange rate that they abstract from.
Nevertheless, the cooperative equilibrium in this model is different
from the baseline one.

Appendix 6. Unconditional Welfare

For comparison with the previous literature, I look at the uncondi-
tional moments of the second-order approximation of the model; the
results are in table A3. Given that the volatility of the shock matches
the volatility generated by the Poisson distribution, the size of the
disturbance is very small and prompts a small reaction of the vari-
ables. In this case, it is the ergodic distribution of the variables’
given positive and negative shocks which prompts negative and pos-
itive interventions, respectively. The government intervenes in every
period using its unconventional policy. In comparison with the con-
ditional moments, two aspects are relevant. First, the policies help
reduce the volatility of the variables, as in the previous case. This
is a very small difference that appears in the fifth digit. Second, the



26 International Journal of Central Banking September 2016

T
ab

le
A

3.
U

n
co

n
d
it
io

n
al

M
om

en
ts

:
D

et
er

m
in

is
ti
c

an
d

S
to

ch
as

ti
c

S
te

ad
y

S
ta

te
s

C
om

p
ar

is
on

,
P
ol

ic
y

in
F

S
to

ch
as

ti
c

S
te

ad
y

S
ta

te
Ψ

*

D
et

er
m

.
N

o
P
ol

ic
y

L
oa

n
M

ar
ke

t
In

tb
.
M

ar
ke

t
E
q
u
it
y

In
je

ct
io

n
s

M
ea

n
S
D

M
ea

n
S
D

M
ea

n
S
D

M
ea

n
S
D

Y
0.

70
93

0.
71

24
0.

00
47

0.
71

24
0.

00
47

0.
71

23
0.

00
47

0.
71

23
0.

00
47

K
6.

06
71

6.
07

02
0.

00
18

6.
07

02
0.

00
18

6.
07

01
0.

00
18

6.
07

01
0.

00
18

C
0.

46
97

0.
47

23
0.

00
58

0.
47

23
0.

00
58

0.
47

22
0.

00
58

0.
47

22
0.

00
58

L
0.

22
95

0.
22

85
0.

00
48

0.
22

85
0.

00
48

0.
22

85
0.

00
48

0.
22

85
0.

00
48

Y
∗

0.
76

12
0.

76
11

0.
00

22
0.

76
11

0.
00

22
0.

76
11

0.
00

22
0.

76
11

0.
00

22
K

∗
6.

63
89

6.
63

93
0.

00
67

6.
63

93
0.

00
67

6.
63

93
0.

00
67

6.
63

93
0.

00
67

C
∗

0.
44

30
0.

44
29

0.
00

24
0.

44
29

0.
00

24
0.

44
29

0.
00

24
0.

44
29

0.
00

24
L

∗
0.

26
27

0.
26

28
0.

00
13

0.
26

28
0.

00
13

0.
26

28
0.

00
13

0.
26

28
0.

00
13

N
1.

98
06

2.
04

00
0.

03
17

2.
04

00
0.

03
17

2.
03

81
0.

03
17

2.
03

79
0.

03
17

N
∗

1.
64

02
1.

63
81

0.
01

88
1.

63
81

0.
01

87
1.

63
82

0.
01

87
1.

63
82

0.
01

87
T

O
T

0.
82

74
0.

80
94

0.
02

32
0.

80
95

0.
02

32
0.

81
00

0.
02

32
0.

81
01

0.
02

32
Ψ

∗
1.

00
00

1.
00

00
0.

00
13

1.
00

00
0.

00
13

1.
00

00
0.

00
13

1.
00

00
0.

00
13

B
1.

19
42

1.
46

04
0.

23
57

1.
46

02
0.

23
57

1.
45

02
0.

23
57

1.
44

90
0.

23
57

V
∗

2.
67

85
0.

00
68

2.
67

85
0.

00
68

2.
67

86
0.

00
68

2.
67

86
0.

00
68

φ
∗ g

1.
00

01
0.

00
00

1.
00

01
0.

00
00

1.
00

01
0.

00
00

C
E

−
0.

00
06

−
0.

03
15

−
0.

03
49

C
E
*

0.
00

01
0.

00
16

0.
00

17

N
o
te

s:
A

ll
th

e
va

ri
ab

le
s

ar
e

in
le

ve
ls

ex
ce

pt
fo

r
th

e
co

ns
um

pt
io

n
eq

ui
va

le
nt

s,
w

hi
ch

ar
e

in
p
er

ce
nt

ag
es

.



Vol. 12 No. 3 Financial Intermediation in a Global Environment 27

Figure A5. Unconditional Utility: Non-Cooperative and
Cooperative Consumption Equivalents under

Quality-of-Capital Shocks in Foreign

ranking of the policies according to the consumption equivalent of
foreign consumers is the opposite.

In the unconditional stochastic steady state, the policies prompt
a higher price of the asset price, which is translated into a higher
value of the foreign banks. This prompts an increase in domestic
deposits and a reduction of loans from home banks. The terms of
trade appreciate for foreign and depreciate for home. Then, foreign
households consume more and work less; they are better off. Home
households consume less and work more; they are worse off. These
results are similar to the ones presented in the main text with the
simulations.

I continue with the robustness checks. I plot the interactions
between the two policymakers under the unconditional utility in
figure A5. As in the results with the simulations, the Nash equilib-
rium implies active policymakers in both countries and the cooper-
ative equilibrium where the foreign authority intervenes, while the
home central bank does nothing.
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Appendix 8. Additional Figures

Figure A6. Impulse Responses to a 5 Percent Decrease in
Ψ∗

t , Comparison across Models without Policy
Intervention, More Variables
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Figure A7. Impulse Responses to a 5 Percent Decrease in
Ψ∗

t , Unconventional Policies by F Central Bank
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Figure A8. Impulse Responses to a 5 Percent Decrease
in Ψ∗

t , Unconventional Policies by F Central Bank,
More Variables
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Figure A9. Impulse Responses to a 5 Percent Decrease in
Ψ∗

t , Loan Market Intervention by F and H Central Bank



Vol. 12 No. 3 Financial Intermediation in a Global Environment 35

Figure A10. Impulse Responses to a 5 Percent Decrease
in Ψ∗

t , Unconventional Policies by F and H Central Bank
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Figure A11. Impulse Responses to a 5 Percent Decrease
in Ψ∗

t , Unconventional Policies by F and H Central Bank,
More Variables
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Figure A12. Comparison between a Quality-of-Capital
Shock and a Financial Shock

Reference
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