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Abstract

Many currencies, especially from countries with negative net foreign assets, depreciate during
financial turbulence. Using a panel of 26 currencies for the period 4/2002 — 12/2019, I show that the
net foreign asset composition is related to the exchange rate sensitivity to global financial market
uncertainty changes. Net foreign debt is associated with a higher sensitivity, whereas net equity
and FDI are not. Ownership matters too, as this association is stronger for private net liabilities.
In emerging markets, this vulnerability arises from net other investments, while G10 currencies are

more sensitive the more private net portfolio debt the countries have.
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1 INTRODUCTION

There have been large swings in both the financial sector’s risk appetite and exchange rates during
the past 15 years, and many countries with large negative net foreign asset positions have seen their
currencies depreciate sharply during times of global financial market turbulence. Several central banks,
especially in emerging markets, responded to this by conducting substantial currency interventions to
dampen the exchange rate movements. Different types of external capital are however heterogeneously
influenced by global risk, and the country’s underlying foreign debt and asset structure might affect how
the exchange rate reacts to financial market turmoil. This paper therefore empirically disentangles how
the composition of net foreign assets is related to the exchange rate sensitivity to global financial market
uncertainty.

Gabaix & Maggiori (2015) (hereafter GM15), propose a theory of exchange rate determination based
on global imbalances and resulting capital flows in imperfect financial markets. As financiers’ risk-bearing
capacity is limited, currencies of countries with large external debts must offer high expected returns
to compensate for the resulting currency risk. Balance sheet changes of financial institutions impact
the pricing (or level) of foreign currency lending, which in turn affects the exchange rate.! Della Corte
et al. (2016) indirectly prove this by showing that countries’ external imbalances explain cross-sectional
variation in currency excess returns. They hypothesize that net debtor countries must offer a currency
risk premium to compensate investors for taking on this risk, as debtor currencies tend to depreciate
when risk taking is limited. Habib & Stracca (2012) also empirically confirm that currencies with large
external imbalances are more vulnerable to global risk sentiment swings.?

International capital flows to both advanced and emerging market economies are procyclical and tend
to amplify business cycle fluctuations.®> However, not all types of capital flows are equally procyclical.
Brunnermeier et al. (2012) and Avdjiev et al. (2018) note that aggregate FDI and net portfolio equity
flows are generally fairly stable over the financial business cycle. This is partly due to a different investor
base which is less leveraged and which has a more long term focus than debt investors. Another reason is
that equity and FDI investments involve more risk and profit sharing, as foreign equity investors absorb
the valuation losses in a financial crisis, which, combined with local currency depreciation, discourages
portfolio equity outflows. Debt flows, on the other hand, portray strong procyclicalities. Banks interme-
diate a large share of the debt inflow, and bank lending responds not only to the creditworthiness of a
project, but also to the bank’s balance-sheet capacity. Moreover, debt is subject to maturity mismatch
and roll-over risk.? Consequently, countries with large outstanding net debt liabilities should have cur-
rencies that are more vulnerable to changes in the banking sector risk-bearing capacity or the global risk

sentiment than countries with the equivalent net portfolio equity and FDI liabilities.

In a panel study of 25 exchange rates against the USD over the period 4/2002 — 12/2019, I identify

the types of net foreign assets that are associated with a higher exchange rate sensitivity to global risk



intolerance changes. I disentangle how the relationship between changes in financial sector risk-bearing
capacity (proxied by changes in the VIX index or the Libor-OIS spread) and different types of foreign
capital, such as portfolio debt, equity, FDI, and other investments, are related to exchange rate move-
ments. I differentiate between private and public net foreign assets and investments (and banks and
corporates), as both public and private debtors (and banks and corporates), but also investors in private
and public debt, generally have different risk profiles and investment horizons. I moreover show how the
relationship between risk intolerance, net foreign asset composition, and exchange rates differs between
G10 and emerging market (EM) currencies, and how this relationship has evolved over the sample pe-
riod. Many previous studies have looked at the exchange rate impact of international capital flows®, but
so far only Habib & Stracca (2012) have looked at how net foreign liabilities affect the exchange rate
impact of global risk sentiment changes. To the best of my knowledge, nobody has yet looked at how the

composition of net foreign assets relate to the impact of financial market uncertainty on the exchange rate.

My main findings are that the composition of the net foreign asset position is related to the exchange
rate sensitivity to changes in global financial market risk tolerance. Countries with large net external
debt liabilities, particularly in net portfolio debt and other investment liabilities, have currencies that are
more sensitive and tend to depreciate far more in response to financial market turbulence than countries
with smaller net external debt liabilities. Moreover, currencies of countries with the equivalent negative
net foreign equity or FDI position are much less affected by changes in the global risk sentiment. Due
to these offsetting exchange rate effects of net external debt and equity positions, the impact of financial
market imbalances is underestimated if we only look at the total net foreign assets. These results can
moreover be seen as a confirmation of GM15’s theory that changes in the risk-bearing capacity of financial
intermediaries affect exchange rates, as it is the asset classes that are typically intermediated by banks
and financial institutions (such as portfolio debt, bank loans, and trade credits) that are associated with
a higher exchange rate sensitivity.

Secondly, I find that the ownership of the net foreign assets matters. The exchange rate sensitivity
is higher in countries with high private net foreign liabilities like portfolio debt and other investment
liabilities as opposed to public liabilities. Moreover, EM currencies are in general more sensitive to global
risk sentiment changes than G10 currencies. Additionally, I find that the exchange rate vulnerability is
associated with slightly different asset classes for the G10 and EM currencies. In the emerging markets,
the exchange rate sensitivity is higher in countries where the banking sector net other debt liabilities
(including bank loans, trade credits, and bank deposits) are large, as predicted by GM15. The G10
currencies are also more vulnerable to changes in the risk sentiment the more net external portfolio debt
the countries have. Finally, I find that the relationship between banking sector risk intolerance, net
positions and exchange rates has become stronger since the financial crisis.

These results are important for risk calculations and hedging decisions, but they also have policy

implications. Many central banks® have engaged in currency interventions to smooth exchange rate



volatility during times of financial turmoil in the past. My results reveal one source of this vulnera-
bility and highlights a channel through which financial intermediaries can have destabilizing effects on
the economy. These results are also crucial for the evaluation of financial market reforms. There are
substantial differences in how debt and equity investments are taxed in most countries, and a change
in the relative tax burden on either asset class could thus impact the exchange rate vulnerability as
well. Many emerging market economies also have substantial restrictions on foreign ownership of debt,
but especially equity products. When evaluating the costs and benefits of allowing foreign investors in
the local financial markets, these findings provide important information on the heterogeneous exchange
rate impact of foreign debt and equity ownership. Finally, these findings are also interesting from a
corporate finance perspective. Modigliani & Miller (1958) state that if financial markets are complete,
the liability structure should not affect the firm value. If this logic is transferred to the aggregate level,
the value of a country’s assets should not depend on its debt-to-equity ratio. As the price that investors
are willing to pay for a country’s currency depends on the economy’s underlying capital structure, the
Modigliani-Miller theorem does not hold in the aggregate.

The rest of the paper is structured as follows: Section 2 describes the method and models, Section 3

describes the data, Section 4 presents and discusses the results and Section 5 concludes.

2 EMPIRICAL FRAMEWORK

The empirical model used in this paper is inspired by GM15’s exchange rate model with imperfect
markets, where exchange rates are determined by capital flows, countries’ net foreign asset positions,
and the financial sector risk-bearing capacity.” International capital flows resulting from households’
investment decisions are intermediated by financiers, who bear the resulting currency risk. The exchange
rate is determined by the demand and supply of capital denominated in the different currencies, where
s¢ is defined as the quantity of US dollars bought by 1 unit of foreign currency (i.e., As > 0 implies
a foreign currency appreciation) in period t. The financiers are subject to financial constraints, which
limit their risk-bearing capacity. The ability to bear risk is denoted by RI, where a higher RI implies
higher risk intolerance or lower financier risk-bearing capacity. Financiers need compensation for taking
on currency risk from financing the imbalance, and to be willing to absorb this risk, they must expect
the foreign (debtor) currency to appreciate. According to GM15’s Proposition 2, the impact of a change
in financial sector risk-bearing capacity RI on the exchange rate sy in a two-period two-country setting

is:
dso  —nfag (1)
ORI~ 2+ RI

where nfa; is the net foreign asset position in time ¢. This implies that currencies of countries with
negative net foreign assets will depreciate if there is a sudden worsening of the financier’s risk-bearing

capacity, whereas currencies of countries with positive net foreign assets appreciate. This also holds when



different types of net foreign assets are considered. If we consider nfa fixed and treat s as a function of

only RI, f(RI), by using approximation by differentials we can use dsy =~ Asg, where

—nfag
2+ RI

Aso = f'(RI)ARI = ARI (2)

Thus, the change in the exchange rate depends on the country’s net foreign asset position and the level

and change in the financial sector’s risk-bearing capacity.

The basic panel within-group (WG) regression that looks at the interaction of different net foreign
assets to GDP (NF A;;) and the change in global financial sector risk intolerance (ARI;) on exchange
rate changes (As;t), is based on equation (2). Here s;; represents the log spot exchange rate of currency
i in period t in units of USD per foreign currency. Thus, As > 0 implies an appreciation of the foreign
currency against the USD, where As;;11 = s;i41 — Siz. Risk intolerance denotes the financial sector
willingness and ability to bear risk, where ARI; is proxied either by a change in the VIX index, which
measures general financial sector risk intolerance, or by the Libor-OIS spread, which measures banking

sector risk. The basic exchange rate model is:

AS“ = OlARIt + 5’ARItNFAZt + C/NFAM + 5’X1-t_1 + Yi + €t (3)

where N F'A;; and X;; are vectors of different net foreign assets and controls, the vectors 8, ¢ and § con-
tain the estimated coefficients, «y; is the currency fixed effect and €;; is the error term. « is the general
exchange rate impact of ARI;. During times of diminishing risk tolerance, most currencies, except the
so called ”safe haven currencies”, tend to depreciate, so we expect o < 0. If we only consider total net
foreign assets to GDP in each country, i.e., NFA;; = [nfa;], the estimated coefficient on the interaction
term is expected to be positive; countries with negative n fa react stronger to increases in risk intolerance
and depreciate more (as As < 0 implies a depreciation against the USD). This is also what Proposition
2 of GM15 predict. When the financial sector’s risk-bearing capacity is good (RI is low), the currency
returns of the net debtor currencies are positive, while during times of financial distress, currencies with
negative net foreign assets depreciate due to foreign capital outflows. It is however possible that it is not
only the different net foreign asset positions that affect the exchange rate, but that the exchange rate also
has an impact on the external debts and liabilities. To avoid this simultaneity problem, and because I
am interested in the exchange rate impact conditional on the net positions, I use the beginning of period
net values.® Due to intra-cluster correlation both across time and currencies, I adjust the standard errors

for clustering by currency and time.”

Not all types of foreign capital flows are procyclical and equally influenced by the global risk sentiment;

debt assets are more affected by the global risk sentiment than equity. In the main analysis we therefore



look at two net components, net total debt (nTot Debt) and net total equity (nTot Equity)'°, ie., NFA =
[nTot Debt nTot Equity], where the interaction of these with ART are the variables of interest. Currencies
with negative net foreign debt assets are expected to be most affected by the global financial business
cycle, as foreign banks often repatriate capital during episodes of low risk tolerance. In contrast, equity
investors are discouraged from selling their assets due to the depressed equity prices. The coefficient
on the interaction term with net total foreign debt is therefore expected to be positive. Moreover, I
expect this coefficient to be larger in magnitude than the one on net total foreign equity liabilities, as I
expect net foreign equity liabilities to have a much smaller destabilizing exchange rate impact. As there
are substantial differences between different types of debts and equity, the net positions in NF'A are
subsequently split into net portfolio debt (nPDebt), net other investment (nOther), net portfolio equity
(nPEquity), and net FDI (nFDI). The variables nPDebt, nOther, nP Equity, and nF DI interacted
with ARI are in this case our variables of interest.

The public sector generally has broader access to finance than the private sector and is less depen-
dent on financial intermediaries. The foreign creditors financing public and private debt are moreover
likely to differ both w.r.t. risk tolerance and investment horizon, as private debt is generally perceived
as riskier than government debt. The higher risk excludes many pension funds and low-risk investors
(which are often less leveraged) from investing in private debt, and many insurance and pension funds
are required to hold a substantial share of low-risk government bonds. Avdjiev et al. (2018) find that
sovereign capital in- and outflows respond little to global risk sentiment changes, whereas both private
debt in- and outflows are positively correlated with the VIX index. Moreover, Adams-Kane et al. (2017)
show that foreign banks that experience an economic crisis in their home country cut down on their
lending to developing countries substantially and often repatriate capital to boost their liquidity at home
instead of diversifying their lending internationally. Consequently, debt intermediated by the banking
sector is highly procyclical and more volatile than non-bank debt flows, and the exchange rate response
could thereby also be affected by the net foreign asset ownership structure. The net debt assets in
NF A are therefore also split into net holdings by the private sector (priv), general government (gouvt),
deposit-taking financial institutions (bank), and non-bank sectors (osect), which is mostly the corporate

sector.

Avdjiev et al. (2018) note that capital flows to and from advanced and emerging economies (EM)
react differently to uncertainty shocks, which might lead to different exchange rate outcomes. EM in-
vestments are generally perceived as riskier than investments in most advanced economies, which might
attract a different foreign investor base and exclude some low-risk investors. A change in the global risk
sentiment might affect investors differently, leading to different reactions in the G10 and EM curren-
cies, so the sample is also split between G10 and EM currencies. The relationship between imbalances,
risk-bearing capacity, and exchange rates might also have changed over time, as financial innovation has

led to a wider range of financial products, financial reforms and financial integration has altered foreign



capital flow characteristics, and changes in banking regulations after the credit crisis have changed the
amount and type of risk-taking allowed by financial institutions. I therefore also look at a post-crisis

sample (1/2010 — 12/2019).

The control variables in X;; include yield differentials such as the difference in local stock market
performance versus the US (Astock;; — ASP500;), inflation differentials (7;; — 7pys¢) and 3 month inter-
bank rate differentials (i;; — iyst). To account for carry trade reversals, the interaction of the interest
differential and the risk sentiment, (i;; — iys¢)VIXy, is included like in Habib & Stracca (2012). Crisis
dummies for the months September-December 2008 and relative PPP (PPP;;) are also included, and
the total net foreign assets to GDP (nfa;) are used to control for the country’s financing needs. Log
changes in central bank currency reserves (ARes;;) capture central bank currency interventions and the
real central bank policy rate (C'Bry;) control for the domestic monetary policy. As the exchange rate
might affect inflation, interest rates, and stock markets, lags of all the control variables are used to avoid

possible simultaneity issues.

3 DATA

The analysis is conducted using monthly data for an unbalanced panel of 26 advanced (G10) and emerging
market (EM) currencies from 4/2002 to 12/2019. Bilateral (end of period) exchange rates against the
USD are downloaded from IMF’s IFS (2020) database.'!

Data on total external assets, liabilities, and subcomponents are collected from IMF’s Balance of
Payments and International Investment Position Statistics (BoP-IIP, 2019). As these data are only
available at a quarterly frequency, the last known value is used until the data is updated next quarter.
External assets are the USD value of the assets a country owns abroad, and external liabilities the USD
value of domestic assets owned by foreigners. Total debt consists of portfolio debt, direct investment
debt, and other investment debt (currency and deposits, loans, other accounts receivable, trade credits
and advances). Total equity consists of portfolio equity and direct investment equity. Net foreign assets
(nfa) is the difference between external assets and liabilities relative to GDP (with GDP data from
the TFS (2020) database). Net total debt (nTotDebt), net total equity (nTotEquity), net portfolio
debt (nPDebt), net portfolio equity (nPFEquity), net direct investment assets (nF'DI), and net other
investments (nOther) are defined similarly as ratios to GDP. These are depicted in Figure 1 and described
in the Online Appendix. The net debt positions are also split into net assets held by the private sector
(nTotDebtP™™) and the general government (nTotDebt9°"!).12 The privately-held net assets are in turn
split between deposit-taking corporations (bank) and other sectors (osect), which includes non-financial
corporations, other financial corporations, households, and other sectors. This breakdown is also available
for net portfolio debt and net other investment assets (nPDebt and nOther). The private net foreign

position is created by subtracting private foreign liabilities from private foreign assets, and the same



applies to the other ownership positions. As the ownership breakdown is a novel feature of the BoP-
IIP statistics, a note of caution is needed as the countries’ reporting standards vary somewhat. In an
extension, I also use the proportion of external debt liabilities denominated in local currency (LCD)
provided by Bénétrix et al. (2019) for the years 2001-2017. The annual end-of-period data is converted
to monthly observations by keeping the data constant until a new observation is available.!3

This paper uses two different proxies for risk intolerance. The first one is the VIX index, which is the
most commonly used risk aversion measure in financial markets and is the ”risk-neutral” expected stock
market variance based on the implied volatility of S&P500 index options. A surge in the VIX index
(AVIX > 0) implies higher financial market volatility and typically higher risk intolerance (Collin-
Dufresne et al., 2001). The second measure, the Libor-OIS spread, is the 3-month interbank interest
rate (Libor) and Overnight Index Swap (OIS) difference. As the OIS contract is considered fairly risk
free (as no principal is exchanged with a swap) while the Libor reflects the credit risk of borrowing to
banks, the Libor-OIS spread is an indicator of banking sector risk. A widening of the Libor-OIS spread
(ALibOIS > 0), implies an increase in banking sector uncertainty. The Libor-OIS spread consists of
the GDP-weighted Libor-OIS spreads of the US, UK, Eurozone (Germany), Switzerland, and Japan.
To make the Libor-OIS spread exogenous to own-country changes, the contribution of the own-country
Libor-OIS spread is excluded from the global average for these countries. For robustness, I also use
a GDP-weighted average of sovereign CDS-spreads and a decomposition of the VIX into a variance
premium and the conditional variance from Bekaert & Hoerova (2014). Data for the Libor-OIS and CDS
spreads and the VIX index are downloaded from Bloomberg. To make the risk measures comparable,
they are all normalized to have a mean of 0 and a standard deviation of 1.

Control variable data for inflation (CPI), PPP, and central bank reserves data are from IMF databases
(IFS and WEO), the interbank interest rates and stock market indices are from OECD’s Monthly Mon-
etary and Financial Statistics (MEI) (and central banks of the non-OECD countries), and central bank
policy rates are from BIS policy rate statistics. The interest rate differential is the immediate inter-
bank rate difference between the foreign country and the US. The stock market differential captures
the monthly difference in the main foreign country stock market index versus the US, and the inflation
differential is the difference between foreign and US CPI. The change in foreign currency reserves is

defined as the change in foreign reserve assets relative to GDP.

4 RESULTS

4.1 Net foreign assets

First, the within-group (WG) results of equation (3), which looks at the relationship between total net
foreign assets (nfa) and the exchange rate, are presented in Table 1 in columns i — v.'* The coefficients

on the change in global risk intolerance ARI, as proxied the change in financial market volatility, AVIX,



or banking sector uncertainty, ALibOIS, and the interaction terms are significant and of the expected
sign. The negative estimated coefficient on ARI implies that a surge in RI leads to a general currency
depreciation against the USD (as As < 0 is a foreign currency depreciation). The positive coefficients on
the interaction terms imply that countries with negative net foreign assets (nfa < 0) depreciate further
in case of a sudden worsening of the financial market sentiment (AVIX or ALibOIS > 0), whereas
countries with a positive net foreign asset position experience a much smaller currency depreciation (if
any). The total estimated impact on As of ARI is &+ BT.M where nfa is the average nfa. The results
in column 47 thus suggest that if the VIX index increases by one standard deviation, currencies with no
net foreign assets depreciate by 1.48 % against the USD, while countries with negative net foreign assets

experience a much larger depreciation.'®

4.2 Net total debt and net total equity

As not all types of capital are equally affected by the business cycle, the positions are split into net
total debt (nTotDebt) and net total equity (nTotEquity). This allows us to see whether currencies with
negative net foreign debt assets (portfolio debt, bank and corporate loans, bank deposits, trade credits,
other and direct investment debt) are more sensitive to risk sentiment changes than countries with similar
net foreign equity positions (portfolio equity, other and direct investment equity). As capital flows to
and from emerging markets tend to behave somewhat differently than G10 country flows, and as this
relationship might have changed over time, the sample is also split between G10 and EM currencies, and
reduced to a post-crisis sample (1/2010-12/2019).

As can be seen from columns v—zii in Table 1, the estimated coefficients on AVIX and ALibOIS are
negative and significant in most cases except the G10 sample, implying that countries generally experience
a currency depreciation against the USD when global risk intolerance increases. The coefficients on
AVIX and ALibOIS are much larger for the EM currencies than for the full or G10 currency sample,
which implies that swings in risk intolerance are generally associated with larger fluctuations in EM
than G10 currencies, regardless of their net foreign debt or equity positions. The estimated interaction
coeflicients including nTot Debt and the VIX or Libor-OIS spread changes are all positive, and significant
in all models except column z. These results imply that negative net debt assets are associated with a
higher exchange rate sensitivity to surges in risk intolerance (i.e., the currency depreciates even further),
whereas currencies of countries with positive net debt assets depreciate much less or not at all. Thus,
countries that rely more on net foreign financing through assets that are to a larger extent intermediated
by banks have exchange rates that are more sensitive to global risk appetite swings. The impact of net
equity positions on the exchange rate sensitivity is small and insignificant in most cases. However, for the
EM countries, the results indicate that currencies of countries with positive net equity tend to depreciate
when the banking sector uncertainty increases. An explanation to this could be that debt and equity are

to some extent substitutes, and that countries with a higher share of net foreign equity financing have less



net foreign debt financing. It could however be that some countries are unable to attract foreign equity
financing due to poor institutional quality and are therefore forced to finance themselves through debt.
Due to these endogeneity concerns, I interpret these results (and especially the EM sample results) as
correlations rather than causal effects. In the post-crisis sample, the interaction effect of banking sector
uncertainty, ALibOIS, is much larger (but less precise) than in the full sample. This suggests a stronger
relationship and interactions between the banking sector and foreign exchange markets now than before
the crisis, while the effect of AVIX has remained fairly constant. As the Chow test indicates structural
instability between both the G10 and EM subsamples, and in the series over time, more weight should

be given to the subsample results.'®

The total exchange rate impact of a risk intolerance change, ARI, is &+ Bl nT ot Debt+ BgnTotEquity.
Figure 2 illustrates how the different currencies in the sample tend to react during fluctuations in the
VIX index or the Libor-OIS spread. According to the figure, reactions between the different currencies
vary substantially. A one standard deviation increase in the VIX index is associated with only a slight
depreciation of the CHF by 0.4% against the USD, whereas the ZAR, TRY, RON, and CLP with large
negative net debt positions tend to depreciate the most, by over 2%. This is equivalent to a bit over
half of a standard deviation for these currencies, which suggests that this effect is substantial for large
imbalances.!” The conditional correlation between ALibOIS and As is fairly similar to the AVIX and
As correlation for the EM currencies, but is somewhat weaker for the G10 currencies.

As different sources and recipients of external financing are heterogeneously affected by fluctuations
in global risk tolerance, the exchange rate response might also depend on the ownership structure of the
net positions. Therefore, the exchange rate impact of private (priv) and general government (govt) net
total debt is considered separately. As financial institutions might have different investment objectives
than corporations and households, the private net debt is also split into net positions by deposit-taking
financial institutions (bank), and non-bank sectors (osect), which is mostly the corporate sector. The
results in the odd-numbered columns in Table 2 suggest that the exchange rate sensitivity is much higher
in countries with substantial private net total debt than in countries with the same government net total
debt in all subsamples. Moreover, the even-numbered columns reveal that the exchange rate vulnerability
is high both in countries with substantial corporate and banking sector net debt liabilities in the full
sample, as both interaction terms with nTotDebt***?t and nTotDebt’®* are significant. However, in
the G10 and EM subsamples the results suggest that the vulnerability arises from the banking sector
rather than the corporate sector. This finding that especially banking sector net debt liabilities are
associated with higher exchange rate sensitivity further corroborates GM15’s theory that changes in
financial intermediaries’ risk-bearing capacity cause banks to reprice their foreign lending, which affects

both capital flows and the exchange rate and gives rise to this exchange rate sensitivity.
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4.3 Net portfolio debt and equity, net FDI, and net Other investment

The net foreign assets are then split into the components net portfolio debt (nPDebt), net portfolio
equity (nPEquity), net portfolio FDI (nFDI), and net other investment (nOther), where the other
investments consist mostly of bank and corporate loans, bank deposits, and trade credits. The positive
interaction coefficients on nPDebt and nOther in Table 3 suggest that negative net foreign portfolio
debt and other investment assets are associated with a significantly deeper currency depreciation during
financial turbulence in both the full and the post-crisis sample.'® This is also illustrated in the two
upper heat maps in Figure 3 that are based on column 2 in the upper panel of Table 3; VIX increases
are associated with deeper exchange rate depreciation in countries with negative nPDebt and nOther.
As a large share of the foreign debt inflow is intermediated by foreign banks whose risk-bearing capac-
ity decreases during times of financial uncertainty, an increase in risk intolerance thus translates into a
deeper currency depreciation in countries with large portfolio debt and other debt liabilities. However,
currencies of countries with similar net external portfolio equity are not affected by the market sentiment
swings to the same extent. There are some indications that net portfolio equity and FDI liabilities might
even insulate the exchange rate from an increase in financial market risk aversion, as the coefficients on
the interaction terms including nP Equity (and occasionally nF' DI) are often negative and some times
significant. A potential explanation for this is that debt and equity financing are substitutes, so countries
that have more equity financing have less debt financing instead. These results also support GM15’s
exchange rate theory, as both portfolio debt and other investment debt are typically intermediated by
financial institutions, whereas FDI and portfolio equity are not. This applies to both the general risk
intolerance measure, the VIX, and the banking sector measure, the Libor-OIS spread. The post-crisis
conditional impact of AVIX is somewhat bigger, whereas the conditional impact of ALibOIS has be-
come much stronger since the crisis (while the general effect has gotten smaller and is insignificant). One
potential explanation for this is that banks adjust their foreign lending much faster in response to risk
tolerance changes, due to either regulatory changes or necessity, and that they pay more attention to
the imbalances post-crisis. In the G10 sample, the vulnerability to VIX or Libor-OIS spread changes is
significantly higher the larger the net portfolio debt liabilities, but also to some extent, the other invest-
ment liabilities are. In the EM sample, where net other investment debt liabilities are more prevalent
than net portfolio debt, the VIX vulnerability is higher in countries with net other investment liabilities
in the post-crisis period, thus suggesting that the exchange rate vulnerabilities originate from somewhat

different sources in the subsamples.

Finally, I look at how the portfolio debt and other investment ownership structure relates to ex-
change rate sensitivity.'® As can be seen from Table 4, it is mainly net foreign portfolio debt and other
investments (mostly bank loans) in the private sector that are associated with a higher exchange rate

vulnerability in the full and the post-crisis sample. The effect is larger for the net other private debt
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than for the net private portfolio debt, which is also illustrated in the heat maps in the lower panel of
Figure 3. Noteworthy is also that the interaction effects are somewhat larger for the private net assets
than for the total net assets in the upper panel of Figure 3. When I separate the impact between the
banking sector and non-bank (mostly corporate) sector in the even numbered columns in Table 4, I find
that the sensitivity is amplified by banking sector net liabilities in both portfolio and other investment
debt in both the full and post-crisis samples. In the emerging markets, it is mainly the net other in-
vestment debt in the private sector (and especially the banking sector) that is associated with a higher
exchange rate vulnerability. For the G10, the vulnerability is instead higher when the banking sectors’
net portfolio liabilities are high. The interaction effects are once again larger in the post-crisis period,
especially for the Libor-OIS spread, suggesting that the financial intermediaries’ impact on exchange
rates has become larger over time. As the exchange rate vulnerability arises from the banking sector
in particular, this gives further support to GM15’s theory that a reduction in risk tolerance leads to an
exchange rate depreciation of the debtor country due to a scale back in foreign lending. The EM sample
results can also be linked to Adams-Kane et al.’s (2017) findings that foreign banks reduce their foreign
lending to developing countries during crises, which makes the exchange rate more vulnerable to swings

in the global risk sentiment as well.

4.4 Different mechanisms
External debt denominated in foreign versus local currency

GM15 predict that the exchange rate vulnerability arises from the change in intermediary risk-bearing
capacity, which affects the intermediaries ability or willingness to take on currency risk. If that is the
case, currencies with a higher share of external debt in local currency should be more sensitive to financial
turbulence. Foreign currency debt is however generally associated with higher risk than local currency
debt both due to the “Original sin” related to foreign currency debt, and as debtors are less likely to
default on local currency obligations2?, which could also increase the sensitivity and thus reduce the
local currency effect. Table 5 presents the results from a triple interaction specification with nTot Debt
interacted with both the risk intolerance changes and the share of external debt liabilities denominated
in local currency the previous year (LCD). The interaction terms are mostly insignificant.?! However,
the signs of the coefficients and the heat map in Figure 4 reveal that this sensitivity in the full, G10,
and post-crisis sample is higher among currencies with a higher share of local currency debt and with
negative nTot Debt, which again supports GM15’s intermediation hypothesis. The EM currency results
are more inconclusive, which may suggest that for them the ”Original Sin”-effect is stronger than the

intermediation effect.
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Alternative RI measures

There is no clear consensus on the optimal proxy for financial sector risk intolerance, although the VIX
index is the most commonly used. Bekaert et al. (2013) and Bekaert & Hoerova (2014) decompose
the squared VIX index into an equity variance risk premium (the expected premium from selling stock
market variance in a swap contract) and the conditional stock market variance. They argue that the
variance premium can be used as a measure of risk aversion and other non-linear pricing effects, while
the conditional variance is an estimate of uncertainty or the quantity of risk. As the separation of
the quantity of risk from risk aversion might give us more information about the mechanisms at play,
I look at the impact of risk aversion changes as proxied by variance premium changes (AVarPrem)
and uncertainty changes (ACondVar). Table O.A.3 in the Online Appendix reveals that ACondVar
has a larger general exchange rate impact than AVarPrem. The interaction effects of AVarPrem
and ACondVar are similar, where both changes in risk aversion and uncertainty have larger exchange
rate effects in countries with net total foreign debt liabilities, and especially so in the private sector
(although the effect of ACondVar is at times insignificant). This suggests that uncertainty changes have
a larger general impact on all currencies than risk aversion changes, while the exchange rate effect of risk
intolerance changes is slightly more related to the country’s underlying net foreign asset position (which
supports GM15’s intermediation story). Moreover, Della Corte et al. (2018) show that global sovereign
credit risk, as measured by credit default swap spreads, is also related to exchange rate movements. The
results in Table O.A.3 show that global CDS spread changes have a large general effect, and that the
higher credit risk is also associated with a stronger depreciation of the currencies with large net debt

liabilities, and especially in the private sector.??

Gross foreign asset and liability positions

Forbes & Warnock (2012) show that gross foreign capital inflows can behave very differently from net
inflows during sudden capital flow stops. Although looking at the gross positions and exchange rate
relationship is a fundamentally different question, my conclusions based on net positions also apply to
gross positions. Table O.A.4 in the Online Appendix shows the exchange rate impact of ARI, conditional
on foreign debt and equity assets and liabilities to GDP (AssetsT ot Debt, AssetsT ot Equity, LiabT ot Debt
and LiabT ot Equity). The results imply that gross debt liabilities (especially private) are associated with
weaker currencies against the USD during financial turbulence, and that gross debt assets are associated
with a stronger exchange rate, both in the full sample and subsamples. The gross equity positions do
not show a similar pattern, just like with the net positions. These results generally support the claim
that the exchange rate is more sensitive to AVIX or ALibOIS the higher the foreign debt liabilities

are, and that foreign debt asset holdings offset this effect.
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4.5 Robustness

Finally, several robustness tests are carried out, and some are presented in the Online Appendix. The
inclusion of time fixed effects is not possible due to linear dependence with the global VIX index and
Libor-OIS spread. To confirm that some underlying time trend does not drive the results, I include
time fixed effects and exclude AVIX or ALibOIS (Table O.A.5). My conclusions are also robust to the
inclusion of currency-specific time trends as well as the use of net foreign asset position values instead
of GDP shares. The results are not driven by outliers either, as the conclusions prevail with winsorized
data.

As the VIX index originates from US stock options, there is a concern that USD movements influence
the VIX. To exclude this channel, the analysis is done with SEK and KRW as base currencies while
excluding the USD, as changes in these smaller currencies are unlikely to have substantial effects on the
VIX or the Libor-OIS spread. As policymakers might be interested in currency movements against the
country’s important trading partners, the analysis is done with the change in the trade-weighted currency
basket (the broad nominal effective exchange rate (NEER) index from BIS) as dependent variable. The
results in Table O.A.6 reveal that my conclusions are valid for alternative base currencies and a trade-
weighted currency basket, implying that the results are unlikely to be driven by the impact of USD
on VIX. The original conclusions also prevail after excluding the ”safe haven” currencies USD, JPY,
and CHF from the sample. Regarding endogeneity concerns between the net foreign asset position and
exchange rate changes, I reach the same conclusions even if I condition the exchange rate response on
net foreign asset positions lagged by 12 months, or if T use an instrumental variable (IV) approach where
the nfa positions are instrumented by 1, 3 or 12 month lags (see Tables O.A.7 and O.A.8). To ensure
that the results are not driven by inflation, stock market, or interest rate expectations, further lags of
these (and all other control variables) are used to confirm this. To rule out that the results are driven
by omitted variable bias as I use lagged control variables, I confirm that my conclusions also hold when

using contemporaneous values of the control variables.

5 CONCLUSION

GM15’s exchange rate theory predicts that exchange rates of countries with net foreign liabilities are more
sensitive to reductions in financial market risk-bearing capacity, as the indebtedness affects the financial
intermediaries willingness and ability to finance the imbalances and take on currency risk. I find that
this is indeed the case, but more importantly, that different types of net foreign assets have different
effects on this exchange rate vulnerability. In this panel study of 25 G10 and EM currency pairs against
the USD over the period 4/2002 — 12/2019, I present a link between the composition of net foreign assets
and the way exchange rates react to financial market uncertainty. Net foreign debt liabilities, which are

mostly intermediated by financial institutions, are associated with a higher exchange rate sensitivity to
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financial market uncertainty changes. Net foreign equity and direct investment liabilities, which involve
more risk sharing and are to a lesser extent intermediated by banks, do not have this effect and might, if
anything, even dampen the exchange rate impact somewhat. Thus, the exchange rates of countries with
large net foreign debt liabilities depreciate much more in response to a drop in the global risk sentiment
than countries with the equivalent net foreign equity position. This applies both to a general measure
of financial sector risk intolerance, the VIX index, and a measure of banking sector risk intolerance,
the Libor-OIS spread. Due to these offsetting exchange rate effects of the different types of net foreign
assets, if one only considers the total net foreign asset position’s impact, the negative impact of different
external imbalances on exchange rate stability is underestimated.

Another important finding is that the distinction between private and public net foreign debt assets
matters, as the exchange rate sensitivity is higher especially in countries with large private net foreign
debt liabilities as opposed to public. This again supports GM15’s intermediation story, as the public
sector tends to have better access to finance and be less dependent on financial intermediaries, and is
often associated with lower risk. The exchange rate impact of the Libor-OIS spread conditional on the
different types of net foreign assets has moreover become larger and stronger since the financial crisis.
Currencies of countries with negative net debt thus respond more strongly to changes in banking sector
risk now than before the credit crisis. These findings are important for policymakers concerned about
exchange rate vulnerability to the global financial business cycle and for the evaluation of financial market
reforms. Policymakers should be more alert when private net foreign debt liabilities are large. As the
impact of the banking sector uncertainty has become stronger since the crisis, this also warrants more
attention than before.

I also find that EM currencies are overall more influenced by the global risk sentiment than G10
currencies. The vulnerability moreover originates from different asset classes for the G10 and EM cur-
rencies. In the G10 countries, where both the external portfolio debt and other investment markets are
large, it is mainly net external portfolio debt that is associated with this sensitivity. In the emerging
markets, where most external financing is through ”other investment debt”, currencies are more sensitive
the more net external other investment debt there is in the banking sector. This gives further support
to GM15’s theory that changes in the risk-bearing capacity of international financiers can give rise to
exchange rate movements in debtor country currencies. This is also supported by the indication that
this vulnerability is higher in countries where the share of local currency debt is higher. GM15’s model,
which the empirical model is partly based on, does however not allow for different types of external
debtors or creditor, nor for several different types of foreign assets. Extending the model to allow for

both investor and asset heterogeneity thus remains an important task for the future.
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Notes

1GM15 note that active exchange rate risk taking is concentrated among a few large financial firms. About 80 % of the
exchange rate flows in 2014 were concentrated among the ten largest banks, with currency risks accounting for a large share
of overall risk taking. According to Deutsche Bank’s and Citigroup’s 2003 regulatory filings, currency risk accounted for
17-35 % of total stressed value at risk. Moreover, e.g. Tai (2005) or Martin & Mauer (2003) find that financial institutions
absorb part of the currency risk.

2The related sudden stop literature on the causes of sudden capital flow reversals has also established that external
“push” factors are the main drivers of capital flows, whereas the magnitude of such flows are determined by domestic “pull”
factors (see e.g. Calvo et al., 1993; Ferndndez-Arias, 1996; Ghosh et al., 2014).

3Kaminsky et al. (2004), Brunnermeier et al. (2012) Bluedorn et al. (2013), Broner et al. (2013), Araujo et al. (2015).

4 Levchenko & Mauro (2007) also find that especially FDI, but also portfolio equity flows, are fairly stable during sudden
capital flow stops, whereas portfolio debt and other investment flows experience substantial reversals.

5E.g. Gourinchas & Rey (2007), Alquist & Chinn (2008), Della Corte et al. (2012), Aizenman & Binici (2016) and Ricci
et al. (2013) find that net foreign assets have an impact on nominal or real exchange rates.

6This includes among others the central banks of Brazil, India, Indonesia, Japan, Mexico, Poland and Switzerland.

"Details about the model are available in the Online Appendix.

8 There are several reasons to be concerned about endogeneity regarding the relationship between exchange rates and
net foreign asset positions, which is why I interpret the results as correlations rather than causal effects. In the robustness
section I however show that the conclusions also hold when using further lags of the net positions (3 and 12 month lags)
or an instrumental variable approach where the net positions are instrumented by 1, 3, and 12 month lags.

9 The two-way clustering is done using the package by Correia (2016). As the number of clusters is small, finite-sample
corrections are applied to deal with the possible downward bias. The conclusions are robust to adjustment for clustering by
either currency or time only, and for the error adjustment for cross-sectional correlation with the Driscoll & Kraay (1998)
procedure.

10Total debt assets include portfolio debt, FDI debt, and other debt such as bank loans and deposits, other loans, trade
credits, and other accounts payable and receivable. Total equity assets include Portfolio equity and FDI equity.

11 The included currencies are listed in the Online Appendix O.A.2, and are freely floating or at most subject to a managed
float. Observations for currencies temporarily subject to exchange rate pegs or strict capital controls (CHF 2011-2014 and
INR as of 8/2013) are excluded, as well as TRY from 12/2015 onward due to the Turkish currency and debt crisis.

12This data is missing for Canada, New Zealand and Peru.

13The local currency debt share for Romania is from Bénétrix et al. (2015) and ends in 2012.

14For the sake of space the constitutive terms and control variables are not presented in the tables included in the text.
A table with constitutive terms and control variables for a selection of the models is found in the Online Appendix. A
lagged dependent variable was initially included, but was excluded as it was mostly close to zero and rarely significant.

15F.g. Mexico, which has an average nfa among the net debtor countries (-0.4% of GDP), would depreciate by an
additional 0.42 %-points against USD, so in total by 1.9 %. The exchange rate impact of the increase in VIX is thus over
20 % larger for MXN than for a country with zero net foreign assets.

16 The Chow test for structural stability tests whether the true coefficients of linear regressions on different datasets are
identical, with Hp: no structural subsample differences. Currency-specific Bai & Perron (2003) breakpoint tests for an
unknown breakpoint also suggest a structural break at some point between 7/2007-10/2008 for most currencies.

7These effects are substantial but yet plausible; they are larger but generally comparable to the carry trade effect
on excess currency returns (see Jorda & Taylor (2012), Brunnermeier et al. (2009)) or exchange rate changes (see Table
0.A.2 with reported control variables). Moreover, the exchange rate movement dispersion is comparable to the disparity
in average returns on equity portfolios that are sorted based on their VIX exposure (Ang et al., 2006).

18 Currencies could also be affected by the level of risk tolerance and not just the change. I find that a higher VIX index
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and a wider Libor-OIS spread is in some cases associated with weaker currencies in countries with substantial private net
foreign portfolio and other investment debt as well (not reported). However, once I include interaction terms with both
the level and the change in RI in the specifications, only the interaction terms with the change in risk intolerance are
significant, which suggests that the baseline specification is the most appropriate.

19 As there is insufficient data on portfolio equity and FDI holdings by sector, the analysis is limited to net external
portfolio debt and other investments. Net other investments by the government are either missing, zero or very small for
most countries and are hence also excluded.

20This applies especially to sovereigns, which have the option to print more currency (Amstad et al., 2018). The
“Original sin”, coined by Eichengreen & Hausmann (1999), refers to the situation where a country cannot borrow abroad
in the domestic currency and has problems borrowing in local currency at long maturities and at fixed rates at home, which
creates financial fragilities due to currency or maturity mismatches.

21This is likely partly due to multicollinearity, as the LC'D share is highly persistent in most countries and varies only
annually (as it is available only at annual frequency).

221 have also looked at the interaction between changes in the OIS-T-Bill spread (as a proxy for changes in liquidity risk)
and net foreign positions, and I found no significant exchange rate impact. This suggests that the results are not driven

by liquidity risk changes but rather by credit risk changes.
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TABLES

Full sample G10 EM Post-crisis
(i) (ii) (iii) (iv) v) (vi) | (vii) (vii)) | (ix) (x) | (x)  (xii)
AVIX -1.80%** _1.48%*** -1.22%%* -0.76 -2.12%%* -1.22%%*
(0.37)  (0.33) (0.34) (0.44) (0.32) (0.34)
ALibOIS -1.29%* _1.14%* -1.05* -0.69 -1.73%* -1.44
(0.47) (0.56) (0.56) (0.60) (0.74) (1.23)
AVIX*nfa 1.12%*%  1.04**
(0.45)  (0.44)
ALibOIS*nfa 0.92%** (0.91%**
(0.27) (0.32)
AVIX*nTotDebt 1.69%** 1.43** 2.23%%* 2.01%%*
(0.50) (0.56) (0.80) (0.51)
AVIX*nTotEquity -0.11 -0.51 -3.64%%% -0.42
(0.46) (0.51) (0.77) (0.30)
ALibOIS*nTotDebt 1.17%* 0.98%* 2.26 4.46%*
(0.44) (0.44) (1.52) (2.28)
ALibOIS*nTotEquity 0.05 -0.42 -2.79* 0.07
(0.55) (1.11) (1.57) (1.24)
R2 0.13 0.18 0.04 0.13 0.19 0.13 | 0.18 0.14 0.21 0.14 0.16 0.07
ChOW 5.1*** 3.8*** 51*** 3.8*** 7-3*** 99***
N 25 25 25 25 25 25 9 9 16 16 25 25
Obs 5,054 5,054 5,054 5,054 4,888 4,888 | 1,704 1,704 | 3,184 3,184 | 2,781 2,781
Controls No Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: Columns i —iv: WG estimation of As;; = aARI; + BARInfa; + (nfaz + 8 Xie—1 + i + ;¢ where RI is proxied
by the VIX index (VIX) or Libor-OIS spread (LibOIS), nfa is net foreign assets to GDP, X;; is a vector of controls and
~; currency FE. Cols v — zii: As;y = aARIy + B1ARIinTotDebt;y + B2 ARIynT ot Equity;: + (1nTotDebt;; +
ConTotEquity;; + 6" X1 + i + €4¢, where nTot Debt and nTot Equity denote net total external debt and equity to GDP.
Robust SE clustered by currency and time in brackets. Symbols ***, ** and * denote significance at 1%, 5% and 10 %

levels. Full sample 4/2002-12/2019 and post-crisis sample 1/2010-12/2019. Chow is the Chow test for subsample
poolability, with Hp: no structural subsample difference.

Table 1: Net foreign assets, net total external debt and equity assets and exchange rate movements
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Full sample G10 EM
(i) (ii) (iii) (iv) | (v (vi) (vii) (vii)) | (ix) (%) (xi)  (xii)
AVIX -1.36%%* _1 gk -0.83*% 0.11 -1.52% %% _] ggroRk
(0.34)  (0.38) (0.40) (0.42) (0.40)  (0.38)
AVIX*nTotDebtP" v 2.40%%* 1.80%* 3.50%*
(0.75) (0.73) (1.24)
AVIX*nTotDebtg0vt 0.59 0.98 -0.42  0.65 -0.13  -0.55
(0.56)  (0.75) (0.79) (0.86) (1.17)  (1.05)
AVIX*nTotDebtosect 2.40%* 0.35 -0.04
(0.94) (0.69) (1.70)
AVIX*nTotDebtbank 3.45% 5.23%* 8.99%*
(1.83) (1.56) (3.38)
ALibOIS S1.31%F 1 28%* -0.96 -0.04 S1.32%% |1 46%*
(0.55)  (0.52) (0.58) (0.46) (0.53) (0.61)
ALibOIS*nTotDebtPT v 1,77k 1.31%% 3.T1**
(0.61) (0.50) (1.58)
ALibOIS*nTotDebt9ovt -1.57  -1.72 -4.25 -1.01 -1.55 -2.39%
(1.56) (1.32) (3.43) (1.67) (1.43) (1.36)
ALibOIS*nTotDebtosect 1.56%* -0.06 2.21
(0.66) (0.56) (2.52)
ALibOIS*nTotDebtbank 3.07%* 4.55%%* 5.72%%
(1.39) (1.30) (2.66)
R? 0.20 0.20 0.15 0.5 | 019 020 0.16 0.16 | 0.22 0.22 0.15  0.15
ChOW 3.0*** 40*** 2-7*** 25*** 3.0*** 40*** 27*** 2.5***
N 22 22 22 22 7 7 7 7 15 15 15 15
Obs 3,853 3,853 3,853 3,853 | 978 978 978 978 | 2,875 2,875 2875 2,875

Note: WG estimation of As;; = aARI; + ZO(,BOARItnTotDebt?t) + Zo(gonTotDebtft) +68'X4—1 + i + it where RI is
proxied by the VIX index (VIX) or Libor-OIS spread (LibOIS), nTotDebt® is net total external debt to GDP in different
sectors, with o = priv (private sector), govt (government), bank (banking sector) or osect (non-bank sector), X;+ contain
controls and ~; the currency FE. Sample: 4/2002-12/2019. Robust SE clustered by currency and time in brackets.

soksk ok
7

Symbols

Table 2: Net external debt assets in different sectors and exchange rate movements
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Full sample
4/2002-12/2019

G10

EM

1/2010-12/2019 4/2002-12/2019 1/2010-12/2019 4/2002-12/2019 1/2010-12/2019

AVIX SLA8¥FF _1.16%FF _1.06%*F* -1.08%**| -1.07  -0.90% -1.07 -1.02*% [-2.03*%** _1.37*** _1.66*** -1.10***

(0.36) (0.36) (0.34) (0.35) |(0.64) (0.44) (0.60) (0.54) | (0.35) (0.39) (0.34) (0.37)
AVIX*nPDebt 1.39%%  1.76%** 2.33%** 2.20%*%*| 1.01 1.61** 2.21% 2.58*%* | 3.24** 1.47 2.24* 1.38

(0.59) (0.48) (0.48) (0.48) |(1.02) (0.60) (1.09) (0.86) | (1.33) (1.71) (1.24) (1.42)
AVIX*nOther 2.08  2.60** 4.26%** 3.81%**| 1.14 1.95 4.78  5.20* 2.44 2.39  4.73%F  3.62%*

(1.51) (1.21) (1.31) (0.98) [(2.48) (1.76) (2.69) (2.45) | (2.46) (1.99) (1.72) (1.65)
AVIX*nPEquity  -0.75%** -0.81%** -0.65 -0.73* -4.31%%* -2.86***

(0.23) (0.19) (0.45) (0.32) (1.29) (0.80)
AVIX*nFDI 0.70 -0.54 1.34 1.03 -2.7TH* -2.83%**

(0.84) (0.66) (1.90) (1.52) (1.17) (0.62)
R? 0.19 0.19 0.17 0.16 0.18 0.18 0.17 0.16 0.21 0.20 0.17 0.17
ChOW 6.2*** 7.2*** 3.7*** 3.2*** 4.1*** 5.2*** 3'7*** 3.2*** 4.6*** 4.8***
N 25 25 25 25 9 9 9 9 16 16 16 16
Obs 5,064 5,054 2,805 2,805 |1,870 1,870 1,028 1,028 3,184 3,184 1,777 1,777

Full sample G10 EM

4/2002-12/2019 1/2010-12/2019 4/2002-12/2019 1/2010-12/2019 4/2002-12/2019 1/2010-12/2019
ALibOIS -1.05%%  -0.98*%  -0.78 -0.82 |[-0.83 -0.73 043 -0.66 |-1.70** -1.13* -0.67 -1.13

(0.50) (0.52) (1.09) (1.09) |(0.65) (0.57) (1.22) (1.24) | (0.74) (0.54) (2.05) (1.21)
ALibOIS*nPDebt 0.43  0.96%** 4.57*  4.31%* | 0.63 0.95 6.98%* 4.87* 1.91 -0.59 -4.29 -3.34

(0.53) (0.34) (2.49) (1.71) |(0.79) (0.52) (2.86) (2.11) | (1.92) (1.41) (7.98) (6.84)
ALibOIS*nOther 1.48 2.34%* 12.9%  12.4%* | 1.74 2.26  16.0% 12.5* 1.37 2.69 15.1 15.1%*

(1.54) (1.29) (6.74) (5.11) [(2.45) (1.95) (8.04) (6.30) | (2.21) (2.19) (9.25) (7.84)
ALibOIS*nPEquity -1.03 -0.52 -0.48 -1.27 -3.87** 3.77

(0.63) (0.87) (1.18) (0.78) (1.78) (6.93)
ALibOIS*nFDI 0.90 -0.89 0.50 -5.89 -1.44 1.48

(0.89) (3.54) (1.94) (5.58) (1.84) (8.58)
R? 0.13 0.13 0.08 0.08 0.14 0.14 0.05 0.05 0.14 0.14 0.10 0.10
Chow 8.3*** 10.1*** |3.0*** 3.6%** 2.6*** 3.0 | 3.0*** 3.6"** 6.9%** 8.6"**
N 25 25 25 25 9 9 9 9 16 16 16 16
Obs 5,064 5,054 2,805 2,805 |1,870 1,870 1,028 1,028 3,184 3,184 1,777 1,777

Note: WG regression of As;y = aARI + B1ARIinP Debt;; + B2 ARIinOther;y + B3ARIinP Equity;y + BaARIimF DI,
+ ('NFA;; + 6 Xit—1 + i + €ir where RI is proxied by the VIX index or Libor-OIS spread (LibOIS) and nP Debt,
nOther, nPEquity and nF DI denote net external portfolio debt, other investments, portfolio equity and direct
investment to GDP. X;; contain controls, NFA;; = [nPDebt nOther nPEquity nFDI] and ~; is the currency FE.
Robust SE clustered by currency and time in brackets. Symbols *** ** and * denote significance at 1%, 5% and 10 %

levels. Chow is the Chow test for subsample poolability.

Table 3: Different net external asset components and exchange rate movements
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All currencies G10 EM
4/02-12/19 1/10-12/19  4/02-12/19 1/10-12/19  4/02-12/19 1/10-12/19
AVIX S1.23FFH_] QTRHRE_Q. QTR _0.97F-0.79%  0.06 -0.54 0.04 |1.38%*F*_1 5E***k_1 05**-1.16%F*-1.32%**
(0.34) (0.36) (0.34) (0.37)((0.40) (0.41) (0.54) (0.43) | (0.40) (0.34) (0.39) (0.36) (0.41)
AVIX*nPDebtP™iv 2 57%%* 3.62%** 2.08%* 4.99%* 1.61 0.56
(0.74) (0.75) (0.78) (1.84) (2.76) (2.09)
AVIX*nOther?"v 5.1 2%%* 7.27HH* 3.48% 12.0% 4.98%* 6.59%*
(1.45) (1.81) (1.59) (5.78) (2.28) (2.51)
AVIX*nPDebt90vt 0.75  0.79 1.66%**1.89**%_0.36 0.52 2.72 3.03 | 1.58 024 1.78 1.23
(0.61) (0.76) (0.49) (0.64) |(1.04) (0.97) (1.73) (1.57) | (1.77) (2.25) (1.47) (2.26)
AVIX*nPDebtosect 2.95%* 3.79HH% 0.46 3.78 -2.14 -0.36
(1.18) (1.34) (1.23) (2.82) (3.55) (1.13)
AVIX*nPDebtbank 2.67** 4.11%%% 5.32%* 5.89%*% 12.1 6.20 6.12
(1.27) (1.32) (1.63) (1.15) (7.19) (6.67)  (5.82)
AVIX*nOtherosect 3.33 5.19 -2.66 25.2 1.64 2.22
(2.27) (3.89) (7.96) (16.8) (2.51) (3.46)
AVIX*nOtherbank 6.25%* 8. 34k 5.03%* 12.2% 6.89 9.58  11.4%*
(2.64) (2.88) (2.04) (5.17) (5.44) (6.33) (4.53)
R2 020 020 017 0.17 |0.19 020 0.6 017 | 022 022 0.18 0.18 0.18
Chow BUB¥HE  JBRE | Q fRx g QRak [ @Rak G REER | 9 fak 9 Qa4 Hkk g gRkk 9 TRk
N 22 22 22 22 7 7 7 7 15 15 15 15 15
Obs 3,874 3874 2182 2,182 | 978 978 569 569 | 2,896 2,896 1,613 1,613 1,613
All currencies G10 EM
4/02-12/19 1/10-12/19  4/02-12/19 1/10-12/19  4/02-12/19 1/10-12/19
ALibOIS -1.21%% -1.20%*% -0.41 -0.32 |-1.13 -0.14 0.24 3.20* |-1.33*%*% -1.44*%* -0.82 -1.85 -1.00
(0.48) (0.49) (1.18) (1.40) [(0.66) (0.57) (1.37) (1.51) | (0.50) (0.58) (1.31) (1.20) (1.46)
ALibOIS*nPDebtP"v 1.57%%* 8.87%* 1.43%* 10.8* 4.42 5.02
(0.49) (3.46) (0.55) (5.41) (7.11) (14.7)
ALibOIS*nOtherP™@  4.47** 25.9%%* 1.33 31.2 3.91 28.3%*
(1.95) (9.20) (3.44) (16.6) (2.85) (12.2)
ALibOIS*nPDebt9°vt -2.83*%* _3.09* 3.09 3.98 |-5.05 -2.02 7.38 9.45 | -2.27 -3.85% -4.40 -9.86
(1.30) (1.55) (4.41) (4.44)((4.37) (2.27) (6.46) (7.02) | (1.34) (2.10) (5.80) (6.01)
ALibOIS*nPDebtesect 1.37%* 8.71% -0.21 2.56 -1.56 10.2
(0.55) (4.30) (0.57) (6.96) (9.26) (13.2)
ALibOIS*nPDebtbank 2.46%* 11.5%* 6.16%** 18.5%** 13.6 -0.56  7.74
(1.06) (4.47) (1.29) (4.54) (8.58) (35.0) (30.9)
ALibOIS*nOther?sect 3.53 19.1 -11.3% 50.2 3.29 -7.09
(2.78) (16.4) (5.48) (55.3) (4.42) (13.3)
ALibOIS*nOtherbenk 5.21 20, 7H*k -0.48 30.0 3.15 58.2%* 49 2%*
(3.14) (10.4) (4.41) (21.0) (4.85) (21.2) (18.0)
R2 0.15 015 009 0.09 |0.16 0.17 0.06 008 | 015 0.15 011 0.11  0.11
Chow Q&*HH T IRRE |9 OF*  QIFH QQFRK Q FRER| 9 (RK QKK G ORKE T OFRK 4 RH*
N 22 22 22 22 7 7 7 7 15 15 15 15 15
Obs 3,874 3874 2182 2,182 | 978 978 569 569 | 2,896 2,896 1,613 1,613 1,613

Note: WG regression: As;; = aARI; + Zo(ﬁloARItnPDebtfb-’t) +3°° (B20ARItnOther?,) + Zo(glonPDebtft) +

ZO (C2onOthers,) + 6’ Xt —1 + i + €4t with RI proxied by the VIX index (VIX) or Libor-OIS spread (LibOIS),
nPDebt® and nOther® are net external portfolio debt and other investments to GDP, with o = priv (private sector), govt
(government), bank (banking sector) or osect (non-bank sector), X;; is a vector of controls and ~; the currency FE.

Robust SE clustered by currency and time in brackets an

Chow is the Chow test for subsample poolability.

sokok ok
d )

and * denote significance at 1%, 5% and 10 % levels.

Table 4: Net portfolio debt and other investments in different sectors and exchange rate movements

24



Full sample Post-crisis G10 EM
AVIX -1.80%** -1.41%%* -1.81%%* -1.19%%*
(0.34) (0.44) (0.48) (0.32)
AVIX*nTotDebt -0.11 1.33 -1.45%* 2.55%
(0.97) (1.21) (0.52) (1.37)
AVIX*LCD 2.18%** 0.99 2.46%* -0.73
(0.69) (1.03) (0.75) (2.27)
AVIX*nTotDebt*LCD 7.51% 2.91 11.42%%* -3.57
(4.02) (4.87) (2.11) (6.88)
nTotDebt*LCD 4.47%* 4.26** 4.59 4.82 7.50%* 7.43% 4.19 3.87
(1.74) (1.91) (3.00) (3.65) (3.08) (3.38) (3.80) (3.96)
ALibOIS -1.47** -2.64 -1.50* -1.02
(0.60) (1.56) (0.71) (0.65)
ALibOIS*nTotDebt -0.11 2.38 -0.53 1.62
(0.63) (3.24) (0.39) (1.92)
ALibOIS*LCD 1.58** 4.66%* 1.88%* -0.39
(0.64) (1.73) (0.70) (2.25)
ALibOIS*nTotDebt*LCD 5.07** 7.31 5.9T7*%* -0.55
(2.07) (9.70) (1.61) (7.76)
Obs 4,576 4,576 2,471 2,471 1,604 1,604 2,972 2,972
R2 0.19 0.14 0.16 0.08 0.19 0.15 0.21 0.15
N 25 25 25 25 9 9 16 16

controls and «; currency FE. Robust SE clustered by currency and time in brackets and symbols
at 1%, 5% and 10 % levels. Sample period is 4/2002-12/2018 in the full sample and 1/2010-12/2018 in the post-crisis sample.

kokk ko
)

Note: Regression of As;+ = a«ARI; + B1ARIinTotDebt;t + f2ARI;LCD;t + BsARI;nTotDebt;s LCD;y + BanTotDebt;1 LC D,y +
BsLCD;y + BenTotDebt;y + 8 Xit—1 + vi + €4¢, where RI is proxied by the VIX index (VIX) or Libor-OIS spread (LibOIS),
LCD refers to the proportion of the external debt liabilities denominated in local currency the previous year, X;; a vector of
and * denote significance

Table 5: Triple interaction specification - the proportion of local currency debt
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Figure 1: Different types of foreign assets in the sample
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Total effect of ARI taking the impact of nTotDebt and nTotEquity into account

Figure 2
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Note: The heat maps describe how the exchange rate reaction depends on the VIX change (AVIX) and the net
external portfolio debt (nPDebt), private net external portfolio debt (nPDebtP"?), net other debt liabilities
(nOther), or private net other debt liabilities (nOtherP™*V) while keeping the other variables constant. Heat maps
in the upper panel are based on results from column 2 in the upper panel of Table 3, and the lower panel is based

on results from column 1 in the upper panel of Table 4.

Figure 3: Heat map of the exchange rate impact of AVIX and different net positions
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Note: Heat map based on results in column 1 in Table 5 that describes how the exchange rate reaction to a
change in the VIX index varies with both the LCD share and nTotDebt. LCD denotes the proportion of external
debt liabilities denominated in local currency, and nTotDebt is the net external total debt to GDP.

Figure 4: Heat map of how the total AVIX impact varies with LCD and nTotDebt
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APPENDIX TABLES

Full sample G10 EM

count mean sd min max | count mean sd min max |count mean sd min max
As 5054 -0.018 3.23 -23.7 15.4| 1870 0.102 3.06 -18.0 12,9 | 3184 -0.088 3.32 -23.7 154
VIX Index 5054 19.0 8.12 9.51 59.9| 1870 19.0 &8.11 9.51 59.9| 3184 19.0 8.14 9.51 59.9
Libor-OIS spread | 5054 0.224 0.27 0.04 2.19 | 1870 0.222 0.27 0.04 2.19| 3184 0.224 0.27 0.04 2.00
Var. Premium 4227 157 16.3 -2.88 88.6 | 1545 15.8 16.3 -2.88 88.6| 2682 15.6 16.3 -2.88 88.6
Conditional Var. | 4227 23.3 30.3 6.80 285 | 1545 234 30.1 6.80 285 | 2682 23.2 30.3 6.80 285
CDS spreads 5054 2.383 1.76 0.39 14.7 | 1870 2.393 1.78 0.46 12.7| 3184 2.378 1.74 0.39 14.7
AVIX 5054 -0.003 0.57 -1.97 2.64 | 1870 -0.002 0.57 -1.97 2.64 | 3184 -0.003 0.57 -1.97 2.64
ALibOIS 5054 0.001 0.43 -2.06 4.58 | 1870 0.002 0.43 -2.06 4.58 | 3184 0.001 0.43 -1.77 3.81
AVarPrem 4227 -0.002 0.75 -3.20 3.38 | 1545 -0.002 0.75 -3.20 3.38 | 2682 -0.002 0.76 -3.20 3.38
ACondVar 4227 -0.001 0.88 -5.00 6.52 | 1545 0.000 0.88 -5.00 6.52 | 2682 -0.002 0.88 -5.00 6.52
ACDS 5052 -0.010 0.25 -0.85 1.12| 1868 -0.010 0.25 -0.75 1.08 | 3184 -0.009 0.25 -0.85 1.12
nfa 5054 -0.147 0.48 -1.19 2.25| 1870 0.107 0.65 -0.94 2.25| 3184 -0.296 0.25 -1.19 0.39
nTotDebt 4890 -0.239 0.32 -1.18 1.15| 1706 -0.221 0.47 -1.04 1.15| 3184 -0.249 0.20 -1.18 0.19
nTotEquity 4890 -0.084 0.33 -0.97 1.91 | 1706 0.205 0.39 -0.55 1.91| 3184 -0.239 0.14 -0.97 0.37
nTotDebtPrv 3900 -0.089 0.29 -0.74 1.21| 980 -0.007 0.53 -0.74 1.21 | 2920 -0.117 0.13 -0.67 0.30
nTotDebtosect 4162 0.008 0.20 -0.28 1.09 | 1170 0.156 0.31 -0.18 1.09| 2992 -0.050 0.08 -0.28 0.22
nTotDebtbenk 3921 -0.070 0.14 -0.52 0.14| 1001 -0.184 0.21 -0.52 0.14 | 2920 -0.030 0.06 -0.28 0.08
nTotDebt9ovt 4262 -0.110 0.15 -0.53 0.81| 1121 -0.054 0.22 -0.30 0.81 | 3141 -0.129 0.10 -0.53 0.12
nPDebt 5054 -0.094 0.27 -0.74 1.19| 1870 -0.094 0.43 -0.74 1.19 | 3184 -0.094 0.09 -0.41 0.09
nPEquity 5054 -0.003 0.25 -0.71 1.78| 1870 0.085 0.36 -0.71 1.78 | 3184 -0.055 0.11 -0.28 0.40
nFDI 5054 -0.109 0.22 -0.56 0.84 | 1870 0.071 0.20 -0.34 0.84 | 3184 -0.215 0.16 -0.56 0.33
nOther 5054 -0.111 0.12 -0.58 0.24 | 1870 -0.083 0.13 -0.54 0.24 | 3184 -0.127 0.11 -0.58 0.09
nPDebtP7v 4011 0.010 0.26 -0.62 1.20 | 1091 0.061 0.49 -0.62 1.20| 2920 -0.009 0.04 -0.13 0.14
nPDebtosect 4273 0.041 0.17 -0.18 1.01 | 1281 0.141 0.28 -0.18 1.01| 2992 -0.002 0.04 -0.14 0.12
nPDebtbank 4032 -0.038 0.14 -0.64 0.23 | 1112 -0.125 0.24 -0.64 0.23 | 2920 -0.004 0.02 -0.09 0.05
nPDebtgovt 4464 -0.081 0.13 -0.37 0.82 | 1303 -0.075 0.21 -0.30 0.82| 3161 -0.084 0.08 -0.37 0.10
nOtherP"™ 4398 -0.071 0.09 -0.43 0.18 | 1214 -0.060 0.11 -0.43 0.18 | 3184 -0.075 0.08 -0.34 0.15
nOther©sect 4398 -0.034 0.05 -0.23 0.15| 1214 0.005 0.04 -0.08 0.15| 3184 -0.048 0.05 -0.23 0.13
nOtherbank 4398 -0.037 0.07 -0.50 0.20 | 1214 -0.065 0.11 -0.50 0.20 | 3184 -0.026 0.05 -0.22 0.07
Ashare-ASP500 5054 0.003 0.04 -0.25 0.39| 1870 -0.000 0.02 -0.09 0.13 | 3184 0.005 0.04 -0.25 0.39
m—nUS 5054 1.202 3.43 -5.30 63.6 | 1870 -0.484 1.33 -5.16 4.86 | 3184 2.192 3.87 -5.30 63.6
i—iUS 5054 2.825 4.44 -5.08 53.0| 1870 0.473 2.00 -5.08 6.21 | 3184 4.21 4.87 -2.42 53.0
ARes 5054 0.007 0.04 -0.42 0.41| 1870 0.006 0.06 -0.42 0.41 | 3184 0.008 0.03 -0.18 0.41
PPP 5054 2.263 2.45 -0.68 8.37| 1870 1.092 1.57 -0.38 4.97 | 3184 2950 2.61 -0.68 8.37
CBr 5054 1.125 2.54 -11.47 17.9| 1870 0.350 1.69 -4.04 6.46 | 3184 1.579 2.84 -11.47 17.9

Note: As is the monthly change in the foreign exchange rate against USD. The statistics for the risk measures (VIX
index, Libor-OIS spread, Bekaert & Hoerova (2014)’s Variance Premium and Conditional Variance measures and the

GDP-weighted global CDS spread) are in non-normalized form here in the table, and the changes in these measures are

based on the normalized series. All net foreign positions are ratios to GDP. Ashare-ASP500 is the difference in stock
market return in the foreign country and the SP500, m — 7

Us

and i — VS

are the respective differences in CPI and

immediate interest rates between the foreign country and the US, ARes is the change in central bank reserves relative to

GDP, PPP denotes relative PPP and CBr is the real central bank policy rate. Time period: 4/2002-12/2019.

Table Al: Descriptive statistics for the full sample
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