Financial Globalization and Monetary Transmission*

Simone Meier!

This version: 27 February 2012

Abstract

This paper analyzes how international financial integration affects the impact of mone-
tary policy in a standard theoretical open economy framework with financial frictions. The
model extends a general New Keynesian model to a richer structure in financial markets,
allowing for international asset trading in multiple assets and incomplete asset markets.
The setup of the model enables not only an analysis of two different forms of financial
integration, namely an increase in the level of gross foreign asset holdings and a decrease
in the costs of international asset trading, but also an analysis of the interaction of finan-
cial integration with trade integration. The calibrated simulations show that none of the
analyzed forms of financial integration materially affect monetary policy effectiveness. If
anything, monetary policy is more, rather than less, effective as strengthened exhange rate
and wealth channels more than offset a weakened interest rate channel of monetary policy
transmission. The simulations also show that different forms of integration have different
implications and that the effects of financial integration are amplified in an interaction
with trade integration.
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1 Introduction

This paper analyzes how international financial integration affects the impact of monetary
policy in a standard theoretical open economy framework with financial frictions. Financial
integration has been one of the main developments in the world economy in recent decades and
its potential implications for monetary policy transmission have raised several concerns. The
basic concern is that financial integration has the potential to undermine monetary policy
effectiveness, i.e. that in an environment of tightly integrated financial markets monetary
policy might lose its control to affect aggregate output and inflation.! Despite an active debate
there are relatively few formal analyses on this topic, especially in the theoretical literature,
and existing contributions have focused on the implications of real, rather than financial
integration.?  Woodford (2007), for example, offers a theoretical analysis of the impact of
international integration on monetary transmission and finds that integration is unlikely to
weaken the ability of national central banks to control the dynamics of inflation. The focus of
his analysis is, however, on goods and factor market integration. His model is not suited for
an analysis of financial market integration as it is based on a special preference specification
where asset markets and the degree of financial integration are basically irrelevant. This paper
aims at addressing the limitations of existing contributions to capture the effects of financial
integration. It extends Woodford’s analysis to a model with a richer structure in financial
markets.?

The model I develop is a two-country variant of Gali (2008)’s baseline New Keynesian
model with sticky prices and wages but modified to allow for international asset trading in
multiple assets and incomplete asset markets. The setup of the model enables an analysis of
two different forms of international financial integration. The two crucial modeling choices
are the inclusion of transaction costs for trading assets and the linearization of the model
around an exogenous steady state asset portfolio. The transaction costs for trading assets are
defined both with respect to deviation from the steady state level and with respect to changes
from last period’s holdings. The costs with respect to deviations from the steady state level
are just a technical device introduced to ensure stationary responses to temporary shocks.?
However, the costs with respect to changes from last period’s holdings allow to analyze the
impact of a decrease in the costs of international asset trading. A decrease in the costs for
international asset trading can be seen as one form of international financial integration. The
second crucial modeling choice, the linearization of the model around an exogenous state

'See e.g. Bernanke (2007), Gonzalez-Paramo (2007), Gudmundsson (2007), Mishkin (2007), Papademos
(2007), Weber (2007), and Yellen (2006).

2See Romer (2007), Fisher (2006), Kohn (2006), Rogoff (2006), Bank for International Settlements (2006),
IMF (2006), Kohn (2006), Fisher (2006), Wynne and Kersting (2007), White (2008), Guilloux and Kharroubi
(2008), Calza (2008), and Mark Wynne on the occasion of the creation of the new Globalization and Monetary
Policy Institute by the Federal Reserve Bank of Dallas (Federal Reserve Bank of Dallas, Southwest Economy,
Issue 1, January /February 2008).

$Woodford’s model is based on preferences with a unit elasticity of substitution between home and foreign
goods. This assumption has the property of making asset markets complete, with both countries fully diversi-
fying their consumption risk. Financial integration is thus irrelevant. A first crucial extension is therefore an
alternative preference specification in which case the nature of asset markets matters.

*See Ghironi, Lee, and Rebucci (2007) and Schmitt-Grohé and Uribe (2003).



state asset portfolio, means that the steady state portfolio can be chosen exogenously as a
particular solution among the set of feasible solutions. An alternative approach would be to
solve for the portfolio endogenously in a fully optimizing framework.” However, the exogenous
approach allows to choose an international portfolio that is in line with the empirical evidence
without having to specify all the possible shocks in the economy and adjust the model in such
a way that it delivers that portfolio.® This approach therefore allows to analyze scenarios
differing with respect to the level of steady state gross foreign asset positions. An increase
in steady state gross foreign asset positions can be seen as a second form of international
financial integration.

The model thus enables an analysis of international financial integration both in the form
of a decrease in the costs of international asset trading and in the form of an increase in
gross foreign asset holdings. The impact of monetary policy can be affected by both forms
of integration. The first analyzed form of integration, namely a decrease in the costs of in-
ternational asset trading, could potentially have an impact on the transmission of monetary
policy through different demand and supply side effects. While some of these effects are ex-
pected to weaken monetary policy transmission, others are expected to strengthen it. The
combined impact of these effects is thus a priori ambiguous. On the demand side, a de-
crease in the costs of international asset trading could, on the one hand, weaken the interest
rate channel. Domestic interest rates might become less relevant for domestic spending de-
cisions as in an integrated world consumers’ should theoretically be able to engage in more
consumption smoothing with the rest of the world. If the costs for trading foreign assets
are low agents will save and borrow more in the rest of the world to cushion the effects of
shocks. A monetary policy-induced interest rate shock could thus have a lower impact on
domestic spending decisions and aggregate demand. Furthermore, with globalized financial
markets and tightened financial interdependence domestic interest rates might increasingly
be influenced by foreign factors. There is evidence suggesting that there are important link-
ages between US and foreign long-term interest rates and that long-term rates seem to react
less to changes in short-term rates than they used to.” On the other hand, a decrease in the
costs of international asset trading could strengthen the exchange rate channel. The exchange
rate channel could be strengthened as the tendency for exchange rates to react to monetary
policy might arguably be more pronounced in tighter integrated markets where the costs for
trading foreign assets are low and capital flows are more responsive to perceived interest rate
differentials. If the economy is open to trade these reinforced exchange rate movements could
in turn affect aggregate demand and output through their impact on the relative prices of
domestic to foreign goods, i.e. net exports, and inflation through their direct impact via lower
import prices. Furthermore, as discussed below, these exchange rate movements could have
effects on domestic households’ foreign wealth.® On the supply side, a decrease in the cost
of international asset trading could potentially lead to a decline in the slope of the Phillips

’See e.g. Devereux and Sutherland (2006) and Tille and Van Wincoop (2009).

bSee Tille (2008).

"See e.g. Ehrman, Fratzscher and Rigobon (2005), Faust, Rogers, Wang and Wright (2007), and Warnock
and Warnock (2006).

8See e.g. Yellen (2006), Bernanke (2007), Weber (2007), Mishkin (2007), Papademos (2007), Gudmundsson
(2007), and Gonzalez-Paramo (2007).



curve, i.e. a decrease in the sensitivity of domestic prices to domestic output gaps. A decline
in the slope of the Phillips curve, in turn, could weaken monetary policy transmission as a
control over domestic aggregate spending would not necessarily imply a control over domestic
inflation as the domestic output gap would cease to be a significant determinant of domestic
inflation.?,1 A decrease in the sensitivity of domestic prices to domestic output gaps could
arguably be the result of the integration of international financial markets as this process
has facilitated the access of domestic firms to a global labor supply through offshoring. The
threat of offshoring could contribute to a decrease of the sensitivity of real wages to changes in
domestic labor market conditions (i.e. a flattening of the wage-price Phillips curve) as firms
might become less willing to grant wage increases that would impair their cost competitiveness
and wages and prices would react less to domestic labor market and demand conditions.'!
Recent empirical research seems to suggest that the sensitivity of inflation to domestic output
gaps has declined in many developed countries in the last two decades.'> However, there
is no consensus on the role of global forces in that process.!> And there are factors other
than (financial and real) globalization that might contribute to a lower sensitivity of prices to
domestic output gaps. Flatter Phillips curves could be the result of better anchored inflation
expectations and the global disinflation process in the last two decades. A lower inflationary
environment implies that price adjustments are less frequent.'* In the theoretical literature
Razin and Yuen (2002) find that financial integration reduces the slope of the Phillips curve.
However, as Woodford (2007) notes, their analysis is likely to overestimate the impact.!®
The second analyzed form of integration, namely an increase in gross foreign asset holdings,
could have an impact on the transmission of monetary policy through demand side effects,
namely a strengthening of exchange-rate related wealth channels. This form of integration
is thus a priori expected to strengthen monetary policy transmission. An increase in gross
foreign assets could strengthen wealth channels as with an increasing share of domestic sav-

See Borio and Filardo (2007), IMF (2006), Gonzalez-Pdramo (2007), and Yellen (2006).

Note that changes in Phillips curve parameters might not only affect monetary policy transmission and
effectiveness, but also monetary authorities’ incentives. A flattening of the Phillips curve would increase the
output gains to be reached from any expansionary monetary policy impulse and could therefore decrease the
incentives for policymakers to maintain low inflation rates.

"See Yellen (2006) and Gonzalez-Paramo (2007).

2Sce e.g. Loungani, Razin and Yuen (2001), IMF (2006), Kohn (2006), Borio and Filardo (2007), Thrig,
Kamin, Lindner, and Marquez (2007), Wynne and Kersting (2007), Guilloux and Kharroubi (2008), and Calza
(2008).

3Rogoff (2003, 2006), for example, argues that trade integration should have increased rather than decreased
the sensitivity of prices to domestic demand conditions. Greater competition should lead to lower profit margins
and less room for maneuver for firms which should fasten firms’ responses to changes in cost structures or
demand conditions.

'4See e.g. Gonzalez-Paramo (2007) and Yellen (2006).

5Woodford (2007: pp.58-9) notes that Razin and Yuen’s assumption that under financial autarchy consump-
tion in each period must fluctuate with domestic income neglects the effects of terms of trade changes. If the
country is open to trade an increase in domestic output does not lead to an equal increase in the consumption
of the world composite good (and, hence, the marginal utility of income and real wage demands of domestic
households and, hence, the marginal costs of domestic firms) as the home country’s terms of trades worsen as a
consequence of the rise in domestic output. He argues that the degree to which financial integration affects the
sensitivity of domestic marginal costs to domestic output, or the slope of the Phillips curve, is less pronounced
than Razin and Yuen claim.



ings invested in international financial markets households’ wealth and firms’ balance sheets
might become more sensitive to (monetary policy induced) fluctuations in exchange rates.!®
Exchange rate valuation effects might thus increase the impact of monetary policy on the
wealth of domestic agents and thus their spending decisions and aggregate demand.!”

The remainder of the paper analyzes the interplay of these and potential further effects
of financial integration, as well as their interaction with the effects of trade integration, more
formally in a theoretical general equilibrium framework. Section 2 outlines the model. Section
3 discusses the results, and the last section concludes.

2 Theoretical model

The model is a two-country variant of Gali (2008)’s baseline new Keynesian model but mod-
ified to allow for international asset trading in both bond and equities. Asset markets are
incomplete with asset trading being subject to transaction costs, following the approach of
Ghironi, Lee and Rebucci, 2007. The model also includes investment in capital which is an
additional production factor besides labor. Not only prices, but also wages are assumed to be
sticky and the exchange rate is modelled in flexible manner following the approach of Corsetti
and Pesenti (2005). In order to be able to replicate Woodford (2007)’s exercise of analyzing
different degrees of "goods market integration" the consumption basket is divided into traded
and nontraded goods following the approach of Obstfeld and Rogoff (2005).

This section outlines the main blocks of the model using the example of the Home country.
Analogous equations hold in the Foreign country. To distinguish Home from Foreign variables,
variables for the Foreign country are denoted with a star superscript. A more detailed deriva-
tion of the model is provided in the Appendix B. The section is structured into four different
subsections describing the behavior of households, firms, and monetary authorities in turn,
as well as the solution method of the model including the calibration.

2.1 Households

Each country is populated by a continuum of infinitely-lived, atomistic households indexed
by j (and j* respectively). Home households are assumed to be of a mass « while Foreign
households are assumed to be of a mass (1 —«). Households consume both Home and Foreign
traded and domestic non-traded goods. In addition to consuming goods households also
supply labor services.

An infinitely-lived representative Home household j maximizes the following utility func-
tion:
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Following the approach of Obstfeld and Rogoff (2005) a fraction v € [0,1] of brands
consumed in a given country are traded goods. Furthermore, a fraction a € [0,1] of the

'%See Gonzalez-Paramo (2007).
"Note, however, that if a higher share of domestic wealth is invested in foriegn assets domestic wealth
channels might become less effective.



traded goods are produced in the Home country.  therefore denotes the weight of the traded
goods basket in the overall consumption basket and « denotes the weight of Home tradables in
the traded goods basket. Note that a large value of @ means that the Home country supplies
most of the tradables goods and not that few imported goods are consumed in either country.
Such a parametrization is employed in order to be able to replicate Woodford (2007)’s exercise
of analyzing different degrees of "goods market integration", namely the small open-economy
limit (o = 0), and the case of two countries of equal size (a = 3), and the interaction of
"goods market" with "financial market integration".

The Home consumption basket is a standard CES consumption basket over Home and
Foreign traded goods baskets and the Home non-traded goods basket:

1 w—1 1 w=1|w-1
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where C); is the non-tradables basket and Cp; the tradables basket. v denotes the weight
of the tradables basket and w is the elasticity of substitution between tradable and nontradable
goods.

The tradables basket is defined as:

where Cyp; is the consumption sub-basket of individual Home goods and Cppy is the
consumption sub-basket of individual foreign goods. « denotes the weight of Home tradables
in the tradables basket and ¢ is the elasticity of substitution between Home and Foreign
tradables.

The consumption sub-baskets Cn¢, Cgrt, and Cppy are defined as CES aggregates respec-
tively:
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where 6 is the elasticity of substitution between the different brands within a sub-basket.

The following paragraphs outline the three optimization problems that a household faces:
the allocation of expenditures across the different sectors and goods, the intertemporal con-
sumption and asset allocation, and the wage setting.
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2.1.1 Optimal allocation of expenditures

The solution of the optimal allocation of expenditures across different sectors and goods (see
the Appendix for more details) leads to the following aggregate demand equations that a firm
i faces. Note that in addition to the demand from households, firms’ face the demand for an
investment input, Iz, from installment firms (explained in more detail below):
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2.1.2 Optimal intertemporal allocation

Asset markets comprise four assets: two one-period nominal bonds, denominated in Home
and Foreign currency respectively, and equity shares on Home and Foreign firms. The bond
holdings are denoted By and Bp (Bj; and By, if held by Foreign households) and the Home
and Foreign equity shares are denoted by Qp and Qp; (Qj, and QF, if held by Foreign
households). Equity shares are assumed to be claims on firms’ profits as explained in more
detail in Appendix B. They are assumed to be a balanced portfolio across all firms in the
respective country.

Households pay quadratic financial transaction fees to domestic financial intermediaries
when they change their asset holdings. The financial intermediation costs are defined both in
terms of changes from last period’s holdings and in terms of deviations from the steady state
levels. The definition of these transaction costs is analogous for all assets (with the subscript
denoting the respective asset). Using the example of Home equity holdings they are:

(Qu41() — Qure(4))? (Qm() — Qu(j))?
Y Y

As mentioned above the transaction costs on changes from last period’s holdings (see the
first term in the above expression) ensure a well-defined demand of assets in a log-linearized
version of the system and allow to study scenarios differing with respect to the ease of fi-
nancial transactions. A decrease in the level of the costs for foreign assets, e.g. ~y o implies

~y
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cheaper transaction costs for changing foreign asset holdings which can be seen as one form
of international financial integration. The costs with respect to deviations from the level of
steady state asset holding (see the second term in the above expression) are a technical device
to ensure stationarity of the equilibrium dynamics.'® As the financial intermediation costs are
incurred on changes from last period’s holdings and on deviations from the steady state level,

'8See Ghironi, Lee, and Rebucci (2007) and Schmitt-Grohé and Uribe (2003).



the steady state of this model can be chosen exogenously as a particular solution among the

set of feasible solutions. As mentioned above, this fact will be exploited to analyze a second

form of international financial integration, namely an increase of gross foreign asset holdings.
The financial costs are paid to financial intermediaries who are assumed to be local, per-

fectly competitive firms owned by domestic households. The financial transaction fees are

rebated to households as lump-sum transfers and are therefore not destroyed resources.
Given these definition the budget constraint of a Home household j is:
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where Pg; and Pét are the nominal prices of Home and Foreign equity shares respectively,
3 Ve
Q ) _Q* ~
profits and @ and Q* aggregate equity shares. Aggregate equity shares are fixed and given by
Q = Quit+Qf; and QF = Qp +QFt- Vg, VQp By a0d Vp,. are the financial intermediation
costs for Home households which can differ across assets, i; and i} are the nominal interest
rates, Sy is the nominal exchange rate (defined as units of Home currency per unit of Foreign
currency), T7;(j) are the lump-sum transfers from installment firms (the details are explained
in Appendix B), and T;(j) are lump-sum transfers from financial intermediaries.
The optimal intertemporal asset and consumption allocation leads to the following Euler

—0
equations in aggregate terms (Dy ;41 = 3 ((?3)1)> Pi - denotes the discount factor):

and and

the dividend yields in local currency with V; and V" denoting the aggregate

for Home equity holdings:
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for Foreign equity holdings:
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and for Foreign bond holdings:
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The Fuler equations represent the fact that for an intertemporal allocation to be optimal
the cost in terms of foregone utility of acquiring an additional equity share or bond has to
equal the discounted marginal utility of the increase in expected consumption derived from
holding that additional asset. To gain a more detailed intuition for the Euler equations one
can rewrite, for example, the Euler equation for Home bond holdings (equation (8)), as:
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Equation (10) states that, all else equal, Home households will be more willing to postpone

consumption to the next period (i.e. increase the ratio <CE(1]()] )> on the left hand side) the

higher the opportunity costs for consumption today. These opportunity costs are higher: a)
the lower expected inflation (first (...) on the right hand side, b) the higher the expected



interest rate at Home (first term in [...] on the right hand side), c) the higher the marginal
decrease in transaction costs for Home bond holdings tomorrow (second term in [...] on the
right hand side) and the lower the transaction costs for deviations from the steady state today
(third term in [...] on the right hand side), or d) the lower intermediation costs for Home bond
holdings today (last (...) on the right hand side).

2.1.3 Optimal wage setting

In order to model sticky wages the labour market is assumed to be monopolistic.'? Each
household is specialized in a different type of labor, all of which are used by each firm. Each
household has some monopoly power in the labor market and posts the (nominal) wage at
which she or he is willing to supply specialized labor services to firms that demand them.
Wages are sticky where wage setting is modelled as a staggered Calvo-type process where
(1 — Oy) denotes the probability that a household can reset the wage in any given period.

A household that can reset its wage in period t (where WtOp ¢ (7) denotes the newly set wage)
maximizes the discounted sum of utilities subject to the sequence of flow budget constraints
and the firm’s demand schedules (equations 2 to 4). The optimal wage at time t satisfies the
following condition:
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i.e. that the optimal real wage is a (constant) markup over all future expected marginal
rates of substitution.

Taking account of wage stickiness the aggregate wage index (see also below in the section
on firms) can be written as

1
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i.e. that the wage index is a weighted average of last period’s index and the optimal wage
at time t.

2.2 Firms

In each country there are two types of firms."Installment firms" using the consumption good
to produce capital and "Production firms" producing the consumption goods with a linear
production technology using both labor and capital inputs.

The following paragraphs outline the optimal investment decision of installment firms and
the optimal input demand and price setting decisions of production firms.

19G8ee Gali (2008, chapter 6) for details.
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2.2.1 Optimal investment

Installment firms are competitive, i.e. they take prices as given. They are owned by domestic
households who receive any profits in the form of lump-sum transfers and are indexed by [
€ [0, o] for the Home country and I* € [a, 1] for the Foreign country.

Installment firms purchase an investment good to produce new capital which they rent out
to the production firms at the (nominal) rental rate Pyr*. It is assumed that the investment
good features the same composition as the consumption good, i.e. that the investment good
is purchased in the goods market at a price P;. Capital depreciates at a rate §. Furthermore,
the production technology for new capital involves non-linear capital-adjustment cost. These
costs are introduced to smooth the investment dynamics. Note that equity shares are claims
on profits not capital.

Capital accumulation takes the following form:

¢ (Ken1(1) — Ki(1))*

Koy =(1=8)Ki+1 -3 s (14)

An installment firm solves the following optimization problem (subject to 14)
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i.e. that I assume that an installment firm I’s discount factor reflects the intertemporal
marginal rate of substitution of a representative Home household j. An alternative discount
factor could be a weighted average of Home and Foreign household’s marginal rate of substi-
tutions. The optimality condition for investment in aggregate terms can be written as

(1B =K) g (Cody ™ [ gy pg, o § (K2 )]
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The optimal investment decision equalizes the cost to increase today’s capital stock by one
unit and tomorrow’s discounted marginal utility derived from this investment. Today’s cost
of an additional unit of capital consist of the unit itself and the marginal capital adjustment
cost. Tomorrow’s revenues of this investment consist of the increase in the non-depreciated
capital stock itself , the expected real interest payment plus the expected decrease in capital
adjustment costs.

The profits T7(j) = PirFK, — P, of Installment firms are assumed to be rebated to
households as lump-sum transfers.

2.2.2 Optimal input demand

Production firms in the traded and non-traded goods are monopolistically competitive firms,
i.e. each production firm is the sole producer of a differentiated brand. They are indexed by i €
[0,y + n(1 — )] where [0, ay] represents the Home traded goods sector and [ary, a(1 — )] the

11



nontraded goods sector. Foreign firms are distributed on the interval i* € [ay + a(1 —7), 1]
with [ay + a(l — ),y + (1l —v) 4+ (1 — )] representing the Foreign traded goods sector
and [y +n(1 —~v) 4+ (1 — a)v, 1] the Foreign nontraded goods sector.

A representative Home production firm ¢ (both in the traded and nontraded goods sector)
produces under the following Cobb-Douglas constant-returns-to-scale technology:

Yi(i) = Ar (5(8) " (Ne(0))"

where A; is an exogenous technology parameter, K (i) is the capital input used by firm i ,
i is the share of labor used in the production process and N¢(7) is an index of the differentiated
labor inputs used by firm ¢:

n—1
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where Ny(i, j) denotes the quantity of type-j labor employed by firm . 7 is the elasticity
of substitution among the differentiated labor services

The solution of the cost minimization problem of a representative Home firm ¢ with respect
to differentiated labor services for a given level of the aggregate labor index is:

witi) = (S) et

The solution of the cost minimization problem of a representative Home firm ¢ with respect
to aggregate factor inputs N;(i) and Ky(7) can (in aggregate terms) be written as

Nyt = #A;/f’t Yurt (16)
Nyt = M\fof’t Yt (17)
Kury = WYHB (18)
s = g (19)

2.2.3 Optimal price setting

Prices are sticky where price setting is modelled as a staggered Calvo-type process where
(1 —6p) denotes the probability that a firm can reset its price in any given period.?’ The
prices that Home consumers pay in Home currency for Home traded, Foreign traded and non-
traded goods are denoted by Prr¢(i), Prre(i) and Pyy(7) , respectively, whereas the prices that
Foreign consumers pay in Foreign currency for Home traded, Foreign traded and non-traded

2095 can therefore be interpreted as a measure of price stickiness.
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goods are denoted by a star superscript, namely, by Pjp,(4), Ppp,(4) and P, (i), respectlvely
The prices that Home producers set are denoted by ngt( ) for the Home market PHTt (7) for
the Foreign market and PJ%D t( ) , respectively, whereas the prices that Foreign producers set
are denoted by PFO%*( ) for the Foreign market, FTt( i) for the Home market and P*Op t(i).

To be able to analyze various degrees of exchange rate pass-through a flexible approach
following Corsetti and Pesenti (2005) is adopted. In particular, it is assumed that the degree
of pass-through elasticity, 7, is exogenous and constant within a period and across producers.
It varies between 0 and 1 such that both the case of complete exchange rate pass-through
("producer currency pricing" or PCP), 7 = 1, and the case of zero exchange rate pass-through
("local currency pricing" or LCP), 7 = 0, can be obtained as particular cases of a unified
parametrization.

The Foreign-currency price of a Home traded goods brand, Pj;,(7), is defined as:

POpt*

Piip (i) =112
t

Given this definition the price received by a Home firm from an export sales unit to the
Foreign market is?!
P05
A representative firm in the Home traded goods sector sets prices
{ngft +x(8); ngiik(i)}:io that maximize its expected discounted future profits while

these prices remain effective. Formally, it solves the following problem:

Dyyi1(j)
Opt
max Z 0% F (PH%( ) — Mct+k\t> Yoritk|e
PRb ), Py (3) pOpt () gl
' ' h=0 + ( HTt ( )S MCtJrk‘t) HTt+k|t

subject to the respective demand schedules of Home households and installment firms,
where Dy 1(j) denotes the discount factor:

Dy () = B* <(Ct+k(j))>a P,

(Ce(5)) Pk

i.e. that it is assumed that a representative Home firm’s discount factor represents the
intertemporal marginal rate of substitution of a representative Home household j, and where
MC;y denotes the (nominal) marginal cost function (see equation (?7?) above).??
Optimal prices in the three sectors at time t satisfy the following conditions:

21Qimilarly, the Home-currency price of a Foreign traded goods brand, Prri(i), is Ppre(i) = P%’Zi( )S{ and
the price received by a Foreign firm from an export sales unit to the Home market is P&t (i)S7

22 A representative firm in the nontraded goods sector solves an analogous problem.
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Z 05 Ey {Dt,t+kYHTt+k|t(i) (ngtt - MPMCtJrk))} =0 (20)

k=0
o0
> ObE, {Dt,t+ka}Tt+k\t(i) (SfTPg%* - #PMCHk))} =0 (21)
k=0
o0
> ObE, {Dt,t+kYNt+k|t(i) (Pﬁft - MPMCt+k)) } =0 (22)
k=0
where
0

i.e. that the prices received by Home firms are a (constant) markup over all expected
future marginal costs.

2.3 DMonetary policy

In order to close the model a behavioral rule for the monetary authorities needs to be defined.
The monetary policy rule of the Home central bank is defined as

(1-p)

b
L+idp = (1444-1)° ((;1) (Yt)%) Ry (23)

where p captures the degree of interest-rate smoothing and R; represents a time-varying,exogenous
monetary policy shock that may, for example, represent changes in the inflation target. In-
novations in R; are and their propagation on the other variables in the model are used as
experiments to analyze the transmission of monetary policy. The monetary policy rule of the
Foreign central bank is defined as analogously.

2.4 Solution of the model

The model is defined by equations (2) to (23) together with the analogous equations for
the foreign economy and the market clearing conditions in the goods and asset markets.
The model is solved by a linearization of these equations around a symmetric steady state
where the net foreign asset positions of both countries, inflation and technological progress
are zero. As mentioned above, to ensure a stationary steady state financial intermediation
costs are imposed on both the changes in asset holdings as well as deviations from the steady
state. Furthermore, all Home and Foreign nominal variables are scaled by the Home and
Foreign CPlIs, respectively, and the CPIs and the nominal exchange rate are linearized in first
differences. Appendix B outlines the whole system of equations as well as a detailed derivation
of the steady state and the linearized system. As no analytical solution of the model can be
obtained the linearized model is solved and simulated numerically.?> The particular interest

23The model is with Dynare (see Adjemian et al., 2011).
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is in impulse response functions to monetary policy shocks, namely exogenous interest rate
shocks on Ry, as defined above in the Taylor rule (equation 23). The impact of financial market
integration is analyzed by comparing impulse response functions to such monetary policy
shocks in scenarios that differ with respect to the degree of financial market integration.
The calibration of the baseline and the integration scenarios is explained in the following
paragraphs.

2.4.1 Baseline calibration

The baseline calibration is listed in Table 1. The calibration of the model parameters closely
follows the standard values assumed in the New Keynesian and Real Business Cycle litera-
ture.?* T assume a period length of one quarter and equal model parameters for both countries.

51099 [a 05 [ 06 [ 0.6
2 e 2 |5 002|293 B 03
1 |6 6 |6p 066 |vp,,70, 1

-
025|n 21 |¢, 15 |4 0.005
2 & 8 ¢, 0.125

Table 1: Baseline calibration

o
K
p |1 Ow 0.75 0.5 VB VQp 3
v
w

The calibration of the discount factor 5 implies a steady state annual return on financial
assets of about four percent. The assumption on the relative risk aversion coeflicient o implies
a non-log-utility function. A labour supply elasticity coefficient ¢ of 1 implies a non-linear
cost of effort. The calibration of the elasticity of substitution between different brands within
a sub-basket 6 implies a steady state markup of prices over marginal costs of 20 percent.
Similarly, an elasticity of substitution among differentiated labour services n of 21 implies a
steady state markup of wages over the cost of effort of 5 percent. A depreciation rate § of
0.026 implies an annual deprecation rate of about 10 percent. Setting the production function
parameter p to 0.6 implies a ratio of wage earnings to GDP of 60 percent. The adjustment
costs in investment are set such that the volatility of investment amounts to about four times
the volatility of GDP. A price stickiness parameter 6 p of 0.66 implies an average price duration
of three quarters. The interest rate rule coefficients ¢, and ¢, are roughly consistent with
observed variations in the Federal Funds rate over the Greenspan area. A value of p, = 0.9
implies a relatively high persistence of the interest rate shock. The steady state technology

24 The calibration of the discount factor A and the elasticity of substitution between different brands within a
sub-basket 6 is equal to the one in Gali (2008) and Ghironi et al. (2008). The elasticity of substitution between
Home and Foreign tradables ¢ follows the calibrations of Obstfeld and Rogoff (2005), Coeurdacier, Kollman,
and Martins (2008), and Ghironi et al. (2008). The parameters related to the modeling of the consumption
basket, i.e. the weight of the tradables basket in the overall consumption basket 7, and the elasticity of
substitution between tradables and non-tradables w are calibrated according to Obstfeld and Rogoff (2005).
The calibration of the relative risk aversion coefficient o is in line with Coeurdacier et al. (2008) and Ghironi
et al. (2008). The depreciation rate d, the labour share u folllow Coeurdacier et al. (2008)’s calibrations. The
calibration of the labour supply elasticity coefficient ¢, and the elasticity of substitution among differentiated
labour services n follows Tille (2008). The price and wage stickiness parameters p and 6w, as well as and the
interest rate rule coefficients ¢, and ¢, are calibrated in line with Gali (2008).
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levels in both countries are normalized to 1. In the baseline simulations both countries are
assumed to be of equal size, i.e. that they have equal shares in the traded goods sector. « is
therefore set to 0.5. The exchange rate elasiticity is assumed to be 0.5, i.e. that half of the
change in exchange rates are passed on to the local prices of imported goods.

By means of different calibrations of the remaining two parameter blocks, namely steady
state gross asset holdings and financial intermediation costs, different scenarios of international
financial integration can be analyzed. In the benchmark scenario (total) steady state gross
foreign asset holdings amount to 60 percent of GDP (steady state net foreign asset are assumed
to be zero in all scenarios).?® Such a calibration is roughly in line with the average gross foreign
asset positions for both industrial and emerging and developing economies between 1970 and
1990 as reported in Lane and Milesi-Ferretti (2007).

Financial intermediation costs are calibrated such that the excess returns across different
assets lie in a reasonable range. In a log-linearized version of the system the excess return
for Home agents of, for example, Foreign with respect to Home bond holdings can be derived
by combining the log-linearized versions of the respective Euler equations (equations 9 and 8
above):

<$/7’-EtBF>t ~ F; {A\Sﬂ_l} + B {ﬁ—&—l} —FE; {it—l-l} (24)
. . V. Bt {1;Ft+2 - BFtJrl}
~ vy (B {brea} = b)) -8 :
—Yp.Et {th+1}
Yy Et {BHt+2 - BHH—I}

= Vs, (Et {BHt—H} - BHt) -3 H*¢BHEt {l;HtJrl}

If the differences across assets in actual and expected changes of holdings (here <13 P4l — b Ht+1>
E; |:<8Ft+2 — I;Ft+1> — (5Ht+2 — IA)HtH)}) are assumed to be about 10 percent then excess

returns of about 15 basispoints would seem reasonable. Given that the costs with respect to
the deviations from the steady state are just a technical device to induce stationarity they

are kept close to zero, namely ¢y = 0.005. Equation 24 then implies transaction costs for
changing holdings of ~ 5p = Yoy = 1:
[0.0015] ~ [(170.1) — (0.99%((1 % 0.1) — (0.005%0.1)))]
N—— N
Excess return (LHS of above equations) RHS of above equations

In other words, if Home households decide to adjust their Foreign bond holdings by 10 percent
of GDP more than their Home bond holdings, they need to get an excess return on Foreign

% Note that with the assumption that total net foreign assets are zero, i.e. the condition 5'155@1: — PoQi +
SBr — Bj; = 0, together with the four asset market clearing conditions only three cross border holdings have to
be determined. The fourth cross-border holding and all domestic holdings can then be determined residually.
The total gross foreign asset holdings are split evenly between the two asset categories. As mentioned above
bonds are in zero net supply and the total amount of equity holdings are fixed.
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versus Home bond holdings of about 15 basispoints. Thus, in the scenario with low transaction
costs, in line with this reasoning, I set the financial intermediation costs at v, = 75, =
YQu = VQr = VBy = VB: =@y, = Yo = 1. In the "pre-integration" baseline scenario the
costs for foreign assets, i.e. the costs for Home (Foreign) agents of changing Foreign (Home)
bonds and equity holdings, are increased threefold to a level of v, = v By =VQr =VQy = 3.
In such a scenario for the decision to adjust Foreign bond holdings by 10 percent more than
Home bond holdings to be optimal, the excess return would need to be about 54 basispoints.26
An alternative way to check the validity of the calibration of transaction costs is to look at
the actual response of excess returns to an interest rate shock. Figure 1 shows the response of
the excess return of Foreign over Home bonds to a 25 basispoints one-off exogenous positive
shock on the nominal interest rate in the Home country in the Baseline scenario.?” The excess
returns is around 6 basispoints on impact which appears to be reasonable.

3 4 6 (3 D 2 3 B
Figure 1: Response of excess return to an interest rate
shock in the Baseline scenario
The impulse response is shown in percentage point deviations from the steady

state.

2.4.2 Calibration of financial market integration and other scenarios

Moving away from this baseline calibration I study, in a first step, two different scenarios
which I label "Higher gross foreign asset holdings" and "Lower foreign transaction costs".
In the "Higher gross foreign asset holdings" experiment, the level of (total) gross foreign
steady state asset holdings is increased to 200 percent of GDP which corresponds to about
a threefold increase of the baseline calibration and is roughly in line with the average gross
foreign asset holdings of industrial economies between 1990 and 2004 documented in Lane
and Milesi-Ferretti (2007). In the second experiment, the "Lower foreign transaction costs"
scenario, the transaction costs of changing foreign asset positions are reduced to the level
of the costs for changing domestic asset holdings (for both Home and Foreign agents), i.e.

2610.0054] ~ [(3%0.2) — (0.99*((3 * 0.2) — (0.005%0.2)))] — [(1*0.1) — (0.99*((1 % 0.1) — (0.005*0.1)))].
*"Without any further changes induced by the Taylor rule this would correspond to an annualized increase
in the policy rate of 100 basispoints on impact.
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VB =By = VQr = Q3 = 1. The robustness of both experiments is checked by additional
variations of the parameters and both experiments are analyzed separately as well as in a
combined experiment together.

In addition to analyzing these financial market integration experiments I study goods
market integration and its interaction with the two forms of financial market integration.
The calibration of "goods market integration" follows Woodford (2007) by lowering the share
of traded goods produced in the Home country. In the "integrated", "small open economy",
scenario the share of Home traded goods in the overall traded goods basket, i.e. «, is lowered
to 0.1.

3 Results

The simulations of the different experiments are reported in Figures A1 to A10 in Appendix A.
All impulse response functions show the dynamic reaction to a 25 basispoints one-off exogenous
positive shock on the nominal interest rate in the Home country.?® To conserve space I do
not report the dynamics of all variables of the model. In each scenario I report the impulse
responses of 20 variables including the main macroeconomic variables of the model plus some
additional variables such the dynamics of the current account (CA), its decomposition into the
trade balance (TB) and net asset income (NAI), the terms of trade (TOT), as well as the net
foreign asset position (NFA), and the decomposition of the change in the net foreign assets
position (ANFA) into the current account (CA), the change in local currency asset prices
(ALCAP), and exchange rate valuation (EV) (see Appendix B for a detailed derivation). In
the "Baseline" scenario, for intuitive purposes, an additional Figure reports a few further
variables.

The dynamic reaction of the model is as expected and intuitive. Figure Al and A2 show
the results for the "Baseline" scenario. The contractionary monetary policy shock leads to a
reduction of Home inflation of about 0.5% on impact. As a consequence of the increase of the
Home interest rate the Home nominal (and real) exchange rate fall on impact (i.e. the Home
currency appreciates) after depreciating to the new equilibrium. This is in line with some form
of an uncovered interest rate parity condition which can be derived from the Euler equations.
The increase in the Home nominal (and real) interest rate induces Home households to reduce
their domestic consumption spending, in line with the Fuler equations. Home households also
reduce their import spending, thus income-absorption effects more than offset expenditure-
switching effects. Expenditure-switching effects, however, also reduce exports, and as the
fall in exports more than offsets the fall in imports, net exports fall as well. The negative
demand shock stemming from the reduction in both consumption and exports leads to a fall in
the return on investment and therefore investment itself. The combined fall in consumption,

Z¥Without any further changes induced by the Taylor rule this would correspond to an annualized increase
in the policy rate of 100 basispoints on impact. Impulse response functions are shown in percentage point
deviations from the steady state. Inflation, and interest rates are shown in annualized rates (i.e. multiplied
by four). Note that as the model is linearized around stationary variables all variables except inflation and
nominal exchange and interest rates are real variables, i.e. scaled by the Home and Foreign CPIs, respectively.
For variables where the steady state is equal to zero, i.e. the trade balance, net foreign income, and net foreign
assets the impulse responses for nominal and real variables are equivalent.
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net exports, and investment leads to a fall in Home output by around 0.4%. In order to
cushion the contractionary monetary policy shock and smooth consumption over time, Home
consumers borrow from Foreign agents in all four asset categories (as can be seen in the
reduction of both Home and Foreign bond and equity holdings reported in the fourth row).
As a consequence, net asset income and the current account fall, as do net foreign assets.
The change in net foreign assets (as can be seen from the decomposition in the fifth row)
is not only due to increased borrowing but mainly due to negative exchange rate valuation
effects stemming from the appreciation of the Home currency. Figure A2 reports the reaction
of some additional variables in the "Baseline" scenario. As a consequence of the negative
demand shock, Home firms reduce their labor and capital input demand, which leads to a
reduction of both wages and rental rates of capital and therefore investment (as reported in
Figure A). The fall in wages and rental rates of capital in turn leads to a reduction in marginal
costs, and as prices are sticky and cannot react immediately, this leads to an increase in Home
profits. Over time firms’ adjust their price setting to the reduction in marginal costs which, as
reported in Figure, leads to a fall in Home inflation. Due to the increase in Home interest rates
and to restore asset market equilibrium, equity prices fall. Furthermore, as a consequence of
the appreciation of the Home currency and the fall in Home output, the Home terms of trade
increase. For completeness, the third row reports the reaction of the main Foreign variables.
As all the reactions are very low, almost insignificant, they are not further discussed.

The first international financial integration experiment shows that integration in the form
of lower transaction costs for trading foreign assets indeed weakens part of the interest rate
channel due to an increase in consumption smoothing and a reduced reaction of consumer
spending and investment. However, in case an economy is open to trade higher consumption
smoothing also applies to import spending which, together with a strengthened exchange rate
channel, intensifies the reaction of net exports and the overall impact of monetary policy on
output and inflation. Figure A3 reports the impulse responses, in particular the differences in
the responses of the main variables between the "Lower Costs" and the "Baseline" scenarios
(note that there are no qualitative differences in the reaction of any variables in the two
scenarios). A reduction in transaction costs for trading foreign assets leads to a boost in
consumption smoothing by Home households and therefore a higher increase in borrowing
from abroad and a lower reduction in consumption and investment spending. However, it
also leads to a lower reduction in import spending. And as Home households don’t reduce
their import spending as much as before, i.e. the fall in imports is higher than before,
and as exports are reduced by more due to a higher appreciation of the Home currency,
net exports fall more. The higher exchange rate appreciation could be the result of lower
transaction costs and more integrated asset markets in which exchange rates react more to
interest rate differentials. Overall, the higher fall in net exports offsets the lower reduction
in consumption, and investment and there is a slightly higher reduction in output (about 1%
of the initial response), as well as inflation (about 4% of the initial response). Thus, even
though monetary policy loses some control over consumption and investment due to the fact
that Home consumers can borrow more easily from the rest of the world, the impact on net
exports, output and inflation are higher in an economy where assets can be traded more easily
with the rest of the world. It is important to get a sense of how the calibration of transaction
costs affects the robustness of this result. Figure A4 reports the sensitivity of the impulse
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responses to the calibration of transaction costs. The response functions are shown for the
period of the shock as a function of vp,,vg,,7 B Q- Thus, as before, transaction costs
for different categories of foreign assets are the same and symmetric for the two countries. As
found before, the lower the transaction costs on foreign assets the more consumers can engage
in consumption smoothing with the rest of the world and therefore the higher the reduction in
asset holdings and the lower the reaction of consumption, investment and imports. Exports,
the trade balance and output react more. The sensitivity of the reactions to the level of
transaction costs is very low. Even if costs are reduced by a factor of 10, the responses of
inflation and output are affected by only 0.05 and 0.02 percent, respectively.

The second international financial integration experiment shows that integration in the
form of higher gross foreign asset holdings strengthens wealth channels of monetary transmis-
sion and thereby, despite a slight weakening of the exchange rate channel, reinforces the impact
of monetary policy on consumption and output. Figure A5 reports the impulse responses,
in particular the differences in the reaction of the main variables between the "Higher gross
foreign asset holdings" and the "Baseline" scenario. Note that there are again no qualitative
differences in the responses of any variable. The fall in consumption, investment, and output
are higher - as is the fall in imports. The intensification in the fall in consumption occurs
despite the fact that in an integrated scenario Home agents’ boost their consumption smooth-
ing, i.e. increase their borrowings from foreigners (as can be seen by the higher reduction in
asset holdings). The higher fall in consumption and imports is mainly due to much higher
negative shocks on domestic agents wealth, i.e. net foreign income and assets (the responses
are increased by a factor of around three and two, respectively). These dynamics in turn are
a consequence of higher negative exchange rate valuation effects (as well as a lower current
account). Despite a lower appreciation of the Home currency, exchange rate valuation effects
are much higher as they affect much higher steady state gross positions. The response of
inflation is slightly moderated on impact (5% of the initial response), due to a lower impact
appreciation of the exchange rate, but it is more persistent. Only the impact of monetary
policy on net exports is reduced. The negative impact on net exports is reduced as a lower
impact appreciation of the Home currency lowers the reduction in exports and increases the
reduction in imports. However, despite a lower impact on net exports, the overall impact
on output is increased by about 2.5% percent of the initial response. Figure A6 reports the
sensitivity of the impulse responses to the calibration of the level of steady state gross foreign
asset positions. The response functions are shown for the period of the shock as a function
of }fg* , %, I;Cf ?—/f , P—IQQT;{. Thus, as before, transaction costs for different categories of for-
eign assets are the same and symmetric for the two countries. As found before, the higher
gross foreign asset holdings the higher the negative reaction of consumption, investment and
imports. Exports and the trade balance and inflation react less the higher gross foreign asset
holdings. Note that, if gross foreign asset holdings are more than 350% of GDP, the real
exchange rate depreciates on impact which leads to a positive reaction of net exports and net
foreign assets. The sensitivity of the reactions to the level of gross foreign assets is again low.
Even if holdings are increased by a factor of 15, the responses of output and inflation are
affected by only 0.05 and 0.2 percent, respectively.

The experiment interacting both forms of financial market integration, i.e. a reduction
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of transaction costs for trading foreign assets combined with an increase in the level of gross
foreign assets, increases the impact of monetary policy on both output and inflation as the
effects in the two individual scenarios reinforce each other. Figure A7 reports the difference
in the impulse responses in the two scenarios. A higher impact appreciation of the Home
currency (arguably due to lower transaction costs, i.e. more integrated international asset
markets, which make exchange rates more responsive to interest rate differentials) now has a
higher negative exchange rate valuation effect on Home households’ wealth, which, in turn,
has a higher negative impact on consumption, imports, output and inflation. The real ex-
change rate appreciates slightly more on impact, but is less persistent thereafter which leads
to a lower reduction of exports and the trade balance. Overall, even a combined form of
financial integration increases rather than decreases monetary policy effectiveness as a higher
impact appreciation and strengthened exchange rate valuation effects interact with higher
gross foreign asset holdings and thereby reinforce the wealth channels of monetary policy
transmission.

The goods market integration experiment (displayed in Figure A8) shows that a reduction
in the Home country’s share in the overall traded goods sector leads to very similar effects as
an increase in gross foreign asset holdings. The experiment confirms Woodford (2007)’s results
that monetary policy retains its leverage over output and inflation even in an environment of
highly integrated goods markets and despite the fact that its leverage over the trade balance
is reduced. The leverage over the trade balance is again reduced as in the experiment of
increasing gross foreign asset holdings, a lower appreciation of the exchange rate reduces the
impact on exports and together with higher negative wealth shocks increase the (negative)
impact on imports. Figure A9 reports the experiment interacting goods market integration
with both forms of financial integration combined. As the difference in the impulse responses
show, an interaction of all forms of integration leads to the highest positive impact on monetary
policy effectiveness. Furthermore, the combined effect is not just the sum of all individual
effects, but the interaction of financial and trade integration actually leads to an amplification
of the effects. Despite the fact that there is a lower impact appreciation of the Home currency
and a lower reaction of the trade balance, there is a much larger reduction in net foreign
income and assets due to a much larger increase in borrowing abroad and a larger negative
exchange rate valuation effect. This negative wealth shocks in turn lead to a much larger
reduction in consumption and investment which in turn leads to a much larger reduction in
output and inflation (around 12% and 2% of the initial responses, respectively). Strengthened
wealth channels thus more than offset weakened exchange rate and interest rate channels of
monetary transmission. Thus, to sum up all experiments, it is difficult to construct scenarios
in which financial integration or an interaction of financial with other forms of integration
materially weaken the impact of monetary policy.?

29 Also an experiment with an interaction of financial integration with a decrease in the exchange rate pass-
through, which could arguably be lower in more integrated financial and goods markets, does not show any
material impact and is therefore not reported.
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4 Conclusions

The simulations of the model show that none of the analyzed forms of international financial
integration undermine the impact of monetary policy on output and inflation. Thus, Wood-
ford (2007)’s results for goods and factor market integration also apply to financial market
integration. Neither a decrease in transaction costs for trading foreign assets nor an increase
of gross foreign asset holdings nor a combination of the two and an interaction with trade
integration materially affect monetary policy effectiveness. If anything, monetary policy is
more rather than less effective.

The simulations show three different aspects of the impact of financial integration on the
transmission of monetary policy. First, the two forms of international financial integration
have opposite effects on the impact of monetary policy on domestic spending decisions. On the
one hand, integration in the form of lower transaction costs reduces monetary policy’s control
over domestic spending decisions as it increases the ability of domestic agents to smooth their
consumption over time by borrowing from the rest of the world. This form of integration
thus weakens the interest rate channel of monetary policy transmission. On the other hand,
integration in the form of an increase of gross foreign asset holdings increases monetary policy’s
control over domestic spending decisions as it strengthens the effect of (monetary policy
induced) exchange rate valuation effects on domestic agent’s wealth. This form of integration
thus strengthens wealth channels of monetary policy transmission. Second, the effects of both
forms of integration on the impact of monetary policy on domestic spending decisions are
offset by the effects of integration on the impact of monetary policy on the trade balance.
Under financial integration in the form of a reduction in transaction costs a weakened interest
rate channel reduces the impact not only on domestic spending but also import spending
which in turn increases the leverage over net exports. Under financial integration in the
form of higher gross foreign assets a strengthened wealth channel increases the impact not
only on domestic spending but also in import spending which in turn reduces the leverage
over net exports (this effect is, however, not strong enough to offset the higher impact on
domestic consumption). One conclusion that could be drawn from these offsetting impacts of
integration is that an economy that is open to trade is less prone to a reduction in monetary
policy effectiveness due to financial integration in the form of lower transaction costs for
international asset trading. Third, overall, in such a model, weakened interest rate channels
are always more than offset by strengthened wealth or exchange rate channels. None of the
experiments lead to a material erosion of the impact of monetary policy. On the contrary, in
an interaction of financial and real integration the positive effects of integration on monetary
policy effectiveness are amplified, i.e. integration leads to a non-negligible increase of the
impact of monetary policy on output and inflation.

This paper is only a first step in the analysis of the implications of international finan-
cial integration for the transmission of monetary policy. The focus of this paper is on a
standard New Keynesian framework in which non-neoclassical channels, such as bank- and
balance sheet-based channels, cannot be analyzed. The role of non-neoclassical channels in
the transmission of monetary policy remains a very important open question for research.3’

30See Boivin, Kiley and Mishkin (2010).
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Furthermore, the analysis of this paper is based on a calibration exercise. This approach has
to be complemented not only by an estimation of the model but also by a less structural data-
driven approach in a vector autoregression framework and a combination of the two along the
lines of Boivin and Giannoni (2002).3! Finally, this paper shows that even if international
financial integration does not erode the impact of monetary policy it changes the relative
roles of different monetary policy transmission channels. The functioning of these different
channels in a global environment with integrated financial markets warrants a more detailed
analysis, both theoretically and empirically.

31 This is the topic of a separate related paper of mine (see Meier, 2011).

23



References

1]

[10]

[11]

[12]

[13]

[14]

Adjemian, Stéphane, Houtan Bastani, Michel Juillard, Ferhat Mihoubi, George Perendia,
Marco Ratto and Sébastien Villemot, 2011. “Dynare: Reference Manual, Version 4”,
Dynare Working Papers, 1, CEPREMAP.

Bank for International Settlement, 2006. 76th Annual Report.

Bernanke, Ben S., 2007. “Globalization and Monetary Policy,” Speech at the Fourth
Economic Summit, Stanford Institute for Economic Policy Research, Stanford, California,
2 March.

Bernanke , Ben S. and Alan S. Blinder, 1992. , The Federal Funds Rate and the Channels
of Monetary Transmission,“ American Economic Review, 82(4), 901-21.

Bernanke, Ben S. and Ilian Mihov, 1998. “Measuring Monetary Policy,” Quarterly Jour-
nal of Economics, 113(3), 869-902.

Bluedorn, John C. and Christopher Bowdler, 2005. “Monetary Policy and Exchange Rate
Dynamics: New Evidence from the Narrative Approach to Shock Identification,“ Mimeo,
University of Oxford.

Bodenstein, Martin, 2006. "Closing Open Economy Models," International Finance Dis-
cussion Papers, Board of Governors of the Federal Reserve System.

Boivin, Jean and Marc P. Giannoni, 2002. “Has Monetary Policy Become Less Power-
ful?,” Federal Reserve Bank of New York Staff Reports, 144.

Boivin, Jean and Marc P. Giannoni, 2008. “Global Forces and Monetary Policy Effec-
tiveness,” NBER Working Paper Series, 13736.

Boivin, Jean, Michael T. Kiley, and Frederic S. Mishkin, 2010. "How Has the Monetary
Transmission mechanism Evolved Over Time?," Federal Reserve Board, Finance and
Economics Discussion Series, 2010-26.

Borio, Claudio and Andrew Filardo, 2007. “Globalisation and inflation: New cross-
country evidence on the global determinants of domestic inflation,” BIS Working Paper,
227.

Calza, Alessandro, 2008. “Globalization, domestic inflation and global output gaps: Ev-
idence from the Euro area,” Working Paper, 13, Globalisation and Monetary Policy
Institute, Federal Reserve Bank of Dallas.

Calvo, Guillermo, 1983. “Staggered Prices in a Utility-Maximizing Framework,” Journal
of Monetary FEconomics, 12, 383-98.

Christiano, Lawrence J., Eichenbaum, Martin, and Charles L. Evans, 1999. “Monetary
Policy Shocks: What Have We Learned and to What End?,” in John B. Taylor and
Michael J. Woodford, Handbook of Macroeconomics, Amsterdam: Elsevier.

24



[15]

[16]

[17]

18]

[19]

[20]

[21]

[24]

[25]

[26]

28]

[29]

Coeurdacier, Nicolas, Robert Kollmann, and Philippe Martin, 2008. "International Port-
folios, Capital Accumulation and Foreign Assets Dynamics". Mimeo.

Cole, Harold L. and Maurice Obstfeld, 1991. “Commodity trade and international risk
sharing: Do financial markets matter?,” Journal of Monetary Economics, 28, 3-28

Corsetti, Giancarlo and Paolo Pesenti, 2005. “International dimensions of optimal mon-
etary policy,” Journal of Monetary Economics, 52, 281-305.

Cushman, D.O. and Tao Zha, 1997. “Identifying monetary policy in a small open economy
under flexible exchange rates,” Journal of Monetary Economics, 39, 433-48.

Devereux, Michael B. and Alan Sutherland, 2006. “Solving for Country Portfolios in
Open Economy Macro Models,” Working paper, University of British Columbia.

Devereux, Michael B. and Alan Sutherland, 2007. “Financial Globalization and Monetary
Policy,” CEPR Discussion Paper, 6147.

Ehrmann, Michael, Fratzscher, Marcel, and Roberto Rigobon, 2005. “Stocks, Bonds,
Money Markets, and Exchange Rates: Measuring International Financial Transmission,”
ECB Working Paper, 452, Frankfurt: European Central Bank, March.

Faust, Jon, Rogers, John, H., Wang, Shing-Yi B., and Jonathan H. Wright, 2007. “The
High-Frequency Response of Exchange Rates and Interest Rates to Macroeconomic An-
nouncements,” Journal of Monetary Economics, 54, 1051-68.

Fisher, Richard W. 2006. “Coping with Globalization’s Impact on Monetary Policy,”
Remarks for the National Association for Business Economics Panel Discussion at the
2006 Allied Social Science Associations Meeting, Boston, Massachusetts, 6 January.

Gali, Jordi, 2008. Monetary Policy, Inflation, and the Business Cycle. Princeton: Prince-
ton University Press.

Gongzilez-Paramo, José Manuel. 2007. “Globalisation and monetary policy,” Speech at a
seminar, Suomen Pankki — Finlands Bank, Helsinki, 15 March.

Gudmundsson, Mdr, 2007. “Financial globalisation and challenges for prudential policies
and macroeconomic management,” Speech at a meeting of the Institut International
d’Etudes Bancaires, Reykjavic, Iceland, 18 May.

Guilloux, Sophie and Enisse Kharroubi, 2008. “Some Preliminary Evidence on the
Globalization-Inflation Nexus,” Working Paper, 18, Globalization and Monetary Policy
Institute, Federal Reserve Bank of Dallas.

Thrig, Jane, Kamin, Steven B., Lindner, Deborah, and Jaime Marquez, 2007. “Some Sim-
ple Tests of the Globalization and Inflation Hypothesis, “ International Finance Discussion
Papers, 891, Board of Governors of the Federal Reserve System.

International Monetary Fund, 2006. World Economic Outlook April 2006.

25



[30]

[31]

[32]

[41]

[42]

Kim, Soyoung and Nouriel Roubini, 2000. “Exchange rate anomalies in industrial coun-
tries: A solution with a structural VAR approach,” Journal of Monetary Economics, 45,
561-86.

Kohn, Donald L., 2006. “The effects of globalization on inflation and their implications
for monetary policy,” Remarks at the Federal Reserve Bank of Boston’s 51st Economic
Conference, Chatham, Massachusetts, 16 June.

Kroszner, Randall S., 2007. “Globalization and Capital Markets: Implications for Infla-
tion and the Yield Curve,” Speech at the Center for Fianncail Stability (CEF), Buenos
Aires, Argentina, 16 May.

Kuttner, Kenneth N. and Patricia C. Mosser, 2002. “The Monetary Transmission Mech-
anism: Some Answers and Further Questions,“ FRBNY Economic Policy Review, May.

Lane, Philip R. and Gian-Maria Milesi-Ferretti, 2007. “The external wealth of nations
mark II: Revised and extended estimates of foreign assets and liabilities, 1970-2004,”
Journal of International Economics, 73, 223-50.

Loungani, Prakash, Razin, Assaf, and Chi-Wa Yuen, 2001. “Capital mobility and the
otput-inflation tradeoff,” Journal of Development Economics, 64, 255-74.

Martinez-Garcia, Enrique, 2008. “Globalization and Monetary Policy: An Introduction,”
Working Paper, 11, Globalization and Monetary Policy Institute, Federal Reserve Bank
of Dallas

Meier, Simone, 2011. "Financial Globalization and Monetary Transmission: An Empirical
Analysis," Mimeo, The Graduate Institute of International and Develoment Studies,
Geneva.

Mishkin, Frederic S., 2007. “Globalization, macroeconomic performance, and monetary
policy,” Speech at the Domestic Prices in an Integrated World Economy Conference,
Board of Governors of the Federal Reserve System, Washington DC, 27 September.

Obstfeld, Maurice and Kenneth Rogoff, 2005. “The Unsustainable US Current Account
Position Revisited,” Revised version of NBER Working Paper, 10869.

Papademos, Lucas, 2007. “The effects of globalisation on inflation, liquidity and monetary
policy,” Speech at the conference on the International Dimensions of Monetary Policy
organised by the National Bureau of Economic Research, Girona, Spain 11 June.

Razin, Assaf and Chi-Wa Yuen, 2002. “The ‘New Keynesian’ Phillips Curve: Closed
Economy versus Open Economy,” Economic Letters, 75, 1-9.

Reichlin, Lucrezia, 2007. “Discussion on Boivin, J. and M. P. Giannoni, 2007. ’Global
forces and monetary policy effectiveness’,” Mimeo, European Central Bank and CEPR,
October.

26



[43]

[44]

[53]

[54]

[55]

[56]

[57]

Rogoff, Kenneth, 2003. “Globalization and Global Disinflation,” Paper prepared for the
Federal Reserve Bank of Kansas City conference on “Monetary Policy and Uncertainty:
Adapting to a Changing Economy”, Jackson Hole, Wyoming, August 28-30.

Rogoff, Kenneth, 2006. “Impact of Globalization on Monetary Policy,” Paper prepared
for a symposium sponsored by the Federal Reserve Bank of Kansas City on the New
Economic Geography: Effects and Policy Implication, Jackson Hole, Wyoming, August
24-26.

Romer, Christina D. and David H. Romer, 1989. “Monetary Policy Matters,” Journal of
Monetary Economics, 34, 75-88.

Romer, David, 2007. “Comments on Michael Woodford, Globalization and Monetary
Control,” Mimeo, University of California, Berkeley, August.

Schmitt-Grohé, Stephanie and Martin Uribe, 2003. "Closing small open economy mod-
els," Journal of International Economics, 61, 163-85.

Thiessen, Gordon, 1998. “Globalized Financial Markets and Monetary Policy,” Remarks
at the conference “La Conférence de Montréal”, Montreal, Quebec.

Tille, Cédric, 2008. “Financial Integration and the Wealth Effect of Exchange Rate Fluc-
tuations,” Journal of International Economics, 75, 283-94.

Tille, Cédric and Eric van Wincoop, 2010. "International Capital Flows," Journal of
International Economics, 80, 157-75.

Tytell, Irina and Shang-Jin Wei, 2005. “Global Capital Flows and National Policy
Choices,” Mimeo, IMF, July.

Watson, Mark, 2002. "Comment on ’Assessing Changes in the Monetary Transmission
Mechanism: A VAR Approach’ by Jean Boivin and Marc Giannoni", FRBNY Economic
Policy Review, May.

Warnock, Francis E. and Veronica Cacdac Warnock. 2006. “International Capital Flows
and U.S. Interest Rates,” NBER Working Paper, 12560.

Weber, Axel A., 2007. “Challenges posed by (financial) globalization,” Lecture at the
University of Pune, Pune, 15 March.

White, William R., 2008. “Globalisation and the determinants of domestic inflation,”
BIS Working Paper, 250.

Woodford, Michael, 2007. “Globalization and Monetary Control,” NBER Chapters, in:
International Dimensions of Monetary Policy, 13-77, National Bureau of Economic Re-
search, Inc.

Wynne, Mark A. and Erasmus K. Kersting, 2007. ,,Openness and Inflation,“ Federal
Reserve Bank of Dallas Staff Paper, 2.

27



[58] Yellen, Janet L., 2006. “Monetary Policy in a Global Environment,” Speech at the Euro
and the Dollar in a Globalized Economy Conference U.C. Santa Cruz, Santa Cruz, Cali-
fornia, 27 May.

28



Appendix A: Impulse response functions
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Figure Al: "Baseline"

Impulse responses are reported in percentage point deviations from the steady state.
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Figure A2: "Baseline"

Impulse responses are reported in percentage point deviations from the steady state.
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Figure A3: Difference "Lower Costs" to "Baseline"
Impulse responses are reported in percentage point deviations from the steady state. Here the differences in the

responses between the "Lower Costs" and the "Baseline" scenarios are reorted.
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Figure A4: "Lower Costs"

Impulse responses are reported in percentage point deviations from the steady state. Here the respones in the

period of the shock are reported as functions of the level of transaction costs.
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Figure A5: Difference "Higher GFA" to "Baseline"

Impulse responses are reported in percentage point deviations from the steady state. Here the differences

between the "Higher GFA" and the "Baseline" scenarios are reported.
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Figure A6: "Higher GFA"

Impulse responses are reported in percentage point deviations from the steady state. Here the responses in the

period of the shock are reported as functions of the level of steady state gross foreign assets.
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Figure AT: Difference "Higher GFA and Lower Costs" to "Baseline"

Impulse responses are reported in percentage point deviations from the steady state. Here the differences in the

responses between the "Higher GFA and Lower Costs" and the "Baseline" sceanrios are reported.
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Figure AS8: Difference "Higher goods market integration" to "Baseline"
Impulse responses are reported in percentage point deviations from the steady state. Here the differences in the

responses between the "Higher goods market integration" and the "Baseline" scenarios are reported.

36



i p Ds rer

0 0 0.05 0.04

-0.01 ﬁd ool P 0.03/\
-0.02 -0.02 -0.05 0.02
0 10 20 0 10 200 10 20 0 10 20
y C inv nx
0.05 0 0 0.03
0 -0.02 ﬁ’ 0.2 0.02!
-0.05 -0.04 -0.4 0.01
0 10 200 10 20 0 10 20 0 10 20
exp imp nai nfa
0.2 0 0 0.6
o o1y | 05 0.8 //
0 -0.2 -1 -1
0 10 20 0 10 20 0 10 20 "0 10 20
bh bf gh gf
-0.05 \—/ -0.05 K/ -0.05 \/ -0.05 \/
-0.1 -0.1 0.1 0.1
0 10 20 0 10 20 0 10 20 0 10 20
Dnfa ca Dicap ev
1 0.5 0.5 1
oo
0 /; 0 T 0 0 /%
-1 0.5 0.5 -1
0 10 20 0 10 20 0 10 20 0 10 20

Figure A9: Difference "Higher goods market integration, Higher GFA and
Lower Costs" to "Baseline"
Impulse responses are reported in percentage point deviations from the steady state. Here the differences in the
responses between the "Higher goods market integration, Higher GFA and Lower Costs" and the "Baseline"

sceanrios are reported.
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Appendix B: Technical Appendix of the Model

This technical appendix derives the theoretical model in more detail. Section 1 outlines the
derivation of the optimality conditions of households and firms. Section 2 outlines the aggre-
gation of the optimality conditions. Section 3 lists the market clearing conditions. Section 4
restates the behavior of the monetary authorities. Section 5 derives the steady state. Section
6 log-linearizes the system, and the last section derives some additional variables of interest.

B.1 Optimality Conditions

B.1.1 Optimal allocation of expenditures

The optimization problem with regards to the optimal allocation of consumption involves three
stages. The first stage is the optimal allocation of consumption across the brands of the three
different sub-baskets, i.e. the minimization of the costs of purchasing a given aggregate traded
or nontraded goods index. For example, for the Home traded goods basket, a representative
Home household j faces the following optimization problem:

oy
min / Pore())Crre G i)di
0

Cure(ji

s.t. [(;fy)é /Oav (CHTt(jJ))% di] - = Curt(j)

The FOC with respect to Crry(j,1) is:

~Panl) = A % [(é)/ow (OHTt(j;’L.))% di] -

(al,y) (%53) Camtiin's

Multiplying both sides by Crr¢(j,4) and integrating over ;7 ...di:

S

Pyri = —A

Combining;:

Pur(i) = Pirry [(;7) /0M<cm<j,i>>ee“dz'] : (1)é<cHTt<j,z’>>é
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Replacing the Home traded goods consumption basket:

Crre(j,1) = < ! ) <PHTt(i)>9 Crre(j)

ay Pyt

Aggregating over all Home households:

/OacHn(j,z‘)dj = /Oa <O}7> (W)eCHTt(j)dj
Curi(i) = ( : > <PHTt(Z)> B CHr

ay Pyry

where the aggregate consumption of good i and the aggregate Home traded consumption
basket are defined as:

Crre(7) E/ Curi(j,1)dj
0

CHTt:/ Crre(J)dj
0

The Home traded goods price index can be computed by plugging this aggregate optimality
condition into the definition of the Home traded goods consumption basket:

Crrt = [(;/)é /OM (CHTt(Z.))% di]
- [(2) ]

By analogous optimization problems one can derive the optimal consumption allocations
and price indices for the Foreign traded goods basket and the Home nontraded goods basket:

Crri(j,i) = <(1 1a)7> (P;Ii;(j)>9 Crri(j)

Pryy = [(W) /o; (Prre(i)) di] o

o (st [ o]
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The second stage is the optimal allocation of consumption between the Home and Foreign
traded goods baskets for a given aggregate traded goods basket, i.e. the minimization of the
costs of purchasing a given traded goods basket. A representative Home household j faces
the following optimization problem:

min [PHTtCHTt (]) + PFTtCFTt (])]

Curt,Crre
'
1 =t 1 22 -1 = .
st |ad (Can(@) T + (- )* (Crr(@) T |"" = Cn(y)
The FOC with respect to Cryre(7) is:
1 Pp—1 1 ¢—1 -25-1
1 = 1 == e
—Pyry = A [[ON’ (Cure(5)) ¢ + (1 —a)? (Crre(f)) 2 } ]
1 N |
{ON’ (Curi(5)) 2 }
Multiplying by Crre(7):
1 o—1 1 9—1 251
. 1 Ny 2L 1 SNt By g
PuriCuri(j) = —A [[CW (Cure(j)) ¢ + (1 —a)? (Crre(j)) # ] ]

% (Cun(i) 7 |

The FOC with respect to Cpr¢(j) is:

Sl

1 1 1 Ll_
e = A[[a (Crri(i) T + (1 - a)? (Crm(i) 7 | ]

=
e‘\
-
I
-
—_

(1= )% (Crrti))

Multiplying by Crri(5):

PeriCrri(j) = —A

Adding the two FOCs:
Pry= -\

Combining:

, Pure\ ? .
Curi(j) = « < ;Tt> Cr(j)
Tt
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and similarly for the foreign traded goods basket:

—¢
Crm(i) = (1 - ) (5’;?) Cr)

Aggregating these optimality conditions over all Home households yields for the aggregate
Home traded goods consumption in the Home economy:

/Oa Crri(j)dj = /OO‘ (I-a) (Ijizt)_(b Cri(5)dj

p —¢
Cury = (1-a) < ]th> Cry

Tt

and similarly for the aggregate Foreign traded goods consumption in the Home economy:

P —¢
Curt=(1—a) < ;;zt> Crt

The traded goods price index can be computed by plugging this aggregate optimality
conditions into the definition of the traded goods consumption basket:

- e —¢
Cri = |a? a(PHTt> Cre| +(1-a) (1—a>(PFTt> Cry
Pry Pry

1
Pry = [aPjf) + (1 - ) Pf ] 7°

2]
o—1 —1
P ¢

The third stage is the optimal allocation of expenditures between traded and non-traded
goods for a given overall consumption basket, i.e. the minimization of the costs for purchasing
a given overall aggregate consumption basket. A representative Home household j faces the
following optimization problem:

min PriCri(7) + Py C ]
cTt(j),Cmm[ 1eCre(7) + PriCOne(5)]

w-1 1 Ay 21 o1 .
st [ (CrG)T + (1 =1s CuG) T " =Gl)
The FOC with respect to Cry(j) is:

w—1

~Pr = A|[p Cni)E 1= ey ]

w=1l_1

[v% (Cn(3) 5
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Multiplying by Cr¢(j):
PriCril(j) = = [[vi (Cr(i)*s + (1 =7)% Cwli) 5 | } 42 Cri) ']

The FOC with respect to Cn(j) is:

1 el 1 RS § s it 1 N
~Pyi=A “w (CrGNT + (1 =% CnG) = | } (=% (OGN =
Multiplying by Cn¢(7):

1 A S 1 Rt
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Adding the two FOCs:

P=—\

Combining;:
. Pr\ " .
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An analogous condition holds for the nontraded goods basket:

o) = (1= () ")

Aggregating these optimality conditions over all Home consumers:

/0 " Cr)dj = /0 "y @7})_ Ci(j)dj

P —w
Cri =1 <PT:> Cy

P —Ww
Cni=(1—7) (]?) Cy

Plugging these aggregate optimality conditions into the definition of the overall aggregate
consumption basket:

w

1 w—1 1 w=1|w-1
Cy = |:’7“CT; + (1 =7)vCyy ]
yields:
1
P, = [yPr + (1= 7) Py, *]

Combining the optimality conditions of these three stages yields:
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Curi(j, 1) = <PJZ§;(5)>_9 (J:})fTTtt>_¢ (J;T:) N Ci(4)
Crri(j, i) = (P]};?;(j)>9 (ii;];t>¢ (PT:) h Ci(7)

o= (1) ()

and as derived above the following aggregate price indices:

Py = [<037> /00w PHTt(i)l_edz'] = (B.1)
Prry = K(l—la)y) /a: (Prri(i) di] = (B.2)
Py = [(M) / (Pl dz’] - (B.3)
Pri = |aPj} + (1 - a) Py e (B.4)

P, = YR+ (1—7)Pi*] e (B.5)

B.1.2 Optimal intertemporal allocation

Maximizing the utility function subject to the budget constraint with respect to Cy(j),
Qut+1(j), Qre+1(J), Brey1(j), and Bryy1(j) yields the following FOCs:

Ce(4) : (Co(7)) ™" = MPr =0
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Y
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_St+1(1 + Z’Z‘+1)

Combining these equations yields the following Euler equations (for Home bond holdings,
Home equity shares, Foreign bond holdings, and Foreign equity shares, respectively):

<PQt+’YQHPQt (QHt+1( )th QHt( ))) (B6)

Qut+2()—QHt+1( (Qui41()—Qru(5))
= Dy 1+1(J) ( o o - ~ Vau lon Yit1

o ()

(Ct+1(3))>_0 5
(Ct(4)) Py

where

Di1(j) =B (

(stpg;tﬂwstpggt Qrinld zft Uil >)> (B.7)

v (Qres2()—Qri+1(3) v« (Qres1()-Qr())
= Dy141(j) ( ’VQFStHPQtH Y7, ( )+¢QFSt+1PQt+1 Yo, )

SENERIES))
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B i) — B ]
<1 +7, ( Ht+1(];th Ht(]))) (B.8)
(Brt+2(d)—Bui41()) _ W (Bai+1()—Bu(j))
= Dt,t+1(j) Tey Pr1Yip By Pr1Yii1
+(1 4 d¢41)
(Bri+1(j) — Bri(j))
<St + FYBF St Pt*Y;f* (Bg)

(Brity2(j)—Briy1(d)) (Bris1())—Br(5))
= Dt7t+1(j) ( Vb St PraYi w_BF St+1 P Yo
+Si11(1 +i74,)

B.1.3 Optimal wage setting

Maximizing the utility function subject to the budget constraint with respect to WtOp t(j)
and taking into account the aggregate wage and employment indices and firms’ labour input
demand schedules that each household faces (derived below in the section on firms):

Wi = [/On Wt(.i)lndj} =

(1)
Ny = / N(i)di
0

yields:

o Opt g . -
Et Z (BQW)]C (<Wﬁ/t+/(j)> Nt+k> =0
k=0 +At 4k -

Plugging this condition into the FOC with respect to Cy,(j) from the intertemporal
optimization problem above yields:
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n Opt / o\ —p—
UNt+k\t(j)Nt+k (ﬁ) (=) Wy pt(]) -1
3 k worG)\ _
EtZ(ﬁew) +Uct+k“m << ij ) Nitg =0
k=0 P,

Piig
10) . -n 0] N
W DNk () () WG

or Ot
W ()

Etz (ﬁ@w)k [Nt+k|t(j)UCt+kt(j) P,
s t+k

- MWMRSt+k|t(j)” =0

U .
where pyy = (L) and MRS y1(5) = — bt D)

n—1 Uct+k‘t(j) ’
00 Opt / - -\ P
B, O )F Niowt(G) (Coante () ™7 M_ K(N“FWO))” -0 B.10
kzzo(ﬁ W) [ k(7)) (Cranfe (7)) B MW Coen(i)) (B.10)

where Cyp¢(j) and Ny (j) denote consumption and labor supply in period t + & of a
household that last reset its wage in period t.

B.1.4 Optimal investment

An installment firm solves the following optimization problem:

[e.e]
max E; Y Dy x(1) {Pt+krf+th+k.(I) — Priir (1)

Ke() 1=
s.t.
K 1) — Ky, (1))?
Kitgpr1 = (1—=0)Kiypp + L — §( tkt1() k(1))

2 Kk (1)

i.e. that we assume that an installment firm I’s discount factor reflects the intertemporal
marginal rate of substitution of a representative Home household j.
Optimization with respect to Ky11(I) leads to the following FOC:

(K () — Kt(f))>
Ky(I)

—Dy P <1 +¢&

TfH +(1-9)
_¢ (—2<KH2<I>—KH1<I>)Kt+1—(Kt+z<f>—f<t+1<f>>2) =0
2 (Ke41(1))?

+E; {Dt,t+1pt+1

Replacing the discount factors and rearranging:
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o {(G) [t § (Rt

The profits of Installment firms are assumed to be rebated to households as lump-sum
transfers, T7. The per capita lump-sum transfer 77 is:

. 1 [« L 1 r¢ . . .
T = a/o Vi(j)dj = 04/0 (PtTfKt.(J) - Ptft.(J)) dj = [PtTfKt. - Ptft}

B.1.5 Cost minimization with respect to differentiated labor

Let Wy(j) denote nominal wage for type-j labor effective in period t for all j € [0,n]. The
cost minimization problem of a representative Home firm ¢ with respect to differentiated labor
services for a given level of the aggregate labor index is:

min We(g)Ne (3, 5)dg
i [ WM

o =1 = _
0
The optimality condition is:

witi) = (S) e

The wage index can be computed by plugging this optimality condition into the definition

of the labor index: )

n—1

Ny(i) = [ /0 ) Nt@',j)"?ldj]

yielding:

1

Wi = [/Oa Wt(j)lndj] o
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B.1.6 Optimal aggregate input demand

A Home firm i chooses its aggregate factor inputs Ny(i) and K (i) in order to solve the
following cost minimization problem:

i WiN;(3) + P, rF K, (i
Nt(?)l%lt(i)[ ND) + Pert )

st Ay (K (3) M (Ny () = Yi(4)

The optimal factor demands can be written as:

Pt K, (i) and K;(i) = (L=p) Wi

Ne(2) = =
t(0) (1—p) Wy p Pk

Ne(7)
Substituting these into the production function:

Yi(i) = Ar (Ke(0) ™" (Ne(0))"

yields:

= () ) i - (U5 Y 0

Substituting the rewritten optimal factor demands in the total cost function yields:

TCy(i) = WilNy(i) + Purf Ki(i)

) Wt<<1MM)PVt£é€> MYt i < MPtrtyYféft)
- (=] o (pt ) 0

The marginal costs can then be derived as:

STC,(i) _ (W)* (Purf)™

MC, = = B.12
=TV T (A (B.12)
Given these marginal costs the optimal factor demands can be written as
Vi(i
Ny(i) = pc, ) (B.13)
Wi
Koi) = (1 — py MG, 20) (B.14)
Pt Tt
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B.1.7 Optimal price setting

Traded goods sector
oo
A representative firm in the Home traded goods sector sets prices {PH% 4i(8)s PI(;TZ_ (1) }k:O

that maximize its expected discounted future profits while these prices remain effective. For-
mally, it solves the following problem for the domestic market:

Dy i11(5)
Opt
%1ax ZGPEt (PH%( ) — Mct+k|t) Yuresn
pt
PHTt + ( ggi*( )Stl-i-];r Mct+k‘t) HTt-‘rk‘t

k [ (C; P
where Dy 4y(j) =B ( gtk])J))) Ptik
i.e. that it is assumed that a representative Home firm’s discount factor represents the
intertemporal marginal rate of substitution of a representative Home household j,
and  where  MC;  denotes  the  (nominal)  marginal cost  function

subject to the respective demand schedules of the Home and Foreign households and
installment firms, respectively:

i\ ~? —¢ —w ,
| () (B ) () T (o) |
YHTH—k\t('L) = . n (PHTt(i))ie (PHTtJrk)iqs (PTtJrk)iw (I( )) d]
Paritk Priyy Py J

or aggregated:

Opt —0 —¢ —w
. P P k Pri. s
Yirresn(i) = Prir:(0) Purick Prock ) 0y uh + k) (B.15)
Prriti Pry g Py
and
Py (i)>_6 (PﬁTt+k>_¢ (PTt+k)_ (s
1 ( HTt ¢ (C ( ))
. P P P, t+k .
Yirresn (9) :/ ;‘;ZHk. 0 et N e N dj
a | 4+ ( e (0 )) ( HTt+k> ( Tt+k) (I* ())
Ptk Plip Pl t+k\J

or aggregated:

Opt* —0 —¢ —w

* N PHIY?’L‘ ( )St—i-Tk P;ITt-i—k P;:t-‘:-k * * B.16

A1tk (1) = i pr P (Clin + Iy (B.16)
HTt+k Tt+k t+k
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The FOC with respect to Pgﬁ(i) is:

Opt /  8Y; ' .
PH:%(Z)iHTHW(z) + Yirirr(9)

[o.¢]
k . §POPL (;
Z QPEt Dt,t+k (]) MCI;ITt (Zg)yHTt_‘_k‘t(i) =0
k=0 T2 A0
Using the fact that:
Y rresne (i) < 1 )
——— = —0Y] (@) | ———
Ont .. HTt+k|t Ot -
5PHC}Z7“€5(1) PH%(Z)
one can rewrite as:
< —O0Yg7e (1) + YETi:(4)
0pEr  Diivr(d) , -0
kZO r " +MCyy kY i1 k12 (9) 71"2?13(@')
or
oo
> 0bE: {Dt,t+k(j)YHTt+k|t(i) (PI?%(Z') - MPMCt+k)} =0 (B.17)

k=0

where pup = %
Analogously a representative firm in the Home traded goods sector solves the following
problem for the other countries:

Dt t+x(5)
>0 Opt ;-
max Z 0’};Et (PHTt(l) - MCt+k|t) Yareiw
Pyl (i) = Optx* /. — *
) 120 + (PR G)SIT = MCring) Yiirysnp
The optimality condition is:
o0
. * . _ Opt* /-
> ObE {Dt,t+k(J)YHTt+k|t(l) (SQHCTPH% (i) — MPMCt+k>} =0 (B.18)

k=0

Nontraded goods sector
A representative firm in the Home nontraded goods sector sets a price Pyp(i) that max-
imizes its expected discounted future profits while that price remains effective. Formally, it
solves the following problem:

max i 0% F, {Dt’t_‘_k ((ngt(i) - M0t+k) YNt+k|t(i)) }

Opt
Pth(l) k=0
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subject to the demand schedules:

L (B () )

«
Viepli) = [ NS 4
o | 2 (BL) T (B) T L)
or aggregated:
-0
, PP (i Py
Ynesr)e(i) = P (0) <Nt> (Coyr + Liyr) (B.19)
Pyy Py
The optimality condition can be written as:
o0
> 05 By { Duen¥oeaei) (PR G) = ppMCiiy ) } =0 (B.20)
k=0

B.1.8 Monetary policies

The monetary policy rule of the Home central bank is defined as:

b (1-p)
1+z-t—<1+7:t_1>ﬂ<<Pt) m)%) R, (B.21)

P4
where p captures the degree of interest-rate smoothing, R; represents a time-varying,exogenous

factor that may, for example, represent changes in the inflation target.
Analogously, the monetary policy rule of the Foreign central bank is defined as:

pr o\ (1—p")
L+ = (141i7) ((Pgl) (Yt*)‘%> (B.22)
t—

B.2 Aggregation

As all households and firms are symmetric equations (B.4) to (B.20) can be rewritten in
aggregate terms by replacing every variable indexed by j, 4, or I with the aggregate, e.g. for
consumption: [;* Cy(j)dj = aC] = Ci.

1
By taking into account wage stickiness the wage index W; = [ foa Wt(j)lfndj] -7 can be
aggregated to:

1
1— i—
W, = (QWth_I" +(1-0w) (Wto”t) "> ! (B.23)

Similarly, by taking into account price stickiness equations (B.1) to (B.3) can be aggregated
to:

1-60\ 1—0
Prrs = <0P (Pari1)'™" + (1= 0p) (PRT,) > (B.24)
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1
1-0\ 1—0
Py = (eme +(1-0p) (PO) ) (B.25)

and
Ppry = S PavC (B.26)
where )
PALE = (0p (PARCE)" + (1= 0p) (PRET)) " (B.27)
and
PRr = S7 ' PRn, (B.28)

Total aggregate demand in the Home economy can be written as:

1 v 3 Vg* v
Yi= (ow (PHTt LY{vg 4 pAv Gy Avg ) Fa(l—n) (PNt v 9)) (B.29)
where
o\ i\ !
— 1—6
<9P (Prre-1) % + (1 —6p) (Pf(;%) )
YAvg —
HTt PHTt
PHTt —9 E v (C + I)
Pry 2 L
1-0 1-0\ 19 -
x\1— «\1—0\ 10 _
(o (BAEED "+ (0 (pg7) )7 ) 57
YAvg* _
HTt

*
PHTt

) I?Tt ¢ ) ’;t o * *
—=t + I
( P, > p) (G

* — 79 * — * —
- (BT (B (P e
P;ITt Pj*“t Pt*
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1-60\ 1-0
(%Pﬁﬁi +(1-0p) (POF) )
YAvg _
Nt PNt
1 (Py\
— | = Ci+1
(6% ( Pt ) ( ¢ + t)
Equity shares in a given country are assumed to be claims on profits and represent a
balanced portfolio across all firms of both the traded and nontraded goods sector in that

country. The per period profits of a firm in the traded goods sector which can reset its price
in period t is:

Virr(i) = P () Yiar(d) + ST PRE (0 Yiigy(6) — [Wilu(i) + Purf K(i)|
——
for all i¢0p
The profits of a firm in the traded goods sector that cannot reset its price is:
Viri(i) = Prre1(i)Yard(@) + Pire 16 Yar (i) - [WtNt(i) + Prt Kt(i)]
——
for all iefp
where )
1-6 1-0\ =0
PFET = (00 (PAYED)"" + (1= 0p) (PRET)7)

The total aggregate profits in the Home economy are:

ay ay+a(l—y)
Vi — / Vire() + Varra(i) | di+ / Vaeli) + Vi) | di
0 ~— ~— ay S—— S~
for all i¢0p for all iefp for all i¢0p  for all ieflp

Similarly, the aggregate profits in the Foreign country are:

ay+a(l—y)+(1—a)y
vo=

Ver)) + Verdi) | di
SN—— N——

Y+a(l—y)
for all i¢gfp  for all iefp

1
4 / Vi (i) di + Vi) | di
ayta(l-y)+(1—a)y | S~~~ ~—
for all i¢gdp  for all iefp
which can be rewritten as:
E3 * A
Vi = oy (Pare- Y + PAYE - Y8 ) + o =) (Pae- Yay?)  (B30)

— [WtNt + .Pt,'f’fKt

53



where
Ny = Nurt + Nt (B.31)

Ki = Ky + Kt (B32)

The rewritten aggregate profits in the Foreign country are:
Vio= (=) (Pep il + PAEEYE) + (1— @) (=) (PRaYay”)  (B.33)

— (weng + Pt )

B.3 Market clearing conditions

Bonds are assumed to be in zero net supply, hence:

Byt = —Bipy (B.34)
and

Bpy = —Bpy, (B.35)
The aggregate equity supplies are fixed and given by Q and Q*:

Q=Qut+ Qpy (B.36)
Q" = QF + Qr¢ (B.37)

Goods market clearing conditions imply that the aggregate supplies in the different sectors
(taken account of in the derivation of the optimal factor demands above) are equal to the
following aggregate demands (in the Home traded goods, the Foreign traded goods, and the
two nontraded goods sectors, respectively):

Yir = oy (Vi + Vi) (B.38)
Vig = (1= a)y (YA + YY) (B.39)
Y = a(l = 7)PniY5)? (B.40)

Vi = (1—a) (1 =) PYay ™" (BA1)

B.4 Steady state

The model is defined by equations (B.1) to (B.41) together with, where relevant, the analogous
equations for the Foreign country. The model is linearized around a steady state where the net
foreign asset position of both countries and inflation are zero. To ensure a stationary steady
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state all nominal Home and Foreign variables are scaled by the Home and Foreign CPlIs,
respectively, and the CPIs and the nominal exchange rate are expressed in first differences.

_ -0
The steady state discount factor for the period t,t+k is Dt,tJrk =8 (8) % = g~

The steady state interest rates can be derived from the Euler equation on Home bond holdings

1_
1= 1-5 (B.42)
g
The steady state rental rate of capital can be derived from the investment condition
1
= <ﬂ> +6 (B.43)
g
From the optimal goods price equations the following steady state relation can be derived:
5O0pt 5O0pt _ = 5O0pt
PH% = P;]%t =pu PMTF. From the aggregate goods price relations one can derive P?N = PN? =
_ _op .
PLPT = PH% =i pMT;C. Solving for marginal costs yields:
mc b
P (B.44)
P pp
. . . 5 Avg* pOpt* W
The steady state Home producers PPI in the Foreign country is —#F— = ~f— = pp=5=.
The Foreign consumers’ price index of the Home traded good is Pg’*T = ﬁu PMT;C. The
analogous condition in the Home country is therefore:
Prr  ——  MC"
—— =RER 2 B.45
2 KUp P ( )
The relative traded goods index can be derived from the definition of the CPI:32
5 1-wq =%
- 1—(1—7) (PL,T)
P gl
T P (B.46)
P gl

The relative traded goods price of the imported good can be derived from the definition

e _ [ () e (5) ]
of the traded goods price index % = [ £ =) r ] . Solving for the price of

1

[t

k3

vt e
¥

32The analogous condition in the Foreign country is = >
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home traded goods yields:

1
19 167155
Py <?T) —(1-0) <PF?T>

P «

(B.47)

o W I3 _k 1—p
The definition of marginal costs 2 = ( P) () can be solved for real wages as follows:

N
- 1
= MC 1— "
w Mo (1 — oM
w_ (0o e (B.43)
P ()"
Optimal wage setting % = ngt = Ly 'gY Z, where N = Nyr 4+ Ny, can be solved for
labor demand as follows: )
o) TN
Ny = & — Nyt (B.49)
Kiw

From the capital accumulation equation one can derive:

I =6K (B.50)

where K = Ky + Ky and Y = Yy + Y.
Factor market clearing conditions in the traded goods sector are:

{3

_ L _ v
P
and
— 1—p)MC _ — Avax
K = Tkﬂ) 5 oY (Yﬁg + Yigp? ) (B.52)
Similar conditions in the nontraded goods sector, i.e. Yy = (1 — 'y)i_/]é Y9 yield
= _ (1-—pMC oA
Ry = =2 (1= )7 (B.53)
and _
_ N
Yt P__ (B.54)
MC
(1- ’)’)MT
where
v Avg pHT ¢ pT o % 7
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—¢ P—w
YA _ <PFT> <P_T> (C+6 (Ryr + Ky)) (B.56)
) (KHT + KN) (B.57)

The budget constraint:
PC + PQQH + S'FEQF + BH + SBF
_ _ Vv _ _/_ V* _ _ _ _ o
~ WN + (PQ + <Q>> Qu+S <P5 + <Q*>> Qr 4+ (14+7)Bg + S(14+7")Bp + PFK

can be solved for the real exchange rate as follows:

O Bl LB )V L (R + )

_ B.58
Ly e .

With the interest rate and the rental rate of capital defined exogenously (equations B.42
and B.43), a system of 27 equations (equations B.44 and B.57 together with the analogous
equations for the foreign country and equation B.58) in the following 27 unknowns can be
derived:

Pyr Ppr Pr Pr Ppr Phr pER W W* MC MC* & &
HT T T T T HT RER’ﬁ P ’C" C’*’

pvp*’?7ﬁap7,7p;a ) T P

N, N, N, N, 7 7 7 7 TAvg Avgx rAvgx xrAvg <rAvg xrAvgx
NHT7N;’TaNN7N]>.\<[7KHT,K;:“TaKN7KX[a HT)YFT 7YHT 7YFT 7YN aYN

This system is solved numerically. Given the solution of the system, aggregate factors, N

and K, aggregate outputs, Ygr, Yrr, Yy, Y, and real profits, % can be defined recursively.33 34

Note that the calibration of the asset holdings has to satisfy the net foreign asset condition:

SPyQr — PoQls + SBr — By =0

|\<|

¥ The steady state aggregate profits in real terms are % = oy (P;};ﬁgl_/;,“;-" + P§¥G*YI§4¥G*) +a(l—7)Yivo -

[%N%—F’“f(}. Steady state Home equity prices in real terms can be derived from the Euler equation on

— Z = —
Home equity holdings: 7@? = ﬁ (%) The total stock market capitalization can be written as: PF-,L}-,Q =

_B_(E
1-8) \ Y
#Note that in a symmetric steady state where o = 0.5 all prices in the Home and Foreign country are

equal and S = 1 the following variables (or ratios) can derived analytically: % = ﬁ (where pp = %)7
um

E__w 1 8x_(_apw 1) w_ M §=1-0( g5t

Yo (5 )re e’ Y (152)+s mp ' P ey (557)+o mr




which can be reexpressed in real terms as: RER=2 QrYr FoQu \ ppp Br Y* By _ 0,

as well as the market clearing conditions, i.e. By — By anq FeQu — P09  FPoQu .4
_ - _ ) N PY PY P Y P )/ P Y )
P5Ggn Py Py o .o PoOp PoO* 5 . .
e¥r _ '@ Q QF QUF Wy BF
ey = Poyr — prye- Lhus, if v —py and g5 are calibrated the following asset

holdings are residually determined as

By  —P5QrY PoQy Bp Y*
—H _RER-Z2EL_ RER— < —
PY Y'Y PY PY* Y

Bu _ By

PY  PY

By Bp

Prys Py

PoQn _ToQ FoQy
PY PY PY
Fo@r _Fo@ Fo0r
Pry+  PY+ PrYr

B.5 Linearized model

The model is solved by linearizing the stationary versions of equations (B.1) to (B.41) together
with, where relevant, the analogous equations for the Foreign country around the symmetric
steady state outlined above. The variables of the linearized system are expressed in percentage
(or log-) deviations from the steady state.>’

Stationarizing and linearizing equations (B.1) to (B.41) and the relevant Foreign equations
yields a system of 52 equatlons (equations B.59 to B.110 below) in 52 unknown variables: Py

’ th 7QFt ) thvct ) ctJth ) th,'f’e'f’t,’LUt ) wta-[t 3 It7kt7 ) ktvaTt ) pFTpTrt ) I 7pHTt )
ok Ak T,
DFTt, PTt ;prASt;mCt L TCS NG 5 Ty BT S Wy T FF5 ke s Koy, 00, 05, 1, v

’ k}k\[ﬁgt ) 3):7 th ) b;’t: qAHt ) é;’tayHTt ) g}TﬁZ)Nt ) :l)}k\ftvit ’ 7/? The fOHOWil’lg paragra’phs list
the whole system with all non-linearized and linearized equations.

35Thus, for a variable z: & = XX = X ~In X —InX. All prices and wages are expressed in relation to

the CPL, e.g. por = 15— = -+ ~In (PPQtt) —In ( ) Asset holdings are expressed in relation to real

13

P
GDP, e.g. QHt = w = dQH’ . Inflation is defined as II; = PP’ and 7 ~ In (Pil).
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Aggregate Euler equations
The linearized version of:

PQt ’YQHPQ
(Pt + VP, (Qut+1 — Qut)

,YQH PQ Y PQ

(Co)\7 B | YR Qa2 = Quent) = —F5~ (Qutrr — Q)
()

<) P P 1, (L5
t t+1 Qt+1 41 Pry1 Pt
* + Piy1 P + Q

Yo, (Qutsr = Qi) (B.59)

=0 (¢ — E{é41})+ 05 ( Toy (EtA{QHH‘?} - QHt—i—l) )
V0, Qutr1 + Bt {Pgir1}

+ (1= B) Bt {or41} — Dot

is:

The linearized version of:

(]]33?:5 + ngi]}? (QFt+1 — th)>
_3 <(Ct+1)>_a P, ?fP?;? (QFit2 — QFiy1) — d;%?ﬂg?ﬂﬂ ~Qr)
- (Cy) Piia i Ststl Ijg*i*,:l ij;}l N Pt*+é_2*Pt*
is:
Yor (QFtJrl - th> (B.60)

=0 (¢t — By {é1}) — B {fre11}
+5 (”YQF (Et {QFt+2} - QFt+1) — Yo, (QFt+1> + B {Poia )
+E A7 1} + B {&t-&-l} + (1= B) B {of 1} — Diy

The linearized version of:
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14 7BHP Brty1 Bre) 1
Y P P ) P

-9 7B P BHit2 BHit1 1 Vg, P Briq1 B 1
= EXp ((Ct—i-l)) Py N ( Ptj: - Ptfl ) <Pt+1> . < Pt ?H) y
() Pt +(1 +dg41)

is:
Yoy (Et {I;Ht-i-l} - 8Ht> (B.61)

Yy, Bt {BHt+2 — 5Ht+1}

=0 (& — Ei{¢1}) — By {71} + 8 ~Y g, Ft {Z;Ht+1}

+Et {7?,5_;'_1}

The linearized version of:

D%
’nyFP 5 (BFt+2 _ BFtJrl) < )
Y*S
(Ct+1) 4 Pt t f+1 t+1 t+1

= Et B < > 7B s Brit1 B
(Cy) P - g*gt ( Pt:-+1 - PF) Py
+5LL (1 4 37)

is:
Yoy (B {bren} —br) (B.62)
Y, Bt {BFH-? - 3Ft+1}
~, i {bres |
+B { Bsvia } + B (it}

=0 (¢ — E{éi11}) — Be{7es1} + 8

The analogous Foreign Euler equations in linearized terms are:

7221{ (Q*HH—I - Q*Ht> (B.63)
=0 (& — B {éa}) — B {7
+3 (’Y*QH (Et {QF{H—?} - Q*Ht+1> - ¢Q’;{ (qutH) + By {ﬁQt+1})

+E {71} — By {szl} + (1 = B) By {0141} — por

60




Vop (Qirer — Q) (B.64)
Vo (Bt {Qbria} — Qi)

_wapQ;‘t+l + By ﬁ*QtJrl
+ (1= B) B {ita} — by

=0 (& —E{ea}) +8

vy (BB )~ i) (B.65)
Vs 12 {b*Ht+2 - b*Ht-i-l}

i, B { B }
—E; {Kﬁtﬂ} + By {141}

=0 (é: — Et {é;rl ) - Et {ﬁ-zzrl} + ﬁ

Ty (Be{Bhe |~ bin) (B.66)
A% Ak ~ % ’y* Et {6* _ I;* }
=0 (& = Ee{in}) — Be{fiia} + 58 o (0 g?f)* Ft}H
“¥Bpt \YFt+1
+E {i:—&-l}

Aggregate Home consumer’s budget constraint
The linearized version of:
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Ct

P, Yo. P - 2
+%Qm+1+ aon Po Q1 — Qme)

= ~ N2
Yo Po (Qut — Qn)
2 PY 2 PY
Q D* Q D* 2 2
S, Py P Q . Yo, SP (Qrir1 — Qri)? N Yo, SPS (Qrt — QF)
p, pr ettty PY 2 PY
2 _ = 2
BHt-H PYBH P (Bllﬁf‘*_1 B Bf}flt) wBH P (B]%” B B?H)
T T 3% Ty
B B
+StPt* Brii1 n TBp SP* ( FZH N P?) VB, SP* < )
P P 2 PY
Vi * Vi
W, P, £ s,pr [ P, Yo
s (3 (e 57 (2 ()
t
Bry | St Py Ft
14 4,) 20 14 i%)2Et [ K, —1, } T
+(+zt)Pt+H(+t)Pt* =L | + Ty
is:
Cé, (B.67)
PoQu o . .
+?QC§—THYPQ15 + ?YQHt+1
SP*P) Qr SP*P) Qr PP,
*k —~ * Ak TY*
P Pryr T By Y Pt T Y Qe
B P* P _
Y bate + 5o Ve + Y bre
W _ W Py . 1— di—. 1Pp x
= ?N + + PN?”L + + P%Y <(/‘ﬁ)> Jg%qut"i_ﬁpQYQHt
1 SP* P4 Qp SP* P4 Qp
v* Y*pe
G Py Tt T By P
Q-8 SPFP5Qr o, . 15P P
+< 7o) P ey ity e
1By—. 1_. 1 SP* Bp __ 18P* Bp ., 1SP*_.
~2Hy YD _ * — 5+ —=——Y"b
+5PY Z,ﬂ-ﬁ Ht+ﬁ P Py rert—l—ﬁ D Py Zt+5 P Ft
K+ 7 Kk — I
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Wage dynamics
Equations:

(Nt+k\t J )

EtZ(59W [Nt+kt( ) (Corpe(9)) 7
k=0

Pk

(Ct+k|t )7

and: . .
WA _ (g, (Wim L n+(1—0 ) ey
p) M\ PR AZ
can be linearized and combined to:
. 0 R 0 R
wy = <W 2) W1 — ( u 2> Tt (B68)
L+ 8 (0w) 1+ 3(0w)
BOw ) . . (1—-0w)(1—-pB0w) , . R
+ < Ey {1 + 1} + {oni + oéi}
1+ 8 (0w)? 1+ 8 (0w)?
. Ow . Ow .
b~ (2> o — <2> . (B.69)
1+ 3(0w) 1+ 3(0w)
+ | —5 | B0+ 7 + n; 4+ oc
<1+ﬁ(9W)2 t{ t+1 t+1} 1+5(9W)2 {ong i }
Capital accumulation
The linearized version of:
¢ (K1 — Kp)?
Kiyin=1-0)K;+ 1 —2~——— 2
1= ( VKt + I 5 K,
is: R . A
kt+1 ~ (1 — (5) k?t + 6It (B?O)
and, analogously: R ) R
ki~ (1 —0)ki+dIf (B.71)
Optimal investment
The linearized version of:
(K41 — Ky)
]_ ~ =
( e K
(Ct+1)>_” [ 3 <Kt2+2 Kt2+1>]
=pE 1—8)+rF , +2
BE; {( ) ( ) H1 7T 5 Kt2+1
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" § (I%t—l—l - kt) ~ By {U (6 — Geq1) + BFEPYL L + BE <l§:t+2 - l%t+1)} (B.72)

and, analogously:
¢ (o = k7 ) ~ B {or (¢ = &) + BP9 + 8¢ (ko — B ) } (B.73)

Price dynamics
Combining the linearized version of:

o) - Opt
Cir)\ 7 P PP MCyyy Pk
ek E k (( t+ ) Y, HTt + -0
1?:0 pL {5 ) P T Tp T THPTR T

- k((Cen)\ 7 P
5 (Gt

*
Prin THTt k|t
0% F _ _ . o -0
2OPE (s VI (SR (i) MO B
k=0 S P, Kp\ 5 Py B

. Ceirr)\ ° P Py MCy g Py
kzo F t{ (Cy) Pk Nkl T, He Py B )
0

_ 1-60 1—
P\ o Pyre—1 1 +(1—-0p) ngtt
P P\ P Y\ A

t—1

P, Py L

N 1—0 ” 1-6 1—7 Optx 1-6
(Pﬁi‘{tG > _ (o, (PI{}%G 1 ) (1 0p) (St Py )

1=

() ()

and the analogous Foreign equations yields a system of the following eight price equations:36

30Note that the domestic traded goods price and the nontraded goods price are equivalent. Thus, the
nontraded goods price will bedropped in the final system
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Domestic traded goods price index

. - Op R B Op R
DHTt = (1 e (9P)2> DHTt—1 <1 5 (9}3)2) T (B.74)
_ 0 ; A (1-0p)(1—0pf)
7 (1 + (ep)2) B (Brrves + Furad + (1 + (9P)2) e
hk ~ GP N¥ _ HP ~ %
Prrt ™ <1 e (9P)2> Prri-1 (1 e (QP)2> Ty (B.75)
0P A% ~ % (1_913) (1_0PB)/\*
— | F
(i <9P)2> B + )+ (18007

Domestic traded goods price index in the other country
The domestic traded goods price index in the other country can be solved for inflation:

R — o 1 + 0 2 - —~
T R Plypyy + 7€M — (gf()P)> (p}lme + rert) (B.76)

+BE; {p}}/T?H +7eregr — (1—0p) (1—7) Aspyr + th+1}
(L—0p)(1—0pp)

+ 05 mcy

1+5(9P)2> _

T} N pETE—1 — Tery—1 — (pFTt — Tery) (B.77)
Op

+BE; {pF/Tt\H —erpi1 4+ (1= 0p) (1 —7) Aspyr + 7}?+1}
1-0 1-— e x
+( p)( GPB)mct
Op

Traded goods price index
The traded goods price index can be solved for the other country’s traded goods price index:

1-¢
(i)
PrTE A ! T PTt — %) g PHT (B.78)
1—a) Zer
1= (% )

1= (% o)

[y

"U\‘q !

[y

"U\‘»q !
"U\‘»q !
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1-¢

Lo, (B.79)

Consumer price index
The consumer price index can be solved for the traded goods price index:

-1 (BT
Pre ~ 5 pPT PHTt (B.80)
P
(y—1) [ B o
Pre & 1% Prrt (B.81)
P*

Change in nominal exchange rate
The linearized version of a rewritten definition of the change in the nominal exchange rate:

== () (o) (25) ()
St—1 P, Sy Pr P4 Py

Ast%@t—@t,l—&—frt—ﬁf (B82)

yields:

Marginal costs
The linearized version of:
wi \¥ [k 1n
MCt . Py (rt )

P (1= p)t=rurAy

1s:

mey = by + (1 — p) 7f — &y (B.83)

and, analogously:

me; = pady + (1 — p) ™ — aj (B.84)
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Labor market clearing

The linearized version of:
MCy

P
Nurt = —57—Yumt

MC;

P
Wy
Py
is:
e = (Mey + Jne — W)
and, analogously:
Ck L (S A A~k
Ny ~ (Mmey + Uy — Wy)
as well as:
naTe ~ (Mey + Yare — We)

and
~ ~ (S % A%
Wy & (Me; + Ypry — W)

Capital market clearing
The linearized version of:

(1 —p) MCt
= 7Y
Ky P HTt
(1—p) MC,
Ky = Y;
Nt B Nt

is:
e . n
kne ~ (mCt + Ynt —7}>
and, analogously:
ki = (ﬁfc}k + Ut — 72?)
as well as:
Y (R
HTt ~ (MCt + YHTt — T¢
and:

7% ~ [ ~ % ~kx
kpre =~ (mct +Ypre — Tt )

Aggregate labor
The linearized version of:
Ny = Nu7i + Ny

is:
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(B.88)

(B.89)
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and, analogously:

Aggregate capital

The linearized version of:

is:

and, analogously:

Aggregate output

The linearized version of:

tNTnHTt‘i‘ N TNt
\T * \T *

A*NNHTA* _|_NNA*

U = TNx ETET N NNt

Ky = Ky + Knt

- Kur - Ky ;
k ~ —k —k
t i HTt T ik

Kip s Ky »
~ _ k* k.*
Jox VFTt + Nt

k; =N
t K*

L

Yi = ay * * —(2 O\ P—w
(%) () ()«
Py Ct
s () @
is:
)lfé(%)qb*w(éﬂ)
%
(1= @)puTt + (¢ — W) D1t
c . I
. c+1)“ + (C+1) L
0 ~ |« e \1=6 /e 65w
' ! (3 }L{*T) 7(—T) (C*+T17)
e+ (1 — OByors + (6 — w) By
Ak I* Tx
ettt el
(Par) (041
A=) v ((1—w)ﬁHTt+ (_
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and, analogously:
(% )M(ﬁ;)w(mn)

FT T
P* P*
Ak Ys Ak
( (1*%)PFT1:+(¢*_W)1{T7: )
- * & 4 It I*
o~ |-« (Crx) 70 7 (o) B.98
Yt v 5\ 1 [ P\ 1 ¢ ¢-w , _
(E)” () (50)™ e
+ =
—rery + (1 — @) prre + (¢ — w) pre
C I 7
et et
Dk 1-w  _ _
O G0 A A ) U - U
+ ( 7) Y* W) PrTt (C_'*—|—I_*) t (C*+f*) t
Aggregate profits
The linearized version of:
1- d—w
v Ur) () G
sy - S, P* P* 1- P* o— " "
R () () G
Py t k
+(1—7) 2y (Ce+ 1) | — th-i-?"th
is:
5 1-¢ /5 \b—w , _ « o
(Z4r) (V??) (C+1) (1_¢)gH71t+(¢I w;th
P tene Tt 't
_ =% 1— =% —w
A ) ()
vy = ay + A (ng)
v
P
rery + (1 — @) Py + (6 — w) Py
C* Ak I* T
+(C*+f*)ct + (Cv*+f*)‘[t
i )(g) (C+D) [ (1 -w)pur
— - c_ . I 7
12 ten Tt et
W =
=N N rkK R n
—%(w,ﬁ-nt)— Z (Tf—i‘kt)
P P
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and, analogously:

A~k

Ut

(1—a)y

p* 1=¢ /5% \ ¢—w ~ Nl
(%) 7 (8) 7 @+1) [ (1= ) By + (6 - )5,
— C* A

7 M (ORGSO

¢

(—@t (L= 9)prre+ (6 - )b+

C+I

o+ @

(B.100)

(B.101)

(B.102)

(B.103)

P 1-w _
(%z) " (C+ 1) o o
+(1 — - 1—w) Py + = —& + ——= __I*
( ’Y) v ( )pFTt (C* + I*) t (C* + I*) t
P*
W* A% s T
=N e x Fh K kx| T
- P‘-{* (w7 +ny) — T (Tt +kt)
P* P*
Asset market clearings
The linearized versions of: B B
B __ Bin
PY PY
Bpy = _B;t
Q = Qmt + Qs
Q* = Q;‘t + QFt
are:
bt = _blt{t
BFt = _I;}t
que ~ —(ﬁqt
qrt ~ —Cﬁ?t

Goods market clearings
The linearized versions of:
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are:
HTe (B.105)
(PHTTY(’}(?T) D) [ (=9) ﬁC{JTt + (¢ — w) pr
— A~ I 7
. T et et
L) (F) @) ((0) s+ (0= ) iy
Yur +(é*+f*)c? + (C*H’*)IlEk
o (B.106)

(p}g"iy)w(%)qb‘w(c*n*) ( (_¢)@é}T€j (¢ —j&))ﬁ*@i >
Tt @

+(P§T) ¢(Bpl) (e+D) [ (=) b7+ (¢ — w) Pre
v C I 7
Y Tt @t
X R c . I .
gne = (—w) Prre + @+ 1) ¢+ C+1) I (B.107)
and, analogously:
A~ Ak é* A% f* T
Ine = (—w) Prrs + G 1) + G +1’*)It (B.108)

Taylor rules
The linearized versions of:

P, b (1-p)
1+ it = (1 + it_l)p < ) (Y;)d’y Rt
Py

e\ O (1-p%)
1+ = (1+147)” (<Pf > (Yt*)%>
t—1

b~ pii—1 4+ (1= p) (Pafte + dyd) + 7o (B.109)

are:
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it~ My + (1= %) G5 + 6 (B.110)

B.6 Additional variables

The current account is defined as:

CA;y = Bri+1 — Bat + St (Bri41 — Bry)
+Pot (Qut+1 — Qut) + StPoy (Qrir1 — Qrt)

Using the asset market clearing conditions the current account can also be written as the
sum of the trade balance and net asset income:

CA; = Sii; Bre — 4By + St <Qt*> Qrt — (Qt) QT

Net asset income
+V;f + WtNt + PtTfKt. — PtIt. — PtCt

Py

Trade balance

The net foreign asset position of the Home country (at the end of period t) is:

NFAt1 = StBrit1 — B + StP0iQre+1 — PoiQia
The dynamics in the net foreign asset position are:

NFA1 — NFAy = SiBriy1 — By + SitPOiQrir1 — PoiQea
— [St-1Bry — By + Si-1P5; 1Qre — Poi—1Qj14]

Using the asset market clearing conditions this can also be written as the sum of the
current account, changes in local currency asset prices, and exchange rate valuation effects:

NFAy 1 —NFA, = CA
—(Pgt — Pgi—1) Qe + (P — Phi—1) St—1QF+
Changes in local currency asset prices
+(St = Si-1) Bry + (St — St-1) Po:QFe

Exchange rate valuation

If the linearized version of the current account, the net foreign asset positions and their

CA,
. . . . ~ P
subcomponents are defined in terms of a stationary variable such as output, Le. ca; = —,
NAIL By d<NFAt+1 o d(NFAt+1_NFAt—1> o
o Py 7~ P ~ Pt ~ Pt Pr_1 —
nay & ——, thy & —<—, nfa, g = - , Anfay =~ % , clecapy =
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CLCAP; EV;

;t , and év; = , then they can be derived as:

. . —Y* /. .

cay =~ by — bEe + RER7 (th+1 - th)
Py - R Py v+, .

+?Q (QHt+1 - QHt) + p—gRER7 (QFt+1 - QFt)

and - R
TLCLit =~ éZLt — tbt
where?7
5% 1-¢ p—w _ _
() (fe) ()
ﬁ)t = v o Y
Tert + (1 — )Py + (¢ W>th
+(C*+I*)ct + (C*+I*)It
—\ 1 1-¢ / po\b—w ,
(5 () () eon
—(I—a)y —rery + (1 - ¢)pFTt + (¢ —w) pry
C
+(C+f) G+ (C+I) I
and
nfa,,, =~ Br RER— oy + RER—b b
+1 P*Y* Tery Ft+1 — O
PO Qr == Q QF sziy* 4
+ Br o RER—rert + B e RER— FRER7QFH1
PQ QH - P
_?TPQt - ?QHt-l—l

and

Anfa, 1 =~nfa, 1 —nfay

3TNote that the log- hneauzed version of real exports in terms of Home currency is exp, = 7eri+(1 — ¢) P+
(6 —w)pre+ (C‘*C+f )éf + @ )It , while the log-linearized version of real imports in terms of Home currency

is 7:/"n\pt = (1_¢)ﬁFTt+(¢_w)ﬁTt+(O—iil—)ét‘ﬁ‘(c—iil—)f-
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or

— N 7 N 7 . .
Anfa, ., ~ RER7th+1 - RER7th +buty1 — but

CA...
Py ____y* Py y* Py - Py -
Q Q Q Ax Q Ax
+ e RER—Qrri1 — 5 RER—Qp — 5 Qs + 5 Qi

...CA

* _B P _P
VRERL. Br_ (Ast — A+ 7?:) + RER.. 2 Qr g,

Z&St
Y P*Y* Y P* Y*

EV

e BS0p . VU P50r VP50
VRERL Q9r 5 RER——@rem - EER L Ll g
Y P v Y Py Y P v

ALCAP
7Y*P5QFA* 7Y*PQQFA* Py Q3% Po Q3 .
HRERY poy Vo~ RER Byt — 5 5ot 5 §thar

.“ALCAP

ASt

FoQu,
Py pQ_t 1
Y+ — P50
RER—ply, — =2 CroER
* Y Y t  prYx
P Qr Pj Qr V¥~
By RER?Te'I"t 1— B ye RER— 7 Qt L

—=Pqt +

V*
RER—As; + QQF
i P+

44*T€Tt

and

N Bp —_Y* ~ B —_Y* B —_Y*
€0 ~ oo RER— Ast —F RER—%,+ —~ RER-—7 t+—QQF

RER " A
Dy % Dy % P+ v 5t
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