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Abstract

Over the past four decades there has been a substantial increase in financial globalization,
i.e. rapid growth in gross external portfolio positions. There has also been a substantial fall
in the variability of inflation. Many economists have conjectured that financial globalization
contributed to the improved inflation performance. This paper explores the causal link
running in the opposite direction. Using an open economy model with endogenous portfolio
choice, it is shown that a monetary rule which reduces inflation variability tends to increase
the size of gross external asset positions. This result appears to be a robust across different

modeling specifications.



1 INTRODUCTION

Data on external asset positions show that the gross size of country portfolios has increased
substantially over the past four decades. Over the same period the volatility of inflation has
declined in most countries as monetary authorities have shifted the focus of monetary policy
towards inflation stabilization and away from output stabilization. This paper investigates
whether these two phenomena are related. The question we address is: has the increased
monetary policy focus on nominal stability resulted in greater financial globalization?

We are not the first to explore the link between financial globalization and inflation.
But to our knowledge, all the literature has focused on the causation going in the other
direction. For instance, many authors have suggested that increasing globalization in goods
and financial markets has led to a decline in national inflation rates, either through direct
market mechanisms or by influencing the behavior of monetary authorities.!

We do not dispute the possibility that financial globalization may influence inflation,
either directly through trade effects or indirectly through affecting the conduct of monetary
policy. But we argue in this paper that there is a very strong theoretical case that the link
may also go the other way. We find that monetary policy which reduces the variability of
domestic inflation leads to an increase in the diversification of international portfolios, gener-
ating higher gross external assets and liabilities. We show that this result is robust across a
variety of modeling specifications and parameter assumptions.?In addition, we provide some
preliminary empirical evidence for this link.

We provide a theoretical investigation of the impact of nominal stability on the size of
external asset positions in a general model in which gross financial positions are endogenous.
The model is a two-country DSGE structure with Calvo-style wage and price setting where
monetary policy in each country is modeled as a Taylor rule. There is international trade
in nominal bonds and equities, and following recent literature, we compute equilibrium
gross portfolios. The size of these portfolios will depend on the structure and stochastic

environment of the model, including the properties of the monetary rule. By varying the



feedback coefficient on inflation in the Taylor rule it is possible to analyze the relationship
between the anti-inflation stance of monetary policy and equilibrium portfolio positions.

In the baseline parameterization of the model, as the policy feedback coefficient on in-
flation is increased, the variance of inflation falls and the absolute size of equilibrium gross
positions in both equities and bonds increase. So the model predicts a negative relationship
between the variance of inflation and the size of equity and bond portfolio positions.

The underlying cause of this negative relationship can be explained in terms of simple
expressions which show that the equilibrium gross portfolio position in any asset is propor-
tional to the variability of home income relative to foreign income and inversely related to
the variability of relative asset returns. Lower variability of relative asset returns compared
to the variability of relative income implies that gross portfolios have to be larger in order
to provide adequate hedging of income shocks. We show that the model implies that, as the
feedback coefficient on inflation in the Taylor rule is increased, the variability of relative asset
returns decreases compared to the variability of relative income. This leads to an increase
in gross asset positions.

We further show that the size of gross positions depends on the correlation between
relative asset returns and cross-country income shocks. The more relative asset returns are
correlated with income shocks, the larger are equilibrium gross holdings. Our model shows
that, when asset markets are incomplete, a reduction in inflation variability increases the
correlation between relative asset returns and income shocks. In effect, inflation stabilization
moves the equilibrium closer to the complete markets outcome. This tends to raise the size
of equilibrium gross holdings.

There are thus two effects which link a reduction in inflation variability to an increase in
the size of gross portfolio positions, a return volatility effect and a return-income correlation
effect. The model shows that both effects can contribute to an expansion of gross asset
positions, the more that monetary policy is focused on inflation stabilization.

Numerical experiments with our model show that the negative relationship between infla-



tion variability and gross positions is very robust across a wide range of parameter variations
and model variants. There is, however, some sensitivity to the precise form of the monetary
rule. For instance, if the Taylor rule is based on producer price inflation (PPI) rather than
consumer price inflation, gross equity holdings are (mildly) positively related to inflation
variability. We argue however that a rule based on consumer price inflation is a better
representation of monetary policy practice in the last four decades.

The relationship between gross positions and inflation volatility can be investigated em-
pirically using the Lane and Milesi-Ferretti (2001, 2007) data on gross external portfolio
positions. In order to put our theoretical results in context, we first report panel regres-
sion estimates for advanced economies for the period 1972-2005 which show a statistically
significant negative relationship between inflation variability and the size of gross portfolio
positions. This empirical result appears to be quite robust to different specifications of the
regression equation and different definitions of the variables.

The paper is part of a large recent literature on international capital flows. On the
theory side, Devereux and Sutherland (2010, 2011a) and Tille and Van Wincoop (2010)
develop techniques for computing equilibrium portfolios in DSGE models. Applications of
these (or similar) techniques to the ‘home bias’ puzzle include Coeurdacier, Kollmann, and
Martin (2010), Engel and Matsumoto (2009), Heathcote and Perri (2007), and Benigno
and Nistico (2012). Empirically, Lane and Milesi-Ferretti (2008a, 2008b) and Lane and
Shambaugh (2010) have explored the determinants of international portfolio positions. With
respect to the relationship between monetary policy and international portfolios, Devereux
and Sutherland (2008) note that a monetary policy focused on PPI inflation stabilization can
increase nominal bond positions by enhancing the risk sharing properties of nominal bonds.
De Paoli, Kucuk, and Sondergaard (2010) examine the implication of different types of
monetary policy rules for international portfolio positions and welfare. Neither Devereux and
Sutherland (2008) nor De Paoli, Kucuk, and Sondergaard (2010) focus on the relationship

between CPI inflation volatility and gross international portfolio positions in the way that



is addressed in this paper.?

There is also a large empirical literature on the determinants of international financial
globalization. Okawa and van Wincoop (2012) develop a gravity based model of international
financial linkages where bilateral financial holdings are determined by basic principles of
portfolio diversification, adjusted for relative informational asymmetries across countries.
Lane and Milesi-Ferretti (2008a, 2008b) and Faruqee, Li, and Yan (2004) use simple models of
portfolio diversification to examine the determinants of bilateral cross border equity holdings.
None of these papers explore the influence of inflation on portfolio holdings, however.

The paper proceeds as follows: Section 2 presents a brief empirical analysis of the re-
lationship between gross asset positions and inflation variability. Section 3 describes our
theoretical model. Section 4 derives some useful relationships which aid in the analysis of
gross positions within the theoretical model. Section 5 presents the main numerical analysis

of the general model. Section 6 discusses the results and section 7 concludes the paper.

2 EMPIRICAL EVIDENCE

In order to put our theoretical model in context we first report some basic panel regression
estimates of the relationship between gross positions and inflation variability.

We estimate a panel regression of the following form

100In(GP,,/GDP;y) = By + B; + B1014(7) + By Zis (1)

where GP,;; is a measure of the size of the gross portfolio position of country ¢ in period
t and o0;,(m) is a measure of inflation variability for country ¢ in period ¢, Z is a vector of
other potential explanatory variables and 3, is a country dummy.

Our main results focus on the total gross position, GP, which we define as

GP = (Total External Assets + Total External Liabilities)/2



We also estimate variants of our equation where the dependent variable is the gross position
in, respectively, equity-type assets and debt-type assets.

We define o, ,(7) to be the standard deviation of the CPI inflation rate of country ¢ for
the period ¢t — k to t where inflation is measured as the annual percentage change in the
CPI measured at quarterly intervals. In the main results we report below we choose k to
be 6 years, so 0;(m) is the standard deviation of annual inflation based on the 24 quarterly
observations of the CPI up to and including the final quarter of year ¢.*

Data on gross asset and liability positions is taken from Lane and Milesi-Ferretti (2007)
who provide annual data for the period 1970-2007 on gross external positions for 178 countries
for various classes of assets. Our measure of the variability of inflation is based on CPI
inflation data obtained from the IMF IFS database for the period 1965-2007. The highest
frequency available for all countries is quarterly.

Although the focus of our analysis is on the effects of inflation variability on asset holdings,
we include a number of other possible explanatory variables in the regression. These are:
financial frictions, trade openness, exchange rate variability, real output variability and a
time trend. Financial frictions, such as regulatory controls on capital movements, have
obvious implications for international portfolio allocation. There have been major changes
in capital controls over the last 40 years so it is clearly necessary to control for such effects
in our regression. We use the Chinn-Ito index (Chinn and Ito, 2008) of capital controls as a
measure of financial frictions. Openness to trade in goods and services has also increased for
many countries over the past 40 years and this again may be an explanation for the parallel
growth in financial integration. We control for this by including the average of exports and
imports as a percentage of GDP as an explanatory variable in our regression. Exchange
rate variability is a major factor determining relative asset returns so changes in exchange
rate variability are potentially an important determinant of portfolio holdings. Exchange
rate variability in year ¢ is measured as the standard deviation of the annual change of the

effective nominal exchange rate over the 6 years up to the end of year . Output variability is



a major source of the risk which motivates the holding of financial assets so output variability
is potentially an important determinant of portfolio holdings. Output variability in year ¢
is measured as the standard deviation of the growth rate of real GDP over the 6 years up
to year t. Trade and GDP data is obtained from the IMF IFS database, while effective
exchange rate data is obtained from the BIS.’

Before discussing the estimation results it is useful to consider some general features of
the data. The six panels in Figure 1 plot the cross country averages of the data for the G7
countries, while Table 1 shows a cross-country comparison of the data for asset holdings and
inflation variability based on individual country averages for each country for two subperiods
(1970-1989 and 1990-2007). Table 1 also shows the same data for other OECD countries.
Figure 1 and Table 1 show a strong upward trend in the data for gross positions through the
sample period for all countries. Figure 1 and Table 1 also show a strong downward trend
in inflation volatility through the sample for all countries. There are no obvious country
outliers in the G7 group of countries in terms of the general behavior of the data, but the
UK, because of its position as a financial center, tends to have a much larger gross positions
than other countries in the G7. In terms of the other potential explanatory variables for
the G7, Figure 1 shows an upward trend in the Chinn-Ito index and trade integration, a
downward trend in output variability and (after 1980) a downward trend in exchange rate
variability.

Regression results relating to equation (1) are reported in Table 2.°These estimates are
based on OLS or IV estimation of (1) corrected for autoregression in the error term.

We begin by focusing on the G7 group of advanced countries. The results for this country
grouping are presented in Columns 1 and 2 of Table 2. The estimates reported in Column 1
show that inflation variability has a negative effect (which is significant at the 5% level) on
the size of total gross positions. The magnitude of the coefficient on the standard deviation
of inflation suggests that inflation variability has quite a large effect on the size of gross

positions. A coefficient of -3.2 implies that a fall in the standard deviation of annual inflation



by 1 percentage point raises GP/GDP by approximately 3.2%. The average range of the
standard deviation of inflation over the sample period is approximately 5 percentage points,
while gross portfolio positions for the G7 reached approximately 200% of GDP by the end
of our sample period. A coefficient of -3.2 on the standard deviation of inflation suggests
that gross positions would have been approximately 170% of GDP had inflation volatility
remained at the levels seen in the 1970s.

The other coefficient estimates in Column 1 suggest that financial openness and the
variability of GDP do not have a statistically significant effect on gross positions for the
G7 countries but exchange rate variability and trade integration both have a positive and
significant effect. The time trend is also significant.”

Of course, while the results in Column 1 suggest that there is statistical relationship
between inflation volatility and the size of gross positions, they do not tell us the direction
of causation. One simple way to disentangle causation is to use a measure of central bank
independence as an instrument for inflation volatility.*This approach can be justified on
the basis that increased central bank independence is an exogenous policy process which
has reduced inflation volatility over the sample period. Column 2 of Table 2 reports the
results for a variant of the model where we use the Cukierman, Webb, and Neyapti (1992)
index of central bank independence as an instrument.?The estimated coefficient on inflation
variability continues to be negative and significant. This suggests that there are grounds
for supposing that the causation runs from central bank independence, to lower inflation
variability and thus to higher gross asset positions.

Columns 3 to 6 in Table 2 report results for a wider set of OECD economies.'’Column 3
is an estimate of equation (1) for this wider set of countries, while column 4 uses central bank
independence as an instrument for inflation variability. The results show that extending the
analysis to this wider group of countries yields similar results to those reported for the G7.

Columns 5 and 6 report results for debt assets and equity assets respectively for the

group of OECD countries. Compared to Column 4 (which shows the results for total gross



positions), the general pattern of results in these two columns is similar, but the coefficient
is larger and somewhat more significant in the case of equities (Column 6) and smaller and
less significant in the case of debt assets (Column 5).

The results reported in Table 2 are not intended to be a comprehensive empirical inves-
tigation of the determinants of gross positions. Nonetheless, they do appear to confirm that
inflation variability is a potentially important factor in the expansion of gross positions over
the past four decades.'! The decline in inflation variability over the past 40 years appears to
have had a significant positive effect on gross positions which is independent of changes in
other potential explanatory variables such as the decline in financial frictions, the increase
in trade integration, fluctuations in exchange rate variability and the decline in output vari-
ability. The effect of inflation variability appears to be robust across a range of empirical
specifications and a range of countries. In the following sections we describe a two-county
general equilibrium model and show that the model’s predictions are consistent with the
above empirical findings, at least in terms of its qualitative properties for the relationship

between inflation variability and gross asset positions.

3 A MODEL OF MONETARY POLICY AND GROSS
PORTFOLIO POSITIONS

We analyze a model of two countries with multiple types of shocks. The model shares many of
the same basic features of the closed economy models developed by Christiano, Eichenbaum,
and Evans (2005) and Smets and Wouters (2003). Households consume a basket of nontraded
final goods and home and foreign produced traded final goods. Final goods are produced by
monopolistically competitive firms which use intermediate goods as their only input. Final
goods prices are subject to Calvo (1983) contracts. Intermediate goods are produced by
perfectly competitive firms using labor and real capital as inputs. Intermediate goods prices

are perfectly flexible. Capital stocks are subject to adjustment costs. Households supply



homogeneous labor to monopolistically competitive labor unions. The labor unions supply
differentiated labor to firms in the intermediate goods sector. The wages charged by labor
unions are subject to Calvo-style contracts. All profits from firms in the intermediate and
final goods sectors and surpluses from labor unions are paid to households.

We allow trade in equities and bonds. Home and foreign equities represent claims on
aggregate firm profits of each country, and home and foreign nominal bonds are denominated
in the currency of each country. This roughly gives us a breakdown of gross asset and liability
positions corresponding to the Lane and Milesi-Ferretti database.!?

The following sections describe the home country in detail. The foreign country is iden-

tical. An asterisk indicates a foreign variable or a price in foreign currency.

3.1 Households

Household z in the home country maximizes a utility function of the form

Cirl (2) H::fu)} )

U =F S~ gt § D 2 App————=
t t;}ﬁ { -, Mg

where p > 0, ¢ > 0, C(z) is the consumption of household z, H(z) is labor supply, S is
the discount factor and A, is a stochastic preference shock which affects labor supply. We
assume /\; = Aexp(At) where A, = ¢AAt_1 +ear, 0 <Py < 1 and epy is a zero-mean

normally distributed i.i.d. shock with Var[ea] = 04.

C as a consumption aggregator defined across traded and nontraded goods, given by

z=1 1 /_—1] -1

Ci= |7 Cyy + (1 —m)>Cp5 (3)

where 0 < 7 < 1 and s > 0 is the elasticity of substitution between traded and nontraded

goods. Cly is an aggregator defined across all individual nontraded goods and C7 is an



aggregator defined across home and foreign goods, given by:
1ot 1177
Cry = |:760H7t + (1 —=7)7 Cxf ] (4)

where C'y and Cf are aggregators over individual home and foreign produced goods. The
elasticity of substitution across individual goods within all sectors is A > 1. The parameter 0
in (4) is the elasticity of substitution between home and foreign traded goods. The parameter
~ measures the importance of consumption of the home good in preferences over traded
goods. For v > 1/2, we have ‘home bias’ in preferences. Given this specification, the

aggregate CPI for home households is

1—x 1—2) | 1—2
o= Py, + (1 =n)Pp, (5)
where Py and Pr are the price indices for traded and nontraded goods where
Pr; = [’YP;ITI-?,t + (1 - V)P}ﬁt] e (6)

and where Pp p is the price index of home traded goods for home consumers and Ppp is
the price index of foreign traded goods for home consumers. The corresponding prices for
foreign consumers are Py p and Ppp.

The flow budget constraint of the home country household is

N
P,Cy+ PF, =wHi+ Pl + PO, — PTpy+ P, > Qg 17ke (7)
k=1

where F; denotes home country net external assets in terms of the home consumption basket,
w; is the home nominal wage, II; is profits of all home firms, ©; is the surplus of labor unions
and Tp, is lump-sum taxes imposed on households. The final term represents the total
return on the home country portfolio where «y ;1 represents the real external holdings of

asset k (defined in terms of the home consumption basket), purchased at the end of period
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t—1 and ry; represents the gross real return on asset k. We allow for trade in NV = 4 assets;
home and foreign equity and home and foreign nominal bonds. Note that F; = fo:l O ¢

Nominal bonds are assumed to be perpetuities, so for instance, home nominal bonds
represent a claim on a unit of home currency in each period into the infinite future. The
real price of the home bond is denoted Zp ;. The gross real rate of return on a home bond is
thus 7141 = (1/Piy1 +Zp ++1)/Zp . For the foreign nominal bond, the real return on foreign
bonds, in terms of home consumption, is rgry1 = (Quy1/Q:)(1/ Py + Z5411)/Zh 4, where
Q: = SP; /P, is the real exchange rate (where S is the price of the foreign currency in terms
of the home currency).

Home equities represent a claim on aggregate profits of all firms in the home traded,
nontraded, final and intermediate sectors. The real payoff to a unit of the home equity
purchased in period ¢ is defined to be Il;y1 + Zg 411, where Zg ;11 is the real price of home
equity and II;,; is real aggregate profits. Thus the gross real rate of return on the home
equity is 7p 11 = (i1 + Zgi41)/ ZEy.

We let the foreign bond act as the Nth asset, so that rn ;11 = rp=41.

Optimal portfolio choices for the home and foreign countries respectively imply

EtC;&-pl(Tk,t+l - TN,t+1) =0, k=1.N —1. (8)
Etct*_;io (Tk,t+1 - TN,t+1) — O, kf — 1N . 1 (9)
Qt+1

3.2 Government

Total government expenditure is assumed to be exogenous and subject to stochastic shocks.
In particular we assume that G; = Gexp(ét) where G, = @Daét—l +eat, 0 < e < 1 and
g, 18 a zero-mean normally distributed i.i.d. shock with Var[eg] = 0%. G is assumed to be
allocated between nontraded and home traded goods in fixed proportions  and 1 — 7. The

allocation of government expenditure across individual goods is governed by an aggregators
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similar to those of consumers.

All government spending is financed via lump sum taxes on households, Tp, and firms,
Te. The budget constraint is Pg Gy = B/Ip: + PTc, where it is assumed that BTp =
(1 —7)PgG and P,T¢ = 7P;;G where 7 is a fixed parameter which determines the share
of profit taxes in the overall tax take. Py, is the price index of government purchased goods

and is given by Po: = nPnt+ (1 — 1) Pu ..

3.3 The Labor Market

Labor unions are introduced as a convenient modeling device to allow for nominal wage
stickiness. Labor unions hire homogeneous labor from households in a perfectly competitive
primary labor market at wage rate w;. They act as monopolistic competitors in a secondary
labor market where they sell differentiated labor to intermediate goods firms. Labor union
z charges wy(z) in the secondary market and faces demand for its variety of labor as follows
Li(z) = Ly (%@) 5

where L, is aggregate demand for labor and W, is the aggregate wage in the secondary labor
market and ¢ is the elasticity of substitution between labor varieties.

The choice of w;(z) is subject to Calvo-style sticky-wage contracts with partial backward
indexation. In each period wy(z) can be optimally reset with probability 1 — ¢ or partially
indexed to past aggregate wage inflation with probability ¢ where the degree of indexation
is given by w (where 0 < w < 1).

Labor union z chooses w;(z) to maximize

0 W2 Wit
B> et | Lusi(e) 2] g ()
1=0 ; ;

where (), is the stochastic discount factor of home households. The aggregate surplus of

labor unions (which is paid to households) is given by ©; = L, (W, — w,) / P;.
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3.4 Firms

Within each country there is a traded and nontraded sector and within each of these sectors
firms are divided between final and intermediate sectors. Intermediate goods firms use
labor and fixed capital. Labor is fully mobile between sectors but capital is immobile. The
structure of the intermediate sector is similar in the traded and nontraded sectors so the
equations shown below apply to both traded and nontraded sectors. Variables for the traded
and nontraded sectors are indicated with subscripts 7" and N.

There is a unit mass of firms in each of the nontraded and traded sectors at both the

final and intermediate levels.

3.5 Final Goods

FEach firm in the final goods sector of sector j produces a single differentiated product. Sticky
prices are modeled in the form of Calvo-style contracts with a probability of resetting price
given by 1 — x and partial backward indexation with the degree of indexation given by w
(where 0 < w < 1). We consider both producer currency pricing (PCP) and local currency
pricing (LCP).

If firms use the discount factor €2; to evaluate future profits, then, in the PCP case, firm
z in the traded sector chooses its prices for home and foreign buyers, py m+(z) and py p(2),

in home currency to maximize

= ; Z) — i z) — i
E: > Qi {yH,H,tJri(Z) pit1(2) — ras] + Ynresi(2) Pi.re(?) ~ qriovd } (10)
=0 Py Py

7=

where yg g(z) is the demand for home traded good z from home buyers and yg #(2) is the
demand for home good z from foreign buyers and qr is the price of the intermediate good
in the traded goods sector.

In the LCP case firm z chooses py,i,¢(2) in home currency and pj; 5, () in foreign currency

to maximize (10) where py r:(2) is replaced by pj r,(2) St
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In the nontraded sector firm z chooses py+(z) to maximize

E, Z Qt+i/nyN,t+z‘(Z) [pN’t< ;3 Nt ] (11)
i=0 t+i

where yy(z) is the demand for nontraded good z and gy is the price of the intermediate
good in the nontraded goods sector.

Monopoly power in the final goods sector implies that final goods prices are subject to
a mark-up given by v; = A\;/(A; — 1). The mark-up is assumed to be subject to stochastic
shocks such that v, = vexp(0;) where 0y = 1), 0;_1 + €41, 0 < ¢, < 1 and €, is a zero-mean

normally distributed i.i.d. shock with Var[e,| = o2.

3.6 Intermediate Goods

The representative firm in the intermediate goods sector j (where j = N,T') combines labor,
L;, and capital, K, to produce output Y; using a standard Cobb-Douglas technology, Y, ; =
A (2 K j,t71)1_"L§ft, where 0 < z;, <1 is capacity utilization, L is an index defined across
all individual varieties of labor supplied by labor unions and A;; = exp(d;.) is a common
stochastic productivity shock across all intermediate goods firms in sector j. Productivity

shocks follow a joint process of the form

QT ¢ ar¢—1
a* ax
Tt Tt—1
= A + €a7t (12)
Nt AN t—1
Ak Ak
| ANt | | INg-1 |

where ¢, is a vector of mean-zero normally distributed i.i.d. shocks with covariance matrix

Y.
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The capital accumulation equation in sector j is
Kj =1+ (1—0)Kj,

where 0 < ¢ <1 is the rate of depreciation.

Capital is subject to adjustment costs given by (:1;;) where we assume ¢(I;) = ¢'(I;) =
0, ¢"(I;) > 0 and ¢, is a stochastic shock to investment costs which is common to both traded
and nontraded sectors, where ; = exp(i;) and iy = ¥,i;—1+¢€,+, 0 <1, < 1 and €, 4, is a zero-
mean normally distributed i.i.d. shock with Varle,] = o2. Capital has the same composition
as consumption (see equations (3) and (4)) so the price of investment goods is given by (5).

Firms are assumed to incur costs of unused capacity which are given by F (2;++;) where
we assume F (1) =0, F'(1) > 0 and F"(1) > 0."

The representative firm in sector j chooses L;:, I, z;+ and K;; to maximize the real
discounted value of dividends, given by

Er> QuiToi | 25 — e Liii — Ligvi — 0(Liori) — F(2.014)
=0 Py Py

subject to the production function and capital accumulation equations where g; is the price
of intermediate goods in sector j. €); is the stochastic discount factor of shareholders of
the firm. Y, is a shock which affects the cost of funds to firms. Smets and Wouters (2003)
refer to this as a risk premium shock and suggest that it captures the effects of variations
in the external finance premium. We assume that T; = exp(Yt) and T, = wTTt,l + exy,

0 <ty < 1 and ey, is a zero-mean normally distributed i.i.d. shock with Var[ey] = o%.

3.7 Aggregate Output and Employment

Total private sector expenditure is

Dy =Ci+ Int+ Irs + o(tens) + @(eelr) + F (2nt) + F (274) (13)
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so home purchases of home nontraded and home traded final goods are

Pyxi\ "
Dni=n 5 D (14)
t
Pr\ " /P -0
Dmi=rt-w () (F2) » (15)

Equilibrium in the market for good z in the home country nontraded final goods sector
implies

male) = (222) T

Each home country firm in the traded final goods sector faces demand for its good from
the home and foreign countries. Equilibrium in the market for good z in the home country

traded final goods sector implies yr+(2) = yu g+(2) + yu ri(z) where

Yrnaa(2) = (p“—“) Dt 1-mG] yra(z) = (pH—”> Dy, (16)

*
Py oy Pri ry

where Dj;, is the foreign demand for home traded goods (defined analogously to (15)).
Aggregate GDP for the home economy is given by
A

P S
Y = 2= Dy + nGi] + =57 D + (1= 0)Gi] + =5~ Dy,
Py, Py

where Py, is the GDP deflator, which we define as follows

Pyy=nPn:+ (1 =)[(1 = 9)v+ glPau: + (1 —n)(1 —g)(1 - V)StPE,F,t

where g is the steady-state share of government spending in GDP.

Demand for labor variety z is given by

Li(z) = (w;[(/f) ) B (L + Ly

16



Equilibrium in the primary labor market implies Ly + Ly = H;.
Total after-tax dividends aggregated across all intermediate and final goods firms in both

traded and nontraded sectors are given by

P, 4%
My = —55Ys = Lo = Iy = Lo = @(elng) = @(uelrs) = F(2n0) = F (2r0) = To
t t

Home equities represent claims on II; (into the infinite future).

3.8 Monetary Authorities

Monetary authorities follow a policy that targets 7;, the nominal rate of return on the nominal
bonds of their respective currencies. We assume that the target for i; is governed by a Taylor

rule. For the home country, this is described by

) (]

where 0 < ¥ < 1, x > 1, and 6 > 0, and Y, represents potential output of the home coun-

1
s S|
iy = B0y

try. &m,,: is a random monetary policy disturbance which is zero-mean, i.i.d. and normally
distributed with Var[e,,] = o2,.

Note that the rule (17) determines the nominal interest rate as a function of the his-
toric CPI inflation rate. We choose the CPI inflation rate because this represents a better
description of the actual practice in countries that have been following inflation targeting
policies. More generally, even outside of the explicit inflation targeters, the CPI is by far the
most visible and relevant price index for guiding monetary policy. Finally, while our focus is
not on optimal policy, in the presence of local currency pricing, it has been established that
targeting CPI inflation may be preferable to PPI inflation targeting (Engel, 2011).

We assume that potential output, fft, is constant. This assumption would not be justi-

fied if we were modeling the optimal choice of policy rule since shocks to productivity and

preferences clearly change the welfare relevant measure of potential output. As our purpose
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is to represent actual rather than optimal monetary policy, we ignore the impact of shocks
on Y. In practice policymakers are not able directly to observe shocks affecting potential
output and therefore tend to measure potential output using a moving average measure of
actual output. This tends not to change much in the short run in response to shocks.

While we argue that a rule in the form of (17), which depends on CPI inflation and
the output gap measured relative to a fairly static measure of capacity output, is a reason-
able empirical representation of actual monetary policy, we do consider alternative forms of
monetary rule in our analysis of the model.

Rule (17) allows for a degree of partial adjustment in monetary policy, which is deter-
mined by the parameter ).

The feedback parameter on inflation, y, will be a key parameter in the analysis which
follows. A higher value of y implies that monetary policy is more focused on inflation
stabilization. In equilibrium this will result in lower variability of inflation. The central
issue we will investigate is the relationship between y and the size of equilibrium gross

holdings of equities and bonds.

4 PORTFOLIO CHOICE

Our main interest is in the characteristics of portfolio positions, and their relationship to
the stance of monetary policy. We follow Devereux and Sutherland (2011a) in computing
portfolios using a second order approximation to the portfolio selection equations for the
home and foreign country (8) and (9), in conjunction with a first order approximation to the
home and foreign budget constraints and the vector of excess returns.

The Devereux and Sutherland (2011a) approach allows us to derive reduced-form solu-
tions for gross portfolio holdings of equities and bonds. In order to interpret these solutions
we now derive some useful expressions which show how portfolio holdings are related in
equilibrium to the second moments of income and asset returns. These expressions are not

reduced-form solutions in the sense that the second moments of income and asset returns
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themselves depend on portfolio holdings. They do however highlight some of the underlying
intuition for the link between inflation variability and gross portfolio positions.

In all the cases we analyze below the home and foreign economies are symmetric. If it is
assumed that assets 1 and 2 are home and foreign equities then it follows that a; = —ay in
equilibrium. Likewise, if assets 3 and 4 are home and foreign bonds then in equilibrium it
follows that s = —ay. It is useful to define o, = —y = a and ap = —a3 = 4. Thus a,
is the gross external position in equities and «y the gross external position in bonds, where
“gross external position” is defined to be the position that one country holds in the assets
issued by the other country. It is also useful to define rg, = r{ — 7} to be the return on
home equities relative to the return on foreign equities and 7"27,5 = 1% — r}* to be the return

on home bonds relative to the return on foreign bonds.

Following Devereux and Sutherland (2011a) we obtain the condition

1
E; (Ct+1 - CZH - ;Qtﬂ) Tepp1 =0 (18)

where z = Z2=Z except for r,;, which is defined as r,; = [r¢,, 7
’ ) 5

> b ]/'

Tt

Note that using the definitions of Fj, II; and ©; and the government budget constraint

we may write the home country budget constraint as

N
P.Ci+ PF, =Py,Yo  + P ) api—1Ti
k=1

where

P
You =Yy — ——[Ing + Iry + ©(tdnye) + o(eedry) + F (2ng) + F (204)] — %Gt
Yt

is home output net of investment and government expenditure. Y, can be thought of as

household disposable income.
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Taking a first order approximation around F = 0, we obtain

Co+ fi = C_'yc,t + épY,t —Cpi+ B fioa + ATy (19)

where C' is steady state consumption relative to GDP and f is measured in terms of

level deviations from the steady state (of zero), relative to steady state GDP and a =

[;‘?, g‘—%]’ = [@&., &) represents the zero order (or steady state) portfolio, relative to steady
state GDP.'*Using the equivalent condition for the foreign country, iterating forward and

imposing the appropriate transversality constraint gives

_ O 1 _ o -1
CEi1 Z o <Act+1+j - ;CIt+1+j> = CEki Z B’ |:Ayt+1+j + %%errj
7=0

=0 =
+6712ft —|— 2&,7’@7,54'_1 (20)

where Ac =c—c¢* and Ay = yo — y5 — py — s + py-

From the consumption Euler equations for the home and foreign countries we have

E _
EiAcry = Agy + 2Lt (21)
Now, using (20) with (21) we arrive at the expression for real exchange rate adjusted relative

consumption in period £ + 1 as

_ 1 ~1
C <ACt+1 - ;%Jrl) = (1 - 5) [Fy,t+1 + 5_12ft + 2 Tz,t+1] (22)

where

_ o -1
Lyi1=CE Zﬁj (Ayt+1+j + %%HH’)

§=0
represents the present value of expected relative disposable income adjusted by the real
exchange rate.

Putting (22) together with (18), we may compute the expressions characterizing the
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equilibrium portfolio as

1

a= 52;1C0Vt (TE71‘/+17 Cy,t—H) (23)

where ;11 = [y 41 — Byl 111 and where X, is the covariance matrix of 7y 411 — Eirgeq1.
Thus, the optimal portfolio position is determined by the way in which innovations in the
excess return vector covary with innovations in the expected present discounted value of
relative income (adjusted by the real exchange rate). Note that expression (23) is not a
reduced form because the second moments on the right hand side depend on a.

It is straightforward to show (see Devereux, Senay and Sutherland 2012, for details) that

equation (23) is equivalent to the following expressions for equilibrium asset holdings

StDev ((‘%t |r§7t)

-1 €t

G = ot (Cyi’ Tz,t|r””’t) StDev (Tf},t|7"g,t) "
o b 1o\ StDev (¢, Ir5 )

&y = =corr (C, 4,0, 075 ) — (25)

2 StDev (rfj,t|r§7t)

These expressions show that the size of the gross position in asset ¢ depends on two factors:

1 corr(¢ e r;7t|ri7t) , the correlation of the return differential of asset ¢+ with innovations in
the present value of relative disposable income (conditional on the return differential

of asset j)

2 StDev(Cy7t|ri,t) / StDev(r%Ari,t), the standard deviation of innovations in the present
value of relative disposable income (conditional on the return differential of asset j)
relative to the standard deviations of returns on asset i (conditional on the return

differential of asset 7)

Again note that we use the Devereux and Sutherland (2011a) approach to derive solutions for
equilibrium portfolios and we use (24) and (25) only as a useful means to analyze the depen-
dence of equilibrium portfolios on monetary policy and inflation variability. The expressions

(24) and (25) can not themselves be used to calculate equilibrium portfolios because the
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second moments on the right hand side depend on &.!Note also that these two expressions
hold regardless of the completeness of international financial markets. Our model in its most
general form contains more sources of shocks than there are independent assets. Full risk
sharing is therefore not possible. Equations (24) and (25) can nevertheless be used to analyze
equilibrium portfolio holdings.

Expressions (24) and (25) will prove useful in interpreting the impact of inflation vari-
ability on portfolio positions. These expressions have a very intuitive explanation. Agents
wish to hold a portfolio of assets which hedge against shocks to relative disposable income,
¢, The extent to which asset ¢ provides a good hedge against relative disposable income
shocks depends on the correlation between the return on asset ¢ and relative disposable
income shocks, i.e. corr (Cy,t,r;i\ri’t) . An asset which is (negatively) correlated with dis-
posable income shocks is a good hedging instrument and so will be held in the equilibrium
portfolio with a positive gross position. The stronger the correlation the more of that asset
will be held. But the amount of the asset that needs to be held to hedge income shocks also
depends on the size of fluctuations in disposable income relative to the size of fluctuations
in the return on asset i, i.e. StDeV(Cy,t\rit) / StDeV(r;’tVi,t) . The larger are fluctuations
in disposable income relative to fluctuations in the return on asset i the larger must be the
gross position in asset ¢ in order to provide the desired degree of hedging.

These two effects, (i.e. the correlation effect measured by corr(nyt,r;’tlrit), and the
volatility effect measured by StDev (¢ y7t|ri,t) /StDev (ri7t|ri’t) ), will prove useful in interpret-

ing the link between inflation variability and the size of gross positions.!®

5 MONETARY POLICY AND GROSS PORTFOLIOS

The model outlined above is too complex to analyze explicitly so we focus on numerical
simulations for plausible parameter values. The analysis shows that a monetary policy
which stabilizes inflation tends to reduce the variability of real asset returns and increase

the correlation between asset returns and relative income. These two effect imply that gross
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portfolio positions in equities and bonds increase as inflation is stabilized.

5.1 Benchmark Parameter Values

The benchmark parameter values used in the following analysis are listed in Table 3.

The discount factor, 3, is chosen to yield a steady state rate of return of approximately
4%. The rate of depreciation of real capital, g, is set at 0.025 (implying an annual rate of
depreciation of 10%) and the capital adjustment cost function is parameterized to yield a
variance of total investment which is approximately 3 times the variance of GDP (which
is consistent with the data for most developed economies). The capacity utilization cost
function is parameterized to be consistent with the estimates of Smets and Wouters (2003,
2005, 2007).

The value of @, the elasticity between home and foreign traded goods, is consistent with
the benchmark parameterization of Backus, Kehoe, and Kydland (1994). The share of
nontraded goods in the consumption basket, 7, the elasticity of substitution between traded
and nontraded goods, s, and the share of home traded goods in the traded consumption
basket, v, are based on an approximate average of values used in Benigno and Thoenissen
(2008), Corsetti, Dedola, and Leduc (2008) and Stockman and Tesar (1995). In the case of
~, the value is chosen to imply a steady state share of external trade of approximately 20%
(taking account of the assumed home-bias in the composition of government spending).

The values of A (the elasticity of substitution between individual final goods) and p (the
Cobb-Douglas coefficient on labor in the production function of intermediate goods) are
chosen to yield a steady state monopoly markup of 11% and share of capital in output of
0.33. The implied steady state share of dividends in GDP is approximately 0.15.

The Calvo parameters for price and wage setting, x and ¢, are chosen to imply an average
period between price or wage changes of 4 quarters. The degree of backward indexation in
price and wage setting, w and w, and the values of ¢ (labor elasticity) and p (risk aversion)

are consistent with the estimates of Smets and Wouters (2003, 2005, 2007).
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The values of the Taylor rule parameters d and ¢ are broadly consistent with the estimates
of, for example, Clarida, Gali, and Gertler (1998, 2000) and Smets and Wouters (2003, 2005,
2007).17

The steady state share of government spending in GDP, ¢, is set at 0.2 and the share
of dividend taxes in total taxes, 7, is set at 0.15 (which is approximately the same as the
assumed steady state share of dividends in total income).

The covariance matrix of innovations of productivity shocks, ¥, and the degree of persis-
tence in productivity shocks, A, are chosen to be approximately the average of the estimated
values reported by Benigno and Thoenissen (2008), Corsetti, Dedola, and Leduc (2008) and
Stockman and Tesar (1995) (with adjustments made to allow for the difference between an-
nual and quarterly series). The parameters of the other shock processes are approximately

based on the estimates of Smets and Wouters (2003, 2005, 2007).

5.2 Gross Portfolios in the Benchmark Case

We consider two versions of the benchmark parameterization, one with producer currency
pricing (PCP) and one with local currency pricing (LCP). We first consider the PCP case.
The effect of varying the coefficient on inflation in the Taylor rule, y, on equilibrium portfolio
holdings of equities and bonds in the PCP case is illustrated in Figure 2. Panels (a) and
(b) plot the equilibrium holdings of foreign equities and bonds by the home country for a
range of values of y. These figures show that the external positions in foreign equities and
foreign bonds by the home country are positive and rising in y (except, in the case of equity
holdings, at very low values of x ) In other words the size of gross positions increase as
monetary policy becomes more focused on inflation stabilization.'®For reference, panel (i)
shows the effect of varying the inflation feedback parameter on the variability of inflation.
This figure shows that inflation variability declines as y is increased.!?

The portfolio expressions (24) and (25) can be used to investigate the intuition for the

relationship between inflation stabilization and the size of equilibrium asset holdings. Panels
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(c) to (h) of Figure 2 plot the relevant conditional moments. Panels (g) and (h) show that
the conditional standard deviations of both bond and equity returns decline as monetary
policy becomes more focused on inflation stabilization, while panels (e) and (f) show that the
conditional variability of relative income rises for both equities and bonds as y increases. So,
as the volatility of inflation is reduced, the conditional volatility of asset returns falls relative
to the conditional volatility of relative income. It is therefore necessary for households to
hold larger gross positions in equities and bonds in order to achieve the desired degree of
risk sharing. This is an example of the volatility effect.’

The benchmark configuration of our model has a similar basic structure to (but is much
more general than) the model used by Engel and Matsumoto (2009) to analyze equity home
bias, so it is useful to consider the implications of the results shown in Figure 2 for equity
home bias.?!For the benchmark parameter configuration the total value of home equity is
approximately 18 times steady state GDP, so the equity position illustrated in Figure 2, panel
(a) is consistent with a degree of equity home bias for most of the range of y considered. But
notice that one of the implications of the results illustrated in Figure 2 is that the degree of
equity home bias is sensitive to the variability of inflation. More specifically, equity home
bias is stronger when inflation is relatively volatile but declines as inflation is stabilized.??

Figure 3 reports results for the LCP case with benchmark parameter values. The general
features of this case are similar to the PCP case. Both equity and bond holdings are positive
and increase in y (again except for equity holdings for very low values of x). The main dif-
ference compared to the PCP case is that equity holdings are somewhat less sensitive, and
bond holdings are somewhat more sensitive to the increase in . Panels (g) and (h) of Figure
3 show that the underlying explanation for the increase in the size of gross positions is again
the fact that stabilizing inflation tends to reduce the conditional volatility of relative asset
returns. Panels (g) and (h) of Figure 3 show that the conditional volatility of both relative
equity and relative bond returns decline as x increases. For bonds and equities the condi-

tional standard deviations of relative returns declines relative to the conditional standard
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deviation of income, so again the increase in gross positions is caused by the volatility effect.

5.3 The Correlation between Relative Income and Asset Returns

In their analysis of the welfare effects of monetary policy, Devereux and Sutherland (2008)
note that, in a model which is a special case of the model presented above, the size of the
equilibrium gross position in bonds increases as the coefficient on inflation in the Taylor rule
is increased. Devereux and Sutherland (2008) do not analyze this result in any detail but
they do offer a simple intuition which appears to be different from the reasoning described
above in relation to the results in Figure 2 and Figure 3. They suggest that inflation volatility
causes extraneous noise in the real return on bonds which partly undermines the efficiency
of bonds as a hedge against productivity shocks. They argue that a monetary rule which
focuses on inflation stabilization reduces the extraneous noise in bond returns and therefore
implies that bonds become a better hedge against productivity shocks. Inflation stabilization
therefore encourages an expansion of gross holdings of bonds.

Given that the model described above contains the model used by Devereux and Suther-
land (2008) as a special case, it is important to trace the links between the intuition offered
in Devereux and Sutherland (2008) and the intuition emphasized in this paper.?®In fact the
links between the two papers can be easily understood in terms of the volatility effect and the
correlation effect. The result emphasized in Devereux and Sutherland (2008) is an example
of the correlation effect.

Figure 4 illustrates the Devereux and Sutherland (2008) result using a special case of the
model of this paper. In this special case there are shocks only to productivity and monetary
policy, the coefficient on output in the Taylor rule, 9, is set to zero, productivity in the traded
and nontraded sectors is assumed to be perfectly correlated and nominal bonds are assumed
to be of one-period maturity (rather than the infinite maturity assumed in the benchmark
model). These assumptions make the model of this paper more closely aligned to the model

used by Devereux and Sutherland (2008). Figure 4 illustrates the effect of x on bond holdings
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in this simplified model when asset trade is restricted to trade in home and foreign currency
bonds. Panel (a) of Figure 4 shows that the absolute size of the gross position in bonds
is increasing in y.?*As already explained, Devereux and Sutherland (2008) argue that the
underlying explanation for the increase in the (absolute) size of the gross position in bonds
is that bonds become a better hedge against productivity shocks as inflation is stabilized. In
other words, as y increases, the correlation between relative income and bond returns tends
towards +1 or -1. Panel (b) of Figure 4 shows that in fact the correlation tends towards -1.
And (25) shows that, other things being equal, this will cause an increase in the (absolute)
size of the gross bond position. The results illustrated in Figure 4 are therefore entirely
consistent with the intuition offered by Devereux and Sutherland (2008).%

But notice from Figure 4 that the effect of inflation stabilization that works through
the correlation between bond returns and relative income is not the only channel that links
inflation stabilization to the gross bond position. Panels (c) and (d) of Figure 4 show that
inflation stabilization also reduces the volatility of bond returns relative to the volatility of
relative income. This is exactly the volatility effect emphasized above in relation to Figures
2 and 3. Equation (25) shows that, just as in the cases illustrated in Figures 2 and 3, a
reduction in the standard deviation of bond returns relative to the standard deviation of
relative income implies that the gross bond position must increase in order to achieve the
desired degree of risk sharing.

Figure 4 shows therefore that the wvolatility effect emphasized above (i.e. the impact
of inflation stabilization on the variability of asset returns) reinforces the correlation effect
described by Devereux and Sutherland (2008) (i.e. the impact of inflation stabilization on
the correlation between asset returns and relative income).

Now reconsider the general case illustrated in Figures 2 and 3. Previously we emphasized
the link between inflation stabilization and gross asset positions that operates through the
volatility effect (i.e. the effect of inflation stabilization and the variability of asset returns).

However, notice from panels (c) and (d) of Figure 2, that inflation stabilization also affects
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the correlation between asset returns and relative income. In fact, as x increases, it can
be seen that the correlation between bond returns and relative income increases from zero
towards +0.6. In other words, bonds become a better hedging instrument as inflation is
stabilized. As can be seen from (25), this reinforces the impact of inflation stabilization
on the gross position in bonds. This is the correlation effect identified by Devereux and
Sutherland (2008). The effect of x on the correlation between equity returns and income is
less clear from the figure but this also tends to increase as x increases. So the correlation
effect is also contributing to the increase in the gross position in equities.?

Panels (c) and (d) of Figure 3 similarly show the correlation effect in operation in the

LCP case. The general pattern is similar to the PCP case.

5.4 Generalizations

We have experimented with a wide range of parameter variations around the benchmark
values. Plausible variations in many of the parameters have no significant qualitative or
quantitative effect on the relationship between y and gross asset positions. Rather than
catalogue every case, here we report only on those parameter variations where the results
differ in a qualitatively significant way from those reported above. We also comment on a

number of model variants.

5.4.1 Parameter Variations

Although most macroeconomic evidence suggests that the elasticity of substitution between
baskets of traded goods produced in different countries (6 in our model) is close to unity,
there is no clear agreement in the literature on whether the value is just above or just below
unity. Our benchmark value, § = 1.5, is consistent with the values used by Backus, Kehoe,
and Kydland (1994) and Benigno and Thoenissen (2008) but Corsetti, Dedola, and Leduc
choose # = 0.85. Panels (a) and (b) of Figure 5 show the relationship between gross asset

positions and y when we set § = 0.85 (in the PCP case). It is apparent the sign of the bond
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position has switched but the relationship between the absolute size of bond holdings and
X is the same as in the benchmark case, i.e. the absolute size of gross positions increase as
inflation is stabilized. The effect of setting § = 0.85 in the LCP case is very similar and is
not illustrated.?”

Our benchmark value for the Calvo pricing parameter, xk = 0.75, is very standard and
implies that individual prices are changed on average every 4 quarters. Christiano, Eichen-
baum, and Evans (2005) report a benchmark estimate for this parameter of 0.6 while Smets
and Wouters (2003, 2005, 2007) report an estimate of 0.9. Experiments show that setting a
lower value of k (consistent with Christiano, Eichenbaum, and Evans 2005) tends to reduce
the sensitivity of gross equity positions and increase the sensitivity of gross bond positions to
X, while a higher value of x (consistent with Smets and Wouters, 2003, 2005, 2007) switches
the sign of gross bond positions (see panel (d) of Figure 5). In the latter case the absolute
size of both equity and bond positions continues to be increasing in .

The cases illustrated in Figure 5 panels (b) and (d) share the feature that the sign of
bond holdings is reversed compared to the benchmark case, but the absolute size of bond
holdings continues to be positively related to x. The basic benchmark result is therefore
robust against empirically relevant variations in # and k.

Experiments with the parameters of the monetary rule, and the variance of monetary
shocks, show, however, that in some circumstance the positive relationship between the
(absolute) size of gross asset positions and y can break down. Panels (e) to (h) of Figure
5 show two particular cases. In panels (e) and (f) the parameter 9, which determines the
degree of inertia in interest rate setting, is set at the higher value of 0.95 (the benchmark
value is 0.85). In this case the relationship between equity holdings and x is nonmonotonic,
first falling and then rising, while bond holdings are negative and falling in absolute value as
X rises. Clarida, Gali, and Gertler (1998, 2000) estimates of 9 range between approximately
0.7 and 0.9 while Smets and Wouters (2003) estimate a value closer to 0.95. However, Smets

and Wouters (2005, 2008) find ¢ to be in the range 0.8 to 0.9. ¢ = 0.95 is therefore a the
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extreme upper end of the range of estimates from Clarida, Gali, and Gertler and Smets and
Wouters.

Panels (g) and (h) of Figure 5 show the case where the standard deviation of monetary
shocks is set at the higher value of 0.0024 (the benchmark value is 0.0012). In this case
the relationship between bond holdings and y is negatively sloped, while equity holdings
continue to be positively related to x. Smets and Wouters’s (2003) estimate of the standard
deviation of monetary shocks to be 0.001, while in Smets and Wouters (2005, 2008) their
estimates of the standard deviation are between 0.001 and 0.0024, but most of their estimates
fall in the range 0.001 to 0.0013. A standard deviation of 0.0024 is therefore at the extreme
upper end of the range of estimated values.

Apart from the cases illustrated in Figure 5 panels (e) to (h), the main results appear to

be robust against empirically relevant variations in all other parameters of the model.

5.4.2 Model Variants

We now discuss the implications of a number of modifications to the benchmark model.

First consider the following alternative form of household utility function

(26)

&) [Chi(z) =hCria] " H [ P(2)
Ut—Et;::OB {€t+z 1—p 1+ ¢

where hC; represents the stock of (external) habits and € is a shock to consumption prefer-
ences where ¢ = €exp(€&), €& = €1 +€ct, 0 < 9, < 1 and &.; is a zero-mean normally
distributed i.i.d. shock with Varle.] = 2.

Numerical experiments show that the relationship between asset holdings and y is unaf-
fected by the value of the habit parameter, h. The benchmark results are therefore robust
to the introduction of consumption habits. Shocks to consumption preference do however
tend to reduce the sensitivity of equity holdings to x. Panels (a) and (b) of Figure 6 show
the case where ¢, = 0.9 and 0. = 0.003 (which is in the middle of the range of estimates

of Smets and Wouters, 2003, 2005, 2007). The relationship between bond holdings and x
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is largely unaffected by the introduction of consumption preference shocks, while the rela-
tionship between equity holdings and x is somewhat flatter than the benchmark case (and
is downward sloping for small values of x).

A second variant of the benchmark model is one where international traded bonds are
short maturity (rather than the infinite maturity assumed in the benchmark model). Panels
(c) and (d) of Figure 6 show the relationship between asset holdings and x in this case.
The figure show that bond holdings are negative in this case, but the absolute size of bond
holdings is increasing in y, while the holdings of equities are somewhat less sensitive to x
than in the benchmark case (and is slightly downward sloping for higher values of x).

The final two variants of the benchmark model considered involve changes to the mone-
tary policy rule. In the first variant the inflation term in the rule is assumed to depend on
producer price inflation (rather than consumer price inflation). In the second variant the
output gap term in the rule is assumed to be measured relative to the flexible price level of
output (rather than an exogenously fixed measure of capacity output). Both these modifica-
tions to the policy rule move the rule closer to the form that has been shown to be optimal in
basic models of monetary policy. It is important to note, however, that stabilizing producer
price inflation (PPI) is only optimal in quite restrictive cases and there is no reason to sup-
pose that PPI targeting is any closer to the optimal policy in the benchmark model than is
CPI inflation targeting.?®Likewise, stabilizing output around the flexible price output level is
only welfare maximizing in restrictive circumstances and there is no reason to suppose that
the flexible price output level is the welfare relevant target level of output in the benchmark
model of this paper. Furthermore, the monetary rule assumed in the benchmark model is
adopted because it is regarded as a good empirical representation of actual monetary policy
over the last few decades. The fact that it may not be a correct theoretical specification of
optimal policy is not a relevant consideration for the purposes of this paper. Nevertheless it
is useful to consider the implications of alternative forms of policy rule for the relationship

between gross asset holdings and x. These are illustrated in panels (e) to (j) of Figure 6.
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Panels (e) and (f) of Figure 6 show the case where the inflation term in the policy rule
depends on PPI inflation (as measured by the rate of change of the GDP deflator). It is
apparent that equity holdings are negatively related to the value of  in this case, while bond
holdings continue to be positive and positively related to x. Panels (g) and (h) show the case
where the output gap term in the policy rule depends on output measured relative to the
flexible price output level. In this case equity holdings are quite insensitive to the value of y
while bond holdings are negative, with the absolute size of bond holdings positively related
to x. Finally panels (i) and (j) show the case which combines the previous two, i.e. the
inflation term in the policy rule depends on PPI inflation and the output term depends on
the output measured relative the flexible price equilibrium. In this case equity holdings are
positively related to x while the relationship between x and bond holdings is nonmonotonic,
first rising then falling for higher values of y. Panels (e) to (j) of Figure 6 show that some
aspects of the benchmark results carry over to these alternative specifications of the policy
rule, but some also break down. However, as previously emphasized, these alternative forms
of the policy rule are of interest only because they have been identified as closer to the
optimum form of rule in simple models. Arguably, they are neither the empirically relevant
form of rule, nor are they necessarily the optimal form of rule in the model of this paper.

We conclude that the general properties illustrated for the benchmark model are robust

across a range of parameter and model variations.

6 DISCUSSION

Our model suggests that a monetary policy which reduces the variability of inflation leads
(in almost all cases) to an increase in the absolute size of gross external asset and liability
positions. As mentioned in the introduction, previous researchers have argued that the
causation goes in the other direction. Tytell and Wei (2004) find that measures of financial
globalization have significant negative coefficient estimates in cross country inflation (level)

equations. By contrast, our empirical evidence finds that inflation variability is significant
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in panel regressions of financial globalization. Sorting out the full set of causal links between
the level of inflation, the variability of inflation, and financial globalization is beyond the
scope of this paper. Both inflation and international portfolio positions are endogenous and
affected by all aspects of the macroeconomy, and it is difficult to obtain robust instruments
for both variables.?? Moreover, our theory by no means precludes the possibility that there
may be additional forces leading from international financial globalization to inflation either
directly or indirectly through endogenous monetary policy. Our main point is that evidence
suggesting that increased capital market openness has been associated with reductions in
average inflation rates does not necessarily establish the direction of causation, since we
have shown that there are strong theoretical reasons to think that there may also be a link
between inflation stability and the size of gross external financial positions.

The effect of inflation variability on gross external assets depends on the correlation
and variability channels defined above. Are these channels empirically relevant? There is
evidence of an increase in the comovement of world stock markets since the mid 1990s (see
e.g. Kizys and Pierdzioch, 2009). This should be associated with a fall in the variability of
relative equity returns and is consistent with the volatility effect in relation to equity holdings.
The second component of the volatility effect is determined by the conditional variance of
relative income across countries. One way to measure this would be to look at business cycle
comovement across countries. Here, the results of the literature are ambiguous. Heathcote
and Perri (2002) and Stock and Watson (2005) find that business cycle comovement among
the major economies fell in the 1990’s relative to earlier periods. In principal, this should
lead to an increase in the conditional variance of relative income across countries. However,
using a wider sample of countries, Kose, Prasad, and Terrones (2003) find that correlations
tended to increase over time during the 1960-99 period. There is clearly scope for a more
detailed empirical investigation of the variability and correlation effects in terms of data on
relative asset returns and relative income differences. We leave this topic for future research.

The model used in this paper can be extended in a number of obvious directions which
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may have important implications for the size of gross positions and the relationship between
gross positions and monetary policy. A particularly important issue which we have not
explored in any detail in this paper is the role of financial frictions. The model includes
a ‘risk premium shock’ of the form proposed by Smets and Wouters (2003). This captures
some of the effects of frictions which drive a wedge between the costs of internal and external
finance, but it fails to capture the endogenous nature of the financial accelerator. The model
also does not capture any of the frictions that exist in international financial markets, such
as transactions costs, informational asymmetries or limits on pledgeability that may give
rise to collateral constraints and wedges between international borrowing and lending rates.
While there is now quite an extensive literature which analyzes a range of financial frictions
in the context of closed-economy models, there are relatively few contributions to the current
literature which model the international aspects of these frictions. Devereux and Sutherland
(2011b) for instance analyze a model of international portfolio allocation where collateral
constraints exist at the international level. The model is, however, very simple and the form
of the collateral constraint considered is only one of a number of possible representations
of financial frictions. At the current stage of development of this literature it is difficult to
predict how financial frictions may affect the relationship between inflation variability and

the size of gross positions. Again, we leave this topic for future research.

7 CONCLUSIONS

This paper investigates the relationship between inflation variability and the size of external
asset positions. Panel regression results show a fairly robust negative relationship between
inflation variability and the size of gross positions. Using a general two-country dynamic
general equilibrium model, we show that the model predicts a relationship between inflation
variability and the size of gross positions which has the same general features as the data.
We show that the link between inflation variability and the size of gross positions can be

explained by a combination of a return wvolatility effect and a return-income correlation effect.
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A reduction in inflation variability tends to reduce the variability of returns for both bonds
and equities. It is therefore necessary to hold larger positions in bonds and equities in order
to achieve the desired level of risk sharing. Lower inflation variability also reduces the amount
of extraneous noise in bond and equity positions and thus increases the correlation between
asset returns and relative income. This increases the hedging efficiency of both bonds and
equities and therefore increases equilibrium gross positions in bonds and equities.

The paper thus shows that there are strong theoretical reasons to think that there may
be a link between inflation stability and the size of gross external financial positions. This
suggests that evidence that capital market openness has been associated with reductions in

average inflation rates does not necessarily establish the direction of causation.
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Notes

1. For instance, Rogoff (2004, 2007) suggests that increasing economic openness may steepen
the trade-off between inflation and output, and reduce the equilibrium inflation rate chosen
by monetary authorities. Chen, Imbs, and Scott (2009) find empirical evidence that increas-
ing openness, by increasing competition in domestic markets, reduces the inflation bias in
monetary policy. In addition, it has been suggested that there are direct disinflationary
forces imparted by international trade (Pain, Koske, and Sollie. 2006, Borio and Filardo
2007). Alternatively, financial globalization could affect inflation indirectly by imposing a
‘disciplining effect’ on domestic monetary policy. This link is explicitly tested in Tytell and
Wei (2004). They find evidence that financial globalization has led to lower inflation rates.
Related research by Kose et al (2007) suggest that there are ‘collateral’ benefits of financial
globalization coming from its effect on the quality of domestic economic policy. Stark (2011)
also conjectures that financial globalization was a contributing factor in improved monetary

policy performance in OECD countries.

2. Note that we are not claiming that inflation stabilization is the only (or even the main)
cause of financial globalization. We are simply showing that it may be one (possibly) quite

important factor.

3. Devereux and Sutherland’s (2008) main focus of analysis is optimal monetary policy in
the presence of endogenous portfolio choice. They use a model which is much less general
than the model described below. They do not directly analyze the relationship between
inflation stabilization and the size of portfolio positions. They simply note that the size of
gross bond positions increases as inflation is stabilized. The current paper analyses a much
more general model and shows that the size of gross positions n both equities and bonds
tend to rise as monetary policy focuses on inflation stabilization. We also set out a general
framework for understanding this result (which encompasses the effect noted in Devereux
and Sutherland, 2008) and test the robustness of the result across a wide range of model

and parameter variations.
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4. We estimated variants of our equation where k is equal 5 or 7 years and found results

very similar to those report below.

5. The BIS provides monthly data on effective exchange rates for all the countries in our
sample. The standard deviation of the exchange rate for year t is calculated as the standard
deviation of the annual change of the exchange rate measured at monthly intervals over the
72 months ending in the last month of year ¢. Quarterly GDP data is only available for a
very small group of countries for our estimation period so the standard deviation of GDP
is calculated using annual observations of GDP growth. The standard deviation of GDP
in year ¢ is calculated as the standard deviation of the annual growth of GDP measured at

annual intervals over the 6 years up to year t.
6. To save space, the estimated coefficients on the country dummies are not reported.

7. The magnitude of the coefficients in Column 1, together with the evolution of the ex-
planatory variables observed in the G7 data over the sample period, suggest that the growth
in trade integration in the G7 had a positive effect on gross positions which is slightly larger
than the effect of inflation variability while the time trend is the dominant factor accounting
for the change in gross positions since the early 1970s. The other explanatory variables

contribute only a very small amount to the overall growth in gross positions.
8. We are grateful to an anonymous referee for this suggestion.

9. The Cukierman, Webb, and Neyapti (1992) dataset has been updated and extended by

Crowe and Meade (2007).

10. The full list of 20 countries is given in Table 1. This set of countries comprise the

membership of the OECD at the start of our sample period.

11. The significance and magnitude of the time trend in all the model variants clearly suggests
that there are other explanatory variables which are missing from our regressions. An obvious
candidate for a missing variable would be some measure of communications technology and

transactions costs. Developments in communications technology and increased competition
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in the provision of financial services are likely to have had a major impact on financial trade

which is independent of regulatory changes.

12. We restrict attention to nominal bonds in each currency. While the inclusion of inflation
linked bonds in the menu of assets would raise a number of interesting theoretical issues,

such bonds form a relatively small share of portfolio holdings in the relevant data period.

13. Christiano, Eichenbaum, and Evans (2005) argue that variable capital utilization helps
to explain the observed degree of nominal price inertia. Variable capital utilization implies
that firms’ marginal costs tends to be less variable over the cycle and thus output prices are
less variable. Variable capital utilization is also a feature of Smets and Wouters (2003). If
capital utilization is assumed to be fixed (i.e. z; = 1) all the qualitative results reported
below for the behavior of gross asset positions are unaffected. The only effect is that the size

of gross positions is somewhat less sensitive to the degree of inflation variability.

14. To simplify notation the residual of approximation is omitted from all expressions. Note
that, unlike in Devereux and Sutherland (2011a) where shock processes have a finite support,
the shock processes in this model are normally distributed. This implies that the appropriate

interpretation of the order of approximation is in terms of “order in probability”.

15. The behavior of excess returns and relative income depend on portfolio holdings. It
is possible to analyze the degree and nature of this dependence by solving the model for
an exogenously fixed portfolio and investigating the effect of variations in that portfolio on
asset returns and income differences. In the current model it appears that portfolio holdings
have their most significant effect on income differences. A shift from zero portfolio holdings
to optimal equilibrium portfolio holdings appears to reduce the volatility of income differ-
ences. This appears to be because the equilibrium portfolio reduces consumption differences
(because it improves risk sharing), which tends to reduce fluctuations in relative goods de-
mand across countries. This helps to stabilize output and income. The net result is that
the general equilibrium portfolio implies smaller (in absolute size) gross portfolio holdings

than would be predicted by (24) and (25) if the moments on the right hand side of these
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expressions were calculated on the basis of a zero portfolio equilibrium.

16. van Wincoop and Warnock (2010) use an expression very similar to (24) and (25) to
analyze the links between home bias in goods markets and home bias in equity holdings. The
specific question they address is whether equilibrium equity holdings reflect a desire to hedge
real exchange rate fluctuations. Notice that exactly this hedging motive enters (24) and (25)
via the definition of ¢, ;. van Wincoop and Warnock show that data on covariances between
real exchange rates and excess asset returns do not support the proposition that equity home
bias arises because of a desire to hedge real exchange rate risks. Notice however that, while
this result casts doubt on the role of real exchange rate hedging in generating equity home
bias, it does not necessarily imply that expressions such as (24) and (25) are empirically
invalid. Real exchange rate fluctuations are only one of the risks faced by households.
Overall portfolio holdings are (in theory) designed to hedge all risks and a full empirical
test of (24) and (25) would require data on the covariance between excess returns and an

empirical measure of ¢, ,. This is certainly an interesting topic for further research.

17. Note that the value of § is adjusted to take account of the difference between annual

and quarterly measures of the nominal interest rate and rate of inflation.

18. The portfolio positions shown in these plots are external asset holdings relative to GDP.
It is apparent that the model is predicting large gross positions in equities. Portfolio positions
of this magnitude are not realistic (for most countries) so the model is clearly not a good
match for the data in this respect. The model, however, assumes that international asset
trade is costless and unhindered by capital controls or other frictions. Tille and van Wincoop
(2010) show that it is straightforward to incorporate small transactions costs into a portfolio
choice problem of the type analyzed here. If such costs were introduced into the current

model it is likely equilibrium gross portfolios would be reduced to more realistic levels.

19. Note that panel (b) shows the holdings of foreign bonds by the home country. Bond
holdings are positive, implying the home country is long in foreign currency bonds. This

is a symmetric equilibrium, so the home country is simultaneously short in home currency
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bonds. Lane and Shambaugh (2010) show that this pattern of bond holdings corresponds
to the pattern observed for many developed countries. But there is a significant minority of

developed countries where the opposite pattern of bond holding is observed.

20. In Devereux, Senay and Sutherland (2012) we develop a highly simplified version of
the model which highlights some of the basic intuition for these effects. There we explain
that (as is standard in models with nominal inertia) if monetary policy focuses on inflation
stabilization then the volatility of real output is increased. This translates into more volatility
in relative income. We also argue that, in the presence of nominal inertia, a reduction in the
volatility of CPI inflation tends to reduce the variability of nominal marginal costs and thus
tends to stabilize profits and equity returns. Finally, we argue that, as the nominal return
on nominal bonds is fixed by assumption, a monetary policy stance which stabilizes inflation

must, by definition, stabilize real bond returns.

21. Our model includes nontraded goods, real capital, wage and price stickiness in the form
of Calvo contracts, a Taylor rule for monetary policy and a wider range of shocks compared
to the model used by Engel and Matsumoto. The main objective of Engel and Matsumoto
(2009) is to show how nominal inertia provides a possible explanation for home equity bias.
They do not consider the role of monetary policy or inflation volatility in determining the

size of gross equity portfolios.

22. At x = 2 panel (a) of Figure 1 shows external equity holdings are approximately 7 times
steady state GDP so the home country is holding approximately 61% of home equity. At
x = 6 equity holdings are approximately 9 times steady state GDP, so the home country

holds approximately 50% of home equity.

23. While Devereux and Sutherland (2008) analyze a model which is a special case of the
above model, they only comment very briefly on the effect of inflation stabilization on the
size of gross positions. They do not decompose portfolio holdings using (24) and (25) and
they offer only a brief intuition for the effect of inflation stabilization on the size of gross

positions. In contrast, the current paper provides a comprehensive analysis of the links
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between inflation stabilization and gross positions in both equities and bonds in a much

more general model.

24. To offer a clear illustration, Figure 6 shows a much wider range for y than used in

Figures 2 and 3.

25. Devereux and Sutherland (2008) further emphasized that, if monetary policy were to
stabilize inflation completely, bonds would become a perfect hedge for productivity shocks.
In other words perfect risk sharing would be possible. In terms of the case illustrated in
Figure 4, this would be the limiting case where y tends to infinity and there is perfect

negative correlation between bond returns and relative income.

26. Note that the correlation effect only arises when markets are incomplete. When markets
are complete asset returns are perfectly correlated with relative income regardless of the
level of x. In that case the correlation effect is not present. The volatility effect nevertheless

continues to operate.

27. As noted earlier, Lane and Shambaugh (2010) show that many developed countries tend
to be long in foreign currency bonds and short in own currency bonds (i.e. the opposite sign
to the holdings displayed in panel (b) of Figure 5). However, Lane and Shambaugh also find
that a significant minority of developed countries are short in foreign currency bonds and

long in own currency bonds, which is a pattern consistent with panel (b) of Figure 5.

28. An alternative argument for considering PPI targeting is that it represents targeting
of ‘core inflation’. However, the correspondence between the two concepts is not perfect
because the producer prices index (in this model) includes the price of goods produced for

export, while ‘core inflation’ is typically a measure of price inflation for domestic consumers.

29. Our use of central bank independence as an instrument for inflation volatility in our
regressions reported in Section 2 provides some evidence of causation running from inflation
variability to financial globalization. But a full empirical investigation of causation would

obviously require robust instruments for all the endogenous variables in the relationship.

46



Table 1: Summary of data for G7 and OECD countries

Canada
France
Germany
Italy
Japan
UK

USA

Australia
Austria
Belgium
Denmark
Finland
Greece
Ireland
Netherlands
Norway
Portugal
Spain
Sweden

Switzerland

Gross portfolio

StDev

% of GDP of Inflation
70-89 90-07 70-89  90-07
50 91 2.02 1.06
36 149 2.33 0.58
35 112 1.51 0.95
27 83 3.93 0.86
20 59 3.21 0.93
117 277 3.92 1.44
24 69 2.38 0.83
25 81 2.66 1.78
47 134 1.65 0.78
100 293 2.37 0.73
46 140 2.64 0.65
31 131 3.15 1.18
24 68 6.44 2.47
86 551 4.25 1.12
79 259 1.87 0.84
43 109 2.44 1.13
126 5.72 1.75
23 93 3.41 0.96
31 147 2.23 1.83
139 375 2.16 1.09
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Table 2: Panel regression results

Constant
StDev
Inflation

StDev
Inflation (IV)

Chinn-Ito

Index

StDev
Exch rate

StDev
GDP growth

Trade

Trend
AR coeff
R2

F-stat
DW-stat

(1) (2) (3) (4) (5) (6)
G7 G7 OECD OECD OECD OECD
Total Total Total Total .
Debt Equities
portfolio portfolio portfolio portfolio
-237.8% -196.9* -230.9* -209.2%* -228.8% -433.3*
(8.31) (6.95) (17.26) (15.16) (12.8) (19.5)
-3.19% -2.60*
(3.50) (3.98)
-11.43* -9.69* -4.90 -18.00*
(3.58) (3.83) (1.80) (4.99)
1.92 -1.73 3.36* 3.06* 3.63* 2.08
(1.02) (0.74) (2.44) (2.16) (2.38) (1.04)
1.16* 0.91 1.06* 1.22% 1.43* 0.81*
(2.22) (1.68) (2.53) (2.85) (3.16) (1.35)
0.47 -2.87* 1.08 -0.09 1.06 -2.27
(0.32) (2.00) (1.17) (0.10) (1.13) (1.58)
1.98% 1.70%* 1.42% 1.36%* 1.15% 1.55%*
(5.28) (4.55) (8.10) (7.64) (6.07) (6.11)
5.93%* 5.86* 6.34* 6.30* 5.28%* 10.26*
(7.99) (8.90) (16.08) (18.22) (11.37) (18.05)
0.91 0.90 0.88 0.85 0.89 0.87
0.99 0.99 0.99 0.99 0.99 0.99
1845.7 1756.3 2053.1 1956.3 1542.7 1856.2
1.73 1.60 1.75 1.66 1.63 1.79

Note: * indicates significant at 5% level, t-stats in brackets
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Table 3: Benchmark Parameter Values

Discount factor

Elasticity of substitution between individual goods
Elasticity of labor supply

Risk aversion

Share of home goods in consumption basket

Flasticity of substitution between home and foreign goods
Share of labor in production of intermediate goods
Taylor rule: coefficient on output

Taylor rule: interest rate smoothing

Share of nontraded goods in consumption basket
Elasticity of substitution between traded and nontraded
Share of government spending in output

Share of profit taxes in total taxes

Elasticity of substitution between individual labor varieties
Calvo wage setting and indexation parameters

Calvo price setting and indexation parameters

Capital adjustment costs

Depreciation of real capital

Capacity utilization costs

Labor supply shocks

Mark-up shocks

Investment cost shocks

Government spending shocks

Risk premium shocks

£ =0.99
A=10
1/¢ =0.67
p=15
v =0.58
0=1.5
w=0.67
0=0.1
¥ =0.85
n=04
»x =0.45
g=20.2
7=0.15
=10

¢=0.75, w=0.5
k=0.75, w=0.5
©"(1)I = 0.25
0=0.025
F"(1)/F'(1) =0.2

Ya =09, 0a =0.025
¥, = 0.0, o, = 0.0015
Y, =0.9, o, =0.001
Ve =0.9, og = 0.003
vy = 0.0, oy = 0.006

Monetary shocks om = 0.0012
Productivity shocks
09 0 06 0 0.0092 0 0 0
_ 0 09 0 06 5 0 0.009? 0 0
0 0 09 0 ‘ 0 0 0005> 0
0O 0 0 09 0 0 0 0.0052
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Figure 1: Average of G7 data
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Figure 2: Inflation stabilization and gross portfolio holdings:
Benchmark parameter values and producer currency pricing
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Figure 3: Inflation stabilization and gross portfolio holdings:
Benchmark parameter values and local currency pricing
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Figure 4: Inflation stabilization and gross bond holdings:
the correlation effect (cf. Devereux and Sutherland, 2008)
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Figure 5:
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Figure 6: Model variants.
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