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Abstract

This paper investigates the effects of equity market integration on the transmission of
monetary policy shocks. Based on the assumption that financial market liberalization and
integration lead to falling portfolio holding costs, we analyze its effect on a two-country
DSGE model with staggered prices and endogenous portfolio choice under incomplete
markets. The model predicts that the reaction of stock prices, output and RER becomes
muted upon impact and less persistence with falling portfolio holding costs. To test for
a similar pattern in the data, we estimate a VAR with rolling coefficients for Australia,
which provides a good case study. We identify a monetary policy shock with the sign
restriction approach. The impulse responses generated by the data are consistent with
the prediction of the model and imply that equity market liberalization seems to weaken
the impact of monetary policy, at least on stock prices .
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1 Introduction

The past two decades have witnessed profound changes in financial markets, and equity
markets in particular, in form of greater international financial integration as docu-
mented, among others, by Lane and Milesi-Ferretti (2006). Naturally, financial market

integration needs market liberalization in order to be accomplished in terms of assets
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substitutability conditions and perfect mobility. The mobility is perfect in the absence
of capital and transactions control, institutional barriers and transaction cost. In this
paper we focus on equity markets and model financial liberalization, and the conse-
quent market integration, through a fall in portfolio holding costs. The latter can be
associated with the drop in fixed banking commissions and the effects of mergers among
stock exchanges observed in advanced countries during the last 20 years.

We maintain that understanding how financial integration alters the transmission
of monetary policy shocks is a relevant avenue of research for both policy makers and
scholars to the extent i) an increasing number of countries lift the strains of regulation
on stock exchanges across the world and 4i) changing transmission channels of monetary
policy have important implications for the inflation-output trade-off and for the appro-
priate monetary policy response to asset prices, if any. We devote particular attention to
stock prices because they play an important role in the transmission of monetary policy
to the real economy, but the investigation of the consequences of financial integration
on the monetary transmission channels is still scant in the literature.

One could argue that because financial integration makes markets more complete
changes in the official interest rate are more readily transmitted to the whole term
structure with a strenghtening of the asset price channel of monetary policy (see for
instance Visco 2007). While this seems reasonable, in principle we can not exclude
that portfolio adjustments and risk-sharing considerations could lead to a different
conclusion.

Having this in mind, we attempt to address the question of whether and how equity
market liberalization and international integration can influence the effects of monetary
policy shocks on equity prices and real variables. In this study we first investigate the
issue theoretically and then attempt to find evidence in the case of Australia.

We proceed to build a two-country DSGE model with endogenous portfolio choice
in the spirit of the recent contributions by Devereux and Sutherland (2006, 2007). We
introduce incompleteness of financial markets by assuming that investors face portfolio

holding costs, which depend on the degree of market liberalization and on the market



where equities are purchased. In particular, we argue that when markets are strongly
regulated and the level of competition among trading firms is low, investors incur a cost
on asset holdings. Similarly to Martin and Rey (2004), we think of such a cost in terms
of banking commissions and variable fees. Not only, if markets are only partially open
to international trade, purchasing abroad entails an extra cost related to the acquisition
of information on an unfamiliar market.! As consequence, we assume that a domestic
agent faces a certain cost on his/her holdings of domestic assets and an higher cost on
holdings of foreign assets. As noted in Tille and van Wincoop (2008), the presence of
these costs implies that financial markets are incomplete, even if the number of assets
equals the number of shocks. To solve the model we follow their approach and assume
that the cost is of second order, i.e. small enough to conduce to a well behaved portfolio
allocation. Similarly to their model, since investing across border entails a (extra) cost
with respect to domestic investment, the model predicts home bias in portfolio holdings.

To study the effect of financial integration on the monetary policy transmission,
we generate impulse responses to a monetary policy shock before and after a fall in
portfolio holding costs, which can be thought as consequence of the liberalization of the
domestic equity market and, more in general, of a process of global financial integration.

An implication of the model is that the reaction of equity prices and some real
variables, like output and real exchange rate, to domestic monetary shocks becomes
weaker, in terms of impact and persistence, once equity markets are liberalized. Since
the dynamics of the model are driven by consumers’ behavior, we conjecture that the
fall in the portfolio holding costs, by bringing the model closer to an environment of
complete markets, widens the opportunities of risk-sharing. This reduces the need for
portfolio reallocation in the face of the shock and therefore lowers the impact on equity
prices.

To investigate whether a similar pattern is present in the data, we estimate rolling
Vector Autoregressions (VARs) on Australian data. We identify monetary policy shocks
with the sign restriction identification strategy developed recently by Canova and De

Nicolo (2002).

'For more detailed discussion see Martin and Rey (2004).



The particular choice of the country is suggested by the fact that Australia has
gradually liberalized its equity market industry. From the relaxation of restrictions on
banking institutions in the early 1980’s, which increased competition among trading
firms, to the abolishment of fixed commission in 1983 and the government enforcement
of merger of all stock exchanges in 1987, the liberalization took lace at a gradual pace
through out the 1980’s. Last but not least, Australia has high quality data during all
that period.

The contribution of this paper is twofold. It provides empirical evidence that the
effect of monetary policy shocks on asset prices has changed over time and suggests a
theoretical explanation for it relying on the increased equity market liberalization and
integration.

The remainder of the paper proceeds as follows: Section two provides a brief liter-
ature review of two-country DSGE models with endogenous portfolio choice. Section
three describes the main building blocks of the open economy model (the detailed
derivation is in Appendix A) with the solution for optimal portfolio and the model’s
impulse responses to a monetary policy contraction under falling portfolio holding costs.
Section four describes the estimation strategy and the evidence from Australia. Section

five concludes.

2 Related Literature

Related to this paper are two different strands of literature. Theoretical studies on
portfolio composition and financial markets structure in DSGE models and empirical
works on VAR to investigate the effect of monetary policy. We briefly introduce here
the theoretical literature which is closely related to this paper, while the main references
for the empirical application will be discussed in Section four.

In recent times the class of two-country DSGE models has been widely used to
explore different aspects of trade integration but the contributions to modelling realis-
tic financial liberalization /integration to assess the effect of monetary policy have been

scant. Most contributions either assume only international trade of a real risk free bond



(see for instance Svensson, 1989) or assume that financial markets are completely inte-
grated, thus permitting agents to fully diversify consumption risk (see for instance Engel
and Matsumoto (2006), Evans and Hnatkovska (2006), and Kollmann (2006)). Reality
is probably somewhere in between. The main reason of this lack of realism is technical.
The standard approach to solve DSGE models requires first order approximation of the
model around a non-stochastic steady state, yet introducing equity markets requires the
consideration of the riskiness of individual assets, which in turn requires information
about the covariance of an asset with consumption. Obviously, considerations of risk
are absent in a first order approximation and agents result indifferent about choosing
one asset versus another. The portfolio choice problem is therefore indeterminate. To
account for risk, (at least) second order Taylor expansion is necessary. Recent devel-
opments of the literature in this direction have permitted researchers to include more
realistic structures of financial markets across countries in general equilibrium models.

Devereux and Sutherland (2006) provide an approximation method for computing
equilibrium financial portfolios, which include any type of assets, in DSGE models. This
contribution is mainly methodological. In 2007, however, the same authors incorporate
in a standard two-country DSGE model, with staggered prices, the optimal portfolio
choice to investigate the effect of monetary policy. The general set up of this paper is
very similar to ours. The crucial differences are in the way market incompleteness is
modelled and in the spirit of the investigation. Devereux and Sutherland are concerned
about the link between monetary policy and national asset portfolios. Their emphasis
is on the impact of market incompleteness on the distribution of returns on nominal
assets and on the role of price stability in the optimal monetary policy rule. Our
focus is on how financial liberalization/integration affects monetary policy transmission
mechanisms when portfolio choice is endogenous and financial markets incomplete. Tille
and van Wincoop (2007), independently and simultaneously, develop a solution method
for DSGE models with portfolio choice that is essentially the same as Devereux and
Sutherland (2006), yet they go one step forward. They investigate the implications of

portfolio choice for both gross and net international capital flows and the time-variation



in portfolio allocation following shocks. By adopting the distinction between steady
state portfolio shares and change in optimal portfolio, they show how endogenous time-
variation in expected returns and risk affect capital flows. In doing so, they incorporate
a small second order portfolio holding cost to study the effect of an increment in financial
market completeness. Similarly to them, we are interested in the effect of increasing
market completeness, and we borrow from them the way of modeling it. Yet, we are
concerned about changes in the monetary policy transmission mechanism rather than

the time dimension of portfolio determinants.

3 The model

In this paper, we extend the model of Devereux and Sutherland (2007) by introducing
market incompleteness, as in Tille and van Wincoop (2008), through a small cost on
equity holdings. This will permit to study the effects of changes in portfolio holding
costs on the transmission of monetary policy shocks to equilibrium portfolio shares,
equity prices and the real side of the economy.

In the following a two-country dynamic general equilibrium model with price rigidi-
ties and portfolio choice is derived. The two countries, Home and Foreign, have equal
size and are symmetric. Agents maximize utility over an infinite horizon and con-
sume both domestic and imported goods, but they have preference for locally produced
goods, implying home bias in consumption. They supply homogeneous labor and hold
a portfolio that includes four different assets, Home and Foreign bonds as well as Home
and Foreign equities. Equities are claims to firms’ profits. Each firm produces a single
differentiated good.

As in Devereux and Suterland (2006, 2007) the model is split in two parts: the

portfolio part and the non-portfolio part. We start with the former.



3.1 Consumers

We assume a standard CRRA utility function, where infinitely lived agents derive utility

from consumption and incur disutility from labor as follows:

e’} Ctlfp
U=Ey Y =, ~ KL (1)
T=t

where F is the expectation operator, ' is a consumption index defined across Home
and Foreign goods, p > 0 is a measure of risk aversion, L is labor supply and 7, the

endogenous discount factor defined by the following recursion:

Ny = BiMy_1

One caveat of DSGE models with incomplete financial markets is that they are non-
stationary in the sense that the dynamics may not be independent of initial conditions.
It is possible therefore that temporary shocks have permanent effects and one country
eventually owns the whole world wealth. In order to rectify this problem, we use
an endogenous discount factor.? We follow Ferrero et al. (2008) assuming that the
endogeneity is not internalized by the agents so to have the following functional form

for ,:
1

1+ (logat — 19)

where C, is the average consumption and is taken as exogenous by the household in the

By = (2)

optimization problem.?

The Home agent’s consumption basket C' consists of Home and Foreign goods with

?This method was developed originally by Uzawa (1969) and implemented by Mendoza (1991). Uribe and
Schmitt-Grohe (2003) suggest this as one way to close small open economy models with incomplete markets.
Bodenstein (2006) notes that while there are different methods of closing NOEM models with incomplete
markets, the restrictions of an endogenous discount factor is suggested as the only one which always gives a
unique solution to the model.

3Yet, at the steady state C;=C;. As consequence in the first order conditions B, depends on C; and the
system of equations becomes stationary (See Appendix A). The economic intuition of such a structure is that
there is a positive spillover from average consumption to individual consumption. Higher average consumption
induces individuals to want to consume more today relative to the future, meaning, 3, decreases. On the other
hand, greater indebtness reduces borrower’s consumption, raising the discount factor and inducing saving
(Uzawa, 1968). This ensures that there is a determinate steady state in a model with international borrowing
and lending.



elasticity of substitution of 6 and takes the explicit form of a CES index:

6—1

C=[uC," + (1) Cy" (3)

where p is the degree of preference for the domestically produced goods, if © > 0.5,
the country is characterized by home bias. Cj and C; are the domestic goods and
the imported goods components respectively of the Home consumption basket and are
themselves indices. C}, is a CES index of Home goods monopolistically produced:

o
1 d—1
N 2mt
Ch = / (Ch (7)) ¢ di
0
where ¢ is the elasticity of substitution between varieties produced within the country;
hence it is the parameter that governs the markup.

Analogously C} is the index of Home imported goods and is given by:

¢
1 p—1

cr=| [ o) ai

0

It can then be shown that under this formulation the aggregate price index is:
1
P = [WPY 4 (1 - p) P

where Py and P, are the price indices for Foreign and Home goods respectively.

The Home agent faces the following period budget constraint:

P P
b t—1Thbt B + Qpo 1T ot g+

—Ohe P —dfe P
Qpet—1€ The,t P + Qfet—1€ Tfet P

PCy+ PWiyy =w L+ P1L, + P,

(4)

The right hand side includes the different sources of income. The term w;L; is the
nominal labour income and FP,II; the profits on Home firms. Since the nominal Home
output equals the sum of income accruing to labour and profits, it must hold that:

wely + Pl = Py ,Y;. The Home agent is the default owner of Home firms, however



international trade of Home equity transfers claims on Home profits to Foreign agents.
Similarly, trade of Foreign equity transfers claims on Foreign firms profits to Home
agents. The last term in parentheses represents the total return (in nominal terms) on
the Home country portfolio including four tradable assets: Home and Foreign bonds (hb,
fb) and Home and Foreign equities (he, fe). The term 7 is the real return and a4
is the real holding of asset k purchased at the end of period t —1 and carried into period
t. Holding equity entails a cost, which reduces their real return. We assume that the
return on the equity purchased abroad is reduced by an iceberg cost of the form e < 1.
In particular, d. is the cost that the Home agent has to pay for holding Foreign equities
(symmetrically d;, is the cost that the Foreign agent will have to pay for holding Home
equities). Not only, we argue that when the Home market is regulated, the Home agent
incurs a cost d;,. on Home equity holdings as well . The idea is that when competition
among trading firms is low because of regulation, buyers are required to pay (banking)
commissions and other variables fees. The costs 0 are small enough (second order) to
get well behaved portfolio at the steady state and to deliver incomplete market even
when the number of shocks equals the number of internationally traded assets.

The left hand side of eq. (4) describes the allocation of resources between consump-
tion and purchase of assets. As in Devereux and Suterland (2006), we define the net

value of the real wealth (Net foreign asset) of the Home agent as follows:

4
W, = E A t—1
k=1

In economic terms this means that the total investment in period £ — 1 must add up to
wealth at the beginning of time t.

A step by step derivation of this model, together with all of the log-linearized con-
ditions can be found in Appendix A. For the sake of brevity, we present here only the
results of the optimization.

Optimal intratemporal allocation of expenditure yields:

P\’ P\ 7
(thu(Fh> c cy:@-,@(%) C



The first order conditions for labor, and the four Euler equations for bonds and equities
are given, respectively, by
Wt
— —torr
Pt
C;p = 5t+1Et t+17°hb t+1)
Ot_ P= 5t+1Et
Cy ro= 5t+1 t
Ot_ Po= 5t+1Et

(&
( t+17"fbt+1)

(C t—i—le The,tJrl)
(Che " ersesn)

The solution method we employ requires rewriting the model in terms of excess returns.
Without loss of generality, we thus designate the Foreign bond as the reference asset

and we rewrite the Euler equations as below:

0 = Et6t+10t_+p1 (Thbt41 — Tpbi41) (5a)
0 = Ef,.,1Ch (675’L€7"he,t+1 — be,t+1) (5b)
0 = BB Crfy (€7  fersa — Tppasa) (5¢)

3.2 Firms

Each firm produces using only homogeneous labor, L. Let Y (i) be the output of firm
1 and A; the productivity factor that is common across firms within the country. We

assume that production is linear in labor input:
Y (i) = A L(7)
with A; evolving according to an autoregressive process of this form:
log Ay =¢,log A; 1+ uy

where 0 < ¢, < 1 and u; is an i.i.d. shock with E;_;[u;] = 0 and Var[u] = 2.
We assume that each firm acts in an environment of monopolistic competition where

it produces a differentiated good that it sells on both domestic and foreign markets
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where it sets the price according to producer currency pricing (PCP), i.e. in its own
currency, regardless of the nationality of the market where the good is actually sold.*
We also suppose that the firm’s ability to set the price is constrained exogenously and
prices evolve on a staggered basis. To account for this feature, we include price stickiness
a la Calvo (1983), so that, every period, each firm faces the same probability (1 — k) to
reset its price. From profits maximization we can write out the dynamics of the newly

set price as:

oo
Wi
, > T X
D =0

Ep Y TriXni

=0

where X}, ;1; represents the demand a firm faces for its output® and I';,; is the discount
factor to evaluate future profits. Since financial markets are incomplete, there is an open
question as to what exactly determines I'; ;. Here we follow the argument of Devereux
and Sutherland (2007), according to which, since the non-portfolio part of the model
is solved by first order approximation around a stationary steady state, the discount
factor is simply the consumer discount factor, i.e. 3.0
Given the Calvo price setting, the dynamics of the Home price index are governed
by the following law of motion:
_1
Phy = [(1 - "J)ﬁ;f + ’fp;i,;i] o
Combining the last two equations and linearizing lead to the following New Keynesian

Phillips curve:
Tht = A <Pat + ﬁt — U — ﬁh,t) + BETh 441

*In this we follow Devereux and Sutherland (2007). LCP setting is probably more realistic but it would
increase the complexity of the model delivering a much more complex steady state. Since the main focus of
the paper is on international portfolio, we prefer to keep this part as simple a spossible.

>The total demand, Home and Foreign, for the Home firm output is defined as follows:

~ —¢ ) ~ —¢ * -0
N Pt Py ¢ Py, St Pry "
Xt () = ( P) () “ecra-n ( s St) (5

See Devereux and Sutherland (2007) for a detailed discussion on this point.
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~1
where \ = <%) is a measure of price stickiness arising from Calvo price-
adjustment restriction and the term in the parentheses is the marginal cost of produc-

tion.

3.3 Monetary Authorities

We close the non-portfolio part of the model by supposing that monetary policy obeys
a simple interest-rate rule according to which the nominal rate depends on the steady-
state natural rate of interest in the frictionless zero inflation equilibrium and on the
gross PPI inflation rate.” We also assume that the rate is subject to stochastic monetary
shocks. Lastly, since in the model there is only one interest rate, we impose that the
policy instrument corresponds to the interest rate on nominal bonds 77, , ., so that the

policy rule can be represented as follows:

where m; is a stochastic i.i.d. shock to the interest rate such that F; ;[m;| = 0 and
Var[m| = o2,.

In what follows we introduce the elements of the portfolio part of the model.

3.4 Portfolio Assets

The model includes four assets, Home and Foreign bonds and equities. The Home
equity is a claim on Home aggregate profits and a unit of it purchased in period ¢
yields a real payoff equal to 11,11 + Zpe 11, where II;, are aggregate Home profits and
Zhe 141 the real price of the Home equity. As a result, the gross real rate of return on
the Home equity is the sum of capital gains and dividend yields:

i1 + Zhe s

Thet+1 =
’ Zhet

"The formulation of the policy rule is borrowed from Devereux and Sutherland (2007). As they point out,
the choice of PPI, inflation instead of CPI, follows the well known result in the literature that in (complete
markets) open economy without "cost-push" shocks, it is optimal to stabilize PPI inflation.

12



The Home nominal bond is a zero-coupon bond paying 1 unit of Home currency in the

following period. Hence, the real pay off of a bond purchased in ¢ and carried into ¢t + 1

is 1/ P;11. Given the real price of the bond Zj;,, the gross real return on the Home bond

is:

1

not+1 = 75 5
Py Zhb,t

Since we assumed that the central bank controls the nominal interest rate ry; ., the

following relationship holds:

3.5 Foreign Economy

n —
Thbt+1 = Thbt+1

Pt+1 1

P, PZp,

The Foreign economy has an analogous representation as the Home economy. Con-

sumers choose their labor effort, portfolio and consumption subject to the following

budget constraint (in terms of Home consumption basket):

*

P
PICi+—L W} = w;Li+ P+

Q:

*
t

Q:

* * * —0n *
(Qhps17hbs + Qppp 1Tfot T Qpey 1€ "Thet + afe,thfe,t)

where Q; = P;S;/P, is the real exchange rate and it enters the budget constraint

because C} and Y,* are measured in terms of Foreign aggregate consumption, while
t t 9

the returns are in terms of Home consumption basket. The first order conditions are

analogous to the ones of the Home agent, but the portfolio holding cost falls now only

on Home equity®:

ol
ol
ol
ol

* *—p
Et5t+lct+1 Thb,t+1

* *—p
BB Crd T b1

* *—p —6F
EiBi1Crii e e The 11

* *—p
Et5t+1ct+1 Tfet+1

8Since we focus on the Home economy, for semplicity, we assume that there is not cost for the Foreign agent

on its domestic equity holdings.
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As for the Home country, we can express everything in terms of excess return. Since
oy, is net holdings of asset k£ in the Home country, the condition oy = —a; must hold

and the net debt of an agent is the net asset of the other so that:
Wt - _Wt*

Foreign monetary authorities follow a rule analogous to the one of the Home country:
v
P*
Py =B (%) exp m;
fit—1
3.6 Aggregate demand and goods market clearing

With identical producers within each region, at the equilibrium, production depends
on preferences and the level of consumption in the two countries. The goods market

clearing conditions are:

Ph -0 If —0
_ 7t o :t *
—0 * —0
ve=l-m () aru(E) o )
t

3.7 Model Solution

The standard solution approach of two-country DSGE models consists in linearizing the
model around a non-stochastic steady state and then apply a solution algorithm, like
the one suggested by Klein, yielding model’s reaction to a certain shock. However, as
mentioned above, in this model, portfolio choice is endogenous and two problems arise.
First, the concept of portfolio choice is meaningless in a non-stochastic steady state
by definition. Second, to a first order approximation all assets are perfect substitute
and the portfolio composition is undetermined. Since assets vary in their riskiness with
incomplete markets, it is necessary to take a second order Taylor expansion in order
to obtain information about the covariances of individual returns with consumption.

This does indeed raise the complexity of the solution. Yet, as shown by Devereux and

14



Sutherland (2006), one can solve the model including portfolio holdings by taking the
second order expansion only of the portfolio part of the model, and in particular of the

following equations:

0 = Etﬁmq;”l (Thot+1 — Tbt+1)
—p (6

0 = Ef,1Ch (6 "The,t+1 — be7t+1)
—p (6

0 = Ef,Ch (e T fe 1 — be,t+1)

The rest of the model’s equilibrium conditions only need to be approximated up to a

first order.

3.7.1 Portfolio Solution

We describe the solution method intuitively here and put all of the derivations along
with more detailed explanations in Appendix A. The solution algorithm we use con-
sists of two stages. In the first stage we treat the portfolio holdings a; as a stochastic
unknown® and obtain a solution conditional on that assumption. Following the deriva-
tions in the Appendix A, it is then possible to calculate the implied value for each ay.
In the second stage we can then obtain the full solution, since «; is now known.
Accordingly, we take a second order approximation of the portfolio selection equa-

tions, which yields:

~2 ~2
(rhb,t—&—l - be,t+1) }
~2 ~2
(rhe,t+1 - be,t+1)}

(?12”6,#1 - ?J%b,tﬂ) }

0 = L {(?hb,tﬂ — Trpas1) — (p+UB) Cror (Thpgt1 — Tpoe41) +

ohe = Ej {(?he,tﬂ — Trput1) — (p+¥B) 6t+1 (Thet+1 — Tpbi41) +

N = N = N =

0fe = Ey {(?fe,tﬂ — Trops1) — (p+0P) Ciia (Tfet+1 — Trops1) +

where all variables with a hat are in log-deviations from the steady state. As previously
explained, d ¢, and d,, are costs of second order magnitude, which therefore only appears
at the second order of approximation. Defining the excess return for each asset with

respect to the reference asset as: 74141 = Tigp1 — Tpogr1, and 75,0y = 77000 — P50

9Up to first order of approximation.
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the set of equivalent Euler equations for the Foreign country, becomes:

0 = Etrac,hb,t+1 - (,0 + wﬁ) EtC:H?”z,hb,tH + §Et7’g2c7hb,t+1 — Tz, he,t+1 (Qt+1 - Qt)

Ze = Etrx,he,t—l-l - (P + @Dﬁ) Et0:+17”x,he,t+1 + 5 tri,he,t—&-l = Tz,het+1 <Qt+1 - Qt)

. Ax 1. . A A
0 = Eifgserr1 — (0+¥B) BeCipafagepn + §Et7“a2g, fetr1 — Tahettl (Qt+1 - Qt)

Subtracting each of the Foreign country equation from the corresponding one for Home
yields covariances between the excess return and the consumption difference that de-

scribe how well one can hedge consumption risk with the asset considered:

0 = Et ét+1 - AZ<+1 — % f’m,hb,t—&-l (9)
. - e Qua— Q1)
he — one = L Ct+1 — Ui — W Tz, he,t+1 (10)
- e Qi — Q)
—0fe = B | Cn — Cfpy — W Tz, fet+1 (11)

Taking the sum of each of the Home Euler equations and corresponding Foreign
equations (see equations (40) (41) (42) in Appendix A), a crucial property of the model
shows up. All the terms in the equations are second order (products of first order and
costs), except the expected excess return. Hence, it must be the case that, to a first

order approximation, the following condition holds:
Eireiia =0

This says that up to a first order all assets are perfect substitutes in expectation and
excess returns unpredictable, as a consequence the latter can be treated as shocks,
ie. 7441V ¢ is a zero-mean ii.d. process. We will exploit this property to derive
the equilibrium solution for «;. To do so, it is first necessary to expand the budget
constraint. Since second order solutions for the second moments can be obtained from
the realized values of the first order solution, the second order cost does not enter the

budget constraint, which then only needs to be approximated to the first order.
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This last point can be seen looking at the linearized budget constraint for the Home

agent:
4
. o 1. NN A
Wit = Z a; (0) 7yir + BWt + [YZ + Py, —Cy — P,
i=1
where &; (0) = g(é()))ﬁ Note that &; (0) is defined relative to steady state GDP rather

than a log deviation. We can see that there are no terms in @;,(deviations of gross
holdings from their value at the approximation point), only the zero order portfolio al-
location enters. Moreover, since 7, ;; is a zero-mean i.i.d. process, it must be true that
Z?Zl @; (0) 75+ is also a zero-mean i.i.d. process. This property is exploited by tem-
porarily replacing Zle a; (0) 75+ with exogenous i.i.d. processes Z?:l €. which are
treated as separate exogenous shocks in the model. It is now possible to cast the model
in state space form to get the solution for predetermined state and control variables.
As shown in Appendix A, by extracting from the solution matrix the relevant rows for
the excess return and the relative consumption and using the results in equations (9),

(10) (11), one can find the solution for the portfolio holdings &:
& = [D1RyXR, — RoX DR [A — RyXDY)

Ze — Ope
where A = 0 and D; Dy Ry Ry and ¥ are defined as in the appendix.
—6e
Since & is known now, we replace £ ;, with the corresponding @; (0) 7yi¢. At this
point we have a system, with portfolio choice without any second order terms, which
can be solved, in the second step, with standard methods. To do so, we use the solution

algorithm suggested by Klein (2000).

3.7.2 The Loglinear Non-portfolio Part of the Model

We now characterize the loglinear system of the Home and Foreign country. Combining

the first order approximation of the Euler equations for the two countries yields the
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cross-country Euler:
(p+vpB) E,Ci1 — pCy = (p+vB) Etét*Jrl - PCA’: + By (QtJrl — Qt) (12)

Home real output equals the total demand for locally produced goods, so that the

goods-market clearing condition is:

Y= pCh+ (1= m)C; +20p(1 — p)7e (13)
Similarly the Foreign goods-market clearing is given by:

Y = (1= w)C + uC; — 20u(1 — p)7, (14)

The combination of Calvo pricing equation, the Home goods price index and the defini-
tion of marginal costs leads to the open economy version of the New-Keynesian Phillips

curve as shown above:
Tht = )\71 (,0615 - ﬂt + (1 - /L) ?t) + BEt'/Th,tJrl (15)
By symmetry for the Foreign country, the NKPC is given by:
*  _ y—1 o~ ~k -~ *
wh = A (000 = = (L= 1) 72) + BBy (16)

We next turn to Home monetary policy:

Thoee1 = YTt + My
Eqmr + (p+¢8) ECrn = pCi+ YTht + My (17)
and Foreign monetary policy:
(p+9pB) E,Cry + By, = pCy + Y7y, + My (18)
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We then add the definitions of the returns and the prices of the menu of assets existing

in the model. The return on the Home equity is:

Thett1 + Zher = (1 — B)ILi1 + BZhe 41

the return on the Foreign equity:

ffe,t+1 + Z;e,t = (1 - 5) 41 T ﬁZfe t+1

the return on the Home bond:

Thot = =Py — Znpi
the return on the Foreign Bond:
Fre = (@ = Qi) = =P = Zjy,
Trog = —Tp — Zfbt 1+ <Qt —Qtd)

the price of the Home Bond (nominal):

—Pat + /Z\hb,t = L { p (1 + %) Ct+1 Pt+1}
Zipy = PCt {(P +¢3) Ct+1 + 7Tt+1}

the price of the Foreign Bond (nominal):

—pCy + Zpy = by {_P ( p Ct+1 Pl
Zfbt = pCy — E, {(P?”/ﬁ) é:+1 +/7%:+1}

the price of the Home Equity:

Z\he,t =—(p+¢p) Etat+1 + ,Oat +(1— ﬁeiT)EtﬁtH + BefTEtZ\he,tH
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the price of the Foreign Equity:
Z;e,t =—(p+vB) E.CYy +pCF + (1—- B)Etﬂiﬂ + 5EtZ;e,t+1 (26)

Lastly we add the predetermined endogenous variable, i.e. the state variable net port-
folio wealth:

. 1. O
Wt+1:BWt+ E+Ph,t—0t—Pt]+ai(0)7“x,t (27)

In practice, to solve the model we include few other equations describing production,
profits, CPI inflation for both countries and three excess returns. Finally we denote ¢,
the vector of the control variables and s; as the state variables:

G = [ét, 6f7 }A/t, 2*; ?t, %h,t, %\jv,t, %ta %:, ﬁt; ﬁz: ?x,he,h ?x,fe,ta ?m,hb,ta Z\he,ta 2\;’671‘7
Z’fb,t, Eﬁf,t, Thvnts Tfbits Theyts Tferts Q:, CP, L, L]

st = Wi Feety Zhes-1, Z?e,tq, Z\l?b,tfl’ 2}&71]

We will use this model to study the theoretical effect of equity market liberalization

on the transmission mechanism of monetary policy.

3.8 Theoretical Results

We first describe how we calibrate the model. Then we explore the behavior of the

model in response to a monetary policy contraction under falling portfolio holding cost.

3.8.1 Calibration

The model is assumed to be quarterly. The parameter that governs the open economy
dimension of the model is the elasticity of substitution between Foreign and Home
goods, #, in most of the literature this takes a value between 1 and 2, here we set it at
1.2.

There are seven additional parameters, five of them are standard and calibrated in
a standard way: the steady state discount factor [ is set equal to 0.99, the elasticity
of substitution between domestic goods ¢= 6 so to deliver a steady state mark-up of
20%, and the risk aversion in the utility function p = 1.2. The probability that prices

do not adjust, s, is set at 0.75 so to imply a mean duration that a price is fixed for
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4 quarters, as in large part of the literature. The parameter of monetary response to
inflation in the policy rule 7 is set to 1.5, according to the Taylor principle. The other
two parameters are: another preference parameter 1, which determines the effect of
consumption on the discount factor and the costs on holding equities. For the first,
we follow the same reasoning as in Ferrero et al. (2007) and v is set arbitrarily, but
such that the model is stationary and medium term dynamics not altered. In this
perspective, we choose 0.056.!° Finally we assume that before financial liberalization
the cost of holding equities purchased abroad is the same for both Home and Foreign
agents and equal to: 6y = §;, = 0.45%. This value close to 0.419% used in the Tille
and vanWincoop (2008), whereas the cost on Home equity holding is lower and given
by and ;. = 0.15%. We assume that once financial liberalization has taken place, the
costs fall but in an asymmetric way so as to capture the idea that in the Home country
this process has been faster and deeper than in the Foreign country. In order to do so,
we assume that 0. and J;, drop to zero, while investing across border still entails a
positive cost for the Home agent and 47, becomes 0.1%.!!

Lastly, we turn to the parameter governing the process for productivity and money

shocks. We assume that the money shock follows an autoregressive process:
My = QM1 + €Emy
with persistence (,,,=0.85. The productivity shock is also an AR(1)
ay = (o1 + €qy

with ¢, = 0.9. €,,; and ¢, are zero mean.

0This paramter interacts with the persistence of the shocks. Higher persistence of shocks require smaller 1),
like in the case presented in Ferrero et al.(2007). In our model, their calibration is such that the endogeniety
of the discount factor does not solve the sationarity issue. Given absence of any other reference, we calibrate
the parameter arbitrarily, like they do, but ensuring that the medium term dynamics are not affected in a
significant way. In facts, if ¥ is too large the dynamics of some variable reverts. For instance for ¢ >0.11,
foreign output reacts in the wrong way. Note that the fall in the persistence that characterizes the results
under complete markets does not depend on our particular calibration of ).

I'Note that here we assume full liberalization, as alternative scenario, to better appreciate the difference,
but the same qualitative results hold simply by reducing the costs.
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3.8.2 Impulse Responses

In this section we present the way our model reacts to a contractionary monetary policy
shock. We assume that monetary policy is described by the Taylor rule presented in
the model and that the money shock is characterized by a variance o2, = 0.007"2.

We show the effect of such a shock on the domestic variables and include only few
Foreign variables that help to better understand the dynamics of the model. The solid
line represent the impulse responses before liberalization, while the dotted line displays

the scenario after liberalization has taken place and portfolio holding costs have fallen.
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Responses to a contractionary money shock, before (solid line) and after (dotted line)

liberalization.

We start from the first scenario, that is before liberalization. An increase in the
interest rate generates standard negative responses for consumption, output and prices.

After the official nominal rate rises, since prices are sticky, the real rate rises as well.

12The variance of the shock and the portfolio holding cost are calibrated so to be proportional, according to
the definition of second order magnitude.
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Agents are induced to postpone consumption which thus falls as well as output and
prices. The real exchange rate appreciates, driven by the effect on the nominal rate.
In addition, given the presence of sticky prices, the contractionary shock results in a
fall in the firms’ demand for labor. Under flexible wages this translates into a sharp
fall in the real wage, which in turns lowers production cost and ultimately raises firms’
profits. Since labor income cannot be traded and is largely affected by monetary policy,
agents will set a portfolio that possibly can hedge this kind of risk. Home bonds seems
to be the best option if one accounts for the absence of holding costs, their higher
return induced by the policy shock and the negative effect on return on Foreign bond
induced by the exchange rate appreciation. If long and short positions are allowed, the
share of Home bond will tend to be larger than 1. A similar reasoning explains why
Home equities are largely preferred to Foreign equities. The exchange rate appreciation
lower the return on foreign equities in terms of Home consumption basket and Foreign
equities carry a higher holding cost. The net portfolio holdings (relative to output) are

consistent with this picture:

e =0.7575
Qpp =2.6868
Qe =-0.9797

Both agents exhibit strong preference for the domestic equities, in fact almost all
Home equities are held by the Home agent and the Foreign equity by the Foreign agent.

Once the costs fall, the portfolio composition changes as follows:

Qape =0.6161
app =0.9494
Qye =-0.8585

The drop in the cost and the smaller effect of the shock on the real exchange rate
have reduced the holdings of the Home equity in favour of the Foreign, yet because of
the asymmetric decline in the holding costs, we still observe home bias in the portfolio
composition. In addition, the large fall in the holdings of Home bond implies that the

Home agent holds Foreign bond as well.
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If one looks at the dynamics of the model she can see that they are almost analogous
to those associated with the previous scenario. Yet, with falling holding costs, the
impact of the monetary policy shock on the Home equity price, output and real exchange
rate is definitely weaker and less persistent. In the case of Home equity price, a possible
explanation is that the lower cost increases the market completeness and improves the
risk-sharing. Better risk-sharing implies a more diversified portfolio and therefore a
better hedging of averse risks on consumption, which reduces the effect of the monetary
shock on the equity price compared to the previous scenario. The effect on output
is a consequence of both the effect on the equity price and the muted effect on the
exchange rate. In a situation of smaller costs on equities holdings, Home bonds are still
attractive, but less than before. In addition, the effect of the monetary contraction on
capital movements is smaller and so it is the effect on the nominal exchange rate that
is driving the dynamics of the real rate.

In the next sections we estimate rolling VARs to compare the theoretical prediction
of the model with impulse responses generated by the data. But before we progress to
the comparison of impulse responses, we discuss our empirical framework and identifi-

cation scheme first.

4 The Empirical Specification and Estimation Strategy

The empirical model used in this study consists is a reduced form VAR model. To this
general setting, we add two features. First, we estimate rolling coefficients which allows
us to control for monetary policy regimes and introduce the possibility of automatic
changes in the monetary policy rule.!®> The second feature we embed is factor augmen-
tation so to get Factor-Augmented VARs. In facts, the model we actually estimate is a
FAVAR with rolling coefficients. FAVAR models allow for the inclusion of information
from a large set of panel data in empirical models, without the subsequent increase in di-

mensionality and the associated loss of degrees of freedom present in traditional VARs.

3Rudebusch (1998) points out that neglecting the distinction between different monetary policy regimes
implies the ignorance of important breaks in the parameters of the VAR. In contrast, Sims (1998) argues that
these breaks are only of modest quantitative significance, at least for US data.

24



This methodology developed by Bernanke, Boivin and Eliasz (2005) (BBE hereafter)
aims at improving the identification process of monetary policy shocks of a standard
VAR in a data-rich environment, where traditional VARs are likely to omit sensible
information and therefore suffer misspecification. BBE suggest two approaches of esti-
mating FAVARs which differ in the technique of extracting a common information from
a large panel of time series. The first one is a two-step principal components approach,
while the second is a single-step Bayesian likelihood approach based on the estimation
of a dynamic common factor with the Kalman filter. These approaches differ in various
dimensions, however according to BBE the results do not change very much across the
two methods and it is not clear a priori that one should be favored over the other. A
clear advantage of the two-step approach is computational simplicity. On this ground,
we choose to estimate the common factors through the principal component (see Stock

and Watson, 2002).

4.1 The Empirical Model: FAVAR

We propose here a short description of the estimation of the common factor through
the principal component.

The idea of common factor is that there is an unobservable common component F}
which underlies the behavior of many economic variables X;; and that an observable,
exogenous variable Y; drives the common component F}.!4

One problem that may arise using this approach if the factors are extracted from
all of the series together is that the factors lack of economic interpretation. Since in
our application the economic interpretation behind each factor is crucial, we follow the
approach presented in Belviso and Milani (2006) who propose a structural (S)FAVAR
approach. They suggest to separate the data into economic categories and extract a
factor from each category. In our approach this essentially means that we group all of
our candidate variables into classes. So for instance: X/ represents a vector with of

different measures of total production and F}' represents the underlying common factor

"In the model by BBE (2005), the observable variable is the federal funds rate, while the panel of economic
variables X; ; consists of 120 panel data series describing the real and financial side of the economy.
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of the whole real activity class. Similarly, X? represent all of the country’s price indices
and F? the common component underlying the price level and so on. In matrix form

this can be represented as follows.

X} Ao ... 0| |F}
X? 0 A, i of|F?
X! 0 0 ... AJ||F!

Once the common factors from each class separately has been estimated, we arrange

all of the variables into the following VAR:

F} F!,
F? F?

¢ = A(L) t. ! + €t
F! Fly

For convenience, we rewrite the model then as:
Ft = A(L)Ft_l + e €y ~ N(O, Ee) (28)

For the reason mentioned above, in this application the common factor is estimated
through principal component analysis. We now explain how we estimate F.

The first principal component F; of the first class of economic series X; can be
obtained as the solution to the following maximization problem.

max X7 x;
X1

subject to

x1x; =1

where () is the estimated sample correlation matrix of the time series. The solution

to the above maximization problem gives x] which is the eigenvector with the largest
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eigenvalue of Q. The first principal component is then given by the formula:
F1 = AXHXi<

Given that the theoretical model is calibrated to make predictions at the quarterly
horizon, we use data at the same frequency. The data is from the OECD Main Economic
Indicators 2008, while the real exchange rate is taken from the new database on real
effective exchange rates of the BIS.!® We now estimate a rolling VAR that uses the result
of the principal component analysis as input data and such that each window includes
80 observations.'® We choose to estimate the VAR in levels through the application of
OLS to each equation and apply the lag length selection criteria to each one of rolling
regressions (see Appendix B2 for an extensive discussion of the point).

As explained in the next section we use the sign restrictions approach to the identi-
fication of monetary policy shocks. This permits us to test our theoretical model using
its prediction about the responses of macroeconomic variables following a monetary
policy contraction. We will focus on the variables which better reflect the outcomes of
a monetary policy shock as suggested by the theory and many VAR studies (see for
instance Favero, 2001).

In order to estimate our model we define F, = [IP, P, Ry M; E;| where IP,, P,
Ry, M, and E; are the common factors, estimated by principle component analysis, in
indicators of real activity, prices, interest rates, monetary aggregates and the natural

logarithm of the real effective exchange rate.

4.2 The Sign Restriction Approach to Identification

The sign restriction approach to the identification of macroeconomic shocks pioneered
by Canova and De Nicolo (2002) and Uhlig (2005) became popular in applied work
in recent years as possible solution to the problem of bridging economic theory and

empirics.

5The description of all series is available upon request.
Y63We choose a rather large sample for the window so to have enough degree of freedom and avoid small
sample related issues.
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We believe that the sign restriction is the approach that better allows the study
of the effects of monetary policy contractions without imposing additional, possibly
implausible restrictions. In this regard, it is important to point out a difference with the
structural (S)SVAR as alternative identification technique. While the SVAR approach
requires to model the reaction function of the monetary authority and therefore a
precise knowledge of the structure of the economy, in the sign restriction approach
identification is achieved by putting restrictions on the responses of variables following
the shock. Implying that what matters is the variables reflecting outcomes rather than
policy choices.

We will outline here the main building blocks behind this identification scheme. The
technical details are in Appendix B.

The procedure consists of two separate steps. In the first step, a VAR of the following
kind is estimated:

Ft = A(L)E + e € ~ N(O, Ee> (29)

Where F; is a n x 1 vector and A (L) a matrix polynomial in the lag operator. For
any non-singular orthogonal matrix P, satisfying ¥, = P'P | eq.(29) can be trans-
formed to have contemporaneously uncorrelated innovations. Since there may be many
orthogonal matrices P which satisfy the condition above, we use rotation matrices to
find all possible uncorrelated innovations. We then estimate impulse response functions
conditional on the shock.

In the second step, contemporaneous correlations among the impulse responses ob-
tained in step 1 are computed. At this point we use our model’s predictions to describe
the behavior of the variables following a monetary policy contraction and we discard
the relative impulse responses which are inconsistent with the path suggested by the
theory.

In practice there may be many impulse responses which satisfy the sign restrictions
imposed upon impact. Scholl and Uhlig (2005) point out that this may lead to spurious
inference. In order to limit the possible number of the resulting impulse responses, we

impose the sign restrictions across the time horizon as well.

28



Finally, we generate the confidence interval of the impulse responses using the
Bayesian approach of Sims and Zha (1998), which makes statistical inference on the
basis of a posterior distribution and therefore is independent of the sample size (Canova

(2006)) and we pick the median as response to display.'”

4.2.1 Identifying a Monetary Policy Contraction

Using the prediction of our theoretical model presented above we impose the sign re-

strictions to the VAR as summarized in the following table:

Variable | GDP, | P, | Ry | M; | RER;

Sign <0 [ <0|>0]<0]| <O

In order to get the largest information from the data none of the inequalities is
strict. In addition, as explained above, since it is very likely that many impulse response
functions satisfy the sign restrictions upon impact, we impose the signs across the time
horizon as well. In particular, we impose that the response of the (principal component
of several) interest rates, which represents the outcome of the shock in the money
market, stays non-negative for at least 2 quarters. We also require that the impulse
response of the (principal component of the) monetary aggregates is non-positive for
the first two quarters. Implicitly, these sign restrictions are based on the assumption of
a liquidity effect lasting up to 2 quarters following the monetary policy contraction. We
do not truly know whether the liquidity effect lasts this long in Australia.!® Nonetheless,
if the interest rate is used as a policy instrument by the central bank, then a persistent
liquidity effect is most likely.

Unlike financial variables, variables describing the real side of the economy probably
only react with a lag to a monetary policy contraction. We require that the non-positive

sign restriction (of the principal components) of output and price level is only binding

"To implement this procedure, we use the programs in RATS kindly provided by Canova.

'8Scholl and Uhlig (2005) argue that the liquidity effect could be up to 4 quarters following a monetary
policy contraction. According to Christiano, Eichenbaum and Evans (1998) and some early work on VARs
and monetary policy there may be no liquidity effect of monetary policy depending on the innovations in the
monetary aggregate.
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for 2 quarters, starting form the second quarter after the shock, to permit for a lagged
reaction.!?
We consider that the real exchange rate is a forward looking asset price and adjusts
instantly. As a result we only impose the non-positive response upon impact.?’
Finally, we do not impose any restriction on equity prices, so that the data are

completely free to show the impact of the monetary policy contraction.

4.3 Empirical Results

We estimate rolling impulse responses by means of a FAVAR model over the whole time
period which ranges from 1975Q1 to 2007Q2. We use a moving window of 80 quarters,
with the first window starting in 1985 and the last one in 1997 so to have a sequence
of 49 impulse response functions (IRF). Given the sign restriction approach the size of
the shock is determined by the data in each sample (each window) and visible on the
sequence of interest rate’s IRF .

The Figure below displays the rolling IRF's for output, prices, interest rate, monetary
base, real exchange rate and stock prices. All variables are in log with the exception of

the interest rate and the real exchange rate. Several features stand out:

19 Christiano, Eichenbaum and Evans(1998) document that real variables at quarterly horizon react after 2
quarters.

20T compare this scheme with other papers, we note that both Mountford (2005) and Farant and Peersman
(2006) impose sign restrictions to be binding on the first 4 quarters. On a monthly horizon on the other hand
Uhlig (2005) imposes his restrictions upon impact and for 5 month following the monetary policy contraction.
Faust and Rogers (2003) on the other hand only use impact restrictions to study impulse responses in open
economy VARs. Scholl and Uhlig (2005) argue that the restrictions imposed by Faust and Rogers (2003)
may lead to the acceptance of many impulse responses and therefore to spurious inference. As a result Scholl
and Uhlig (2005) impose their sign restrictions upon impact and for 11 months following the monetary policy
contraction. A restriction horizon of 4 quarters does therefore not seem entirely unreasonable.
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The most clear-cut result is that the monetary policy contraction generates a re-
action of equity prices that seems to be substantial even though it becomes smaller
upon impact across sample of estimation. In other words, it seems that the reaction
of stock prices to a monetary policy contraction was larger in the 80s than in the 90s.
This seems to confirm the model’s prediction generated by equity market liberalization
and financial integration taking place via a reduction in the portfolio holding costs.
Furthermore equity price dynamics display a lower degree of persistence over time, also
as predicted by the model. We believe that once portfolio holding costs fall, there is
more room for risk diversification prior to the shock, hence there is smaller incentive
for portfolio reallocation once the shock arrives. This weakens the magnitude of the
reaction upon impact.

A similar pattern towards smaller reaction and persistence, even if less distinct, is
also visible in the output responses. This is also consistent with the prediction of our
model. On the other hand, unlike what predicted by the model the responses of the

exchange rate seems to be quite the same across samples. One possible explanation
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for this discrepancy relates to the fact that Australia is a commodity exporter and the
real exchange rate is strongly affected by movements in commodity prices, not only by
monetary policy. Unfortunately, our model cannot disentangle these different factors.

It is important to stress that, as mentioned above, sign restrictions identify mon-
etary policy outcomes rather than the exact reaction function of the monetary policy
authority. Therefore one can argue that the different reaction of the variables across
samples could be solely a result of different sizes of monetary policy shocks. In particu-
lar, shocks are alleged to be smaller in the 90s than in the 80s.2! However, a careful look
at the interest rate responses suggests that the interest rate reaction does not change
significantly over time, and that idea seems thus to be rejected.

To conclude, it is worthwhile to notice that even if we cannot draw a clear picture
of how the asset prices channel of monetary policy changes in a financially integrated
word, one message stands out from this paper. The reaction of assets prices to monetary
policy shocks weakens with increasing market liberalization and integration. This likely
to affect, at least on a second round, consumption and output. Inevitably this is has
implications for the monetary policy decisions process and in particular, when monetary

authorities are called to intervene in the face of special events on financial markets.

5 Concluding Remarks

Equity market liberalization has been rising during the 1980’s across developed coun-
tries and led to substantial increments in integration thereafter. Falling portfolio hold-
ing costs permitted international investors to use foreign equity markets as a hedge
against macroeconomic shocks. The implications of this phenomenon for macroeco-
nomic policy outcomes should then be a key priority for research: it affects monetary
policy transmission mechanisms and an increasing number of emerging markets liberal-
izes their exchanges. In this study we analyzed changes in the effect of monetary policy
shock to equity prices during financial liberalization and test the model using data for

Australia. In fact the country experienced gradual equity market liberalization during

21 Recall that the last window starts in 1997 which implies that only the "Great Moderation" is only partialy
included in the analysis.
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the 1980’s.

In order to guide our empirical results, we construct a New Open Economy Macro-
economics which predicts a substantially weaker response of equity prices to a mone-
tary policy shock when financial liberalization takes place. Subsequently we estimate a
FAVAR and identify monetary policy shocks with the sign restriction scheme.

The main results of this paper is to show the transmission of monetary policy shocks
to equity prices is affected by equity market liberalization. Deeper integration weakens
the effect of monetary policy. This result is predicted by the theoretical model and
confirmed by the data. This result can have significant implications for the monetary
policy setting in reaction to output and inflation since transmission mechanism of mon-
etary policy are affected but for monetary policy intervention to face extreme (and not

so rare) financial events like asset bubbles and crashes.
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A Derivation of the Theoretical Model

Demand

The Home representative agent’s maximizes the following utility function:

U—Ei Ctlip—KL
= Ly ur 1_p t
T=t

As explained in the body of the text, the discount factor 7, is assumed to be endogenous

and defined by the following recursion:

Ny = By

where
1

= 1+ (logC, — )

The calibration is such that the steady state discount factor will pin down to the desired

By

(30)

value of 3. In terms of deviation from its steady state value we get:
By = —BC

The presence of C, in the equation of Bt ensures stationarity of the dynamics of the
model.

Given the period budget constraint:

P, P
Qhbt—1Thbt By + Qb7 ot g5+

P.Cy + PWiy1 = wiLy + PIL + Py

—8p P ) P,
Qe 1€ ‘her Qfep_1€ fer
he,it—1 he,t P + feit—1 feit P

Intertemporal optimization problem is solved by setting the Lagrangian:

( 4 3\
- - P,Cy+ P, Z oy — wely — BIIL
L=Ey {Ot - KLt} -\ -
— L—p _p Qb t—1Thbt + Qpb 1T fo e+
L Oéhe,t—leiéherhe,t + afe,t—leiéferfe,t )

and maximization with respect to Cy, L; and aj, results in the following first order
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conditions (FOCs):

oL
=0
ac,
o
N = L
t 2
oL o . . .
= 0 implies that the consumption-leisure trade-off can be written as:
t
C P
"B
oL . .
= 0 gives the Euler equation for the Home bond:
8Oéhb,t
-\ P+ By {)\t+177t+1pt+17"b t+1} = 0
c,’ C.l
) —n P = E {Pt+15t+177t P —lry, t+1}
c;” = E {Btﬂ t+17’hb,t+1} (31)
oL . . .
= 0 gives the Euler equation for the Foreign bond:
aOéfb,t
A\ b+ By {/\t+177t+1pt+17“b,t+1} =0
C," = E {5t+1c;rp17“b,t+l}
oL . . .
5 = 0 gives the Euler equation for the Home equity:
Qhet
-\ P+ By {)\t+17lt+1pt+1€_6he7"he,t+1} =0
C;” = E {ﬁt+1ctj|-p1€75he7ahe,t+1}
oL . . . .
5 = ( gives the Euler equation for the Foreign equity:
Afet

AP + By {)\t+177t+1Pt+1€_6fe7“fe,t+1} =0
C;” = E {6t+101;rp16_6f6rfe,t+1}

The optimal allocation of any given expenditure within each category of goods yields
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the demand functions for the specific variety:
. Py i)\~ : Pr(i)\~*
C = C ;. C = C
h <Z> ( Ph, > h ) f (Z) Pf f

1 1
1 1—¢ 1 1—¢

where P, = / (P, (i)' di is the Home domestic price index and Py = / (Py () di

0 0
is Home price index of imported goods.

Finally the optimal allocation of the expenditure between domestic and imported

goods is given by:

P\ ° P\ ¢
Chz,L(Fh) cC @:(1—@(%) C

where

P=[uPl + (1 - ) P

is the Home consumer price index (CPI).

Supply

Firms choose the price that maximize the following expected discounted profits:

E, Z (ﬁm)i f’h,tYh,t (i) — wtﬂ'%@ (32)
=0 t

Given the Calvo price setting, the dynamics of the Home price index are governed by

the following low of motion:
= =
Phi = [(1 — k)By Y + kP Y

Form profits maximization and loglinearization of the first order condition we derive

41



the equation for the NKPC:

Z (Br)’ ﬁlut = Z (ﬁﬁy Ey (@t-&-i - A\tﬂ’)

=0 7
ﬁh,t = (1-pk) (@t - A\t) + @ﬁﬁh,tﬂ
Hﬁh,t - fiﬁh,t—l = (

Tht = A (Pat + ﬁt — Uy — ﬁh,t) + BETh (33)

where \ — (w)‘l

The assumption of PCP implies a complete exchange rate pass-through and the "law
of one price" will hold all the time. In addition, it will be the case that the terms of
trade are equal (one the inverse of the other) in the two countries and given by:

i Pf . P;':tSt
Pr.Si P

T

where S; is the nominal exchange rate. This implies that the real exchange rate ); can

be written in loglinear terms as:

@t = ﬁle*+§t_ﬁt

= uPi,+(1—p) P+ S, — pPyy — (1 —p) Py,

= 2u—-17,
Moreover, it can been shown that:

P = MﬁhtJr(l—M)ﬁft
P,—P, = (1—p)7

which taking the first difference on both sides also implies that the Home CPI inflation
can also be written as:

ﬁ't = ﬁ'hﬂg + (1 — [,L) A?t
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From the same set up we can also write an equation for imported inflation:

o Mﬁh,tJr(l—M)ﬁft

Ty = T+ pAT, (34)
Using the relation above we can rewrite the NKPC as function of the terms of trade:
Tht = A (p@ — U+ (1 —p) /7:t> + BETh 41
At aggregate level, nominal profits are determined in a residual way as follows:
Bl = PytYy — wiLy

where Y} is total output. The aggregate production function is linear in labor and given
by:
Yi = ALy

where A; is the stochastic productivity shock, which is assumed to be: A; = (A;_1 +u;
so that A =1 and ﬁt = U

Using consumption-leisure trade-off condition profits can be written as:

Y,
Ph.Y, = PII, + CfKPtXt
t

Recalling that at the steady state P, = P and the price is set as markup over the

marginal cost P = %w, the log-linearized profit condition yields:
¢(Pag+ Vi) = B+ T+ (6 = 1)(pCi + P+ Vi = A) (35)

Rearranging to solve for profits, this gives the final expression for profits:
Iy = ¢(Phs — P) + Yi = (6 = 1)pCi + (¢ — Dy (36)

Monetary Policy
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The monetary policy stance is described by the following rule:

1 P h,t !
Thptt1 = B (P—) €Xp 1My
hot—1
can be expressed in log-deviation for the steady state in a more familiar form (recall

Thbit1 1S gross rate) as:
log (T;zlb,tJrl) = log (?) + Y Thte + My

~n _
Thot+1 = VTht + 1My

Foreign Economy
We assume two symmetric countries, so that the Foreign economy has an analogous
representation to the Home country. The Foreign agent’s consumption basket is defined

as:
0

0—1

= [ ()T + (-t (cp)7] (37)

C7%, is the domestic consumption of Foreign goods monopolistically produced within the

country is:
1 71

ci= | [(c;) ai

C} is the basket of imported goods:

-

The demand functions:

) N
CZ(Z')=<P;)]§)) Cy o C;Z(@:(P;i)) Cy

f

1 1—¢
where P} = / (P, (i) di is the Foreign price index of imported goods and

0
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1
1 1—¢

P / (Py (1)) di the Foreign domestic price index.

0
Finally the optimal allocation of the expenditure between domestic and imported

goods is given by:

* P];,k -’ * . * P}k -’ *
h—(l—ﬂ)(ﬁ) C ; Cf_,u(ﬁ C
where

P* — [(1 . M) P};kl—@ 4 Mp;l—@]ﬁ

is the Foreign consumer price index (CPI).

It can be shown that the Foreign CPI can be written in loglinear form as:

pro= (1_#)P;,t+ﬂp}k,t
Pt*_P;,t = —(1—-w7

Taking the first difference on both sides gives us the same relation in terms of CPI

inflation and domestic inflation:
T =T — (1 —p) AT,
or imported inflation:

Pro= (1—M)P}f’t—|—uP}k’t

%Z,t = T, + pAT,
Analogously to the Home the production function is linear in labour:
Y= AL

and firms maximize profits operating in an environment with monopolistic competition.
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The optimization implies a NKPC of the following form:

Th = A (,06: —uy — (1 —p) ?t) + BEm} 414
and the loglinear equation for aggregate profits is given by:

O =¢(1— w7+ Y, = (6= 1pC; + (¢ — Duj

Moving on to portfolio holdings and returns, the real return on asset k is rj,. The
nominal Home currency return ry, is the same for both investors. (Recall that 741 is

a growth rate):

P, Pt* St

_ * _
Tkt+l = Tkt+1 Pt Tki+1 = 7’k,t+1—P* Sy
t+1
P Pr S, Q1

= Tpaq = Thittl—— = Tpiil——
t+1 Jt+1 k,it+1
Pt Pt#ikl St+1 Qt—l—l
Given this relation the Euler equations are derived in a analogous way as for the Home
agent.

Monetary policy rule is analogous to the one of the Home country:
Bt =7, +my

The portfolio part of the model

According to Devereux and Sutherland (2006) method, the solution of the model
requires a first order approximation of all the non-portfolio conditions and a second
order of the portfolio equations. This allows us to get around the problem of portfolio
indeterminacy in a non-stochastic steady state and to have a meaningful portfolio choice
problem.??

We start taking the second order approximation of equations (31):

—p o —p
Et6t+1 Ot+17"fb,t+1 = Etﬁt+1 Ct+17"hb,t+1

*2For details see Devereux and Sutherland (2006).
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We first focus on the left hand side:

Et5t+1C;rp1T fot+l =
1+ E, {— (p+1B) 6t+1 + ?fb,tJrl}
2 A2
_ p+vB)°C
= BC  rp ) ( )A H/_\l
3Ly —2(p+¢B) CoprTrpisa
I 441 |

Since the right hand side is identical except for the type asset, in terms of excess return

we can write:

~ ~ S - I 1, . s
0=FE; {(Thb,tﬂ - be,t+1) - (p + ¢5) Ct+1 (Thb,t+1 - be7t+1) + 5 (7“;211)7t+1 - chb,tﬂ)

(38)
When considering the Euler equation for the Home equity, which carries a cost, the

expansion implies:

Lo d TG |
+The t41
Etﬁt+1cz;p1€_6h'e7“he,t+1 = BC™ P rp, (p+ ¢5)2 @2+1
+%Et —2(p+9p) é\t-l-l?he,t—&-l
i +?f2ze,t+1 |

Putting together the equation above and the second order expansion for the reference

asset yields:

Thet+1 — Ohet Trb 41+
Ly L 2+ 9B) CriaThe s =k L 2+ UB) CraTpp i
2 e 2 o
+7‘f2w,t+1 +TJ2‘b,t+1

which in terms of excess return yields:

1 -2

5he = Et {<?h6,t+l - ?fb,tJrl) - (P + wﬁ) atJrl (?he,t+1 - 74\fb,t+l) + 5 (?}2157754_1 - be,t—i—l)}
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We now repeat the exercise for the Foreign equity and get:

N N ~ ~ | s
Ofe = L {(Tfe,tﬂ —Troer1) = (0 +UB) Crpr (Trepr1 — Troern) + 2 [(T}%e,tJrl - Tj%b,t+1)] }

In what follows we apply the same procedure as above to the Foreign FOCs and express
the Foreign returns in terms of the Home consumption basket.
The second order approximation for the Foreign FEuler equation of the Home bond

(in terms of excess return) is given by:

sk sk A* 1
0=FE; { (Thb,tﬂ - be,t+1) —(p+B)Cry (ﬁzb,tJrl - ?;;b,tJrl) + 5 (?;112),1‘,+1 - ?j‘g,tJrl)}
Recalling that:
Prarr = et — (Qria — Q1)

we get that excess returns are the same regardless of the currency in which the return

is expressed:
P = e = (P + Qo= Qe ) = (Froass + Qo = Qi)
= Thott1 — Troes1
In addition:
. 2 . 2
(Thb,t+1) - (be,tJrl)
2
A~ 2 A A A~ A A
= (Thoes1) + (Qt - Qt+1> + 27 pp 141 (Qt - Qt+1>
2
~ 2 A A ~ A A
- (be,t+1) - (Qt - Qt—i—l) - 27‘fb,t+1 (Qt - Qt—i—l)
. 2 . 2 A A A A
= (Thoes1)” — (Proes1)” + 2 (Prpser — Poes1) <Qt - Qt+1>

Hence the expansion of the Foreign FOC for the Foreign bond in terms of the Home

consumption basket becomes:

0 = Ei(Prhpit1 — Tropr1) — (p+0P) Eté;_l (Phbte1 — Trper1) +

1 . . R R ~ N
+§Et (Thb,t+1)2 - (be,t+1)2 -2 (Thb,tﬂ - be,t+1) (Qt+1 - Qt)]
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Similarly when we consider the Foreign equity:

0 = By (Fressr — Pronsr) — (p+0B) BiCry (Frews — Troirs) +
1

" 2 a4 2 A A A A
+5 B (Pret+1)” = (Propr1)” + 2 (Freprr — Proesn) (Qt - Qt+1>]
Since the Foreign agent incurs a cost when investing in Home equity, the excess return

of the Home equity over the Foreign bond to the second order approximation is:

(Thet41 — Tpop41) — Ope — (P +00B) 6t+1 (Thet+1 — Trbi41)

0 - Et ~ A~
+% ((fhe,tH)Q - (ffb,t+1)2 + 2 (Thepr1 — Tves1) (Qt - Qt+1)>

Following Devereux and Sutherland (2006) solution method, we compute now cross-
country and average Euler equations.

To get the cross-country Euler equations, define the excess return for the generic
assets i, 7'y ;141 S Ty 41— T fbe41 and f’gmtﬂ as (fi7t+1)2 — (ffb7t+1)2 and take the difference

between each Home Euler and the corresponding one for the Foreign country:

0 = —6pe— Ei(p+9p5) étJrl?x,he,tJrl
+(p+153) Etéfﬂfx,he,tﬂ + T he,t+1 (Qt+1 — Qt) + Ope (39)
A Nk Q 1 Q ~ *
0 = Lk <Ct+1 — U — W Tzhet+1 + Ohe — he

. A 1.
0 = Effunpir1 — (p+9B) EeCiaTuppes1 + §Etri,hb,t+1

. Sk 1. . A A
—Eity i1 + (p+90P) EC Tanbir1 — §Et7’g2c7hb7t+1 + BTy hbt+1 <Qt+1 - Qt)
Qt+1 - Qt) .

0 = B (Cy—cr, - Q=G
t< t+1 1 o+ 0B Jhbt+1
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. A 4 J R
0 = Eife ettt — (p+9p) EiCriaTa fer1 + §Etra2¢,fe7t+1 — Oe

1

A2 ~ AN Jay
SET o1 T o fett (Qt+1 — Qt)

_Etf’a:,fe,t—&-l + (IO + djﬁ) Eté;—&—lf:c,fe,t—i-l - 9

0 = E, (C’tﬂ - At*+1 - %) P fet+1 + 0ge

Taking the sum of each of the Euler equations for the two countries gives:

) Coar + C i1 — O\ . 1 Ohe + 07
Eﬁx,he,tﬂ = (P + Qﬂﬂ) Ey ( = 2 = + g(t;rl—i- w%) Tz, het+1— 2Et7“x he,t+1 %
(40)

) Cor+C i1 — O \ . 1
Bty npi1 = (p+¥B) By ( aE 5 as g g(t;zr Jé;) Pa hbt41 — 2Et7“92: i1 (41)

A Comi+Cfr Qi — Q1 . 1 8 e
Etrit7f€,t+l = (p + w/@) Et < t+1 t+1 t+1 t) o fedtl — = 2 L

2 2(p+9P)

Note that all the terms in the three equations above are of second order (products of
first order terms and the costs), except the expected excess return.
We can now rewrite the cross-country Euler equations in a more convenient form to

derive the general equilibrium solution for the model.

A = E, (ét+1 — C’:+1 Q:j_l_/};?t) Ty it+1

*
5he - 5h6
A . A A*
A = 0 = cov <7"a:,t+1, Cip1 — Cly —

~Ge

p+ys

Before moving on to the portfolio solution, note that combining the FOC for the refer-

ence asset of the Home and Foreign agent, we have (the cross Euler equation):

Ch, g Cid, G
Tibt+1 = — b,t+1
C' o | fbit+ t 1;+1C, ) T fbt+ Qt—H

EtBH-l
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Therefore the first order dynamics for consumption are the following:

—pLy (ét+1 - ét) - wﬁEtatﬂ = -k (ét*ﬂ - é:) - wﬁEtat*ﬂ + By (Qt - Qtﬂ)
(p+1B) E; <ét+1 - é;—l) =/ ((jt - é:) — E (Qt - Qt+1> (43)

(p+¥B) Etét—i-l - Pét = (p+B) Eté't*H - Pé: + Ey (Qt—i—l - Qt)

Recall that the budget constraint is:

4
Qpbt—1Thbt + Qfpt—1T o+
PtCt+PtZOék,t:Ph7tY;—Pt
k=1 Qhet—1Thet T Qfet—1€  Tfet
4 —~
and that W, = Z .+ 1; in addition define Wi, = (Wi, — W (0)) /Y and note that at
k—
' 4
the steady state W (0) = 0 (under perfect symmetry) (i.e. Z ar (0) =0),r(0) =1/8,
k=1

P, (0) =P (0) and Y (0) = C(0).
As in Devereux and Sutherland (2007) we get:

4 4
V(O Wi = [r(0) D i (0) s +7(0) Y s | +Y (0) [Vi+ P — G~ B
i—1 i=1
W, = 1Oy SEIORS Vit B Cy— P
t+1 = Y (0) ;@i(o)ﬁ‘,t‘f' Y (0) ;Oﬁ,t‘i‘ [ t+ Py — Cp — ti|
! 1
Wi = Z a; (0) 74 + BWt + [Yt + Py —Cp — Pt] (44)
i1
where &; (0) = T((g‘(lg)(o).

In terms of vectors of excess returns we get:

D @i (0) iy = Y @ (0)fais + Fpe Yy (0)
=1 =1 =1
= & (0) Fuy + FppaW (0)
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Therefore:

. o 1. - L
Wt+1 = (O) Tx,t + BWt + }/; + Ph,t — Ct — Pt:| (45)
Similarly for the Foreign agent, using the asset market clearing conditions oy = —a; and

W, = =W (and @ (0) = 1, PPP holds at the steady state), the first order budget

constraint is given by:

Wi, = o 17"zt + W+ Qu (Y — CF)

Wi = —Zaz Pis ﬁWt+Y*+Pft Cr— Py (46)

The full solution of the model

As explained in the main text we can treat the realized excess return on the portfolio
as an exogenous independent mean-zero i.i.d. random variable (i.e. like a shock) de-
noted &,., Given the zero-order (which can be interpreted as the steady state in models
with only first order approximation) of the portfolio, we are back to a standard linear
model. The home country budget constraint can therefore be written in the form:

Wit (1) = £,(1) + %w (1) + Vir (1) = Crar (1) + By (1) — P(1)

where:
n

E (1) =) @i (0) s (1) = @'Fry (1)

i=1
The model combines predetermined states variables s, control variables ¢ and exogenous

processes I:

St+1

s
Ay = A, "4 Azry + BE,
Eici Ct
ry = Nxpi+ég

The state space solution is of the form:

Sey1 = o+ Fosy + F5¢,
ce = Pz + Pasy + Psé,
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By extracting the appropriate row of the matrix, it is easy to see that the solution for

¢ includes the excess returns, which do not depend on predetermined variables:

Fopt1 = Ri&ypq + Rogepn

This implies:

~I A ~7 ~
€t+1 =« rl‘,t—‘rl = R1§t+1 _|’ (8% R2€t+1

&' Ry
T i p Et+l
1— &,Rl

= f’m,t—l—l = <R1-E[ + RQ) Etp1 = ﬁi&fﬂ_l

= & = = Hei gy

which means that realized excess returns only depend on the exogenous innovation of
the model.
As above, by extracting the appropriate rows, one can see that the solution for ¢

also includes relative consumption (adjusted by the real exchange rate):

g o (Qt—l—l - Qt) b b b T
- ————F = + Doty +
t+1 t+1 (p + ¢/6) 1£t+1 2C¢t+1 3 St+1
~ Ty
= (DIH + Dz) €41+ D3
St4+1
~ Ty
= Dey1+ Ds
St+1

Using previous results we write:

A (Qt-{-l - Qt)
(p+ 1)

cov fx,t+1; Ct+1 - Ct+1 -

= cov (fﬁgtH; D€t+1> = RY.D’
Recall that:

~ <Qt+1 - Qt)

A = cov /f.x’tJr]_; ét+1 — C:—i—l — W = RED/
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which is an implicit solution in &'.

A = RXD
~ ~ /
A = <R1H 4 Rg) ¥ <D1H i DQ)
A = RHSH'D|+ R,XH'D, + R{HY.D, + R,%.D),
&Ry _ (&/Ry) (&/Ry)’
A = R D+ RN—~—"2
Y1 -&'R, 71— &R, 1A 1—&R, ¢
& Ry
+R11_—&,RlED§ + R,XD),
& Ry R.& R.&
A = R Y2 D+ RYN—2 D
) T TS M B ) 3
& Ry
+R11_—&,R12D§ + RXD),

+ R & RyXDy (1 — &' Ry) + RyXDy (1 — &' Ry)?

&'Ry, (1 — & R;) and D, are scalar, equal to their transposed values. So we write:

A = (Ri&)R.SR,aD), — RySR,aD, (&' Ry)
+ RS RyAD, + Ry@ RyXD)
— (R1&') RoXD)y (&' Ry) + RoX D),
—2Ry %D, (&' Ry) + ReXD)y (& Ry)”

A = DiRyXR,a + RyXD) — RySDL R, G

A = [DiR:SR, — RySD,R) &+ RoXD)

which implies that the solution for the equilibrium &:
& = [D1RyX R, — RySDLR) ™ [A — RyXD))

As previously noted the solution for @/Y = a3
The asset market
Equities.
The gross real rate of return on the Home equity is given by the dividend yield plus
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the capital gain/loss. Let Zj.; be the Home equity price in real terms, the ex-post

return is:
i1 + Zhe s

Thet+1 =
’ Zhet

and gross real rate of return on the Foreign equity:

HrJrl + Z;e,t—i-l

r;e,tJrl = Z;e,t

From the steady state condition we know that r;. = 7. = 1/ so that % =
Zifiﬁ = [, and Zfeﬁiﬁ* = 7heﬁ+ﬁ =1 — [, hence log-linearization implies:

The,i+1 + Z\he,t = (1- 5>ﬁt+1 + BZ\he,t—i—l (47)

Trerr1 + Z\;e,t = (1- ﬁ)ﬁl‘ﬂ + BZ\;e,tJrl (48)
Substituting the equation of the return in the Euler condition yields:

ZhetCp " = E; {ﬁt+1C;fl (g1 + Zhe,t+1)}
which in log-linear form becomes:

—Pat + Doy = — (p+¥B) EtatJrl + —L_—Etﬁwrl + iEtZ\he t+1
’ Zpe +11 Lpe +11 ’

After some rearrangement we can write the following equation for the Home equity
price:

Zhe,t = —(p+vpB) Et6t+1 + Pét +(1- B)Etﬁt-i-l + BEche,tﬂ (49)

By symmetry for the Foreign country we have:

Z;e,t = pCf — (p+9YpB) E; t*+1 +(1— B)EtH:-i-l + BEtZ}ke,t—&—l (50)
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Therefore:

(1- B)ﬁtﬂ + ﬁz\he,tﬂ = |:72he,t+1 — [P <1 + ¢—pﬁ> Etatﬂ - at] + (1 — 5)Etﬁt+1 + 5Et2he,t+1]

; (1- ﬁ)ﬁtﬂ + 5Zhe,t+1 — E(1 - B)ﬁ,t—t—l
het+1 — ~ ~ ~
+BZhepr1 + (p+0B) E:Criq — pCy

Ak A* A* /B A* A* A* A*
Tfet+1 — (1 - 5)Ht+1 + BZfe,t—H +p {(1 + 7 Etct+1 - Ct — L [(1 - B)Ht-i‘l + BZfe,tH

(1- ﬁ)ﬁfﬂ + 52}6,75“ +p [(1 + %F) Eta£k+1 - at*}
By (1= B)TTfy + B2 | + (Qua — Q1)

Tfet+1 =

Bonds. Given the real price of the bond Zj;;, the gross real return on the Home

bond is:
1
Thot+tl = 55—
P Zppy
and the Foreign equivalent:
1
bezt""l - * *
brLZ fbyt
In linear terms:
Thoi+1 = —Pip1 — Znpt
¢ o D %
Tfotr1 = —Py - Zfb7t

Combining each of them with the relevant Euler Equation yields:

1 1
C*—E { cr —} =B p, o ——
t t 6t+1 t+1 Pt+]_ Zhb,t t t /Bt—‘rl t+1 Ptj_l Z}b’t

Log-linearizing both conditions yields:

_Pat + Zhb,t = FEy {—P <1 + %ﬁ) CA't+1 — ﬁt—i—l}

o~ % ¢6 Ak Dk
—pCy + 25, = L4 {—P (1 + r Cipn — Pl
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These conditions can be used to rewrite the ex-post return:

Thog1 = _ﬁtJrl - Pat — E, {— (p+vPB) ét+1 — ﬁtJrl} + ﬁt - ﬁt

= —Ti41 — Pat + By (p+98) Cryr + Et7Tt+1
~ A * ¢6 *
Thurr = —Pip PC { P <1 + 7 C't+1 Pl

-P <1 + M) Cia

*
_Pt+1

Topt1 = ?}b,t-&-l —(Qt — Quy1) = A PC* + <Qt+1 - Qt)

Recalling that the Foreign bond is the reference asset, the excess returns are:

?x,he,t—i-l - ?he,t-l—l - ?fb,t—&—l

~ =~ - (1—Be” )Ht+1 .

Tohetr1 = (1= B) 1 + BZpesy1 — By + E, (Qt Qt+1) P EtPtH
+0e TZhe,t—i—l

BZ\he 41— I [(1 — 5€7T)ﬁt+1 + 56772% t+1]
+E; (Qt Qt+1> < t+1 ﬁ:) — L (Pt*+1 ﬁf)
(1 — Be” )Ht+1

= (1- 5)ﬁt+1 + 5Zhe,t+1 — L + By (Qt - Qt+1> + 7T — Eimig
+pe TZhe,t—i—l

= (1- B)ﬁt—i—l +

?x,fe,t—i-l - ?f@t—&-l - ?fb,t—&—l =
Toferrn = (1= B, + BZferi1 — B [(1 — O, + BZ;e,tJrl] + P — EP

?w7fe,t+1 = (1 - 5)H:+1 + BZ;e,t—H — Ly [(1 - B)H:H + BZ;e,t—i-l] - (Et%;-l - %;1)

Tuhbttl = Thbt+1l — Tfbitl
-~ -~ - (1 wﬁ) Ciia EN Etﬁtﬂ + Py
= —pCy + pC{ + pEy wpg . — P+ ~ "
— (1 7) Cia —EPr 4 (Qr — Qi)
) e (+2) s )= Bt
) < o)\ g S (C/g\t Qtil) -
—CYy —CZ‘ EyPo + Py — Ev B

A -~ o~ A~k A~k
= EQu1— Qi1 — T + By + 7 — EiTy
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Where the computation uses the equation for the dynamics of consumption:

pE; <C’t+1 (1+ %) — C’t) —p < AZ‘H (1 + %) - C’:) =L, (@t - Qt+1)

The steady state

In the symmetric long run equilibrium, we assume no growth and trade balance is
zero. For each of the two countries we have a set of equations defining the behavior of
real quantities.

Given that trade balance is zero national output equals national consumption:
Y=C
Market clearing for the output implies:
Y=puC+(1—p)C"
The level of production is determined by the amount of labor:
Y = AL
In addition from the consumption-leisure trade-off the real wage is:

w
—=A=KC""
P
as the long run equilibrium implies that
P,=P
Finally for the portfolio part we have that under perfect symmetry:

W =20

and all the interest rates are the same:

| =
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B The Empirical Methodology

B.1 Sign restriction identification

Let the reduced-form VAR be represented as:
Y;g = A(L)Kfl + .B)(tL + e e ~ N(O, 26> (51)

Where Y; is a n x 1 vector and A(L) a matrix polynomial in the lag operator.
Then, for any non-singular orthogonal matrix P, satisfying 3. = P’'P, eq.(51) can
be transformed to have contemporaneously uncorrelated innovations. One general or-
thogonalization which achieves this purpose is the eigenvalue-eigenvector decomposition
Y. = PP = V'DV where V is a matrix of eigenvectors, D is a diagonal matrix with
eigenvalues on the main diagonal and . Given this decomposition , eq.(51) can be easily

transformed into:

Y, = A(L)Y,_, + BX;+& & ~ NID(0,I)

Where Y; = P~1Y,, & = P~le, ~ NID (0,1), X, = P71X,. Let the moving average

representation then be:

Y, = CX, + D(L)E (52)

Where C' = (I — A (L))™'B,and D (L) = (I — A (L))"

Economic theory provides important information on the pair-wise dynamic correla-
tions to shocks and this information can be used for empirical identification of under-
lying shocks. Using eq.(52), the pair-wise dynamic cross correlations conditional on a

shock can be calculated as:
pij\k;(r) = OOTT(z,t, 3N/i,t+r|5kt =1)

Where k indicates the shock, i, j the variables under consideration and r the horizon
of the responses. The idea behind this identification scheme is to investigate whether

for some & and for certain variables 4, j, the correlations p;;,, (r) among the impulse
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responses correspond to the pattern predicted by a theoretical model as reaction to a
given monetary policy shock for different values of r. If p;;,. (r) is not interpretable for
some k, then for any orthogonal matrix () such that Q'Q =1, ¥, = P'P = P'Q'QP is
an admissible decomposition of the covariance matrix of the VAR residuals. Therefore
it is possible to calculate the correlations once more in order to verify whether a given
set of impulse responses fits the description of a monetary policy shock provided by the
model.

A class of such orthogonal matrices (see for instance Canova and De Nicolo (2002),
Canova (2007)) are rotation matrices which have a representation in terms of sine,

cosine functions and ones of the form:

10 e 10
01 01
cos(f) --- —sin(h)
Qmn = | : : : (5)
sin(f) ---  cos(f)
10 10
0 1 - 0 1]

Where the subscript m,n indicates that only rows m and n and are rotated by the
angle 6. In our case with 5 variables, there are 15 possible rotations for every angle ¢
in our system. In order to search for all possible representations we follow closely the
algorithm in Canova and De Nicolo (2002). First we divide space of 6 € [0,27] into
a fine grid. For each grid point we use the sign of the correlation among the impulse
responses at time 0, p;;, (7 = 0) to identify the shocks. Finally, if there is more than
one decomposition which produces the same number of identifiable shocks, we eliminate
the “wrong” ones by requiring the correlation to hold at several horizons as well, i.e.
by gradually increasing r. As described in the main text, we set r to 5 for the interest
rate and the money stock. For the price level and the output impulse response, we set
r to be binding for 3 out of 6 periods. Finally, we only impose the sign restriction on

the exchange rate at p;;, (r =0).
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B.2 Stationary and Lag Length Selection

Many macroeconomic time series may be non-stationary and since it is known that
classical distribution theory in the classical linear regression model breaks down in this
case, the issue of estimating a VAR in levels with OLS under possible non-stationarity
deserves an extensive discussion.

The inference drawn from a monetary policy shock in a VAR is of a different nature
than inferences drawn in the classical regression framework. The interest is not on
t-statistics, which are affected by the presence of non-stationarity, but on the dynamic
impulse responses. To this regard the consistency of parameter estimates is crucial.
Sims, Stock and Watson (1990) show parameters estimated via OLS in a VAR in the
presence of non-stationarity to be super consistent. Given that macroeconomists using
VARs need to estimate many parameters, but have only limited data availability, this
might be a useful property and an argument to estimate the VAR through the applica-
tion of OLS to each equation in levels. Furthermore, Sims and Uhlig (1991) show that
inference from the posterior distribution which we use to generate the confidence inter-
vals around our impulse responses is independent of the presence of non-stationarity in
the data.

Nevertheless the distribution of statistics used for the selection of the lags and
testing for structural breaks could be affected by non-stationarity. Sims, Stock and
Watson (1990) derive the distribution for a Wald test for lag length selection in a VAR
system with some unit roots. They find that the asymptotic x-square distribution is
preserved in the presence of Unit-roots. Since the Chow test for structural breaks is an
application of a Wald-test, this result applies to it as well. Paulson (1984) finds that
the Hanan-Quinn (HQC) and the Schwarz lag length selection criteria are consistent
in the presence of unit roots. More recently, Killian and Ivanov (2005) find that the
effectiveness of the HQC, Schwarz and Akaike Information (AIC) criteria does not seem
to be affected by the presence of near unit roots in the data.

If all of the variables display non-stationary behavior, then one can take first dif-

ferences of the whole VAR, whereas if only some variables are cointegrated, then one

62



could formulate a Vector Error Correction Model. Yet the problem is that one needs
to know the exact number of cointegrating relationships, as otherwise the imposition of
invalid cointegrating relationships will lead to inconsistent estimates. Since in reality
one can never know the true number of cointegrating relationships, we prefer to leave
the VAR unrestricted.

For all of the reasons above therefore, we choose to estimate the VAR in levels
through the application of OLS to each equation.

Going back to lag length selection, since there is unanimity in the literature about
which criterion one should prefer (see Ivanov and Kilian (2005) and Canova (2006)),
we choose the lag length based on AIC, HQC and ex-post analysis of the white noise
assumption in the residuals.

Following the a priori selection of the lag length we analyze the estimated residuals,
in order to verify that they are white noise. Unfortunately, the Portmanteau test can
not be used with the residuals of a VAR once deterministic variables are introduced
(Luetkepohl and Kratzig (2004))%, moreover non-stationarity could change the distrib-
ution of the residuals. For these reasons, we visually check the behavior of the residuals
prior to any testing, by computing autocorrelations and plot the autocorrelogram of
each residual series in order to verify that the residuals are approximately uncorrelated.
If the autocorrelogram shows that the estimated residuals are significantly correlated at
lag order 1, it may be that the lag order of the VAR chosen is too small. Autocorrelated
residuals at lag order 1 may mean that an additional autoregressive term is omitted
and therefore causes the autocorrelation in the white noise residuals. In this case we
increase the number of lags until the autocorrelogram is not statistically significantly
correlated at lag length 1 anymore®!.

We apply the lag length selection criteria to each sample of our rolling regression.

If at least 2 indicate the same number of lags, this is the number we choose.

230ne could use the LM test for the verification of uncorrelatedness among the residuals. Nevertheless we
abstain from this as Killian and Ivanov(2005) report that the LM test criterion of the residuals does not perform
well in selecting the true lag order.

24 Possibly another reason to worry about autocorrelated residuals at lag order one is the resulting inconsis-
tency of OLS parameter estimates.
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In general, as shown in Table 1, a lag length of 2 seems to be appropriate during all

time-periods studied in this paper.

Table 1 — Lag Length Selection
Time Period
Suggested Lag Length AIC HQC White Noise
1975 2 2 2
1980 2 2 2
1985 2 3 2
1990 2 3 2
1995 2 3 2
2000 2 2 2
2005 2 2 2
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