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Globalisation, pass-through and the optimal policy response to exchange rates

Michael B Devereux and James Yetman'

Abstract

In this paper we examine how monetary policy should respond to nominal exchange rates in a New
Keynesian open economy model that allows for a non-trivial role for sterilised intervention. The paper
develops the argument against the backdrop of the evolving policy-making environment of Asian
economies. Sterilised intervention can be a potent tool that offers policymakers an additional degree of
freedom in maximising global welfare. We show that the gains to sterilised intervention are greater when
goods market integration is low and exchange rate pass-through is high. However, increased financial
internationalisation reduces the effectiveness of sterilised intervention, as the international policy
trilemma becomes more relevant. Unsterilised intervention may also have a role to play, although the
potential welfare gains from this are generally smaller.

Most central banks in Asia have actively used sterilised foreign exchange intervention as a policy tool to
smooth exchange rates. But, over time, declining exchange rate pass-through and the increasing
international integration of financial and goods markets will tend to reduce the efficacy of sterilised
intervention. Given the limited effectiveness of unsterilised intervention, our model implies that the role
of exchange rate movements in the optimal setting of monetary policy in Asia is decreasing.

Keywords: globalisation; foreign exchange intervention; exchange rate pass-through

JEL classifications: E58, F62

1. Introduction

How should central banks respond to exchange rate changes? Historically, economies in Asia have
placed a high weight on nominal exchange rate stability. Moreover, stabilising the external value of the
currency appears to have served as an effective nominal anchor for the economies in the region. But,
Asian economies have been changing rapidly in terms of their industrial and financial market structure,
and the choice of optimal nominal anchor is likely to evolve along with these changes. In this paper, we
assess the nature of structural changes in Asian economies, and discuss their implications for the role of
the nominal exchange rate in monetary policy.

In the past, goods market integration was relatively low in Asia. Domestic consumption was heavily
weighted towards domestically produced goods, and trade was concentrated in raw material imports
and finished good exports intended for the so-called advanced economies. The degree of exchange rate
pass-through to domestic prices also tended to be high. Any change in the exchange rate was likely to
quickly show up as a corresponding change in domestic price levels. Under such conditions, there is a
high degree of complementarity between exchange rate stability and inflation stability, and exchange
rate changes can play a powerful real role by generating expenditure switching.
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Another key characteristic of previous decades was relatively low levels of financial internationalisation.
Domestic financial markets were relatively underdeveloped. External investors had little choice of
domestic assets that they could purchase, and effective capital controls further limited the scope for
international risk sharing. In such an environment, official holdings of foreign exchange reserves may be
an effective substitute for private holdings in increasing international risk sharing and improving global
welfare.

But, as we document below, these three characteristics have changed. Goods markets have become
more integrated in Asia as consumer preferences across different economies have moved closer
together. By most metrics, the degree of exchange rate pass-through has fallen. As average inflation
rates have come down, prices have tended to become stickier, slowing the rate at which exchange rate
shocks are passed on to domestic price levels. Also, regional financial markets are now more integrated
with global markets. Clearly there are still large deviations from complete international risk sharing but
the combination of developing domestic financial markets in the region, and declining barriers to
international capital flows, have seen increased financial globalisation.

We capture these characteristics in a New Keynesian model in the following ways. Increases in the
degree of goods market integration are represented by a reduction in the degree of home bias in the
consumer’s utility function. To allow for variation in the degree of underlying exchange rate pass-
though, our model assumes that some portion of imports is priced in local currency, with the remainder
priced in the producers’ currency. In addition, we have varying degrees of financial integration, from
financial autarky to full international risk-sharing.

This paper argues that these trends in exchange rate pass-through and financial market and goods
market integration have important implications for the conduct of monetary policy. In particular, the
effect of these developments is to reduce the gains to using sterilised intervention to influence exchange
rates. In the limit, as financial internationalisation increases, sterilised intervention becomes incapable of
influencing exchange rates at all. And if goods market integration were to become complete, we find
that there would be no gains in welfare terms from influencing exchange rates using either sterilised or
unsterilised intervention.

Although increasing financial integration reduces the usefulness of sterilised intervention, this does not
leave policymakers completely without effective tools for influencing exchange rates. In response to both
productivity and cost-push shocks, there generally remains a small role for unsterilised intervention to
improve global welfare.

While our model is highly stylised along a number of dimensions (for example, we do not include a role
for investment, or a mercantilist motive for foreign exchange intervention), we view our model as
capturing some of the most salient features of some of the middle- and higher-income economies in
Asia, such as Korea, Malaysia and Thailand, who follow an inflation target in addition to substantially-
sterilised interventions in foreign exchange markets. The connection between these economies and the
experiments undertaken with the model is developed more fully below.

Our paper adds to the existing literature on the desirability of stabilising exchange rates.? For example,
Taylor (2001) reviews the literature on including the exchange rate in monetary policy reaction functions
and finds that this can result in only modest improvements (or even a deterioration) in terms of output
and inflation outcomes in standard small open economy macro models. Garcia et al (2011) argue that a
central bank response to exchange rates may be desirable, especially in financially vulnerable economies
(defined as those where agents have limited access to saving and borrowing facilities, limiting inter-
temporal optimisation).® Sutherland (2005) shows that the optimal variance of exchange rates depends

2 See Mussa et al (2000) for a summary of the various factors that may influence the optimal choice of exchange rate regime.

% Seealso Cespedes et al (2004) and Moron and Winkelried (2005).



on a variety of factors, including the degree of pass-through, the size and openness of the economy, the
elasticity of labour supply and the volatility of foreign producer prices.

Engel (2011) argues that monetary policy should respond to currency misalignments, which cause
inefficient outcomes because home and foreign households pay different prices for the same goods.
Corsetti and Pesenti (2005) demonstrate that using monetary policy to reduce exchange rate volatility
may be welfare enhancing, even if it leads to increased output gap volatility, because risk-averse foreign
exporters are likely to reduce average mark-ups in response to decreased exchange rate volatility.
Devereux (2004) shows that, in a world with nominal rigidities and incomplete international financial
markets, then, even if a flexible nominal exchange rate would serve as a perfect shock absorber, fixed
exchange rates may be preferable. Effectively, flexible exchange rates can lead to inefficient output
responses to demand shocks in that output may be too stable. In this paper, we obtain similar results to
Devereux in the case of financial autarky. However, we find that this argument is weakened as financial
markets become more internationalised.

In the next section we discuss the recent evolution of Asian economies, focusing on changes that might
warrant a reconsideration of the role of exchange rates in monetary policy. We provide empirical support
for the three key elements of our model — increasing goods and financial market integration and
decreasing exchange rate pass-through — based on the recent experience of nine Asian economies.
Section 3 discusses the range of possible policy responses to exchange rate developments. In Section 4
we outline an open economy model that we use to analyse the effect of on-going changes in Asian
economies, and their implications for the use of both sterilised and unsterilised intervention. We discuss
the results from our model in Section 5. Finally, Section 6 concludes.

2. The evolution of emerging Asian economies

Recent decades have witnessed many changes in the structure of Asian economies. Three factors are of
particular relevance to the traditional desire by central banks in the region to stabilise nominal exchange
rates. First, exchange rate pass-through to inflation appears to now be low. To show this, we estimate a
simple vector autoregression, economy-by-economy, on quarterly data for real GDP growth, inflation,
the change in the policy rate and the change in the nominal effective change rate, in that order.* We also
include four seasonal dummies and three lags. The model is identified by orthogonalising the reduced-
form errors by means of a Choleski decomposition of the variance-covariance matrix. We then compute
the impulse response of inflation, in per cent, to a 10% depreciation shock to the nominal effective
exchange rate. We use Monte Carlo methods and plot the median projection along with the 10" and
90" percentiles (as confidence bands) in Graph 1°

Our results suggest that exchange rate pass-through for many economies in Asia has been low for some
time. The point-estimate of the peak increase in inflation following a 10% depreciation in the nominal
effective exchange rate is 0.7% or lower for most economies, with the exceptions of Hong Kong (1.1%),
China (1.3%) and Indonesia (2.6%). However, the relatively high rate of pass-through in Indonesia is
driven entirely by observations around the time of the Asian Financial Crisis: if we instead start the data
sample in 2001, for example, the peak increase in inflation drops to 1.0%.

Our variables are defined as the quarter-on-quarter change in the log of the level for real GDP, the CPI and the nominal
effective exchange rate, and the change in the level for the policy rate.

Sample periods depend on data availability and vary between 1994Q1-2012Q4 (China, Hong Kong, Korea, Malaysia,
Philippines, Thailand), 1994Q1-2012Q3 (Singapore), 1996Q1-2012Q4 (Indonesia) and 1996Q2-2012Q3 (India).



We are not the first to question the received wisdom that exchange rate pass-through remains high in
emerging market economies. Brun-Aguerre et al (2012) find that short-run pass-through in emerging
market economies is low and close to that for advanced economies.’

Impulse response of CPI inflation to NEER shock

10% depreciation Graph 1
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Vertical axis in per cent. Dashed lines display 80 per cent confidence bands.

The literature offers a number of possible explanations for declining exchange rate pass-through that are
likely to apply in the Asian context. For example, improved inflation control, leading to declines in both
the level and volatility of inflation, is associated empirically with lower levels of exchange rate pass-
through, as prices become more sticky (Devereux and Yetman, 2010; Choudry and Hakura, 2006; Gagnon
and Thrig, 2004).” For Asian economies with a history of high inflation, the improvement in inflation

6 See, also, Ca'Zorzi et al (2007) and Mihaljek and Klau (2008).

Care should be taken in giving a decline in pass-through a structural interpretation, however. Improved inflation outcomes are
likely to present as evidence of declining pass-through regardless of any underlying structural changes. This is because, the



outturns has been substantial. Average inflation in China and Indonesia declined by almost one half from
1993-2002 to 2003-2012. Most other regional economies have seen substantial, although smaller,
declines in inflation between these same two periods. Other explanations include changes in the
composition of import bundles, from high pass-through commodities to lower pass-through
manufactured goods and food products (Campa and Goldberg, 2005) and increased trade in final goods
(Choi and Cook, 2013).

The up-shot of declining pass-through is that the effectiveness of exchange rate control as a policy lever
may be declining, for two reasons. First, declining pass-through implies a weakening link between
exchange rate stability and inflation stability. To the extent that exchange rate movements are a source
of macroeconomic volatility, less exchange rate pass-through decreases the domestic macroeconomic
benefits from stabilising the exchange rate. And second, where exchange rates are actively used as a tool
for domestic business cycle management to offset other shocks, if domestic prices fail to adjust, there
will be little expenditure-switching in response to exchange rate changes. Adjusting the exchange rate in
response to shocks in a low pass-through environment will have smaller effects on the demand for
domestically produced goods than in a high pass-through environment.®

A second changing dynamic that may influence the role of the exchange rate is the ongoing integration
of goods markets. Graph 2 illustrates the growth in trade volumes over time. One consequence of this is
that consumption bundles are becoming increasingly similar across economies over time. As we will see,
in our model, the mechanics of international risk sharing depend in part on the degree to which
consumption bundles overlap between economies.

Trade integration

Imports plus exports of goods and services as a percentage of GDP Graph 2
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Source: IMF World Economic Outlook, April 2013.

more stable inflation is, the less correlated inflation will tend to be with any potential explanatory variables, including exchange
rates, as Parsley and Popper (1998) argue. Similarly, Reyes (2007) argues that successful currency intervention to smooth
exchange rate changes may result in the appearance of reduced pass-through, even if pricing behaviour is unchanged.

If instead of focusing on the role of the exchange rate as a policy tool that can be used to influence the real economy we focus
on its role as a price that adjusts in response to shocks, the logic reverses. As Devereux and Engel (2003) argue, the case for
exchange rate flexibility rests in part on prices responding to exchange rates so as to stimulate expenditure switching. For a
more general discussion of pass-through, see Burstein and Gopinath (2013).



A third characteristic that may be important for the policy trade-offs that central banks face is increasing
financial internationalisation. One simple metric of this is gross international investment positions, which
have grown dramatically in recent years. As of end-2012, gross international positions as a share of GDP
were at all-time highs for many regional economies.

One consequence of financial internationalisation is that international risk sharing is likely to be
increasing. A standard test for risk sharing is to estimate an equation of the form:

AlOgCit—AlOgCtZCZ[-Fﬂt(AlogY”—AIOth)-i-S”, (1)

where C, (Y,) is real consumption (output) for economy i and C, (Y)) is world real consumption
(output) in period ¢, where all variables are measured in per capita terms.? The estimate of B is a

measure of risk-sharing, with 8, = 0 implying full risk-sharing.

While the international evidence of increasing risk sharing using this approach reported elsewhere tends
to be limited, we find strong evidence for growing risk-sharing for economies in Asia. Graph 3 plots
panel estimates of [, together with 95% confidence bands based on robust standard errors, for the
nine economies displayed in Graph 1, on 15-year rolling samples, for four different specifications: one-
year, five-year and ten-year differences in consumption and output, and in levels. Clearly there has been
a noticeable decline in the estimates over the sample in all cases, consistent with increasing risk-sharing.

Asia ex-Japan risk sharing® Graph 3
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Devereux and Sutherland (2008) examined whether increased international asset positions in themselves
influence optimal monetary policy. After all, when international positions are large, exchange rate
movements may have considerable wealth effects. However, they show that when large asset positions
are the result of efficient portfolio choices, exchange rate movements are an important ingredient in
ensuring the optimal sharing of risk. Thus large international positions per se do not support the need
for exchange rate stability.

®  See, for example, Bai and Zhang (2012) and Kose et al (2009). As is common in this literature, we use data from Penn World

Tables 8.0 to construct consumption and output measures per capita to estimate this equation. In computing global measures,
we include all 107 economies that are present in the dataset no later than 1960.



More generally, our graphical evidence is suggestive that the economies in emerging Asia are
increasingly internationalised and integrated into global financial markets. One practical implication of
this is that the scope for policymakers to use sterilised foreign exchange intervention to stabilise
exchange rate movements may be becoming more limited. Indeed, in the limit, if financial markets are
fully integrated and asset markets are complete, then the implications of the policy trilemma are likely to
become stark, as we will show.

While efficient markets and full risk sharing are unlikely in reality, the underlying principle of reduced
effectiveness of foreign exchange intervention as financial internationalisation increases is likely to be a
practical constraint on policymakers’ actions. Effectively, central bankers may still be able to influence
exchange rates as financial internationalisation increases, but not without having to sacrifice some
degree of domestic monetary control. In practical terms, as we will later model, increased financial
openness reduces the possibility of sterilised intervention — where the exchange rate can be controlled
without changing domestic interest rates — while leaving open the possibility of unsterilised
intervention."

Taking all our arguments together, there is increasing evidence that some of the historical motivations
for what have lain at the heart of the so-called “fear of floating” (Calvo and Reinhart, 2002) have
declined. Decreased exchange rate pass-through and ongoing goods and financial market
internationalisation may now allow for a reassessment of the importance of exchange rate stability in
achieving monetary policy goals. In Section 4, we will develop an analytical model to address this
question. But first, we discuss current central bank responses to exchange rate movements in Asia.

3. Policy responses to exchange rates

In many Asian economies, a common policy response to exchange rate fluctuations has been foreign
exchange intervention, intended to smooth the path of exchange rates. Mohanty and Klau (2004) found
that some emerging market economies respond more strongly to exchange rate movements than to
either inflation or the output gap. Filardo et al (2011) provided a summary of how emerging market
economy central banks respond to exchange rates and reported that central banks managed the value
of their currencies more actively in the aftermath of the international financial crisis than before.

One consequence of attempts to manage exchange rates has been the massive expansion of foreign
exchange reserves on central bank balance sheets in the region over the past decade. The overall size
now lies at around 100% of GDP for Hong Kong and Singapore, and more than 30% of GDP for China,
Korea, Malaysia, the Philippines and Thailand, and changes in foreign exchange reserves account for
nearly all of the increase over the past decade (Graph 4).

Turning to the liabilities side of the balance sheet, only a small portion of the increase in foreign
exchange reserves has been financed via an increase in the amount of currency in circulation (Graph 5).
Instead, increased required reserves and the issuance of sterilisation instruments have been used to
effectively sterilise the effects of the increase in foreign exchange reserves, allowing policymakers to
maintain domestic monetary control."

Just as improved inflation performance may lead to declining exchange rate pass-through (Devereux and Yetman 2010),
improved inflation performance may encourage increased financial internationalisation. Devereux et al (2013) show that a
monetary policy rule which reduces inflation variability leads to an increase in the size of gross external positions, both in
equity and bond portfolios, consistent with increased financial globalisation.

See the discussion in Filardo and Yetman (2012). Aizenman and Glick (2009), Cavoli and Rajan (2006) and Ouyang and Rajan
(2011) also find that sterilisation is close to complete in Asian economies.



Change in composition of central bank assets in Asia, 2002-12

As a percentage of change in total assets Graph 4
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Change in composition of central bank liabilities in Asia, 2002-12

As a percentage of change in total liabilities Graph 5
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Going forward, one possibility would be for policymakers to continue with past practice, and offset any
on-going exchange rate pressures with intervention. However, there are at least two reasons why this
may be becoming a less attractive policy option. First, as we have argued above, Asia is becoming more
financially internationalised. Thus attempts to intervene in foreign exchange markets are increasingly
likely to be offset by other market participants, so that policy measures fail to have their desired effect
on exchange rates. Second, the already large holdings of foreign exchange reserves are very costly to the
central banks in the region, and are only likely to become more so if reserves grow larger, as would
occur if appreciation pressures remain dominant.



Table 1 illustrates the possible costs of large reserves under the simplifying assumption that all reserves
are held in short term US treasury bills and are financed (or, equivalently, sterilised) via the sale of short
term sterilisation bills with an interest cost equal to the domestic deposit rate. One cost component is
carrying (or sterilisation) costs. Typically, domestic interest rates in Asia are higher than the yields earned
on foreign exchange reserves. The difference between these two is a loss to the central bank, and may
be as much as 1.2% of GDP per year for some economies. Another potentially cost is mark-to-market
losses from currency appreciation; for illustrative purposes, the table considers a 10% appreciation. The
table also displays central bank equity, again as a per cent of GDP, which is available to absorb these
losses. While a central bank can in principle continue to operate with low, or even negative, capital, this
is unlikely to be desirable in the long run. More importantly, any loss on the central bank's balance sheet
that results from excessive foreign exchange reserves may be viewed as representing a welfare loss to
society."

4. An open economy model

We now outline a simple model consisting of two economies, home and foreign. While we conduct an
essentially theoretical exercise, we intend it to inform the discussion and conduct of policy-making in the
set of Asian economies discussed previously. In line with this objective, where possible we follow a
model calibration based on measurements taken from previous DSGE models applied to Asian
economies. The model is a standard New Keynesian DSGE framework, with a mixture of producer
currency pricing and local currency pricing and home bias.” We add one new element to the model,
meant to capture variation in the degree of financial market integration, based on Devereux and Yetman
(2014). This is represented by the following equation: ™

A

A — _
Ct_g Stpt* Pth — A(FRt) 1 =1 )
cC?)\ P PC, '

t t

In this equation A represents the degree of international financial integration. If A =1, then the
equation represents the usual state-by-state condition for complete financial markets (perfect
international risk-sharing) and full financial integration.”” If 4 =0, then there are no private financial
markets across economies at all and each economy consumes its income period-by-period, adjusted for
the change in the stock of foreign exchange reserves (FR). We can vary A between 0 and 1 to allow
for an arbitrary degree of financial market integration and study the policy implications of increasing
financial openness in Asian economies, in line with the evidence on increased risk-sharing documented
in Section 3. Because foreign exchange reserves enter the model only through the second bracketed
term in condition (2), it is clear that the effectiveness of foreign exchange reserves as a policy tool (i.e.
sterilised intervention) will depend critically on the level of financial internationalisation. In particular, in
the limit, as 4 —1, a change in foreign exchange reserves will have no effect on exchange rates.

See also the discussion in Cook and Yetman (2012).
The model is similar to Engel (2011, 2013 and 2014). For full model details, see the appendix.
Devereux and Yetman (2014) show that this condition can be derived based on a tax on the financial returns from investing in

— —A)/A
foreign assets which takes the form (1+t’)=(fl’C’ /(Ple—A(FR’)))(1 ! . Independently, Catdo and Chang (2013)

considered an equivalent functional form (excluding a role for foreign exchange reserves) in their investigation in the optimal
monetary policy response to food prices.

Here, C is home consumption, C * is foreign consumption, S is the nominal exchange rate, and P and P * represent the
home and foreign CPIs. In addition, P is the home GDP deflator and Y is home GDP.



Estimates of sterilisation costs and valuation losses from currency appreciation

As of December 2012 Table 1
FX reserves Short-term Central bank 100% sterilisation Valuation loss for a
(USD billions) rate (%) equity®® cost™® 10% appreciation of
domestic currency (%)
China 3331.12 3.78 0.04 111 4.04
Hong Kong SAR 317.23 0.40 31.17 -031 12.30
India 270.59 8.74 0.07 0.73 139
Indonesia 106.04° 4.92 2.02 0.64° 1.18¢
Korea 323.21 2.89 0.88 0.90 2.81
Malaysia 137.75 321 0.01 1.22 448
Philippines 73.48 0.83 0.55 0.89 3.05
Singapore 259.09 031 2049 -0.12 9.67
Thailand 173.33 2.93 2.61 0.98 4.60

2 As a percentage of nominal GDP. ® Provisions and other liabilities for SG; net worth or own capital for others. ¢ Assumes entire FX
reserve is invested in 1-3 year US government bonds and the funding rate is the domestic deposit rate. ¢ As of September 2012.

Sources: IMF IFS; Bloomberg; Datastream; BIS calculations.

We combine condition (2) with a standard New Keynesian open-economy model with the following
features. We allow for home bias in consumption. In particular, let the home economy consumption
index be defined over home and foreign good consumption as follows:

C — (CH )U/Z(CF)I—U/Z . (3)

The parameter U captures the degree of openness to goods trade discussed in Section 3: v =1
corresponds to the absence of home bias, and =2 to complete home bias such that there is no

overlap in the consumption bundles of the two economies. We also allow for a portion 0 of imported
goods to be priced in the consumers’ currency and the remainder in the producers’ currency, as in Berka
et al (2012). As we outlined in Section 3, short-run exchange rate pass-through appears to have declined
in Asia, so that the link between exchange rate and inflation changes has weakened. We model this
analytically by assuming that a greater portion of imported goods are now priced in the consumers’
currency rather than the producers’ currency.®

We allow the policymaker to respond to exchange rate changes in one of two ways. First, we assume
that home economy interest rates can respond to the change in the nominal exchange rate in addition
to CPI inflation. One may think of this as being a form of unsterilised foreign exchange intervention,
since interest rates are affected by policy actions intended to influence exchange rates. Second, we allow
policymakers to intervene directly in foreign exchange markets by adjusting foreign exchange reserves in
response to changes in the nominal exchange rate. This will directly affect the solution to equation (2)
above. We assume that:

A(FR), =(S,,/S,)". )

'® One limitation of our two-economy model is that we cannot incorporate “vehicle currency pricing”, discussed in Goldberg and

Tille (2008) and Cook and Devereux (2006), whereby an economy sells goods to its trading partners priced in a third economy’s
currency, for example when Asian economies trade with each another based on US dollar pricing.

10



For y >0, an appreciation of the domestic currency precipitates a build-up of foreign exchange

reserves. With A <1, this represents a policy of sterilised intervention since interest rates are not directly
affected by policy actions that influence the exchange rate.

There are few existing papers that model sterilised intervention in a comparable manner. One exception
is Benes et al (2013)." They also allow for two different monetary policy responses to exchange rates,
including both interest rate responses and sterilised foreign exchange intervention. But their modeling of
the latter differs from ours: they assume that foreign exchange intervention works through a portfolio
balance effect to influence endogenous interest rate spreads, and hence exchange rates.

A number of papers look at the interaction between capital controls and sterilised intervention. Prasad
(2013) shows that capital controls and sterilised intervention, used together, can be welfare-improving
by offering the central bank an additional policy tool. The combination of these two tools allows
authorities to effectively choose the level of foreign bond holdings. Since households do not take
account of the effect of their foreign bond-buying decisions on prices, and the central bank can, the
ability to control holdings of foreign bonds can be welfare enhancing. Bacchetta et al (2013) consider the
optimality of capital controls and the accumulation of foreign exchange reserves. They show that, if
households face a borrowing constraint but the authorities do not, one way to improve domestic welfare
outcomes is to adjust interest rates away from world levels, which requires the imposition of capital
controls. Variation in the level of foreign exchange reserves can also then be used to influence the trade
balance. In contrast to these papers, we take the degree of financial internationalisation (including the
use or absence of capital controls) as given and compare the effectiveness of sterilised intervention
versus unsterilised intervention in pursuit of policy goals.'

We evaluate the welfare effects of following different monetary policy rules based on a second-order
approximation to the welfare function, in the spirit of Woodford (2003). As in Engel (2011), this welfare
function depends on the output gaps (that is, output relative to where it would be if prices were flexible),
inflation rates and exchange rate misalignments. As in almost all of the literature on optimal monetary
policy in New Keynesian open economy models, we abstract away from strategic considerations to focus
on the cooperative policy that maximises global welfare. A full exploration of monetary policy in a non-
cooperative framework involves considerable technical and conceptual difficulties and would take us
beyond the scope of the present paper. For example, in a strategic setting, the choice of strategy space
is important; there may be many equilibria, indexed by threats or trigger strategies; and each policy-
maker will typically attempt to manipulate its terms of trade in its favour, introducing an additional
distortion into the analysis.'

The full model and its log-linearisation are outlined in the appendix. The model is quite sparse, relative
to some of the recent DSGE models used in the literature, but, as we have noted above, it is designed to
highlight three key margins of structural change in Asian economies. These are captured by the

See, also, Ostry et al (2012) who construct a reduced-form linear model where sterilised intervention and interest rates are
used to minimise a quadratic loss function in the output gap, inflation, the exchange rate and the stock of reserves.

An alternative role for foreign exchange intervention and the accumulation of reserves, aside from the one that we consider
here, is to maintain an undervalued exchange rate to spur higher rates of economic growth. For example, Korinek and Servén
(2009) show how an undervalued exchange rate, which raises the price of tradable goods relative to non-tradables, may be
desirable if the tradable sector is more capital intensive if there are sufficient learning-by-doing externalities in the economy.

For examples of papers that examine strategic considerations in more restrictive environments than ours, see Benigno and
Benigno (2006) who derive the welfare approximations in a two economy setting with producer currency pricing and complete
financial markets, but do not solve for the non-cooperative optimal monetary policies. Clarida, Gali and Gertler (2002) solve a
simpler problem where optimal subsidies are in place to offset the terms of trade distortion, assuming complete financial
markets. Cook and Devereux (2013) employ an extended version of the Clarida, Gali and Gertler specification to solve a non-
cooperative policy problem in a zero-bound environment where only one policy-maker is choosing monetary policy optimally.
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parameters A, U and O, for the degree of financial integration, goods market integration and short
run exchange rate pass-through into consumer prices respectively. From the estimates given in Graph 3,
it is clear that the appropriate value for A is between 0 and 1 and declining; we explore the impact of
variations in A on optimal policy below. The higher is the U parameter, the more the economy is closed
to international trade, with U =1 capturing complete openness. For the nine major Asian economies
discussed in Section 2, the median exports/GDP ratio is increasing and was 0.58 in 2012. Taken literally,
this would correspond to a U parameter less than unity in a symmetric steady state (since exports/GDP
will be (1-0/2) in this case). But measured exports include a lot of intermediate goods, so v >1 is

likely to be the more relevant empirical case. Finally, the closer & is to unity, the lower is the value of
short-run pass-through. The estimates in Graph 1 would imply a very high value of O . Note, however,
that O only captures the immediate impact effect of exchange rate pass-through, while the full
dynamics of pass-through in the model are captured by the shock process and the degree of price
rigidity.

We also consider two shocks, productivity and markup shocks, with parameterisations that are similar to
those in the literature that has employed DSGE modelling for Asian economies (e.g. Wong et al 2014).
The degree of price adjustment follows a Calvo-type specification, and again is calibrated along lines
used in previous applications for Asia. A full set of variable and parameter names, descriptions and
calibrated parameter values is given in Table 2.

5. Results

We now examine the results of our model, focusing on how sterilised or unsterilised foreign exchange
intervention can be used to improve welfare. We compute the maximum achievable level of global
welfare under four different assumptions about how monetary policy is set. First, monetary policy is
characterised by a simple Taylor-type rule, where interest rates in both economies respond linearly to
domestic CPI inflation (labelled "Taylor” in the graphs that follow). Second, monetary policy is
characterised by a Taylor-type rule, but where interest rates in the home economy also respond to the
change in the nominal exchange rate (“Taylor + unsterilised”). Third, monetary policy is characterised by
a Taylor-type rule in inflation in both economies, but the home monetary authority can also use
sterilised intervention, where the change in foreign exchange reserves is a linear function of the change
in the nominal exchange rate in log terms (“Taylor + sterilised”). Finally, we also compute the optimal
Ramsey outcome, where the responses of interest rates in both economies, and the change in foreign
exchange reserves in the home economy, are chosen so as to maximise global welfare, as a reference
point against which to compare the other results.

We consider productivity shocks and cost-push shocks in turn. In each case, both economies are subject
to independent shocks that have AR(1) persistence coefficients of 0.9. We then examine the relative
performance of the different monetary policy regimes across three different dimensions:

e Varying the degree of international risk-sharing, or financial internationalisation, as captured by
the parameter A ;

e Varying the degree of short-run exchange rate pass-through, as captured by the parameter

o;

e Varying the degree of goods market integration, captured by the parameter U.

2 The first three of these are solved using the “optimal simple rules” routine in Dynare, and the final one using the “Ramsey

policy” routine.
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Variables and parameters
Table 2
Names Description Name Description Value
c Consumption o Inverse of elasticity of inter-temporal substitution 2.0
p Price level I3 Home bias in consumption 1-2
Nominal exchange Elasticity of substitution between different varieties of
S rate 0 home (foreign) goods 11.0
y Output S Share of imports that are LCP (remainder are PCP) 0-1
Terms of trade y) Degree of financial internationalisation 0-1
Deviation from law Response of foreign exchange reserves to nominal
A of one price x exchange rate changes 0-0
Foreign exchange .
fr reser\?es 9 B Discount rate 0.99
u Cost-push shock K Degree of price stickiness 0.075
a Productivity shock ¢ Elasticity of labour supply 1.0
14 Welfare ¢ Interest rate response to inflation 0- o0
y rHai)(en;e interest rate response to the change in exchange 0- 00

Graph 6 illustrates the effectiveness of different policy rules in achieving optimal welfare in response to
productivity shocks. The horizontal axis is the proportion of imports that are priced in the local currency,
O . The left-hand panel is under financial autarky (A =0), and the right-hand panel with complete
financial internationalisation (A =1). In-between levels of financial internationalisation are qualitatively
similar to the autarky case. In this exercise, there is some home-bias in consumption
(b=1.5). Note that all welfare levels are relative to the Ramsey outcome: a welfare level of zero
indicates that welfare is the same as would result from the Ramsey policy.

With less-than-complete financial internationalisation, a combination of sterilised intervention and
following a simple Taylor rule, where the coefficient is chosen optimally, comes closest to achieving the
optimal Ramsey outcome. However, there is little substitutability between sterilised and unsterilised
intervention. This is because any improvement in outcomes with unsterilised intervention is the result of
a trade-off: a single policy instrument (interest rates) is being used to respond to an additional variable.
In welfare terms, that trade-off is barely worth making: the paths of all nominal and real variables are
little changed whether the central bank responds only to inflation or to both inflation and exchange rate
changes optimally. In contrast, sterilised intervention represents an additional policy tool that does not
compromise the interest rate response to inflation. We can see these effects by looking at the impulse
responses. Graph 7 outlines the responses to a domestic productivity shock with financial autarky, home
bias and a mixture of local currency and producer currency pricing. Three different policy rules are
considered, corresponding to each of the optimal policy rule parameters displayed in the previous
graph.

A home economy productivity shock is deflationary for the home economy. The optimal Taylor rule
response is a reduction in policy rates, which leads to an exchange rate depreciation, and a
corresponding reduction in the price of the home good for foreign consumers. Effectively, the behaviour
of the exchange rate here is helping to compensate for the lack of international risk sharing. Households
in the foreign economy do not hold home-economy assets, so the only way they can share in the
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benefits of a home-economy productivity shock is if the price of home-economy goods falls. Hence a
deviation in the law of one price can be consistent with maximising global welfare in a world in which
monetary policy is constrained to follow a Taylor rule.

Welfare effects of productivity shocks

Home bias (v=1.5)
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Financially open (A=1.0)

- —0.006 -0.010
PP L -0.012 -0.015
o o
E “‘,....---“ &
< -0018 2 —0.020
: ~0.024 ~0.025
Portion of imports priced in local currency Portion of imports priced in local currency
[ T I 11 170.030 [ N 111 1-0.030
0O 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
- Taylor + = = Taylor + sterilised woune Taylor + unsterilised
All outcomes are relative to the Ramsey policy.
Impulse responses to domestic productivity shock
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Amending the interest rate rule to allow for an optimal linear policy response to exchange rate changes
(in log terms), in addition to the response to domestic inflation, allows for a more precisely calibrated
policy response along the same lines. The response to the exchange rate entails a sharp reduction in
policy rates, sufficient to fuel a low level of inflation in the domestic economy on impact and increase the
deviation from the law of one price. Qualitatively, the consumption path across the two economies is
more alike with this more complex rule.

Including sterilised intervention instead, we can see that the use of this new, independent, policy
instrument completely changes the responses of the economy under optimal policymaking. The central
bank now responds very strongly to domestic inflation using interest rates and to the exchange rate
using sterilised intervention. The result is that the response of exchange rates and prices (and therefore
also deviations from the law of one price) are all effectively eliminated. However, whereas consumption
increased in both economies in response to a positive domestic economy productivity shock before, now
consumption in the foreign economy actually declines on impact. To understand how this can represent
an optimal policy response, initial consumption falls, but long-term consumption rises. Combining these,
the discounted lifetime welfare for foreign consumers is only slightly lower using sterilised intervention
than with only a Taylor rule response. And, from the perspective of global welfare, this is more than
offset by the gain to domestic economy consumers, who now see a larger increase in consumption in
response to the productivity shock.

The availability of sterilised intervention gives monetary authorities an additional policy tool that is not
available in the fully integrated financial markets case. It effectively allows for income or wealth transfers
across economies in response to shocks in ways that can assist the goal of overall stabilisation policy. In
the case of Graph 7, in the absence of sterilised intervention, the home economy productivity shock will
generate a terms-of-trade deterioration, and a persistent increase in home output relative to foreign
output. For a given response of the world output gap, it is inefficient to have the home output gap differ
from the foreign output gap. Sterilised intervention can correct this, by generating a reversal in the
response of the terms of trade, and a fall in foreign consumption. The joint effect of both of these
movements is to maintain a higher level of foreign output. At the same time, sterilised intervention acts
so as to limit the response of the nominal exchange rate to the shock and, by doing so, reduces the
inefficiencies associated with deviations from the law of one price.

In a world of complete financial integration (Graph 6, right panel), sterilised intervention is no longer
effective. Instead, the only avenue for policymakers to influence the exchange rate is through unsterilised
intervention. Then they cannot get as close to Ramsey outcome, conditional on the level of financial
internationalisation.

Graph 8 repeats the same exercise as in Graph 6, but with the degree of short-run exchange rate pass-
through fixed such that half of imports are priced in the producer currency, and half in the local currency
(0 =0.5). Instead, the degree of goods market integration is varied from U =1.9 (goods markets are
almost closed) to v=1.0 (no home bias in consumption). The horizontal axis — goods market
integration — is defined as (2—v) so that a higher number corresponds with greater integration. All
welfare measures are again relative to those under the Ramsey policy. Note that the levels of welfare
across different values of goods market integration are not directly comparable, since U is a preference
parameter. Instead, the purpose of the exercise is to focus on the relative performance of the different
policy measures at given levels of goods market integration.

With high levels of home bias sterilised intervention is an especially potent tool for achieving close to
the first-best outcome. Without sterilised intervention, a positive domestic productivity shock would
cause the domestic currency and terms of trade to depreciate, distorting consumption decisions.
Sterilised intervention can be used to prevent this.
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Welfare effects of productivity shocks

Mixture of local and producer currency pricing (6=0.5)° Graph 8
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2 Half of all import varieties are assumed to be priced in the local currency and half in the producer currency. ° Goods market integration
is defined as 2-v.

The effectiveness of sterilised (and unsterilised) intervention in response to productivity shocks relies on
some degree of home bias. In the limit of no home bias in consumption, provided the monetary policy
response to inflation is optimal, there are no gains to intervening in foreign exchange markets in
response to productivity shocks. (This is true independent of the degree of exchange rate pass-through
and financial internationalisation). The optimal response to inflation via the Taylor rule is sufficient to
fully stabilise inflation and, when consumers in both economies have identical preferences over both
home and foreign goods, also fully stabilise the nominal exchange rate. Given that inflation and the
exchange rate are fully stabilised, deviations from the law of one price and the welfare costs of nominal
rigidities are entirely eliminated. Effectively, goods market integration serves as a means of risk sharing
in response to productivity shocks; in the limit of complete goods market integration, it emulates
complete risk-sharing. Hence, with complete goods market integration, there are no gains to a monetary
policy rule that entails a response to the exchange rate over one that simply responds to inflation.

More generally, if goods markets are not fully integrated, then even if inflation in both economies is
stabilised, the price of imported goods will tend to behave differently from the price of domestically
produced goods, and the exchange rate will vary in response to productivity shocks. In that case,
sterilised intervention can be effective.

In the following two graphs we repeat the analysis for a cost-push shock, across the same dimensions as
above. The results are broadly similar.

One interesting outcome across all our results is the relative unimportance of the degree of financial
internationalisation. Visually, for all levels of A <1, the graphs look similar to the financially closed (
A =0) case presented in the left-hand panels of the graphs above. As 4 increases, provided it remains
below 1.0, there is little impact on achievable welfare. But once we move to a world of perfect financial
internationalisation, then, by construction, sterilised intervention no longer plays a role.

One limitation in this interpretation of our results is that we do not capture the potential costs of volatile
reserves in our model. As the level of financial internationalisation increases, but remains incomplete,
central banks are able to achieve exactly the same outcome with ever increasing foreign exchange
intervention. But this implies that the volatility of foreign exchange reserves is increasing in the level of
financial internationalisation.

Clearly policymakers ascribe a negative welfare impact to highly volatile foreign exchange reserves. More
volatile reserves implies an increased likelihood of extremely high levels of reserves, leading to increased
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risks on the central bank’s balance sheet and high sterilisation costs as discussed in Section 3, or
completely running out of reserves and having no choice but to change the monetary policy regime.
While explicitly modelling the cost of volatile reserves is beyond the scope of this paper, we address this
issue by adding an additional term to the welfare function of (fi — fi, ,)*, in log terms, with a weight of

negative one. In Graph 11 we present analogous results to those presented previously in Graph 6 for a
range of levels of financial internationalisation, but incorporating this negative welfare effect of foreign
reserves volatility. This has the intuitive effect of lowering the gains available from pursuing sterilised
intervention, such that unsterilised intervention dominates sterilised intervention long before the
economies are fully financially internationalised.””

Welfare effects of cost-push shocks
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' For an analogous graph with cost-push shocks with costly foreign exchange reserves volatility, please see the appendix.
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Welfare effects of productivity shocks with costly reserves volatility
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6. Conclusions

We have examined how monetary policy should respond to nominal exchange rate changes, with the
hope of helping to inform the debate over the evolution of Asian monetary policy. We have shown how
the optimal response to exchange rates depends on the degree of financial internationalisation, goods
market integration and exchange rate pass-through. Sterilised intervention can be a potent tool that
offers policymakers an additional degree of freedom in maximising global welfare. The potential welfare
benefits from sterilised intervention are largest in our model if exchange rate pass-through is high or
goods markets are poorly integrated, and in response to productivity shocks (less so with cost-push
shocks). However, as the international policy trilemma implies, our model suggests that there are
limitations to the use of sterilised intervention. As financial internationalisation increases, achieving a
given degree of exchange rate stability requires ever increasing changes in foreign exchange reserves.
Taking into account the cost of volatile reserves, increased financial integration reduces the role for
sterilised intervention. In the case of fully integrated international financial markets, sterilised
intervention has no influence on exchange rates at all.

Where sterilised intervention is no longer a desirable policy tool, unsterilised intervention may have a
role to play. However, the potential welfare gains from the optimal use of this tool in our model are
relatively small. With unsterilised intervention, a single policy instrument (interest rates) is effectively
being used to respond to an additional variable (exchange rates), compromising its response to inflation.
In contrast, sterilised intervention represents an additional policy tool that does not impinge on the
optimal interest rate response to other variables.
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Many central banks in Asia have actively used sterilised foreign exchange intervention as a policy tool to
smooth exchange rate movements over time. In our model, the use of sterilised intervention represents
good policy when goods markets and financial markets are not well integrated internationally and
exchange rate pass-through is high. But these characteristics are changing in the region. By most
metrics, the degree of exchange rate pass-through has fallen. The combination of developing domestic
financial markets, and declining barriers to international capital flows, has seen increased financial
internationalisation. And goods markets have become more integrated as consumer preferences have
moved closer together.

In our model, the effect of these changes is to reduce the benefits of stabilising exchange rates with
sterilised foreign exchange intervention. And, given the limited effectiveness of unsterilised intervention,
our results imply that the role of exchange rate movements in the optimal setting of monetary policy is
decreasing across the region.
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Appendix

Take a model of two economies, where households in each economy consume and choose how much to
work, given wages and prices. The economies are referred to as 'home’ and ‘foreign’. The economies are
of equal size (with populations normalised to unity). Consumption takes place across a range of
differentiated goods. Asset markets are complete within economies. Between economies, we construct a
mechanism which allows for asset market completeness to vary between financial autarky and a full set
of security markets. Firms produce goods, but product prices are sticky. We allow for prices of exported
goods to be set either in the currency of the producer (PCP) or the buyer (LCP). In addition, we allow for
home bias in consumption preferences, so that we can vary the degree of goods market integration.

A.1 Households

Let the utility of a representative home household evaluated from date zero be defined as:
U ,=E) B U(C)-V(N,)), )
=0

where U and V' represent the utility of the composite home consumption bundle C, and disutility of
labour supply N,, respectively. U is differentiable and concave in C, while V is differentiable and

convex in IV . Consumption is defined as:
C,=0C;’C ", ©

where 21, ® =(v/2)"*(1-v/2)"""?, C,, is consumption of the home economy composite good
and C,, is consumption of the foreign composite. The parameter U allows for home bias in preferences.
In addition, C,, and C,, are defined over the range of home and foreign differentiated goods with

elasticity of substitution &>1 between goods, so that:

6-1

L o o L e T
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0 0

Price indices for home and foreign consumption may be written as:

1-6

1 ﬁ 1
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0 0

while the aggregate (CPI) price index for the home economy is P = PP\ . In addition to this
decomposition, we assume that foreign goods consumption can be further differentiated between PCP
goods and LCP goods, with shares of (1—5) and O respectively. This allows us to vary the measure of
export prices which are set in home and foreign currency, but has no effect on the flexible price
equilibrium of the model.

The representative home economy household sells labour services to each of a continuum of home
economy firms, and receives a nominal wage W, in return. The household's implicit labour supply is

determined by the condition:
U, (C)W,=PV'(N,). )

We assume that there is a full set of state-contingent securities traded between home and foreign
residents. However, there is a state-contingent wedge in the security returns that prevents the
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equalisation of marginal utilities of asset returns between households in the two economies. Denote this
wedge as €2, . Then we have the risk-sharing relationship given by:

. P
U(C)=U.(C) o5, 10
(C)=U/( )SP (10)

tt

where §, is the nominal exchange rate (home price of foreign currency). The real exchange rate
S.P"/ P will be driven by two factors: a) deviations from the law of one price in home and foreign

goods, due to local currency pricing, and b) movements in the terms of trade (price of foreign to home
goods) which, in the presence of home bias in consumption, will drive movements in the relative CPI's
over time. We assume that the wedge in risk-sharing is governed by the functional relationship:

152}

RC, g
Qz == , (11)
BYt _A(FRt)

where Y, represents home economy GDP, an average of the output of all home firms, ITt is the average
selling price of all goods produced by home firms and A(FR,) is the change in the stock of foreign

exchange reserves. This form can be rationalized by the presence of lump-sum financed taxes that are
conditioned on the ratio of consumption to domestic GDP. The usefulness of (11) is that it allows us to
vary the effective degree of asset market completeness between that of complete international risk-

sharing (A=1) to financial autarky (A=0)2%

We assume also that households hold domestic nominal government bonds, which pay an interest rate
of R, in all states of the world. Then the Euler equation for nominal bond pricing is given by:

U.(C) U.(C)
—p = PR E, P—l. (12)

t t+1

Foreign households’ actions are analogous. As we see from the definition of P; given above, the foreign

representative household has weight ©/2 on the foreign (and (1-0/2) on the home) composite
good.

A.2 Firms

Firms use labour to produce individual differentiated goods. Firm i in the home economy has the
production function:

Y.(i) = AN, (i), (13)
where 4, is productivity. The home firm's profits are defined by:
I1,()) = ()Y, ()~ (1-s,)W,N, (i), (14)

where s, is a wage subsidy given to all home firms by the home government, financed with lump-sum

taxation. This facilitates approximation of the model around an undistorted steady state.

2 The form of this risk-sharing wedge is also used in Devereux and Yetman (2014). The appeal of (11) is that it allows for

intermediate degrees of asset market completeness without adding any additional state variables into the model (as would be
the case if we limited asset trade across economies to that of non-state contingent bonds, for example).
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We assume that each home firm re-sets its price according to Calvo pricing, with constant probability of
re-adjusting its price each period of (1 —x). Under PCP the home firm sells its product to home and

foreign consumers, and the home government, at a common price (adjusted for the exchange rate in the
case of exported goods), facing an elasticity of demand of @. When the firm can adjust its price, it sets
the new price, denoted ﬁﬁt(i), so as to maximize the present value of profits evaluated using the

stochastic discount factor:

m, =0 YelC) (15
TuUC) Py,
This leads to the optimal price setting condition as follows:
. 2] ED>" m, K’W+ O T4
PHz(i)zg_(l_S,) Jj=0 thjr ) ’ (16)

_ J pep
! EY.  m. k'Y, @)

where Y (i)"? indicates the demand for goods produced by home firms engaged in PCP pricing from
both home and foreign consumers. All PCP home firms that can adjust their price choose the same price.
In the aggregate, the PCP price index for the home good is:

1

=[(A-x)P)’ + &Py 0. 17)

For domestic firms who price their goods abroad using LCP, the pricing of goods sold to home
consumers parallels the above. The price for foreign consumers (in foreign currency) is defined as:

ﬁ)* N\ — 0 Ez, Om K]VVtJr] t+/(l)lcpf/A7+j
Ht(l)__(l S, Py , (18)
9_1 Z m K t+j t+](l)cp

where S, is the nominal exchange rate at time t+j,and YHj(i)le’f denotes the foreign demand for

the LCP-priced home good of firm i. Again, all LCP home firms that can adjust their price choose the
same price. In the aggregate, the LCP price index for the home good then follows:

1

P, =[(-)P)" + kP00, (19)
The behaviour of foreign firms and the foreign good price index may be described analogously.
A.3 Monetary Policy
We assume that monetary policy is governed by an augmented Taylor rule given by:

s 1Y o0
S 1+5 )"

¢
R :(1+p)(l+ﬁ)(l+§)(§ 1:7?] {

where p represents a desired equilibrium real interest rate and 7 and S represent the desired path

for the home economy inflation rate and the rate of change of the nominal exchange rate respectively.
We assume that ¢ >1. This rule does not allow for interest rate ‘smoothing’. This simplification allows

for simple analytical solutions to the model, but is not critical for the results. The monetary policy rule for
the foreign economy is characterised in an analogous manner, with the exception that foreign interest
rates do not respond to exchange rates. We also allow for a foreign exchange rate policy which, when
A<l,is equivalent to sterilised intervention, characterised by (4).
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A.4 Market Clearing

Each home economy firm i faces demand for its good from home consumers, foreign consumers and its
home government. Take first the PCP pricing home firm. It sets the same price in the home and foreign
market, in home currency. We can define equilibrium in the market for good i as:

O\ 7 *
Yt(i)pCP = PH’_(Z) Bict +[1_2j(1_5)SI—BC: , (21)
P 2P, 2 P,

Ht

where (1—0) comes from the fact that a share O of home goods sold abroad are sold by LCP pricing

home firms. Now, aggregating across all home firms, market clearing for the PCP-pricing home good is
defined as:

. P P .
Yy =2—fct+(1—3j(1—5)&—fc,.
2P 2 P,

Ht

(22)

1 1
Here Y’? = Vfil.[o Y (i)"* di is aggregate home economy PCP output, where V, = J.O (P,(0)/ P,) " di
. It follows that home economy PCP employment (employment for the representative home household)

1
is given by N/ = IO N,.()*di=A"Yry, 2

For the LCP firm, output is divided between that sold to home consumers in home currency and foreign
consumers in foreign currency. We define equilibrium in the market for its good as:

Yt(l-)lcp,h =(PHf_(l)j |:U Pt Ct:|’ (23)

PHt 2 PHt
. \-0 «
Yt(l-)kpaf — (PH;)_*(Z)J |:(1 —%jé‘ ;}* Cj} (24)
Ht Hit
We aggregate over each of these terms separately and define aggregate output for LCP firms as:
Ytlcp — Yt/cp,h + Y;/Cp,f_ (25)

Total home GDP in the linear approximation of the model ends up simply being a weighted sum of Y,”¥

and Y'”. We follow an analogous approach for foreign firms under both PCP and LCP pricing.

A.5 Shocks

We consider productivity shocks (a[,a:) and cost-push shocks (ut,u[*). We assume that these are

independent and each follow AR(1) processes with autoregressive parameter 0.9.
A.6 Linear approximation

We linearise our model around the flexible-price, zero foreign reserves, steady-state. Our model reduces
to a 12-equation log-linearised system, as follows:

Home goods market equilibrium:

% Note that these V, terms drop out in the linear approximation of the model.

23



L D = L
=—c +|1—-——=|c +v|1—-—=|(z. +(1=-0)A,). 26
¥ =56 [ 2jt ( zj(t (1-0)A,) (26)
Foreign goods market equilibrium:
« U o« L L
)@:Eq+@e5jq—0@—5yq+ﬂ—&AJ. 27)

Risk-sharing / international financial market equilibrium:

Alote, )=, =17, +(-5)A,)]

v (28)
+(1_/1)|:Ct +(1_5j(z—z +(1_25)Az)_yz +(f7} _fr;l)} =0.
Inflation equation for home goods sold at home:
v
Tty = ’{O'Ct +d(y,—a,)—a, +u, +(1—E](rt +(1-0)A, )} +u,+pBEx,,.,. (29)

Inflation equation for home goods sold in the foreign market with local currency pricing:
T, = I{O'CI +@(y,—a)—a, +u, +(1—§j(q +(1—5)At)—Al}F“t +BE ., . (30)
Inflation equation for foreign goods sold in the foreign market:
T, = l{ac: +P(y, —a))—a, +u, —(1 —%)(z’, +(1-0)A, )} +u +BEx,,, . (31)
Inflation equation for foreign goods sold in the home market with local currency pricing:
Ty = l{acl* +d(y, —a))—a +u, —(1—%)(2’, +(1—5)AZ)+A,}+u: +BEx,... (32

Inflation equation for foreign goods sold in the home market with both local currency pricing and
producer currency pricing:

7?1,[ :”Hl+(Tl_Tt—l+(1_5)(Af_A[—1))' (33)

Inflation equation for home goods sold in the foreign market with both local currency pricing and
producer currency pricing:

By =npn—(r, -7, +1=0)A,-A,_))- (34)

Home investment-savings equation (from the monetary policy rule, including an interest rate response
to the change in the nominal exchange rate and home CPI inflation, and the Euler equation):

* 19 U .
]/I:At _At—l _(ﬂ-Ft _7Z-Fz)i|+é/|:5ﬂ-m +(1_5j7[ﬂ:|
(35)
19 U .
= Ez |:57Z-Hz+] +(1_Ej ”Ft+1:|+GEt(Cz+] _ct)’

where A, —A, | —(x,, — 7, )=s,—s,, is the change in the nominal exchange rate.
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Foreign investment-savings equation (from the monetary policy rule, incorporating an interest rate
response to foreign CPI inflation, and the Euler equation):

* U * U ~k U £ U ~ % £ *
é/ |:57Z.Ft +(1 _EJﬂ-Ht} = Et {Eﬂ.ﬂﬂ +(1 _Ej 7 tr+1 } + O-Et(ctﬂ —¢ ) . (36)
Terms of trade equation:
7, -7, =80y —y)+0(c] —c)+ (=17, +(1-5)A)+ A, -7, + (1 +4)(a,—a)))

+ ﬁEt (Tt+1 - Tt)'

Welfare in this model depends in part on output levels relative to their flexible-price equilibrium values.
Solving for flexible prices (& =0) yields the following five-equation system:

37)

5 =2z 4[1-2 E*+u(l—3jf (38)

yt 2 t 2 t 2 t

p=la 122 —o[1-2 )z (39)

yt 2 t 2 t 2 t!

~ ok ~ - U . ~

2[0&;—@)—(U—Dq]+{l—ﬂ)ﬁ§+(L—5jq—j4}:0, (40)

~ ~ U .

cna+¢04—a)-wh+(l—§) =0, (41)

a§+¢o$—¢)—¢-{ﬁ—§jﬁ=o, 42)

where ~ indicates flexible-price allocation. Then, up to a second-order approximation, the welfare
function for a given A is given by:

1 DD 2 0,2 2 2
V’:_Z le (2-0(1-2)) A (o +@)y,” ~(1+4)y,
(o —1)(v-1)? : Ao-Dw-1)Y) ,
————5——(2-0v(1-21)) »,” - 4D, [—j v
D, D, (43)
_D3(2_U)(O-_D1)2(1_Z)(U—1)5(2_0(1—1)))}”At
0 ( v v , 2-v , L B D sp 270 o
—E((5+(1—5)(1—5))7fm +T5”p, +(5+(1 o)1 2))% 5 Oy j
where D, =ov(2-v)+(1-v)*, D, =2DA+(1-4)2-v), D, =v(2-v),

v, :%[(yt ~5)-(, _yj)] and y,, =%[(yt -7+, —f,*)].
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Welfare effects of cost-push shocks with costly reserves volatility
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