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1 Introduction

International capital flows are consistently found to be important for economic outcomes and,
to a large extent, driven by global factors (Milesi-Ferretti and Tille, 2011} Forbes and Warnockl,
2012; [Fratzscher, 2012; [Rey} 2015; (Cerutti et al., |2019[)E| These issues are the subject of different

strands of literature on the policy spillovers and spillbacks from international capital flows, and

the associated policy prescriptions. A key finding is that international capital flows tend to
enter emerging markets when global risk perceptions are low and global liquidity ample, and
retreat when global financial conditions tighten. Exchange rates also respond to global financial
conditions, with relative appreciations under elevated global risk aversion a feature of so called
safe haven currencies (Ranaldo and Soederlind, [2010; Botman, Filho and Lam)| 2013; [Habib|
land Straccal, 2012 |de Carvalho Filho| 2015; |Bundesbank| 2014)). The broader literature also

considers the currencies that exhibit outflow pressures with elevated risk, and addresses other

manifestations of the sensitivity of capital flow pressures to global financial factors such as the

failure of uncovered interest rate parity (Du and Schreger, 2016; Maggiori et al., 2019). This

sensitivity is key to understanding the degree to which local economies retain some domestic policy

autonomy and the relative importance of local and idiosyncratic factors (Miranda-Agrippino and|
Rey, 2015; Obstfeld, Ostry and Qureshi, 2019; Cerutti, Claessens and Rose, [2019).

Features of the international monetary system may need to be more extensively accounted for
within this broader literature. In countries with flexible exchange rate regimes, exchange rates
move quickly in response to incipient changes in capital flows, supplementing or even obviating
the adjustment in capital flow volumes (Chari, Stedman and Lundblad, [2017). Without a fully

flexible exchange rate regime, policy interventions such as domestic policy rate changes or official
foreign exchange interventions imply that international capital flow pressures are neither fully
reflected in exchange rates or interest rates, nor in capital flows for many countries. Indeed, the

use of policy tools in response to exchange market pressures is pervasive, especially in emerging

markets, but also in some advanced economies (Ghosh, Ostry and Qureshi, 2018). Despite earlier

literature with more mixed conclusions, recent evidence points to foreign exchange intervention

with a high success rate under some criteria (Fratzscher, Gloede, Menkhoff, Sarno and Stohr

2019)). Accordingly, empirical studies that use cross-country data on realized capital flows or
exchange rate changes to inform the range of key questions in international finance cannot just

absorb these considerations in controls like country fixed effects. The use of these instruments

varies over time, as exchange rate and monetary regimes evolve (Klein and Shambaugh| |2008;
Mzetzki, Reinhart and Rogoff, [2017)).

!See also|Ahmed, Coulibaly and Zlate| (2017), (Ghosh, Qureshi, Kim and Zalduendo| (2014)), /Aizenman, Binici and
Hutchison| (2014), |[Eichengreen and Guptal (2015), Mishra, Moriyama, N’Diaye and Nguyen| (2014) and |Avdjiev,
Gambacorta, Goldberg and Schiaffi| (2017D).




In this paper we present a new measure to capture international capital flow pressures in
the form of a fully revamped and theory-based Exchange Market Pressure (EM P) index. This
index is conceptually grounded in a simple model combining balance of payments equilibrium
and international portfolio demand conditions with adjustments for portfolio-related wealth ef-
fects. The international financial flow perspective and international portfolio balance approach
follow a long tradition (Girton and Henderson, |1976; Henderson and Rogoff, [1982; Branson and|
Hendersonl, [1985; [Kouri, [1981; Blanchard, Giavazzi and Sal, [2005; [Coeurdacier and Reyl, 2013}
\Caballero, Farhi and Gourinchas, 2016} Gabaix and Maggiori, 2015)).

This EM P presents capital flow pressures in units of exchange rate depreciation equivalents
and can be viewed as a tool for measuring international capital flow pressures consistently across
countries and over time. It has the interpretation of a super-exchange rate index, directly ac-
counting for observed currency movements, as well as monetary policy changes and central bank
interventions in the foreign exchange market by converting these into exchange rate deprecia-
tion equivalent units. The equivalency formulas basically take incipient pressures for example on
quantities of flows offset by foreign exchange intervention and solve for the exchange rate changes
that otherwise could have closed that balance of payments gap. The simple theoretical construct
also has the benefit of directly generating the range of domestic and foreign drivers around risk

sentiment, policy, and economic size that routinely appear in empirical analyses of the global

financial cycle and drivers of international capital flows (Calvo, Leiderman and Reinhart, |1993;
Miranda-Agrippino and Rey, 2015 Barrot and Serven| 2018; [Avdjiev, Gambacorta, Goldberg]
land Schiaffil 2017b} (Cerutti, Claessens and Rose, 2019).

As both proof of concept and a source of concrete results, we generate monthly EM P series

spanning 2000 through 2018, carefully computing these series for 41 countries. The performance
and features of our new EM P are then illustrated using country examples, focusing on four coun-
tries with diverse exchange rate regimes and currency characteristics: Australia, Brazil, Korea,
and Switzerland. The rich empirical relevance of the full country panel data is demonstrated
in two important topical applications. The first application revisits the asset pricing literature
approach to the identification of safe haven currencies, wherein currencies are characterized as
having ”safe haven” feature if valuations rise when global risk conditions worsen, as in
meier, Nagel and Pederson (2008)), Ranaldo and Soederlind| (2010), Habib and Stracca (2012),
Fatum and Yamamoto| (2016) and [Bundesbank] (|2014[)E| Empirical analyses implemented using

observed exchange rate movements may generate distorted results if including the many countries

*More recent papers by |Avdjiev, Bruno, Koch and Shin| (2019) and [Avdjiev, Du, Koch and Shin| (2017a) argue
that the correlation between risk sentiment and the dollar can proxy the shadow price of bank leverage and
explain cross-border bank lending. [Wong and Fong| (2013) is an exception in that they rely on options prices, and
so-called risk reversals, to gauge the degree to which financial market participants expect currencies to behave as
safe havens.




that respond to currency pressures by intervening in the foreign exchange market or by changing
the policy rate. The estimated correlations used for assessing safe haven or risk-on status are thus
subject to attenuation bias. We revisit this application, instead using the EM P to construct a
counterfactual excess currency return and its correlation with risk which we label the Global Risk
Response index (GRR). Our analysis shows that a couple of advanced country currencies have
safe haven status only sometimes (e.g. United Kingdom pound and Danish krone) and others
have this status more persistently (Swiss franc, Japanese yen, US dollar), with varying strength
of this feature over time. It also shows the comparative responses across countries of international
capital flow pressures to higher risk, with commodity currencies tending to fare worse than the
currencies of other advanced economies or emerging markets.

We also use these types of insights to revisit the analysis of Habib and Stracca, (2012)), which
carefully explores which country characteristics are associated with safe haven currency status
using an exchange rate based measure and time series panel regressionsﬁ Using the FMP
and GRR we show that the safe-havenness of currencies is exclusively an advanced country
phenomenon. Safe-havenness exhibits historical persistence as it is significantly related to its own
lag in advanced economies, but underlying factors that vary over time in advanced economies,
such as large net foreign assets positions, economic size, and financial openness, matter for overall
positive or negative risk consequences, while these factors are less relevant for the pressures
experiences by emerging markets.

As a second application, we use the EM P to revisit the Cerutti, Claessens and Rose, (2019)
critique of the importance of the global financial cycle in international capital flows. Based
on panel regressions of net capital flows on global factors, those authors argued that the global
financial cycle is not as prominent a driver of international capital flows as argued in the influential
work of Miranda-Agrippino and Rey| (2015) and |Bruno and Shin| (2015). Using our EM P as an
alternative measure of international capital flow pressures, we find that the proportion explained
by global factors is two to three times larger than would be measured using quarterly capital
flow data. Nonetheless, the strength of the global factor in explaining capital flow variation
is still under 25 percent and is highly episodic. These findings complement other research on
international bank claims and market-based flows showing that the importance of the common
global factor changes significantly over time with the balance sheet health of market participants
and the alignment of key country monetary policy paths (Avdjiev, Gambacorta, Goldberg and
Schiaffi, 2017b), and differs for extreme events or stress episodes characterized by capital stops,

flights, surges, or retrenchments (Forbes and Warnock, 2012). Local or unexplained factors still

3Habib and Straccal (2012) acknowledge the potential attenuation issue that arises in their empirical analysis, as
currencies might appear as safe havens only because policy interventions keep these currencies pegged to the dollar
to various degrees. Their method of addressing such attenuation biases is to introduce foreign reserve changes
and interest rate changes as control variables in empirical specifications.



dominate global factors in general.

Finally, our research emphasizes that implementing the EM P empirically requires careful
data work. Important data decisions include choosing the reference currency for countries’ ex-
change rate regimes and selecting monetary policy rates. Another key data consideration includes
appropriately measuring foreign exchange interventions, including possibly accounting for use of
derivatives, and correcting official foreign exchange reserve changes for those arising from valua-
tion effects. Important parameter decisions pertain to choices on capital flow elasticities, as these
are not well pinned down in the literature. Also consequential are treatments of the role of cur-
rency denomination in portfolios of foreign assets and liabilities (Benetrix, Lane and Shambaugh,
2015; Maggiori, Neiman and Schreger, 2019). While countries’ foreign assets are usually quoted
in equivalents of either domestic currency or US dollars, the currency denomination of countries’
liabilities is much more diverse.

The paper is structured as follows. Section [2] provides the rationale for the exchange market
pressure index and discusses our approach in relation to early index variants. The model and
derivation for our FM P and related intuitions are provided. Section [3| focuses on empirical im-
plementation, presenting important data and parameter choices, and illustrating results. Section
[4 provides the application to safe haven currency status, the global risk response, and advanced
economies versus emerging markets differences. Section [5| presents the results contrasting the use
of the EM P and capital flows to quantify the global factor in international capital flow pressures.

The final section discusses the implications of our findings and concludes.

2 Exchange Market Pressure

2.1 Early Variants

Primarily used in studies of currency crises and spillovers of policies across borders, prior variants
of an exchange market pressure index take the form of a weighted index of changes in the exchange

rate, changes in official foreign exchange reserves and (sometimes) changes in policy interest rates:

EMP, = w, (Aet> — wp <ARt> + wi(Ady) (1)
€1—1 St

Aet
€t—1

where the index pertains to a particular country;, ( ) is the percentage change in the exchange
rate e;, defined as domestic currency per unit of foreign currency at time t over a At interval.
ARy is the change in the central bank’s foreign exchange reserves as a proxy for foreign exchange
interventions. S; scales these reserve changes, and Ai; represents the change in the policy interest
rate. wy are the weights at which components k = (e, R,i) enter the index. The weighting

choices wj, utilized in the literature are presented in Appendix Table These weights are



largely intended to filter out noisy signals generated by movements in exchange rates and official
reserves. The scaling choice Sy are intended to indicate the relative magnitude or importance of
official foreign exchange purchases or sales relative to the relevant country features. The weights
and scaling factors reflect the desire to have a practical basic measure to apply across countries
and time.

Despite delivering ease of implementation, these prior choices are not neutral for the realiza-
tion of the index. The scaling of reserves affects the contribution of the amplitude of the reserves
changes to the EM P. |Girton and Roper| (1977) and Weymark (1995) scale the changes in re-
serves by the monetary base. The logic stems from questionable assumptions about the role of
domestic money in international financial markets, including perfect capital mobility and perfect
substitutability across assets issued by different countries and in different currenciesﬁ Kaminsky
and Reinhart (1999)) instead scale by the level of reserves and |Eichengreen et al. (1994) use a
narrow monetary aggregate. Scaling by the initial level of reserves results in a higher amplitude
of scaled reserve changes when the initial level of reserves is low, relative to when it is high.
Scaling by a monetary aggregate makes the scaling sensitive to the variation of money multipliers
over time and across countries. None of these approaches provide a meaningful concept of equiv-
alence between the contributing components of currency depreciation and reserve losses within
the EMP.

Prior approaches to weighting the different components of the index likewise vary in both
economic relevance and conceptual underpinnings. Such conceptual underpinnings are extremely
important as the EM P, taken literally, fundamentally adds together price dynamics (changes in
exchange rates and policy rates) and flow quantity dynamics (official foreign exchange interven-
tion). |Weymark| (1995]) suggests that the change in reserves should be weighted by the elasticities
of money demand to interest rates and prices to the exchange rate, as these are the main channels
of balance of payments adjustment in monetary models. Tanner| (2002) and Brooks and Cahill
(2016)) apply equal weights to exchange rate and official reserves, giving movements in official
reserves prominant weight even for countries with fully floating exchange ratesﬁ Patnaik et al.
(2017)) propose an EM P index that includes observed exchange rates and foreign exchange in-
tervention, with a scaling factor proportional to the size and liquidity of the foreign exchange

market. Weights are based on an estimated sensitivity of the exchange rate to changes in official

“Models based on money market equilibrium conditions are problematic, even if updated, since central banks have
engaged in quantitative easing or other policies that change the monetary base without relating to broader money
or the foreign exchange market.

5In this latter case, observed official reserve movements are unlikely to reflect actual interventions and instead are
more likely due to portfolio valuation effects.



reservesﬁ Most other studies remain “agnostic” as to whether such elasticities can be appropri-
ately estimated or make sense, and instead employ precision weights. Precision weights essentially
weight the components of the index by the inverse of their sample variance, which ensures that
the variation in all the elements of the EM P contribute equally, and hence, that none of the
components individually dominate the indexm However, exchange rate policy regimes should
substantively influence the relative role of the components, as noted by [Li, Rajan and Willett
(2006). Precision weights give more weight to the component with less variation. In pegged
exchange rate systems, this tends to be the exchange rate, yet the changes in reserves clearly

contain more information on exchange market pressures when the exchange rate is pegged.

2.2 Modelling Exchange Market Pressures

Our approach to index construction rests on deriving a logical equivalence between the amount
of exchange rate depreciation, official reserve sales, or monetary policy changes that offset exoge-
nous quantities of private capital flow pressures. The balance of payments equilibrium condition,
along with appropriately defined foreign asset and foreign liability portfolio equations, underpin
a derived equivalence. The balance of payments identity is foundational as it carefully tracks
interest payments on foreign assets and liabilities, foreign currency flows through trade, net and
gross flows of foreign currency assets and liabilities, and official foreign exchange interventions.
The simple logic of our approach is that any given excess supply or demand for a currency - an
international capital flow pressure - can be offset by an equivalent amount of foreign exchange
intervention quantity, by an endogenous exchange rate movement, or by a change in the domestic
monetary policy rate sufficient to generate a private balance of payments flow. The equivalence
factors across these components derive directly from the different ways that exchange rates and
interest rates enter the balance of payments identity and via appropriate specifications of inter-
national asset demand functions with imperfect asset substitutability. The equivalencies thus
depend on elasticities of response of foreign assets and foreign liabilities to exchange rate and
interest rate changes, the currency of invoicing or denomination on international trade and debt

positions, and the stocks of outstanding foreign asset and liability positions.

SA separate strain of literature assesses the correspondence between central bank foreign exchange interventions
in a pegged system and exchange rate changes in a floating rate system, or the effectiveness of foreign exchange
interventions in affecting the exchange rate, e.g. |Menkhoff] (2013) and Blanchard, Adler and de Carvalho Filho
(2015). These studies find a positive correspondence between increases in central bank foreign asset holdings
in pegged regimes and exchange rate appreciation in a floating regime. The estimated correspondences carry
information about net capital flow responsiveness to the exchange rate, but are translated into quantitative proxies
for elasticities of gross private foreign investment positions. [Patnaik et al|(2017)) show how the correspondence
varies across countries, and explain this variation with cross country differences in trade, GDP and net FDI stocks
as proxies for local currency market turnover.

Eichengreen, Rose and Wyplosz| (1994) offer a thorough discussion of the advantages and drawbacks of using this
weighting scheme.



The balance of payments (BoP), expressed in foreign currency equivalents, reflects all sources
of demand and supply of foreign currency in terms of domestic currency arising from cross-border
payments needs during a specified period. The BoP for the period between time ¢t — 1 and time

t (period t), is given by

FXI, = NX; + <ij1NFA{f1 - Z%NFL?,l + z'jglRt_1> + (etllANFLf — ANFAf x) (2)
where F' X I; reflects foreign exchange interventions in period ¢. The first term on the right hand
side is the net trade balance accumulated in period ¢, NX;. The second term in parentheses
reflects the net foreign investment income balance for period ¢, which includes interest receipts
accrued at the beginning of period ¢ on private positions and on the foreign official reserve balance
R;_1. The exchange rate e; is defined in units of domestic currency per unit of foreign currency.
Private foreign assets and liabilities can be issued in domestic currency (superscript d) and foreign
currency (superscript fx). This distinction is important conceptually as it is relevant for how
exchange rates directly and indirectly influence foreign currency flows. The stock of net foreign
currency denominated assets at time ¢ is defined as NF A{ T=F A{ Y- F L{ * and net domestic
currency denominated foreign liabilities are defined as NFL{ = FL{ — FA{. Countries that
borrow internationally exclusively in domestic currency and exclusively hold foreign currency
denominated foreign assets have NF A{ T=F A{ ®and NFL{ = FL{, and gross and net foreign
positions are the sameﬁ The interest rates used to calculate interest income and payments
accrued to foreign assets and liabilities depend on the currency of denomination. Interest income
denominated in domestic currency is assumed to accrue on the beginning of period stock of
foreign positions, and is converted into foreign currency equivalents using the beginning of period
exchange rate e;_1. The last term in parentheses captures financial account transactions taking
place during period t. These are expressed in foreign currency equivalents, converted using the
beginning of period exchange rate. Financial account transactions do not include changes in
aggregate net foreign asset positions due to valuation effects from exchange rate changes, as
valuation changes do not give rise to transactions or payments needs per seﬂ

The international financial flow perspective and international portfolio balance approach fol-
low the long tradition of (Girton and Henderson (1976), Henderson and Rogoff] (1982)), Branson
and Henderson (1985), Kouri| (1981), Blanchard et al.| (2005]), Coeurdacier and Rey| (2013]), |Ca-
ballero, Farhi and Gourinchas (2016), and |Gabaix and Maggiori (2015). We assume imperfect

8This was implicitly assumed to hold for all countries in an earlier version of this model, presented in (Goldberg
and Krogstrup, (2018]).

9Exchange rate valuation changes in foreign wealth, which are first order, can trigger rebalancing of portfolios that
affect financial account transactions. Second order valuation changes in the foreign currency value of domestic
currency denominated flows could occur, but we leave this out through the simplifying assumption that flows are
converted at the beginning of period exchange rate.



substitutability between domestic and foreign currency denominated assets, modeled as home bias
for domestic currency denominated assets, following Blanchard et al.| (2005) and consistent with
the empirical evidence on home currency bias in international portfolios by [Maggiori, Neiman
and Schreger (2019)@ Demand for net private foreign assets denominated in foreign currency,
and net liabilities denominated in domestic currency (and hence foreign currency from the per-
spective of the foreign creditor) are functions of relative expected returns, expressed as deviations
from uncovered interest rate parity (uip;), risk sentiment pertinent to each country’s investment
decisions, s; and s}, and domestic and foreign financial wealth, W; and W} respectively, both

expressed in terms of their local currencies. The portfolio demand equations are given by:

NFAT = Y1 2 auips, 5] 3)
€t
NFLI = k*es - Wi - [1 — a*(—uipy, s7))] (4)

where uip, the deviation from uncovered interest rate parity from the point of view of the investor

located in Home, is defined as

Ei(ei11) — e
(& '

()

«a and o capture the portfolio shares of residents’ investment wealth that are in domestic

«
uLp

currency assets, with a, o, a;ip and o, . positive. Risk sentiment is assumed to be independent
of relative expected returns. An increase in risk sentiment s; and s; signal greater risk aversion and
investment portfolio concerns. These induce a retrenchment toward local currency investments,
such that o, and o. are positive x and k* are indices of home and foreign capital account
openness respectively. Capital openness indices moderate the share of investable wealth held in
foreign currency denominated assets, scaling the realized net foreign currency investment shares.
This specification simplifies the derivations substantially, as it generates direct proportionality

between quantities (net foreign currency assets and liabilities) and the degree of capital account

10Maggiori, Neiman and Schreger| (2019) show that currency denomination of assets is the main factor driving
demand and home bias. When currency of denomination is accounted for, remaining credit risk differentials
among assets largely do not explain asset demand patterns. |[Camanho, Hau and Rey| (2018) provide a recent
examination of home bias in portfolio models using equity fund data.The role of the sign and size of the foreign
currency mismatch in cross border portfolio adjustments is well known. Krogstrup and Tille| (2018) discuss this
role and provide evidence in the case of banks.

HThe difference in level between o and o is conditional on the arguments reflecting the differences in size of
domestic and foreign financial asset markets.



openness, or conversely, the strength of capital controlsE Plots of capital controls against gross
foreign assets and liabilities in percent of GDP confirm a negative relationship particularly on
the foreign liabilities side (Fernandez, Klein, Rebucci, Schindler and Uribel 2016), lending some
support to our modeling approachE

Wealth, expressed in domestic currency equivalents, consists of domestic assets DA (or DA*
for foreign investors) and net foreign assets, including domestic currency d and foreign currency

fx denominated assets and liabilities:

W, = DA, + e, NFA!* — NFL? (6)

1
W; = DAY + —=NFL! — NFA/"
€t

The evolution in domestic wealth is captured by dw;, which can be interpreted as domestic real
GDP growth and real asset valuation changes, as well as wealth changes due to changes in the
exchange rate which alter the domestic currency value of foreign denominated net assets due to

currency mismatch:

d
AW, = dw; + e, NF A/ z% (7)
t
1
AWy = dw? — LNFLiL
€t €t

An appreciation of the foreign currency increases the domestic currency value of net foreign
currency denominated assets, and hence wealth, if the home country is net long in foreign currency
denominated assets, i.e. has more foreign currency denominated assets than liabilitiesE

To arrive at an expression for the change in demand for foreign currency denominated assets
as a function of its various drivers, we totally differentiate and , substitute in and

rearrange terms:

d d
ANFAJ* = NFAJ" (Vi‘f + e FA; + eNFA(diy — dif) + eiVFAdst) (8)
t t

2By implication, as the level of net foreign currency assets and liabilities already reflects the ex ante strength of
capital controls, independent data on ex ante capital controls is not needed for the empirical implementation.
Alternatively, if the s terms were multiplied with the o functions, e.g. NFA{® = VEV—: - [1 — ka(uipy, s¢)], the
proportionality is lost and the x terms will show up in the derivations independently of the levels of positions. Or,
the x terms could be multiplied with the arguments inside the « functions, which would result in a specification
that reduces the sensitivity of capital flows to deviations in wip or to risk shocks, without affecting the levels of
net currency positions. In some countries, changing the incidence of capital controls can be used as a capital flow
management instrument, as can prudential policy instruments.

'3We confirm this relationship for net foreign assets by currency (not shown).

141f interest rates change the deviations from interest parity or if risk sentiment changes, the desired allocation of
wealth between domestic and foreign currency denominated assets may change but total current wealth is not
affected.



NF

- 4 is the elasticity of foreign currency denominated net assets with regard to the ex-

where €

change rate, defined as

NPA _ ANFA[" e <a;ipEt(§§+1) - etNFA{x> ©

e - +1
det NFAgz l—«o Wt

The first term captures the reduction in the demand for foreign currency assets when holding
constant the total wealth in domestic currency equivalents and the share of this wealth that is
allocated toward foreign assets. The second term captures the portfolio reallocation away from
foreign currency assets triggered by the expected future depreciation from a current appreciation
through a widening of the deviation from wip. The third term captures the effect of an increase in
total wealth due to the higher value of the net share of wealth invested in foreign currency assets
(a wealth valuation effect due to a foreign currency mismatch). If the wealth valuation effect does
not outweigh the first two portfolio rebalancing terms, the elasticity is negative, i.e. a domestic
currency depreciation leads to a reduction in home’s demand for foreign currency assets. If the

wealth valuation effect instead dominates, the sign of the elasticity could shift.

efv FA is a semi-elasticity of net foreign currency assets with respect to the interest rate:
Nra _ NFAPT 1 oy (10)
! -~ diy N FA{ v l—a

captures the portfolio reallocation effect on foreign asset demand due to a change in the
deviation from wip triggered by an interest rate changeE

Finally, the definition of the elasticity of foreign asset demand with respect to risk sentiment

s is:
fx !
GNFA: dNFAt 1 _ _ (& (11)
s dsi  NFA[® l-a
15Conditions for €Y 4 = eNF4 are E(%_“ ~ 1 and w; = e, NFA’® with net foreign assets fully dominating home

wealth for portfolio purposes. This cctmdition will not hold in general.

10



Taking similar steps, the change in net foreign liabilities issued in domestic currency is:

dwy d
ANFLS = NFLY <Ml/”t 4 NFLEC L NFL(gi, ) + egVFLds;> (12)
t €t
where:
fx ' Fi(et+1) d
6NFL — dNFLt €t _ Quip ™ ¢ 11— NFLt (13)
T de NFL{I 1—a* etW
NFL = dNJ,TL? ! = Cuip (14)
diy, NFL{ 1-a
vrp _ ANFL{ 1 o (15)
* T ds; NFL{ 1-a

When expressing the change in foreign currency asset demand in terms of elasticities, the capital
control indices cancel out. The role of capital controls appears implicitly in the quantities to
which the derived elasticities apply, i.e. the net foreign assets in foreign currency and net foreign
liabilities in domestic currency.

Differentiating the BoP expression with respect to all arguments that can shift, inserting
equations and , and rearranging yields the final form for the derived Exchange Market

Pressure index and its drivers:

d 1
EMP ="y Dot - — FXI, (16)
€t Te,t Te,t
fz d *
Tt ;.x% NFAt dUJt NFA NFLt dwt NFL *
pu— ? d —_— _— d - d
Te,t K Te,t (Wt T st) €tTe,t (Wt* T s)
where
NFL?
Ter = e NX + th eNFL _ NFATmeNFA, (17)
NFL¢
mig = NP NFA[TENTA, (18)
€t—1

The EM P;, given by the top line of equation , is expressed in units of depreciation against
the foreign reference currency. m.; and m;; are conversion factors. The second line of equation
reflects the drivers of exchange market pressure, directly mapping to terms that appear
in the broader literature on capital flows and global financial cycles. Foreign policy rates and
risk sentiment appear prominently, as do exogenous forces which increase domestic and foreign
investable wealth.

This measure of exchange market pressures, including its derived conversion of quantities of

F X1 and monetary policy into currency depreciation units, is highly intuitive. 7. ; converts a spe-

11



cific quantity of foreign exchange intervention into the equivalent domestic currency depreciation
units. The larger the w4, the smaller the equivalent currency depreciation that would have been
needed to offset the capital flow gap reflected in sales of foreign currency reserves or increases in
domestic policy rates. The size of 7. ; is determined by the strength of the near term mechanisms
through which exchange rate depreciation could generate a private balance of payments volume
response equivalent to the volume gap which would otherwise be bridged by official FXI.
is increasing in the net export sensitivity to the exchange rate and generally increasing in the
country’s net foreign currency asset and net domestic currency liability positions. A domestic
currency depreciation expands the wip deviation and generates portfolio reallocations, reducing
net foreign demand for home currency liabilities and net domestic demand for foreign currency
denominated assets. Countries with larger initial net positions have larger net changes.

Valuation effects on the net position also play a role (equation E[) The larger is the net long
position in foreign currency investments of home investors, the greater is the wealth effect when
the domestic currency depreciates, spilling over into expanded foreign asset demand through this
channel. Similarly, the longer are foreign investors in Home currency, the more it will reduce their
wealth when the home currency depreciates, which will lead to a reduction in foreign investment
in Home (a capital outflow). These wealth effects have the potential to reduce m, if home
investors are sufficiently long in foreign currency, or if foreign investors are sufficiently long in
home currency investments. Being short in foreign currency investment (e.g. when domestic
banks fund in foreign currency) can conversely increase ;.

m;,¢ determines the contribution of interest rate changes to the EM P. Comparing the math-
ematical expressions for m;; and m.; shows that under the assumption of moderate valuation
wealth effects in the exchange rate elasticities, ;¢ is likely to be larger than . ¢, suggesting that
interest rate basis point changes contribute relatively more than one-for-one to exchange rate

depreciation equivalents in the EM P.

3 Empirical Implementation

Constructing the FM P requires careful implementation choices. This section discusses the data
and parameterization decisions. The baseline FM P is constructed using monthly data for 41
countries listed in Appendix Table [A2] spanning both advanced economies and emerging markets

starting in 2000 and extending through the end of 2018.

3.1 Key Data Choices

Implementation of the EM P relies on appropriate data series. First, it is important to capture

official foreign exchange interventions accurately. When authorities do not publish F X1 data,
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choosing accurate approximation and justments are key. An additional choice is the reference
currency used for assessing the pressures on a currency. Third, rates used for monetary policy
need to be selected. Finally, the measure of portfolio elasticities of the response to wip and risk is
important. Trade volumes respond slowly to changes in interest and exchange rates, and for the
purposes of implementation in monthly data, we assume that short run trade balance elasticity
NX' =0, and 2l ~ 1,

The core data are drawn from national central banks, the IMF’s International Financial
Statistics (IFS), and International Investment Positions and International Exposure data (Ben-
etrix, Lane and Shambaugh, 2015). Extended coverage of the EM P back in time is achieved by
supplementing some quarterly data with earlier annual values of gross foreign assets and liabilities.
All data sources and definitions are provided in Appendix Table

3.1.1 Country Sample and Time Period

The countries included in our sample are chosen based on data availability. We include countries
for which the construction of the EM P start in 2002 at the latest, beginning in 2000 for most
countriesm Because the EM P relies on exchange rate variation, we exclude countries that do
not have their own currency, or have multiple official exchange rates. The euro area as a whole
is included, but individual euro area countries are excludedm Appendix Table presents the
country sample while Table describes the data sources and definitions. Data sample and
descriptive statistics are provided in Table for the period from January 2000 to December
2018. EM P values for Advanced and Emerging Markets, with subperiods of pre-crisis (2000m1-
2007m6), crisis (2007m7-2009m6), and post-crisis (2009m7-2018m12), are described in Table
IMF country classifications sort countries into Advanced Economies versus Emerging and

Developing economies.

3.1.2 Capturing Foreign Exchange Intervention

Studies of foreign exchange intervention (F'XI) often rely on changes in published IMF official
foreign reserves data by country-date. This approach can, however, generate biased values for
actual F"X I because exchange rate changes induce valuation effects. These valuation effects arise
because central bank reserve portfolios are typically comprised of assets spanning a basket of

currencies, instead of exclusively being invested in a single base currency. US dollar denominated

Even when data is available, we have also excluded very small countries, defined as having population size below
half a million or annual per capita income average since 2002 below US dollars 1000.

"We include Estonia and Latvia up until their dates of entry into the euro area in January of 2011 and 2014
respectively, but do not include countries that joined the euro earlier. We do not include Slovenia and Slovakia,
which joined in 2007 and 2009 respectively. Venezuela is excluded based on lack of clarity about the relevant
official exchange rate for capital account transactions.

13



assets, on average, represent 60 to 65 percent of total foreign reserve portfolios, with euros dom-
inating the remainder (Goldberg, Hull and Stein, 2013; |Eichengreen, Chitu and Mehl, 2016)@
Accordingly, the value of official reserves reported in US dollar equivalents fluctuates with the
exchange rate vis-a-vis the other currencies in which the reserve assets are held. Indeed, appro-
priately accounting for valuation changes and active accumulation or depletion of reserves is a
central contribution of the comprehensive discussion by |Dominguez et al.| (2012).

We address the valuation distortions by measuring F'X I spot interventions using a combi-
nation of three complementary approaches, depending on data availability. Published data on
official interventions are used when available, which is the case for 10 countries. In the absence
of published data, we estimate F'X I based on official reserve flows from national balance of pay-
ments statistics, when these are available in monthly frequency, which is the case for an additional
15 countries. Balance of payments data is based on transactions and is hence net of valuation
changes, although it does contain interest receipts on foreign assets requiring an additional cor-
rection. For the remaining countries and time periods, we adjust changes in official foreign reserve
positions for valuation and interest receipts. The procedure we follow is described in our online
appendix on Measuring Foreign Exchange Interventions.

Some central banks also intervene in foreign exchange markets using methods that go beyond
the more traditional spot sales and purchases of currency. The additional methods include off
balance sheet derivatives instruments such as foreign currency forwards and futures, swaps and
options intended to better target interventions (e.g. [Domanski, Kohlscheen and Moreno, 2016;
Kohlscheen and Andrade, 2014). Different reasons for such interventions include the need to
target specific markets or meet foreign currency liquidity needs. It is not clear how various
derivatives instruments map to a spot-intervention equivalent measure and the availability of
derivatives data is limited. Accordingly, we exclude this adjustment from our measure of F X1I.
Our online appendix includes a list of the countries for which available data suggest accounting

for derivatives may be important.

3.1.3 Reference Currency for the EMP

The EM P can be constructed vis-a-vis the main monetary reference currency of the country or
vis-a-vis a common international currency like the US dollar. We use the |[Klein and Shambaugh
(2008)) classification system for selecting the main reference currency by country and dateH In
practice, most countries have the US dollar as reference currency, with the exceptions of a number

of European non-euro countries which have the euro as main reference currency (and had the

¥Data on the full currency breakdown of central bank foreign currency reserves is not readily available in cross
country comparable data sources. The IMF’s COFER database keeps data for individual countries strictly
confidential, providing a breakdown across advanced economies and emerging and developing countries.

19We extrapolate this information, available quarterly until the first quarter of 2014 through 2018.
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Deutsche mark before the euro), Singapore, which has the Malaysian baht as reference currency,
and New Zealand which has the Australian dollar as reference currency. The US and the euro area
are each other’s country of reference currency respectively. In exercises that compare patterns in
the global financial cycle and the safe haven characteristics of currencies across countries, the US

dollar is used as a common comparison currency for all other countries.

3.1.4 Measuring Monetary Policy and Risk Changes

Home monetary policy rates directly enter the EM P as interest rate changes. Foreign interest
rates are drivers of pressures. We use policy interest rates from national central banks or from
the IF'S when available, and complement these with other types of short-term interest rates when
needed (Table . As short term policy rates do not fully reflect monetary policy measures when
countries are near or at the zero lower bound (ZLB), we also use a shadow policy rate generated
by [Krippner| (2016) for the US, UK, Japan, and euro area in the ZLB periods.

As measures of global risk, we follow the literature and focus on changes in the VIX index
of the Chicago Board Options Exchange (CBOE). We also compare with a constructed global
risk aversion shock from Habib and Stracca (2012) for robustness. These risk aversion shocks,
updated by Habib and Stracca, correspond to conditions of i) an increase in the VI X plus ii) a fall
in the return of a global unhedged (in local currency) stock portfolio, with the series normalized

to mean zero.

3.1.5 Currency Denominations of Foreign Assets and Liabilities

Distinguishing foreign currency and domestic currency positions is relevant for understanding
wealth and interest rate effects (Maggiori, Neiman and Schreger} [2019). On the foreign liability
side, the range of experiences across countries is broad, with shares spanning about 20 percent to
nearly 90 percent. While the pre-crisis period (2000-2008) had higher foreign currency shares in
liabilities compared with the early post-crisis period (2009-2012), the order of magnitude remained
high for many countries (Benetrix, Lane and Shambaugh, 2015)). Foreign assets are much more

likely to be denominated in foreign currencies, generally exceeding 90 percent (Appendix Figure

A1),

3.2 Portfolio Elasticities

Available evidence supports our central portfolio mechanisms, as foreign shares in investors’
portfolios respond significantly positively to a currency depreciation shock (Hau and Rey, |2004;
Hau and Reyl, 2006; Curcuru, Thomas, Warnock and Wongswanl,[2014). The net foreign asset and

liability elasticities with respect to exchange and interest rates used in the EM P are fundamental
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concepts, yet consensus elasticity estimates are not available. Part of the explanation for this
gap is that identifying causality from exchange and interest rate movements to international
capital flows is difficult. Recent insights are drawn from analyses of specific types of flow data,
typically portfolio equity flows at the level of investment funds, which allow for more granularity,
higher frequency, and an assessment of the relative timing of exchange rate and capital flow
changes. Mutual funds in the US, UK, Eurozone, and Canada exhibit economically relevant
portfolio rebalancing that is symmetric for both positive and negative changes in excess returns
(Camanho, Hau and Rey, |2018]). Moreover, the sign and size of the foreign currency mismatch
in bank balance sheets affects the response of bank cross border funding flows to exchange rate
changes (Krogstrup and Tille, 2018]). Securities-level investment positions support distinguishing
mutual fund portfolio sensitivities into domestic versus foreign currencies (Maggiori et al., 2019)@

Country aggregate data on components of global liquidity shows that elasticities of flows to
domestic policy rates, US policy rates, and risk sentiment vary across market-based finance versus
banking flows (Avdjiev, Gambacorta, Goldberg and Schiaffi, |2017b). Implied elasticities, relevant
for ekF A ef L where k = e, i, s in the EM P suggest that a 100 basis point increase in local policy
rates tends to raise external debt growth rates by between 0.5 and 1 percent in a quarter, while
sensitivities to a 100 basis point increase in the Federal Funds Rate (or shadow rate equivalent) are
higher, reducing growth rates by between 5 and 8 percent in a quarter. Panel regression results
directly based on the net foreign currency asset and net domestic currency liability data for
our sample of countries and time frame yields similar order of magnitude effects@ The exchange
rate elasticity estimates suggest that a 1 percent exchange rate depreciation against the US dollar
should lead to a 0.05 percent reduction in foreign asset holdings in the following quarter (i.e. a
capital inflow due to domestic resident retrenchment). Moreover, a 1 percentage-point increase
in the domestic interest rate is estimated to induce a 0.14 percent retrenchment in domestic
residents’ foreign assets (i.e. a gross resident inflow). Due to the potential for attenuation bias as
discussed above, these estimates are likely to be lower limits for the elasticities. Results suggest
stronger responses in emerging markets than in developing countries. The exchange rate elasticity
in the foreign liabilities regression is of similar absolute size to that found in the foreign asset
regression.

The baseline EM P used for our applications is constructed using a range of sensitivities of
home and foreign portfolio demands to interest and exchange rates. We choose e£4 and 'F =
0.10 and consider the alternatives of [0.05,0.15]. We use ¢4 and e/'L values that are three times

as large as the associated exchange rate elasticities values for robustness.

20The role of the US dollar in international portfolios has been unique in recent history. When foreigners buy US
securities, they predominantly buy dollar-denominated securities, behaving like US investors.

210ur online appendix on Exchange Rate and Interest Rate Elasticities from panel regressions discusses estimation
details and limitations.
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Figure 1: Average 1/m. by Country (2009m7-2018m12)
7% is the post-GFC average equivalent currency depreciation that would be needed to offset the capital

flow gap reflected in sales of foreign currency reserves of 1 billion US dollars. The bars are color-coded by
AE (red) and EM (blue) countries. Armenia and Senegal are excluded due to very large numbers, as net
cross currency border positions are small.

3.3 The Baseline EMP

The empirical conversion factors that map F XI; and di; into currency depreciation units within
the EM P are constructed based on equations , , and . ﬁ reflects how much one
unit of FXI offsets currency depreciation. Constructed as post-crisis period monthly average
values, Figure (1| shows the range of FXI conversion factors for advanced economies (red bars)
and emerging market (blue bars) when F X1 is valued in billions of US dollars. For the countries
with the lowest conversion factors, a one billion US dollar foreign currency intervention (sale)
offsets up to 3 percentage points of currency depreciation. The potential conversion rate is
much higher for larger emerging markets like Thailand, Mexico, India, Brazil, Russia, India and
China. Most advanced economies have implied conversion rates that are an order of magnitude
smaller than those for emerging markets. For example, the ﬁ conversion factor suggests that
a one billion US dollar intervention would instead deliver a currency depreciation offset of less
than 0.5 percentage points for Canada, Switzerland, Hong Kong and Japan. The US and euro
area direct implied intervention effects would be even smaller, consistent with a long literature

that emphasizes the role of oral interventions and scale, which is measured relative to GDP for

[Fratzscher, Gloede, Menkhoff, Sarno and Stohr|(2019) and relative to foreign exchange transaction

volumes for Patnaik, Felman and Shah|(2017). This type of magnitude consideration is consistent

with skepticism around the opportunity cost of holding very large stocks of reserves for the largest

economies (Goldberg, Hull and Stein) 2013)).
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3.3.1 Country-specific Examples

We next provide the EM P and its sensitivity to parameter choices. Four specific countries are
used: Australia is selected as a commodity currency economy with a floating exchange rate,
Brazil as an emerging market, Korea as a small open economy that has both experienced sub-
stantial pressures and used multiple instruments, and Switzerland as an advanced country that
has actively used all three respective components of the EM P.

Figure [2| compares the EM P and the contributions of its component parts. A positive EM P
denotes an international capital outflow pressure (local currency depreciation pressure), and a
negative EM P denotes a capital inflow pressure (local currency appreciation pressure). The
EMP for Australia, with its floating exchange rate, is primarily driven by exchange rate fluctu-
ations, as would be expected. The three other countries occasionally or periodically intervene in
foreign exchange markets and their EM Ps are to a large degree driven by both exchange rate
fluctuations and FXI. The contribution of the domestic policy rate changes are smaller.

The difference between results when the FM P is based on the US dollar and the EMP is
based on the euro, shown for Switzerland, illustrates the importance of the choice of reference
currency used in the EM P. Switzerland’s reference currency is the euro, per the Klein and
Shambaugh| (2008) classification. The EM P construction based on bilateral exchange rates vis-
4-vis the euro, with euro denominated changes in official foreign reserves, suggests a smaller
role for exchange rate fluctuations and a larger role for FFXI to stabilize this relationship, in
capturing capital flow pressures than suggested by the EM P based on the US dollar. In general,
the choice of reference currency is particularly important during episodes when exchange rate
changes dominate the index, but less so when reserves changes clearly dominate, as in the latter
period for Switzerland.

The advantages of the EM P as a measure of balance of payments pressures include its com-
prehensiveness (i.e. covers all net non-reserve flows) and monthly frequency, as well as its com-
parability across different countries, currency regimes, and over time. Hence, it allows for an
assessment of the link between capital flow pressures and global factors at a higher frequency and
greater consistency across countries than accomplished using realized capital flow data based on
Balance of Payments Statistics and global liquidity series. Figure [3| compares the baseline £ M P
with quarterly net private capital outflows in percent of GDP for Australia, Brazil, Korea, and
Switzerland representing different degrees of exchange rate management across both time and
countries. The sign and the direction of change in the EM P and realized net private capital
flows are constructed to be directly comparable under the assumptions of the model@ As the

level and amplitude of these two series are not comparable, for this illustration net capital flows

22If the current account persistently deviates from zero, this would lead to an average net capital flow reflecting
the current account which would not constitute a capital flow pressure.
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Figure 2: Individual Components of the FMP (2010m12-2018m12)

Presented are the three components of the baseline EM P, including percentage changes in the exchange
rate, changes in FXI scaled by H% and changes in policy rates scaled by %: The first four charts are based
on EMP against US dollars. The bottom chart for Switzerland reflects the EM P against its reference
currency (EUR).
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series are normalized to the mean and standard deviation of the EM P series.
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Figure 3: EM P and Net Private Capital Outflows, Quarterly Averages.

Quarterly averages of monthly values of the EM P against the US dollar and normalized net capital
outflows in percent of GDP. Net capital outflows are normalized to have the mean and standard deviation
of the E M P series, for comparability. Positive values reflect net capital outflows and depreciation pressures
against the reference currency. Negative values reflect net inflows and appreciation pressures.

As expected, the degree to which the EM P correlates with actual international capital flows
depends on the currency regime in place. In countries where the exchange rate is freely floating,
capital flow pressures result in more exchange rate adjustment, which in turn moderates realized
private capital flows. Switzerland before 2008, when the exchange rate was freely floating, is a
good example as in in Figure In contrast, when the exchange rate is highly managed, cap-
ital flow pressures materialize in a private net capital flow which may be fully accommodated
by changes in central bank foreign reserves or policy rate changes that stunt the exchange rate
response. This has been the case in the post-crisis period for Switzerland, when the lower bound

on interest rates resulted in a shift in monetary policy toward more active exchange rate man-
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agementPE] More generally, the correlation of the EM P with realized capital flows is dependent
on currency regime. Capital flow pressures as captured by the EM P, and actual capital flows,
are more correlated for countries with a higher degree of exchange rate management, and less so
in countries with floating rates. This observation underscores the advantage of the EMP as a
measure of capital flow pressures that is comparable across exchange rate regimes. It highlights
the risk that research studies that are reliant purely on exchange rates or purely on capital flow
data may miss important aspects of capital flow pressures, with results subject to attenuation

biases.

3.3.2 Robustness: Country-specific Illustration

A central robustness consideration in the construction of the EM P pertains to the assumed
elasticities of international portfolio adjustment to components of the uip. Our baseline approach
constructs the EM P using an exchange rate elasticity of 0.10 and an interest elasticity of 0.30.
As we have already discussed, the literature has not adequately converged on the stylized facts
for such elasticities by country or over time. If the true empirical elasticities are substantially
different, the baseline £ M P will be inexact particularly for countries that manage their exchange
rate using either F'X T or di;. Under a fully floating exchange rate regime, reserves and interest
rate changes are less important, in which case the scaling of F' XTI and di will matter less (and the
EMP overall is less of a contribution) as the exchange rate component of the index dominates.

We have performed extensive robustness analyses to alternative parameterizations. The role
of altering the exchange rate elasticity assumption is illustrated in Figure [4, which displays the
baseline £ M P and two alternative versions constructed using the exchange rate elasticities of 0.05
and 0.15, and the interest elasticities of 0.15 and 0.45 respectively, for our four sample countries.
Australia is the country with least exchange rate management, and also the country for which the
exchange rate elasticity assumption matters the least. For all countries, the applications using
the three alternative elasticity M Ps generate pressures in the same direction, but with the scale

of contributions by F XTI and di; shifting accordingly.

4 Understanding Safe Haven Currency Status

As a first broader empirical application, this section uses the EM P to identify so-called safe-
haven status currencies and show the risk-on status of other currencies. We consider FM P
and associated utp correlations with measures of global risk sentiment to construct a global risk

response (GRR) index. We then revisit the question of which country features are correlated with

2The large realized capital inflow in late 2008 and early 2009 in Switzerland is related to the large scale foreign
exchange swap operations carried out by the Swiss National Bank during this period.
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Figure 4: EMP: Alternative Exchange and Interest Rate Elasticity Assumptions
EMP series constructed based on different values of the interest and exchange rate elasticity of gross
foreign positions to changes in the domestic policy interest rate for constructing 1I,; ; and Il.; constant.
Baseline exchange and interest rate elasticities are 0.10 and 0.30 respectively, the low alternative elasticities
are 0.05 and 0.15 respectively, and the high alternative elasticities are 0.15 and 0.45 respectively.

more pronounced positive or negative global risk responses of international capital flow pressures,
as addressed in [Habib and Straccal (2012). Section 5 builds on these insights by re-examining the
importance of the global factor in international capital flows and the global financial cycle. We
show that the EM P mitigates some attenuation bias on the size of this factor that arose in prior

studies that exclusively rely on exchange rates (asset prices) or capital flows (asset quantities).

4.1 A Safe Haven Currency Index

In the asset pricing literature on safe-haven currencies, currencies are defined by exhibiting excess
returns during risk-off episodes (Brunnermeier, Nagel and Pederson) 2008; |[Ranaldo and Soed-

erlind, 2010; Habib and Stracca, 2012). Underlying this definition is a presumption that excess

22



currency returns are driven by an increased demand for the currency during such risk-off episodes.
However, in countries where authorities intervene to prevent the currency from responding to an
increased demand, this safe-haven demand is also reflected in F'XI or policy rate reductions;
the excess return constructed based on observed exchange rate movements alone is subject to
attenuation bias. The EM P can be thought of as a “super-exchange rate”, or a counterfac-
tual exchange rate movement that captures both observed and incipient pressures on a currency
through the balance of payments. As the EM P allows us to capture such manifestations of safe
haven demand for a currency consistently across exchange rate regimes, we revisit the features of
countries that are associated with safe haven status. First, we compute a counterfactual excess
return (cer’) to holding currency j, defined as the monthly rate of counterfactual appreciation of

the exchange rate of currency j against the US dollar, relative to a US dollar investment:

cerl = —EMP] +il — i (19)

where EM Ptj is expressed in terms of domestic currency units per US dollar. An increase means
a counterfactual depreciation of the domestic currency, and it hence enters with a minus. z{ and
17 are short-term money market or policy rates applying to a one-month holding period.

A currency j exhibits safe haven demand characteristics on average during the period from

t — x to t, if its uncovered excess returns rise when risk shocks are higher
GRR{ = corrt_m(cer{, v) >0 (20)

where vy is a measure of a global risk shock, for example as captured by variation in the VIX or an
alternative constructed measure such as the Habib and Stracca (2012)) global risk aversion series.
We call this correlation the Global Risk Response index, the GRR, with positive values reflecting
currency appreciation and inflow pressures relative to those weighing on the US dollar (or other
reference currency) when risk increases. We refer to currencies with persistently negative GRR
as risk-on currencies. Persistently positive values are consistent with a currency having a safe
haven interpretation.

Constructed here as a rolling five year correlation with the VI X, the resulting GRR exhibits
substantial variation over time and across Countries@ This dynamic is illustrated by the four
sample countries shown in Figure 5] The Swiss franc consistently exhibits safe haven status with
GRR > 0, particularly when measured against the euro. This status episodically would appear
much weaker if the GRR were constructed using the observed exchange rate instead of with
the EMP. Against the US dollar, the sign of the GRR based on the observed exchange rate

24Observations for the GRR are based on 5 years of prior monthly data. If pre-2000 EMP data are unavailable for
some countries, some early GRR observations will be missing from the regression sample.
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Figure 5: Global Risk Response (GRR) Comparison
Solid lines depict GRR estimates for counterfactual excess returns based on the EM P against the US
dollar. Dashed line indicates the GRR for the realized excess return to US dollars.
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switches to negative during Switzerland’s period of active exchange rate management between
2009 and 2014. By contrast, the Australian dollar behaves more like a commodity currency,
consistently depreciating and with declining uncovered returns when risk rises. The Korean
GRR is another interesting example, strongly demonstrating the type of attenuation bias on
status when the pressures on a currency are measured using observed exchange rates instead
of using the counterfactual FMP. In the pre-crisis period, the exchange rate based measure

provides weaker or opposite indications of risk consequences for Korean capital flow pressures.
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Figure 6: Average GRR by Country (2014m7 - 2018m12)

GRR based on the EMP against the USD and averaged across the time period 2014m7-2018m12 by
country. The bars are color-coded by AE (red) and EM (blue) countries. The depicted EM P for the US
is measured against the euro.

Across the full sample of 41 countries in the post-GFC period, a small group of countries
exhibit consistent safe-haven status, with GRR > 0, based on correlations between the baseline
EMP and the VIX (bottom panel of Figure @ The Japanese yen, the US dollar (measured
against the euro), and the Swiss franc have this status through 2018. The Swiss franc status is
most pronounced when measured relative to the euro (Figure . In the remaining countries with
positive average G RRs, these are occasionally significantly different from zero for Denmark. The
rolling GRR chart for the UK pound (Appendix Figure shows positive correlations through
2008 against the dollar, while correlations post-GFC fall below zero and are not significant. The

safe haven status of the UK pound extended to 2014 when measured against the euro (not shown).
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A larger group of currencies consistently exhibit what we refer to as risk-on currency status,
with negative values of the GRR. These include so-called commodity currencies like the Aus-
tralian dollar, the Canadian dollar, the Norwegian Krone, the South African rand, the Brazilian
real, and the Russian ruble. Many other emerging markets and small advanced economies show
less pronounced risk-on currency status with smaller but negative GRR values. As illustrated by
Figure [6] within the sample of advanced economies color coded in red the measured variation in
the risk response is large, both qualitatively and quantitatively. For some countries the indicated
strength of these effects is starkly different when measured purely using exchange rates instead of
the EM P as these tend to be countries that intervene in currency markets. Appendix Figure [A2]
provides time series patterns across each country. Results are broadly similar when constructed
using the global risk shock measure of |[Habib and Straccal (2012) instead of the VIX (not shown).

Overall, this safe haven analysis based on the EM P confirms that three currencies, the Swiss
franc, the Japanese yen and the US dollar, most consistently behave as so-called safe havens.
Beyond earlier findings, our index takes into account that some safe haven currency pressures are
manifested in policy interventions, such as for the Swiss franc in the post-crisis period. The safe
havenness of the Swiss franc remained intact during this period when measured appropriately.
Countries may have stronger risk-on behavior of currencies than suggested by analyses constructed
just with the exchange rate, especially if policy interventions are used systematically to attenuate

exchange rate responses, as exemplified by subperiods in Korea.

4.2 Drivers of Safe Haven Status

With excess returns in uip terms as the dependent variable, [Habib and Straccal (2012)) explore
which country characteristics are associated with currencies having safe haven status. The un-
derlying hypotheses, beyond inertia explanations, are that a currency may be “safe” if: i) the
issuing country is itself safe and low risk; ii) its financial markets are large and liquid; and iii) it
is financially open and global. The variables used for testing the contributions of these categories
respectively include i) net foreign assets in percent of GDP, public debt to GDP, inflation levels,
and country risk as measured by average interest differential; ii) country size in world economy,
stock market capitalization to world GDP, and private domestic credit to GDP; and iii) capital
account openness (Chinn Ito) and gross foreign assets and liabilities to GDP. Using monthly data
from 1986 to 2009 for 51 currencies, and in specifications inclusive of lagged dependent variables,
Habib and Stracca; (2012)) find the most consistent indicator of safe haven status to be country net
financial assets, along with country size and stock market capitalization relative to world GDP.
The role of net foreign assets is consistent with our modeling approach and home currency bias.
In countries where residents hold larger foreign currency assets than issued domestic currency

liablities, the home bias response to risk would tend to be dominated by residents repatriating
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foreign investments.

We revisit this regression approach to identifying drivers, instead using the cer{ as dependent
variable, constructed relative to the US dollar, and utilizing data spanning 2000m1 to 2018m12.
The specifications use a sample of 40 countries, excluding the US as the US dollar is the reference

currency and US monetary policy is a control variable. The estimation equation is:

cer] = ads; + PO + ds; + 79 + +0di; + T + e (21)

where cer{ is the counterfactual excess return using the super-exchange rate EMP and the
short-term interest differential for country j at time ¢; ds; is the global risk shock introduced as
the VIX; and diy is US monetary policy. Global risk enters estimation specifications directly
and interacted with country-time specific variables, with each country variable also entering
specifications in non-interacted form. The Qi are country-characteristics bundled according to
the three hypotheses and presented together in groups in the columns of the results tables. The
regressions are run for the entire time sample, separately for the pre- and post- crisis periods, and
for emerging markets versus advanced economies. In order to keep the regression results tables
concise, tables show estimated  and omit presentation of estimated g, 7y, and 4. A parallel set
of regressions also have been run using the global risk shock constructed in [Habib and Stracca
(2012), with very similar results that are not shown.

Table columns I and VI provide results based on a specification excluding Qg for the
advanced economies and emerging markets countries respectively. On average, higher risk is
associated with lower excess returns across currencies, over time, and in both advanced economies
and EMs. Columns II and VII show that the counterfactual excess returns based on the EM P
are related to prior safe haven or risk status computed by interacting the VIX with the lagged
GRR{ . Results shown in column II for advanced economies (column VII for emerging markets)
indicate that the past safe havenness is a significant predictor of how the excess return responds
to global factors in the sample of advanced economies, while the typical risk-on status in the
sample of emerging markets is not significantly persistent.

We subsequently investigate whether this correlation can be explained by sets of fundamental
variables, following the spirit of the analysis in Habib and Straccal (2012)). Columns III and VIII
contain regression results including the set of variables typically associated with country risk. Net
foreign assets are associated with safe havenness in both country samples. However, the direction
of this effect differs for advanced economies and emerging markets. Large positions for emerging
markets are associated with depressed excess returns under elevated risk, while the opposite is
observed for advanced economies. The interest differential and the level of public debt matter

in the advanced economy subsample. Public debt is significant with the wrong sign, however,
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possibly reflecting reverse causality if demand for public debt is higher in countries considered
more safe.

Columns IV and IX introduce the set of macro fundamental variables reflecting size of economy
and financial market development. Economic size matters in advanced economies, with larger
advanced economies less risk responsive or with more tendency toward safe havenness.

Columns V and X introduce variables that capture financial openness: an index of capital
controls (the Chinn Ito index) and a de facto measure in the form of gross foreign assets to
GDP. The Chinn Ito index is significant only for advanced economies, suggesting that advanced
countries with more open capital accounts are more likely to be safe havens.

To conclude, using the counterfactual excess return based on the EM P instead of excess
returns based on observed exchange rate changes allows us to capture safe haven patterns in
currencies across exchange rate regimes. Our analysis of the drivers of such patterns confirms
some of the determinants found in the literature, but shows a sharp distinction between advanced
economies and emerging markets. We confirm that net foreign assets are a key determinant but
directionally distinct across groups. We do not find financial market development to be important

in differentiating risk behavior of currencies across emerging markets, however.

5 The Global Factor in Capital Flow Pressures

While highly statistically significant in many empirical studies, the importance of the global factor
and global financial cycle in international capital flows is disputed by Cerutti et al. (2019). Their
analysis focuses on the contribution to capital flow variation and uses net capital flow measures,
some of which are subject to the attenuation bias addressed by the EM P as discussed in Section
[3.3.1] Below we revisit the global factor analysis of capital flow pressures, instead applying the

EMP in comparable empirical specifications.

5.1 The EMP and Global Liquidity Drivers

As shown explicitly shown by equation global factors comprise changes in the foreign interest
rate (di}), changes in global financial risk sentiment as captured by ds;, and changes in global
financial wealth. Regressions for advanced economies and emerging market economies thus are

conducted using the panel estimating equation over monthly or quarterly dataFE]

EMP! = Bydst + Bindif + Beqdst D] + DI + ¢/ + & (22)

FAL
sdsy —
He,t t

%5 To arrive at specification |i from equation li the simplifying assumptions are made that the terms

1 ! ’
%dW* + FA—VtVdW are uncorrelated with the regressors and picked up in country fixed effects and the error

I
term.
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where j-superscripts denote the country, ¢/ is a country-specific fixed effect, and the global
financial risk sentiment and global interest rates are global factors. D{ is a dummy taking the
value one in country months where the lagged GRR{ is positive and significantly different from
zero at the 10% level. We expect a positive sign for ;«, i.e. a higher foreign interest rate should
induce capital outflows and thus increase the EFM P, all else equal. The sign for 55 depends on
sensitivities to increases in risk perception. As discussed, the literature traditionally has found it
to be positive for emerging markets, in that risk-off sentiment has been related to outflows, and
negative for so-called safe haven countries (Habib and Stracca, [2012; Ranaldo and Soederlind,
2010). We hence expect (5 to be positive and f[s4, accounting for safe haven countries, to be
negative. For each country sub-sample, we run the regressions for the entire period from 2000m1
to 2018m12, and for three sub-periods including the pre-financial crisis, the GFC period and the
post crisis period. There are no instances of persistently significant safe haven currencies in the
emerging market sample, where the interaction with a dummy variable is excluded.

In the baseline specification, global financial risk sentiment is measured by fluctuations in the
VIX, following both the safe haven regressions and prior global factor studies (e.g. |Forbes and
Warnockl, [2012; Rey, 2015). Recent research on global financial factors and capital flows brings
into question the ability of the VIX or other indices to consistently capture global financial
risk sentiment over time (Cerutti, Claessens and Rose, 2019; Avdjiev, Gambacorta, Goldberg
and Schiaffi, 2017b; |Krogstrup and Tille, 2018; Shin, 2016)). We hence follow the more robust
approach of (Cerutti, Claessens and Rose|(2019) and capture global common factors in alternative
specifications by including time fixed effects in lieu of changes in the foreign interest rate and
the VIX. Time fixed effects indiscriminately capture all global factors that affect capital flow
pressures in the same way across the panel countries, including part of the impact of the VIX,
the foreign interest rate, foreign financial wealth changes and other possible global factors that
similarly impact the sample countries. The time fixed effect allows us to assess how much of the
variation in capital flow pressure can be accounted for by common responses to global factors,
but does not allow us to assign the global factor to individual types of drivers. Moreover, country
specific variation not captured by time fixed effects can still be a response to global factors, if
this response differs from the response of the average country of the sample.

The baseline panel regression results are displayed in columns I-V of Table [2| for the two
subsamples and the different time periods. Changes in the VIX are significantly positive, as
expected, in largely all specifications. The safe haven dummy interaction term is significantly
negative in the crisis and post-crisis samples, capturing the qualitatively different global risk
response of these countries. The overall share of variation explained by global factors reflected
by the VIX is low, at under 1 percent, but slightly higher in the crisis period.

Column VI presents the results in the full sample including period fixed effects and excluding
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(a) Advanced Economies

I 1T I vV Y% VI VII  VIII (NCAP)
d(VIX)  0.052% 0.087°* 0.087"* 0.322 0.060°"
(0.014)  (0.020)  (0.017)  (0.092)  (0.014)

di* 1.390"*  1.303*  2.695°  4.344***  1.106*
(0.425)  (0.456)  (1.253)  (0.928)  (0.374)

dl(VIX)D -0.054 -0.096™*~ -0.196 -0.034 -0.064  -0.037 -14.706
(0.030) (0.020) (0.100) (0.031)  (0.035) (0.048) (10.219)
D -0.009 -0.011 0.008 -0.017 -0.012 -0.005 -2.554
(0.005) (0.009) (0.016) (0.015)  (0.007) (0.004) (1.767)
R2 0.012 0.017 0.013 0.101 0.013 0.177 0.161 0.053
No.Obs 3380 3380 1310 360 1710 3380 1158 1131
No.C 15 15 15 15 15 15 15 15
Sample full full pre fc post full full full
PE No No No No No Yes Yes Yes
Frequency M M M M M M Q Q

(b) Emerging Markets

I 1T I vV v VI VII VI (NCAP)
d(VIX) 0.1187* 0.1187* 0.142 0229  0.070°
(0.025)  (0.025)  (0.078)  (0.049)  (0.026)

di* 1.985" 1.985" -2.005 4.385 3.186*"

(0.811) (0.811)  (2.947) (3.263)  (0.958)
R2 0.006 0.006 0.004 0.032 0.007  0.078 0.122 0.078
No.Obs 5452 5452 2037 600 2815 5452 1859 1626
No.C 25 25 25 25 25 25 25 22
Sample full full pre fc post full full full
PE No No No No No Yes Yes Yes
Frequency M M M M M M Q Q

Table 2: Global Factor Panel Regressions

Results from monthly panel regressions of equation . i* is the US policy interest rate. Shadow policy rates
from [Krippner| (2016 are used for ZLB periods when avalable. No.Obs gives the number of regression observations.
Column header indicates dependent variable. Sample indicates the time sample used (“full” is from 2000m1l to
2018m12, “pre” indicates the pre-crisis sample which stops in 2007m6, “fc” indices the GFC from 2007m7 to
2009m6, and “post” indices the post crisis sample from 2009m7 to 2018m12). PE indicates whether period fixed
effects are included. All regressions include country fixed effects. Frequency indicates whether monthly end-of-
month “M” or quarterly averages “Q” are used. Clustered standard errors are shown in parentheses. Asterisks *,

** and *** indicate significance at the 10, 5 percent and 1 percent levels.

the VIX and i*. Time fixed effects substantially increase the share of explained variation in the
EMP. The share is highest, over 17 percent, in the advanced economy sample. Column VII
presents results for the full sample using data on the EM P in quarterly frequency and compares
the estimates with those using data on net capital flows in percent of GDP as in the literature on
global factors in capital flows. Both regressions include period fixed effects as measure of global

factors, and additionally account for safe haven characteristics in the advanced economy sample.

31



The share of variation explained in the EM P regression is three times larger than the net capital
flows regression for advanced economies, and somewhat larger in the emerging market sample.
The EMP as a gauge of capital flow pressures thus points to a stronger role for a global
financial cycle than observed when realized aggregates for international capital flows are analyzed.
@ This could derive from the fact that the EM P accounts for different types of manifestations of
pressures (in flows or prices) instead of exclusively in outright international flows, especially for
countries with more de facto flexibility in exchange rates. The share of variation that is explained
in global factor regressions based on the EM P remains relatively modest, however. The results
(columns I to V) are largely robust to using the observed US policy rate instead of a shadow rate,
to using the global risk shock instead of the VIX, and to using the EM P against the reference

currency instead of exclusively the US dollar (not shown).

6 Conclusions

This paper has introduced a new measure of capital flow pressures in the form of an exchange mar-
ket pressure index. While exchange market pressure indices have a long tradition, our approach
has a solid grounding in international financial portfolio theory, balance of payments accounting,
and recent advances in understanding investment flows across borders. The EM P measure takes
into account the form of exchange rate regime in place at each point in time, the returns on gross
foreign assets and liabilities in different currencies, and the drivers of gross foreign asset and
liability positions at the country level. This index can be computed for a broad panel of countries
and over time, offers monthly variation in international capital flow pressures with at most a
few months of lag, and takes into account actual observed variation as well as incipient capital
flow pressures. The EM P has a super exchange rate interpretation, as both foreign exchange
intervention and monetary policy are mapped into currency depreciation equivalents. Disadvan-
tages are that the index is constructed rather than observed as data, and construction relies on
assumed baseline portfolio response parameters with associated scope for mismeasurement.

The EM P is a useful tool for avoiding the type of attenuation bias that arises when exchange
rates or capital flows are independently used in cross-country and time-series empirical analyses.
This usefulness has been demonstrated with country examples and in two applications addressing
current issues in international finance. First, we show that excess return or EM P correlations
with risk sentiment measures provide informative insights into safe haven currency flows as well
as risk-on status of other currencies. The country characteristics that drive these results differ

across advanced and emerging markets, but underscore the importance of country size, net foreign

26Cerutti, Claessens and Rosel [2019| explore a very comprehensive span of types of international capital flow data,
instead of this limited example we provide.
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asset positions, and financial openness. Second, we show that the EM P is a useful alternative
to the exchange rate and international capital flow series in quantifying the importance of the
global factor across advanced economies and emerging markets. Our analysis confirms that the
global factor is sizable, but also highly episodic. The EM P-based analysis explains significantly
more cross-sectional and time variation than found exclusively based on capital flows, but still
provides results supporting the dominant role of idiosyncratic factors in international pressures.
We expect that ongoing research on time-variation in portfolio flows will aid continued refinement
of the baseline EM P. Overall, our measure recognizes the richness of important differences in
exchange rate and monetary regimes across countries and time, and advances our understanding

of international capital flow pressures.

References

Adler, Gustavo, Noemie Lisack, and Rui Mano. 2019. “Unveiling the Effects of Foreign
Exchange Intervention; A Panel Approach.” Emerging Markets Review, Forthcoming.

Ahmed, Shaghil, Brahima Coulibaly, and Andrei Zlate. 2017. “International Financial
Spillovers to Emerging Market Economies: How Important Are Economic Fundamentals?”
Journal of International Money and Finance, 76(1): 133-152.

Aizenman, Joshua, Mahir Binici, and Michael M. Hutchison. 2014. “The Transmission
of Federal Reserve Tapering News to Emerging Financial Markets.” NBER Working Paper
19980, National Bureau of Economic Research.

Aizenman, Joshua, Menzie D. Chinn, and Hiro Ito. 2016. “Monetary Policy Spillovers and
the Trilemma in the New Normal: Periphery Country Sensitivity to Core Country Conditions.”
Journal of International Money and Finance, 68(1): 298-330.

Aizenman, Joshua, Jaewoo Lee, and Vladyslav Sushko. 2012. “From the Great Modera-
tion to the Global Crisis: Exchange Market Pressure in the 2000s.” Open Economies Review,
23(4): 597-621.

Andries, Alin Marius, Andreas M Fischer, and Pinar Yesin. 2016. “The impact of
international swap lines on stock returns of banks in emerging markets.” CEPR Discussion
Papers 11167, CEPR Discussion Papers.

Avdjiev, Stefan, Valentina Bruno, Catherine Koch, and Hyun Song Shin. 2019. “The
Dollar Exchange Rate as a Global Risk Factor: Evidence from Investment.” IMF Economic
Review, 67(1): 151-173.

Avdjiev, Stefan, Wenxin Du, Catherine Koch, and Hyun Song Shin. 2017a. “The
dollar, bank leverage and the deviation from covered interest parity.” American Economic

Review: Insights, Forthcoming.

33



Avdjiev, Stefan, Leonardo Gambacorta, Linda S. Goldberg, and Stefano Schiaffi.
2017b. “The Shifting Drivers of Global Liquidity.” NBER Working Paper 23565, National
Bureau of Economic Research.

Bahaj, Saleem, and Ricardo Reis. 2018. “Central Bank Swap Lines.” Discussion Papers
1816, Centre for Macroeconomics (CFM).

Barrot, Luis-Diego, and Luis Serven. 2018. “Gross Capital Flows, Common Factors, and the
Global Financial Cycle.” Technical Report 8354, World Bank Policy Research Working Paper.

Bayoumi, Tamim, Joseph Gagnon, and Christian Saborowski. 2015. “Official financial
flows, capital mobility, and global imbalances.” Journal of International Money and Finance,
52(C): 146-174.

Benetrix, Agustin, Philip Lane, and Jay Shambaugh. 2015. “International Currency Ex-
posures, Valuation effects, and the global financial crisis.” Journal of International Economics,
96(S1): 98-1009.

Blanchard, Olivier, Francesco Giavazzi, and Filipa Sa. 2005. “International Investors, the
U.S. Current Account, and the Dollar.” Brookings Papers on Economic Activity, 36(1): 1-66.

Blanchard, Olivier J, Gustavo Adler, and Irineu E de Carvalho Filho. 2015. “Can For-
eign Exchange Intervention Stem Exchange Rate Pressures from Global Capital Flow Shocks?.”
IMF Working Papers 15/159, International Monetary Fund.

Botman, Dennis P. J., Irineu E. Carvalho Filho, and Raphael W. Lam. 2013. “The
Curious Case of the Yen as a Safe Haven Currency: A Forensic Analysis.” IMF Working Papers
13/228, International Monetary Fund.

Branson, William H., and Dale W. Henderson. 1985. “The specification and influence
of asset markets.” In Handbook of International Economics. eds. by R. W. Jones, and P. B.
Kenen, 2 of Handbook of International Economics: Elsevier, , Chap. 15 749-805.

Brooks, Robin, and Michael Cahill. 2016. “Fear of Floating: Foreign Exchange Intervention
in Asia.” Global Economics Paper 229, Goldman Sachs.

Brunnermeier, Markus, Stefan Nagel, and Lasse Pederson. 2008. “Carry Trades and
Currency Crashes.” NBER Macroeconomics Annual 2008, 23(1): 313 — 347.

Bruno, Valentina, and Hyun Song Shin. 2015. “Capital flows and the risk-taking channel
of monetary policy.” Journal of Monetary Economics, 71(C): 119-132.

Bundesbank. 2014. “Exchange rates and financial stress.” monthly report, Bundesbank.

Caballero, Ricardo J., Emmanuel Farhi, and Pierre-Olivier Gourinchas. 2016. “Safe
Asset Scarcity and Aggregate Demand.” American Economic Review, 106(5): 513-518.

Calvo, Guillermo, Leonardo Leiderman, and Carmen Reinhart. 1993. “Capital Inflows
and Real Exchange Rate Appreciation in Latin America: The Role of External Factors.” IMF
Staff Papers, 40(1): 108-151.

34



Camanho, Nelson, Harald Hau, and Helene Rey. 2018. “Global Portfolio Rebalancing and
Exchange Rates.” NBER Working Paper Series 14165, National Bureau of Economic Research.

de Carvalho Filho, Irineu. 2015. “Risk-off Episodes and Swiss Franc Appreciation: the Role
of Capital Flows.” German Economic Review, 16(4): 439-463.

Cerutti, Eugenio, Stijn Claessens, and Damien Puy. 2015. “Push Factors and Capital
Flows to Emerging Markets: Why Knowing Your Lending Matters More than Fundamentals.”
Working Paper 127, International Monetary Fund.

Cerutti, Eugenio, Stijn Claessens, and Andrew K Rose. 2019. “How Important is the
Global Financial Cycle? Evidence from Capital Flows.” IMF Economic Review, 67(1): 24-60.

Chari, Anusha, Karlye Dilts Stedman, and Christian Lundblad. 2017. “Taper Tantrums:
QE, its aftermath and Emerging Market Capital Flows.” NBER Working Paper 23474, National
Bureau of Economic Research.

Coeurdacier, Nicolas, and Helene Rey. 2013. “Home Bias in Open Economy Financial
Macroeconomics.” Journal of Economic Literature, 51(1): 63-115.

Curcuru, Stephanie E., Charles P. Thomas, Francis E. Warnock, and Jon Wongswan.
2014. “Uncovered Equity Parity and rebalancing in international portfolios.” Journal of Inter-
national Money and Finance, 47(1): 86-99.

Domanski, Dietrich, Emanuel Kohlscheen, and Ramon Moreno. 2016. “Foreign exchange
market intervention in EMEs: what has changed?.” BIS Quarterly Review, September(2016):
65-79.

Dominguez, Kathryn, Yuko Hashimoto, and Takatoshi Ito. 2012. “International Reserves
and the Global Financial Crisis.” Journal of International Economics, 88(2): 388-406.

Dominguez, Kathryn M.E. 2012. “Foreign reserve management during the global financial
crisis.” Journal of International Money and Finance, 31(8): 2017-2037.

Du, Wenxin, and Jesse Schreger. 2016. “Local Currency Sovereign Risk.” Journal of Finance,
71(3): 1027-1070.

Eichengreen, Barry, Livia Chitu, and Arnaud Mehl. 2016. “Stability or Upheaval?; The
Currency Composition of International Reserves in the Long Run.” IMF Economic Review,
64(2): 354-380.

Eichengreen, Barry, and Poonam Gupta. 2015. “Tapering Talk: The Impact of Expectations
of Reduced Federal Reserve Security Purchases on Emerging Markets.” Emerging Markets
Review, 25(1): 1-15.

Eichengreen, Barry, Andrew K. Rose, and Charles Wyplosz. 1994. “Speculative Attacks
on Pegged Exchange Rates: An Empirical Exploration with Special Reference to the European
Monetary System.” NBER Working Paper 4898, National Bureau of Economic Research.

Eichengreen, Barry, Andrew Rose, and Charles Wyplosz. 1996. “ Contagious Currency

35



Crises: First Tests.” Scandinavian Journal of Economics, 98(4): 463-484.

Farhi, Emmanuel, and Matteo Maggiori. 2018. “A Model of the International Monetary
System.” Quarterly Journal of Economics, 133(1): 295-355.

Fatum, Rasmus, and Yohei Yamamoto. 2016. “Intra-safe haven currency behavior during
the global financial crisis.” Journal of International Money and Finance, 66(1): 49-64.

Fernandez, Andres, Michael Klein, Alessandro Rebucci, Martin Schindler, and Mar-
tin Uribe. 2016. “Capital Control Measures: A New Dataset.” IMF Economic Review, 64
548-574.

Forbes, Kristin, and Francis Warnock. 2012. “Capital flow waves: Surges, stops, flight, and
retrenchment.” Journal of International Economics, 88 235 — 251.

Fratzscher, Marcel. 2012. “Capital flows, push versus pull factors and the global financial
crisis.” Journal of International Economics, 88(2): 341-356.

Fratzscher, Marcel, Oliver Gloede, Lukas Menkhoff, Lucio Sarno, and Tobias Stohr.
2019. “When is Foreign Exchange Intervention Effective? Evidence from 33 Countries.” Amer-
ican Economic Journal: Macroeconomics, 11(1): 132-156.

Gabaix, Xavier, and Matteo Maggiori. 2015. “International Liquidity and Exchange Rate
Dynamics.” Quarterly Journal of Economics, 130(3): 1369-1420.

Ghosh, Atish, Jonathan Ostry, and Mahvash Qureshi. 2018. Taming the Tide of Capital
Flows.: MIT Press Books.

Ghosh, Atish R., Mahvash S. Qureshi, Jun Il Kim, and Juan Zalduendo. 2014.
“Surges.” Journal of International Economics, 92(2): 266—285.

Girton, Lance, and Dale W. Henderson. 1976. “Financial capital movements and central
bank behavior in a two-country, short-run portfolio balance model.” Journal of Monetary Eco-
nomics, 2(1): 33 — 61.

Girton, Lance, and Don Roper. 1977. “A monetary model of exchange market pressure
applied to the postwar Canadian experience.” Americal Economic Review, 67(1): 537 — 548.
Goldberg, Linda, Cindy Hull, and Sarah Stein. 2013. “Do Industrialized Countries Hold

the Right Foreign Exchange Reserves?” Current Issues in Economics and Finance, 19(1): 1-10.

Goldberg, Linda, and Signe Krogstrup. 2018. “International Capital Flow Pressures.”
NBER Working Paper 24286, National Bureau of Economic Research.

Goldberg, Linda S., Craig Kennedy, and Jason Miu. 2011. “Central bank dollar swap
lines and overseas dollar funding costs.” Economic Policy Review, 17(May): 3—20.

Habib, Maurizio M., and Livio Stracca. 2012. “Getting beyond carry trade: What makes a
safe haven currency?.” Journal of International Economics, 87(1): 50-64.

Hau, Harald, and Hélene Rey. 2004. “Can Portfolio Rebalancing Explain the Dynamics of
Equity Returns, Equity Flows, and Exchange Rates?.” American Economic Review, 94(2):

36



126-133.

Hau, Harald, and Héléne Rey. 2006. “Exchange Rates, Equity Prices, and Capital Flows.”
Review of Financial Studies, 19(1): 273-317.

Henderson, Dale W., and Kenneth Rogoff. 1982. “Negative net foreign asset positions and
stability in a world portfolio balance model.” Journal of International Economics, 13(1-2):
85-104.

Ilzetzki, Ethan, Carmen M. Reinhart, and Kenneth S. Rogoff. 2017. “The Country
Chronologies to Exchange Rate Arrangements into the 21st Century: Will the Anchor Currency
Hold?.” NBER Working Paper 23135, National Bureau of Economic Research.

Kaminsky, Gabriela, and Carmen Reinhart. 1999. “The twin crises: The Causes of Banking
and Balance-of-Payments Problems.” American Economic Review, 89(3): 473 — 500.

Klaassen, Franc. 2011. “Identifying the Weights in Exchange Market Pressure.” Tinbergen
Institute Discussion Papers 11-030/2, Tinbergen Institute.

Klein, Michael W., and Jay C. Shambaugh. 2008. “The dynamics of exchange rate regimes:
Fixes, floats, and flips.” Journal of International Economics, 75(1): 70-92.

Kohlscheen, Emanuel, and Sandro C. Andrade. 2014. “Official FX interventions through
derivatives.” Journal of International Money and Finance, 47(1): 202-216.

Kouri, Pentti J.K. 1981. “Balance of Payments and the Foreign Exchange Market: A Dynamic
Partial Equilibrium Model.” Working Paper 644, National Bureau of Economic Research.

Krippner, Leo. 2016. “Documentation for measures of monetary policy.” working paper, Reserve
Bank of New Zealand.

Krogstrup, Signe, and Cédric Tille. 2018. “Foreign currency bank funding and global fac-
tors.” IMF Working Paper 18/97, International Monetary Fund.

Li, Jie, R. Rajan, and Thomas Willett. 2006. “Measuring Currency Crises Using Exchange
Market Pressure Indices: The Imprecision of Precision Weights.”

Maggiori, Matteo, Brent Neiman, and Jesse Schreger. 2019. “International Currencies
and Capital Allocation.” NBER Working Paper 24673, National Bureau of Economic Research.

McCauley, Robert, and Tracy Chan. 2014. “Currency Movements Drive Reserve Composi-
tion.” BIS Quarterly Review, December(2014): 23-36.

Menkhoff, Lukas. 2013. “Foreign Exchange Intervention in Emerging Markets: A Survey of
Empirical Studies.” The World Economy, 36(9): 1187-1208.

Milesi-Ferretti, Gian Maria, and Philip R. Lane. 2017. “International Financial Integration
in the Aftermath of the Global Financial Crisis.” Working Paper 115, International Monetary
Fund.

Milesi-Ferretti, Gian-Maria, and Cédric Tille. 2011. “The Great Retrenchment: Interna-
tional Capital Flows during the Global Financial Crisis.” Fconomic Policy, 66 285-330.

37



Miranda-Agrippino, Silvia, and Hélene Rey. 2015. “World Asset Markets and the Global
Financial Cycle.” NBER Working Paper 21722, National Bureau of Economic Research.

Mishra, Prachi, Kenji Moriyama, Papa M’B. P. N’Diaye, and Lam Nguyen. 2014.
“Impact of Fed Tapering Announcements on Emerging Markets.” IMF Working Papers 14/109,
International Monetary Fund.

Obstfeld, Maurice, Jonathan Ostry, and Mahvash Qureshi. 2019. “A Tie that Binds: Re-
visiting the Trilemma in Emerging Market Economies.” The Review of Economics and Statis-
tics, 101(2): 279-293.

Patnaik, Ila, Joshua Felman, and Ajay Shah. 2017. “An exchange market pressure measure
for cross country analysis.” Journal of International Money and Finance, 73(Part A): 62 — 77.

Ranaldo, Angelo, and Paul Soederlind. 2010. “Safe Haven Currencies.” Review of Finance,
14(1): 385-407.

Rey, Héléne. 2015. “Dilemma not Trilemma: The Global Financial Cycle and Monetary Policy
Independence.” Working Paper 21162, National Bureau of Economic Research.

Rose, Andrew K., and Mark M. Spiegel. 2012. “Dollar illiquidity and central bank swap
arrangements during the global financial crisis.” Journal of International Economics, 88(2):
326-340.

Sachs, Jeffrey, Aaron Tornell, and Andres Velasco. 1996. “Financial Crises in Emerg-
ing Markets: The Lessons from 1995.” Working Paper 5576, National Bureau of Economic
Research.

Shin, Hyun Song. 2016. “The bank/capital markets nexus goes global.” speech, Bank for
International Settlements.

Tanner, Evan. 2002. “Exchange Market Pressure, Currency Crises, and Monetary Policy: Addi-
tional Evidence From Emerging Markets.” IMF Working Papers 02/14, International Monetary
Fund.

Weymark, Diana N. 1995. “Estimating exchange market pressure and the degree of exchange
market intervention for Canada.” Journal of International Economics, 39(3-4): 273-295.

Wong, Alfred, and Tom Fong. 2013. “Gauging the Safehavenness of Currencies.” Working
Papers 132013, Hong Kong Institute for Monetary Research.

38



Appendix

A Data Sources, Definitions and Descriptive Statistics

Study EM P Definition? Weighting Exchange Rate
SchemeP Definition
Girton and Roper| — 4¢ 4 4 Equal Nominal bilateral
(1977) against US dollars
Eichengreen et al. we% + wid(i — i) — wR(dR;iﬁR*) Precision Nominal bilateral
(1994)¢ against DM / US
dollars
[Weymark|(1995) de ypdlt Model based price Nominal bilateral

and interest elas-
ticities

against US dollars

“|Sachs et al.|(1996)

|Kaminsky and
_|[Reinhart| (1999)

wede —w R(dLRdR) Precision Nominal bilateral
against US dollars
we e + wp Precision Real effective

Aizenman et al.
(2012)4

—dR")

wede + wid(i — i) — wR(dRT

Equal and Preci-
sion

Nominal bilateral
against US dollars

|Aizenman et al. we e + wd(i — i*) — wR% Precision Nominal bilateral
(2016) against reference
currency
Patnaik et al. % — wgrdR Exchange rate Nominal bilateral
(2017) elasticity to US against US dollars
dollars  $1bn of
interventions
Goldberg and % — ﬁth + er[eidZ Model based Nominal bilateral
Krogstrup® weight against reference

currency

a

e is the exchange rate, R is central bank foreign currency reserves measured in US dollars, ¢ is the interest rates,

MO is the monetary base, M1 is narrow money. Asterisks denote foreign or global variables.

P Precision weights as defined in text. we,wr, and w; are weights on exchange rate, reserves, and interest rate,

respectively.

¢ Bilateral rates against Deutsche Mark used. (Eichengreen et al.|(1996) instead apply bilateral rate against US

dollars).

4 Both Reserves and M0 used for scaling reserves.

¢ Il.; and II;+ are based on exchange rate sensitivities of gross external asset and liability positions and income

balances. Reference currency as in [Klein and Shambaugh|(2008).

Table Al: Exchange Market Pressure Indices in the Literature
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‘ 16 Advanced economies

25 Emerging Markets

United States, Japan, Switzerland, United
Kingdom, Denmark, Norway, Sweden,
Canada, Euro area, Czech Republic, Is-
rael, South Korea, Singapore, Hong Kong,
Australia, New Zealand

South Africa, Argentina, Bolivia, Botswana,
Brazil, Chile, Colombia, Mexico, Peru,
Uruguay, Jordan, India, Malaysia, Thailand,
Morocco, Tunisia, Armenia, Senegal, Russia,
China, Ukraine, Hungary, Croatia, Poland,
Romania

Table A2: Country Sample Table

We have used the largest possible set of countries and excluded countries based on the following set of
criteria: (1) data availability does not allow for construction of the EM P starting in 2002m12 at the

latest, or until 2017m1 at the earliest, (2) very small countries, defined as countries with population
size of less than 0.5 million and with GDP per capita of less than 1000 US dollars and (3) a number
of individual countries for idiosyncratic reasons: Venezula (lack of clarity on the relevant exchange rate

measure reflecting market pressures), Turkey, Paraguay, Belarus, Dominican Republic, Indonesia, Moldova,

Philippines, and observations prior to 2002m1 for Armenia, Brazil and Ukraine, and prior to 2001m1 for

Hong Kong and India (inadequate or inconsistent data on foreign currency exposures in foreign investment

positions).
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Variable

Definition

Source and Description

e

Baseline bilateral
rate.

exchange

End-of-month mid-point between bid and ask, domestic per
unit of foreign. National central banks, the Federal Reserve
and IMF International Financial Statistics.

Official foreign exchange re-
serves (total reserves minus
gold)

In billions of reference currency units, end of period,
monthly. Dollar value from IMF International Financial
Statistics. Observations from 2004m5 to 2004m8 for Sri
Lanka are excluded due to huge outlier values.

FXI

Estimate or data on offi-
cial foreign exchange inter-
ventions, constructed as de-
scribed in Appendix

In billions of reference currency units, monthly flow. Data
from national central banks, IMF International Financial
Statistics, Balance of Payments, International Investment
Position and the Exchange Reserves and Foreign Currency
Liquidity Template.

Monetary policy or short-
term rate

In percentage points, end of period, monthly. IMF Interna-
tional Financial Statistics or national Central Banks. Con-
structed as IFS policy rate line 60 if available, else policy
rate from national central bank if available, else 3-month
money market interest rate from IFS (line 60b) if available,
else short-term treasury bond rate (IFS line 60c) if avail-
able, else deposit rates from IFS (only needed for parts of
the sample period for Nicaragua, Panama, China and Ar-
gentina). For countries that have introduced negative policy
interest rates, the relevant policy rate prior to the introduc-
tion of a negative rate is merged with the relevant rate post
introduction for Denmark, Japan and EU.

iSSR7 ZIE‘SR

Shadow policy rate in the US,
euro area, Japan and UK

In percentage points, end of period, monthly.

2016).

GDP

Gross domestic product

In US dollars, quarterly. IMF International Financial Statis-
tics.

VIX

CBOE Volatility Index

End of period, monthly. Extended backwards in time by
the VXO from 1986m1 to 1989m12. Chicago Board Options
Exchange.

FA

Total Foreign Assets less FDI

In billions of reference currency units. End of period, yearly,
interpolated to monthly frequency. Own calculations based
on IMF International Investment Positions.

FL

Total Foreign Liabilities less
FDI

In billions of reference currency units. End of period, yearly,
interpolated to monthly frequency. Own calculations based
on IMF International Investment Positions.

NCAP

Net private capital outflows in
percent of GDP

In percent, quarterly. IMF Financial Flows Analytics (FFA)
database. Bangladesh and Panama do not have capital flows
data.

wAFC,wLFC

Foreign currency weight of
foreign assets and foreign li-
abilities (both derivatives are
excluded)

Annual data from 1990 to 2012. [Benetrix, Lane and Sham-|
baugh|(2015) Database.

Ref. Currency

Country’s main reference cur-
rency

Annual data from 1960 to 2014, interpolated to monthly
frequency and extrapolated to 2018. |Klein and Shambaugh|

2008) Database.

Table A3: Data

Sources and Definitions
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(a) Global Factors
Mean  Max Min Std. Dev  Obs
di* -0.000 0.005 -0.013 0.002 228
disg, -0.000 0.016 -0.013 0.003 228
dlog(VIX) 0.001 0.708 -0.373 0.165 228
vshock 0.002 5.987 -3.716 0.996 228
(b) Advanced Economies
Mean Max Min Std. Dev  Obs
% -0.000 0.180 -0.154 0.023 3648
d:g% -0.000 0.180 -0.154 0.028 3648
FXI 0.569 103.225 -36.804 4.596 3636
FXIysp 0.532 103.225 -36.000 4.685 3636
di -0.000 0.026 -0.020 0.002 3648
dissr -0.000 0.029 -0.020 0.002 3648
NF Apgse 1914.367 19240.301 -117.880 3458.418 3620
NFAysp 1877.696  19240.301 -117.880 3468.018 3620
NFLpgse 2062.090 22532.004 -217.600 4340.497 3620
NFLysp 2173.270 22532.004 -217.600 4574.387 3620
GRR -0.096 0.529 -0.631 0.259 3357
InterestDif f 0.012 0.157 -0.109 0.029 3647
NFA/GDP;_1 0.383 4.445 -0.583 1.039 3391
Infl; 4 0.002 0.075 -0.709 0.079 3389
PubDebt/GDP;_1 60.362 237.505 0.009 46.185 3623
ShareofWorldGD P;—1 0.032 0.311 0.000 0.062 3419
StockmarketCap/GDP;_; 113.070 464.721 0.345 87.903 3324
(GFA+ GFL)/GDP,_1 4.033 15.267 -3.319 3.807 3391
Dom.Credit/GDP;_1 128.518 218.943 26.803 41.753 3349
Chinnlto 0.962 1.802 0.000 0.135 3647
(c) Emerging Markets
Mean Max Min Std. Dev  Obs
% 0.002 0.541 -0.169 0.029 5685
d;;% 0.002 0.541 -0.169 0.033 5700
FXI 0.546 83.865 -129.204 6.316 5602
FXIysp 0.560 83.865 -129.204 6.309 5602
di -0.000 0.538 -0.388 0.020 5654
dissr -0.000 0.538 -0.388 0.020 5654
NFApgse 170.142 5033.086  -98.276 645.634 5585
NFAusp 166.930 5033.086 -98.276 646.183 5585
NF Lpgse 103.578  1803.301 0.346 205.642 5585
NFLysp 105.055 1803.301 0.311 205.399 5585
GRR -0.128 0.266 -0.594 0.159 4669
InterestDif f 0.066 1.183 -0.055 0.075 5656
NFA/GDP;_4 -0.020 3.891 -0.914 0.293 5348
Infl; 4 0.020 0.589 -0.778 0.131 5457
PubDebt/GDP:_1 46.962 152.248 0.004 22.343 5688
ShareofWorldGD P;_1 0.009 0.163 0.000 0.020 5452
StockmarketCap/GDP;_; 49.887 464.721 0.101 53.220 5449
(GFA+ GFL)/GDP,_1 0.986 14.604 0.316 0.485 5348
Dom.Credit/GDP;_1 54.618 201.595 5.590 35.667 5700
Chinnlto 0.524 1.826 0.000 0.342 5700

Table A4: Data Sample and Descriptive S§atistics

The data are in monthly frequency and span 2000m1 to 2018m12. Gross foreign positions are interpolated from

quarterly and yearly frequency. GDP is interpolated from quarterly frequency.



(a) Advanced Economies

Mean  Max Min Std. Dev  Obs
Total -0.008 0.984 -0.827 0.075 3608
Pre-crisis -0.010 0.408 -0.823 0.073 1400
Crisis Period -0.005 0.984 -0.548 0.103 384
Post-crisis -0.006 0.533 -0.827 0.069 1824

(b) Emerging Markets

Mean  Max Min Std. Dev  Obs
Total -0.021 2.906 -2.903 0.248 5452
Pre-crisis -0.050 2.906 -2.670 0.320 2037
Crisis Period -0.024 0.951 -2.903 0.248 600
Post-crisis 0.000 1.445 -1.913 0.176 2815

Table A5: Descriptive Statistics for the EMP against the US dollar
The full sample runs from 2000m1 to 2018m12, the pre-crisis sample stops in 2007m6, the crisis sample runs from

2007m7 to 2009m6 and the post crisis sample runs from 2009m7 to 2018m12. Units are percentage point changes.
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Figure Al: Share of Foreign Currency: Assets and Liabilities, Pre- and Post-GFC
Shares represent simple mean of foreign currency weights (1 - Domestic Currency) by country during pre-
(2000-2008) and post-crsis (2009-2012). This data is available from Benetrix et al.| (2015)).
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Figure A2: Global Risk Response (GRR)

Solid lines depict GRR estimates for counterfactual excess returns constructed using the EM P against
the US dollar. Dashed line indicates the GRR for the realized excess return to US dollars.
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Figure A2: Global Risk Response (GRR) (continued)
Solid lines depict GRR estimates for counterfactual excess returns constructed using the EM P against
the US dollar. Dashed line indicates the GRR for the realized excess return to US dollars.
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Figure A2: Global Risk Response (GRR) (continued)
Solid lines depict GRR estimates for counterfactual excess returns constructed using the EM P against
the US dollar. Dashed line indicates the GRR for the realized excess return to US dollars.
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Figure A2: Global Risk Response (GRR) (continued)
Solid lines depict GRR estimates for counterfactual excess returns based on the EM P against the US
dollar. Dashed line indicates the GRR for the realized excess return to US dollars.
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1 Measuring Foreign Exchange Interventions

This appendix describes the construction of the measure of F X1 used in the EM P, as discussed
in Section [3.1.2] The empirical measure of F.XI that we use is based on estimates for official

spot interventions:

FXI = FX P (1)

FXTI°P° can be based on published interventions data, on interest-adjusted official reserves
flows or on interest and exchange rate valuation adjusted changes in official reserve assets, de-
pending on data availability. Interest and valuation exchange rate adjustments rely on a proxy
for the currency composition of official reserves. The details of how we measure or proxy each of
these are described in the subsections below.

Alternatively, F'X I can also include derivatives, such that F' X I has two components:

FXItj,alternative _ FXItj,spot + FXIg',deriv (2)

There are some countries for which accounting for derivatives F'X Itj’derw may be important
based on available data.

Korea is a case in point, as illustrated in Figure The blue bars reflect Korean official
inventions in currency forward and futures markets while the gray bars reflect our measure of
Korean spot interventions. Spot and derivatives interventions are somewhat correlated, such that
spot interventions will tend to reflect, but underestimate, the total size of official FX interventions
in Koreal[l

The best source of spot foreign exchange interventions data are data published by the national
authorities, and we use these whenever available. Ten countries publish interventions data in
monthly or higher frequency, including India (since 2002), Argentina (since 2003), Canada (since
2008), Japan (since 1991), Euro area (since 2008), Australia (since 1989)E|, Brazil (since 2000),
Mexico (since 1996), Israel (since 2002) and Russia (since 2008). A drawback with using national
sources of published interventions data is that the definitions and coverage are not always clear and
not necessarily consistent across countries. For example, Australia divides published interventions
data into spot, swaps and other derivatives, but most of the other countries do not clearly disclose
whether the published data contain derivatives interventions. We assume that when no further
information is given, the published data reflect spot interventions.

A difference between published official interventions data and estimates based on adjusted

In other countries, such as New Zealand, the correlation between estimated spot and derivatives interventions can
be low to negative.
%Series ID is ARBANFXM.
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Figure 1: Korea: Spot and Derivatives "X and Changes in Official Reserves

In billions US dollars, spot and derivatives interventions are stacked. Spot interventions are computed
as monthly reserves flows from the balance of payments adjusted for interest receipts using COFER EM
currency weights as described in Appendix [1] (source: Bank of Korea and IMF). Derivatives interventions
are computed as predetermined short-term net drains on official reserves from long and short official
forward and futures positions (source: IRFCL template, IMF). Changes in reserves are based on data
from the international investment position (source: IMF).

changes in reserve positions or flows, as discussed below, is that official interventions data will
often exclude operations due to non-exchange rate management aims, such as issuance of foreign
currency debt by the government. Whether or not the latter reason for fluctuations in foreign re-
serves should be included in the measure of interventions depends on the government’s reasons for
issuing such debt. For practical reasons, we use published official foreign exchange interventions

when available and do not attempt to include general government foreign exchange operationsﬂ

See also [Bayoumi et al. (2015) for a discussion of this issue.

1.1 Currency Weights in International Reserves

In the absence of published data on foreign exchange interventions, we use either balance of
payments flows or changes in the positions of official foreign reserves, adjusted for changes due
to interest receipts and exchange rate changes, as described below. For this, we need data on the

currency composition of official reserves. Some central banks disclose their currency composition

3This issue is relevant for Canada, for which published interventions data are far smaller in amplitude than other
measures of spot FXI based on adjusted changes in reserve positions or flows, with the main difference being the
role of the central bank’s handling of the government’s issuance of foreign currency denominated liabilities.



of reserves. Switzerland publishes currency weights from 1999. A set of countries report currency
weights for more recent years through the Data Template on International Reserves and Foreign
Currency Liquidity (IRFCL), used by authorities to report to the IMF (Dominguez et al. 2012;
Adler et al.| 2019)E| We use the earliest available observations to fill in missing values for earlier
years. For the remaining countries that do not disclose currency weights, we use average currency
weights in official reserves as published in the IMF’s COFER (Currency Composition of Official
Foreign Exchange Reserves) database. These are divided into Advanced Economies and Emerging
and Developing countries, and we separate the sample accordingly. COFER shares include US
dollars, euros, Japanese yen, pounds sterling, Australian dollars, Canadian dollars and Swiss
francs. Since COFER data end in 2015Q1, we use 2015Q1 currency composition data to fill the
missing observations going forward. Hong Kong does not publish currency shares in their official
foreign reserve, but since it has a currency board in US dollars, it is likely to hold a large part,
if not the entire official reserve, in US dollar denominated assets. This is confirmed in [McCauley
and Chan|(2014). Average EM COFER weights are hence likely to be misleading for Hong Kong,
for which we instead assign a currency weight of 100 percent to US dollars.

For each country when data are available, we calculate the share of euros before 1999 as the

sum of Deutsche marks, ECU, French francs and Netherlands currency.

1.2 Spot FXI Based on Balance of Payments Data

When countries and time periods for which published F* X1 data are not available, but balance
of payments data are available in monthly frequency, we adjust official foreign exchange reserve

flows for interest receipts according to the formulafl]

FXIZ’E%’; = ORFtJ;BOP - Z iﬁ—ngt—l,gRg—l,HP (3)
g

where ORFtJ; gop and R{j 17p are the official reserve inflows (defined as increases in reserves)
or stock positions respectively, in US dollars equivalents, of country j in time period ¢ from
the balance of payments and international investment position statistics respectively. i? is the
interest received on foreign assets held in currency g and w, is the weight of the official reserve

held in currency g denominated assets.
Dominguez (2012) finds that most central banks place foreign assets in long-term safe bonds.

Following |[Dominguez| (2012)) and |Adler et al.| (2019), we use data on long-term yields on the

4Croatia, Ukraine, Moldova, Bulgaria, Georgia, Morocco, Israel, Uruguay, Peru, Chile, Brazil, Australia, Canada,
Sweden and Norway.

Bulgaria(since 1996), Chile(since 2003), Czech Republic(since 2004), Denmark(since 1999), Euro Area(since 1999),
Hungary (since 2014), Korea(since 1980), Philippines(since 1999), Poland(since 1997), Romania(since 1999), Thai-
land(since 1991), Turkey (since 1992) and Ukraine(since 2010).



government bonds of major reserve currencies as a proxy for if. We use the German yield as a

proxy for the euro yield before 1999.

1.3 Spot FXI Based on IIP Positions Data

For countries and sub-periods for which neither published F X I data nor monthly balance of
payments data are available, we adjust changes in official foreign exchange reserve positions from

the international investment position for interest receipts and exchange rate valuation changes:

FX[i’f?? = AR{,UP - Z iﬁfl,gwt—lagRgfl,HP + Z Cijwt,gRgLHP (4)
g g

where AR? ;7p is the change in the foreign reserve position in US dollars, and egUSdoll ars 18
the exchange rate of the US dollar against currency g, defined in units of g per US dollar. The
proxies for interest receipts and currency weights are as described above.

The spot leg of currency swaps is included in the foreign exchange reserves in the general case,
but not in certain cases, including the bilateral central bank swaps in Switzerland and the US
(Goldberg, Kennedy and Miu, 2011; [Rose and Spiegel, [2012; |Andries, Fischer and Yesin, 2016}
Bahaj and Reis, 2018). The recipients of the swaps lent the obtained international currencies
on to domestic financial institutions in need of international funding (notably in US dollars and
Swiss francs). In the absence of these swaps, the financial institutions needing foreign funding
would arguably have sought to purchase this funding in the market, which would have led to
pressures on conventional FX interventions or on the exchange rate.

In Switzerland, the spot leg of the central bank bilateral swaps issued in 2008 and 2009 were
recorded separately from the foreign reserve in the balance sheet (this is not the case for spot legs
of currency swaps with market participants). Since monthly data exist on these swaps, we add
this separate balance sheet item to the foreign currency reserve for Switzerland before adjusting
its changes for exchange rate valuation changes and interest receipts. In the US, the spot leg of
the bilateral central bank swaps are also not included in the foreign reserve. Monthly data on
the spot leg for the US are not available, however, and we therefore do not adjust in the case of
the US.

1.4 Measuring Derivatives Interventions

An alternative definition of FX interventions includes derivatives interventions, as captured in
expression [2| Accounting for the use of derivatives in interventions poses challenges. One is that
the set of instruments used in FX interventions is evolving over time. Another challenge is that

the correspondence between spot interventions and derivatives interventions will depend on the



type of instrument used, and the reporting of derivatives and spot interventions is not always
transparent and consistent. Finally, not all derivatives interventions are conducted to manage
the exchange rate, but can also be targeted toward financial or market stability.

We again make use of the IRFCL data template. In this template, IMF member countries
report official predetermined short-term net drains on foreign currency assets due to aggregate
short and long positions in forwards and futures in foreign currencies vis-a-vis the domestic
currency (including the forward leg of currency swaps, but not the spot leg). Since they are
reported in terms of the net drains on reserves arising when the derivatives contracts mature (and
not in terms of the market value or mark-to-market of the positions), these data are comparable
to changes in reserves due to spot transactions.

Since the spot leg of currency swaps enters the official foreign reserve for the duration of the
swap in most cases, a swap is recorded as a spot intervention today, combined with the opposite
predetermined net drain due to the forward leg, and these two legs cancel out in the measure of
interventions when derivatives interventions are included. Without a correction for the forward
leg through the predetermined net drains, however, currency swaps figure as spot interventions.
It is not apriori clear which of the two representations is correct. This will depend on FX market
functioning and term FX demand, issues that go beyond the scope of this paper.

Not all derivatives interventions are included in the short-term predetermined net drains,
however. Some are instead reported in other lines in the IRFCL template. For example, foreign
currency options may never lead to a drain on reserves, and are hence not included in the pre-
determined net drains category, while they may have had strong effects on hedging demand and
hence currency markets. It is not clear how to translate the use of such derivatives into a measure
comparable with spot interventions consistently across countries, instruments and time, and we
leave that for future research.

Figure [2] depicts the average share of variation in total alternative F'XI measure based on
equation 2 that is accounted for by variation in the derivatives term by country, for the individual
country with available derivatives data as given in Table [l A high share reflects either strong
use of derivatives by authorities (New Zealand and Korea are examples). In these cases, not
accounting for the use of derivatives may weaken the signal of capital flow pressures in the esti-
mated F"X 1. In other cases, a high share reflects some use of derivatives while spot interventions
are extremely low, which is typically the case in countries with freely floating exchange rates
(e.g. Australia, Japan, EU, the UK and Canada). In these cases, it is less clear that derivatives
interventions are important to account for.

Due to the lack of a clear and consistent accounting for derivatives interventions across coun-
tries, the unclear link between derivatives and spot interventions, and the limited availability of

derivatives interventions data in many countries, we do not include derivatives inventions in our



baseline measure of F'.X 1.
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Figure 2: Share of variation in F X elternative dque to derivatives
calculated as the variation in estimated derivatives interventions as a share of estimated spot plus deriva-
tives interventions for individual country samples for which data on derivatives interventions are available.
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2 Exchange and Interest Rate Elasticities from Panel Regressions

This appendix presents a panel regression of flows in foreign assets and liabilities on exchange and
interest rates, with the aim of assessing the size of the elasticities of foreign investment positions to
exchange and interest rate changes, as discussed in Section

Estimating the response of capital flows to the exchange rate is complicated because of the
endogeneity of capital flows and exchange rates to each other as well as to the exchange rate regime
in place in the country in question. For example, we would expect an exchange rate appreciation to
initially cause a capital outflow as international portfolios rebalance. However, we would expect a
capital outflow shock to cause an exchange rate depreciation, or foreign exchange interventions (see
also Klaassen, 2011). We only observe the equilibrium outcome for flows and the exchange rate,
but not the partial responses that we are interested in assessing. There is hence clear potential
for attenuation bias. We attempt to address these issues with a panel regression analysis of gross
capital flows that produces empirical estimates of eév FAJ and eév FLJ based on equations and
. In this setup, endogeneity would tend to bias the estimates of the capital flow response to the
exchange rate toward zero. Thus, if we find the right signs, we should be capturing the direction
qualitatively and gain insight into the lower bound for the size of the response. To reduce the
potential bias, we lag all explanatory variables by one quarter, keeping in mind that lagging may
not fully address concerns in case of persistence in the regression variables. It also further increases
the potential for attenuation bias as flows are likely to respond contemporaneously to exchange
rates. Allowing an exchange rate shock to affect capital flows over the following three months is
consistent with the timing of the effect estimated in Hau and Rey| (2004)), however.

With a broad panel of countries, the country specific variation in the exchange rate depends
on the exchange rate regime. Countries with hard pegs, such as Hong Kong, will have minimal
exchange rate variation, effectively preventing empirical measurement of the impact of exchange
rate variation on private capital ﬂowsﬁ For this reason, we estimate the regression as a panel and
impose the restriction that the elasticity of gross positions to the exchange rate is the same across
groups of countries, as further discussed below. The panel approach allows us to produce predictions
for exchange rate elasticities for countries that do not exhibit sufficient variation in the exchange
rate to estimate the country specific elasticity. The panel approach also allows us to control for
variation in gross positions due to common global shocks by including time fixed effects.

It is possible that the average elasticities of international investment positions depend on the
composition of gross foreign asset and liabilities (e.g. |Cerutti, Claessens and Puy, 2015), which
may change over time. It is beyond the scope of this paper to estimate elasticities individually
for all sub-items of international investment positions. As a short-cut, we exclude foreign direct

investments (FDI) from the gross foreign investment positions. The share of FDI in gross positions

9Patnaik et al|(2017) face a similar problem and carry out estimations only for countries where variation allows for
identification of the parameter they are focusing on. They then use the estimation equation to predict the parameter
estimates for the countries that do not have sufficient variation to allow direct estimation, based on the characteristics
that turn out to matter for the size of the parameter estimate.



has grown strongly in recent years (Milesi-Ferretti and Lanel 2017)), but this type of investment is
less likely to respond to exchange rate changesm Portfolio and bank related international investment
positions are more likely to be responsive to changes in prospective returns, absent capital controls.

We are interested in how investors respond actively to changes in exchange and interest rates
and therefore consider transactions, i.e. flows, rather than changes in stock positions that contain
valuation effects. This means that we cannot make an assessment for currency specific net foreign
asset and liabilities positions, for which we only have stock data. Instead, we approximate net
foreign assets in foreign currency by gross foreign assets, and net foreign liabilities in domestic
currency by gross foreign liabilities. We then match capital flows in these categories to the stock
positions to compute our dependent variable.

Global financial factors such as US monetary policy, risk aversion, global liquidity, and financial
wealth accumulation are clearly of importance in driving global capital flows and should be con-
trolled for, but these variables are very difficult to correctly measure empirically, in particular since
the advent of the ZLB periodﬁ Since these factors are not the focus of this exercise, we instead
control for all common global factors by including time effects in the regressions. We control for
country specific time invariant effects by including country fixed effects. Finally, growth in local

wealth is approximated by local GDP growth. The estimating equations become:

ANFAI™ _ veagq, (e]_1) + e "Md(i]_)) + el FAIdlog(GDP) + ¢ + 7+l (5)
o = e gle;_1) + € iy_1)+ €y og o+ 1+ e

NFA]

ANFL% . : o _ ) .

———t = NFLidlog(e] ) + erFL’]d(ig_l) + NFLIdlog(GDP) 4 @7 4 14 + €] (6)

NFL

where ¢/ are country fixed effects that capture time invariant country specific factors influencing
gross capital flows, and 7; are time fixed effects that capture global factors including risk sentiment,
global liquidity, and interest rates, financial conditions and growth in center countries (the VIX is
hence not included explicitly). ¢ is the country grouping for which the elasticity is estimated. In the
baseline regression we restrict the elasticities to be the same for all countries, but we also allow for
the elasticities to deviate between advanced economies and emerging and developing countries, by
interacting all explanatory variables with a dummy taking the value one for emerging and developing

countries. The expected signs according to the portfolio rebalancing hypothesis are eéVFA 7 <0

NFL4
and €,

7 > 0. The regression results are presented in Table , for the sample period from
1995Q1 to 2018Q4.

The parameter estimate signs and sizes are relatively robust to changes in the sample and
estimation procedures (not shown), but significance varies a lot with the sample. Note that the
fit of the regression (R?) is relatively high. This primarily reflects a large portion of the variation

explained by country and time fixed effects, in turn reflecting structural flows as well as global

"A further refinement of the approach would be to exclude long-term bank positions, if these could be consistently
identified in the data.
8Avdjiev et al| (2017b) consider such factors as drivers of capital flows explicitly.



INFA(fx) ILNFL(d) HILNFA(fx) IV.NFL(d)

dlog(e] ;) -0.058* 0.048 -0.023 0.003
(0.024) (0.026) (0.040) (0.042)

EM x dlog(el_,) 0.002 0.057
(0.042) (0.045)

d(i_,) -0.208  -0.369" 1.557" 0.548
(0.135) (0.147) (0.706) (0.742)

EM x d(il_,) -1.844* -0.956
(0.719) (0.756)

dlog(GDP) 0.336** 0.012 -0.086 0.016
(0.098) (0.103) (0.164) (0.175)

EM x dlog(GDP) 0.790*** 0.020
(0.168) (0.181)

R2 0.114 0.092 0.131 0.093
No.Obs 2089 2065 2089 2065

Table 2: Regression Results: Portfolio Rebalancing of Gross Positions

Results for estimating regression equations ([5)) and @ based on gross capital flows as shares of stock positions.
All specifications contain time and fixed effects (not shown). Regressions are based on quarterly data from
1995Q1 to 2018Q1. Asterisks *, ** and *** indicate significance at the 10, 5 percent and 1 percent levels,
respectively.

factors.

Columns I and II display the results from the baseline regressions where elasticities are restricted
to be the same across advanced economies and emerging and developing economies. In the foreign
asset regression, the exchange rate elasticity and interest rate semi-elasticity have the right signs
and the former is marginally significant (column I). The exchange rate elasticity estimate suggests
that a 1% exchange rate depreciation against the US dollar should lead to a 0.05% reduction
in foreign asset holdings in the following quarter (i.e. a capital inflow due to domestic resident
retrenchment). Moreover, a 1%-point increase in the domestic interest rate is estimated to induce
a 0.14% retrenchment in domestic residents’ foreign assets (i.e. a gross resident inflow). Due to the
potential for attenuation bias as discussed above, these estimates are likely to be lower limits for the
elasticities. GDP growth is also significant and with the right sign. When allowing the parameter
estimates to differ across country samples (column IIT), significance is reduced and the results
suggest stronger responses in emerging markets than in developing countries. When allowing for
the elasticity to differ between advanced countries and emerging and developing countries (column
IT), significance drops, but the size and sign remain, suggesting that the elasticity is higher for
emerging and developing countries.

In the foreign liabilities regressions (columns II and IV), the exchange rate elasticity has the
right positive sign and is of similar absolute size to that found in the foreign asset regression, which
is what we would expect. It is not significant, however, and the interest rate parameter estimate

has the wrong sign.
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