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1 Introduction

As monetary policy in key advanced economies begins to normalize after having persisted
at exceptionally accommodative levels for nearly 10 years, it is natural to ask what effect
this normalization will have on world financial markets. In particular, what is the effect
of monetary tightening on the volume of net capital flows around the world? How do the
affected economies respond to foreign monetary tightening, and how does the response vary
across economies? And finally, how can one disentangle the impact of foreign monetary
normalization from that of the domestic policy responses on net capital inflows?

These questions may appear simple, but the measurement is not, because any attempt
to quantify the impact of foreign monetary tightening on net capital flows is complicated by
the fact that the response of domestic monetary policy in recipient countries is endogenous.
The existing literature implies that, all else equal, higher interest rates in countries such as
the United States reduce the net capital inflows to recipient economies.! However, the extent
of capital flight depends not just on the foreign monetary shock, but also on the domestic
policy responses that are endogenous to the foreign shock. In fact, central banks are likely
to raise interest rates and sell foreign exchange reserves following a monetary tightening in
order to stem capital flight and local currency depreciation. Moreover, the endogenous policy
response is likely to vary across countries depending on their capital account and exchange
rate regimes.

Due to these complications, failing to account for the endogenous response of domestic
monetary policy to foreign tightening is likely to understate the impact on capital flows,
since the domestic response mitigates the full impact of the foreign shock. Moreover, by

not accounting for important cross-sectional differences in the type and intensity of domestic

!See Eichengreen and Rose (2004), Eichengreen and Mody (1998), Forbes and Warnock (2012), Fratzscher
(2012), Ghosh, Qureshi, Kima, and Zalduendo (2014), Ahmed and Zlate (2014), Byrne and Fiess (2016)). In
particular, the "taper-tantrum" episode of 2013 demonstrated that the mere expectation of future monetary
tightening in the United States can lead to a near sudden stop in net capital inflows to emerging markets (see
Mishra, Moriyama, and N’Diaye (2014), Aizenman, Binici, and Hutchison (2014), Eichengreen and Gupta
(2014), and Ahmed, Coulibaly, and Zlate (2017))



policy responses, the literature is likely to miss the heterogeneous impact of foreign monetary
tightening across recipient countries.

To rigorously quantify the impact of foreign monetary tightening on capital flows, we
follow a two-step approach using a structural vector auto-regressive (SVAR) framework with
panel data from 54 advanced and emerging market economies at the quarterly frequency
from 1975:Q1 to 2015:Q4. There are ten variables in this structural VAR. The first four are
foreign variables from large "base" countries/regions like the United States or the Euro Area,
with each base country corresponding to one of the countries in our sample. The foreign
variables include GDP growth, inflation, energy price inflation, and the policy interest rate.
By controlling for foreign variables such as GDP growth and inflation, we can identify shocks
to the foreign interest rate in the base country relevant for each country in our sample.

The remaining six variables in the SVAR framework are domestic variables for the 54
countries in our sample, and include GDP growth, inflation, net capital flows, the change in
the exchange rate, central bank reserve accumulation, and the policy interest rate. Using this
specification we can plot the response of domestic variables, including net capital outflows,
to the foreign monetary policy shock in the relevant base country. This is the first step in
our two-step approach.

In the second step we construct a series of hypothetical shocks to the domestic policy
interest rate that would prevent the domestic rate from responding to the foreign monetary
policy shock. These shocks are calibrated to cancel out the endogenous monetary response
of the domestic central bank. They allow us to compute counterfactual impulse responses
for every domestic variable in the model, and thus to infer the response of net capital
outflows to the foreign monetary policy shock had there been no endogenous reaction of
the domestic central bank. Importantly, to examine the variation in policy responses across
country groups, we repeat the exercise for four country groups given by the interaction
between floating/fixed exchange rate regimes and open/closed capital accounts, using the

corresponding classifications from Klein and Shambaugh (2015) and Chinn and Ito (2008).



The literature using counterfactuals in a structural VAR goes back to Bernanke, Gertler,
and Watson (1997) and Sims and Zha (1998, 2006). These papers construct counterfactual
impulse responses to highlight, for example, the role of endogenous changes in U.S. mone-
tary policy to oil price shocks. Here, we instead construct counterfactuals to highlight the
role of the endogenous responses of monetary policy in smaller economies to a monetary
policy shock in core countries such as the United States. This approach to constructing
counterfactuals is not without criticism, and may potentially run afoul of the Lucas Critique
((Lucas 1976)). To address such potential criticism, we calculate and present the "modesty
statistics" from Leeper and Zha (2003) to show that the counterfactual interventions that
arise from these hypothetical shocks are small enough that they would not generate sub-
stantial expectations-formation effects, and thus have little chance of running afoul of the
Lucas Critique. However, we will show that consistently with Leeper and Zha (2003), even
intra-regime policy interventions that are modest relative to the Lucas critique can result
in substantial shifts in the projected paths of variables of interest, such as the net capital
outflows.

Our results are as follows. First, following a foreign monetary tightening shock, coun-
tries with relatively open capital accounts respond with stronger increases in the domestic
policy rates than countries with relatively closed capital accounts, and countries with fixed
exchange rate regimes tend to respond by more than floaters. The result is in line with the
trilemma framework, as it reflects the trade-off between capital account openness, exchange
rate stability, and monetary policy independence. Second, open economies experience larger
net capital outflows and greater currency depreciation than closed ones. Third, to illustrate
the full effect of foreign monetary tightening on net capital outflows, we compute counter-
factual impulse responses that prevent the domestic monetary policy from responding to the
foreign shock. The results suggest that, if abstracting from the endogenous domestic policy
response, foreign monetary tightening seems to trigger more net capital outflows, especially

from economies with open capital accounts and fixed exchange rate regimes. Namely, fail-



ing to account for the endogenous response of domestic monetary policy biases down the
estimated elasticity of net capital outflows to foreign interest rates by as much as 1/4 for
countries with open capital accounts and floating exchange rate regimes, and by more than
1/3 for open peggers. Put differently, our results suggest that the endogenous policy response
of affected economies to the foreign monetary tightening shock mitigates about 1/4 of the
net capital outflows at their peak for open floaters, and more than 1/3 of net outflows for
open peggers.

These results are important because they show the extent to which the elasticity of
capital flows to foreign monetary policy decisions is understated if one fails to take into
account the endogenous responses of domestic monetary policy. They also establish an
intuitive relationship between the true elasticity of capital flows to foreign interest rates and

country-level characteristics such as the level of capital account restrictions.

1.1 Literature

This paper contributes to the literature in a number of ways. First, our results add to the
literature on the drivers of cross-border capital flows. Namely, the estimates from regressions
of capital inflows on interest rates in recipient and source countries, or on their differential,
may be subject to a reverse causation bias to the extent that a slowdown in capital inflows
prompts the local central bank to raise the policy rate. The bias would cause the estimation
to understate the elasticity of capital flows to interest rates, especially for countries that are
more prone to responding to foreign monetary tightening. According to the trilemma, these
are the countries with more open capital accounts and fixed exchange rate regimes. Our
paper illustrates the existence of this bias and provides a way to overcome it.

Second, our results contribute to the literature on the effectiveness of capital account re-
strictions. Because open economies deploy a stronger monetary policy response than closed
ones, the response differential may obscure differences in the reaction of capital flows of for-

eign shocks across open and closed economies. Thus, controlling for the endogenous response



of domestic monetary policy is crucial to identify the effect of capital account restrictions on
the reaction of capital flows. On the contrary, failing to account for the endogenous policy
response may lead some papers to conclude that capital account restrictions do not affect the
behavior of capital flows (see Clements and Kamil (2009), Ostry, Ghosh, Habermeier, Cha-
mon, Qureshi, and Reinhardt (2010), Forbes and Warnock (2012), Ghosh, Qureshi, Kima,
and Zalduendo (2014)).

Third, our results are consistent with the policy trilemma, which states that a country
cannot at the same time have (1) an independent monetary policy, (2) a fixed exchange
rate regime, and (3) an open capital account (see Mundell (1963) and Fleming (1962)).
Our finding of a stronger monetary policy response in countries with open capital accounts
and fixed exchange rates is consistent with Aizenman, Chinn, and Ito (2016), who show
that financial conditions in peripheral economies are more closely linked to those in center
economies especially for peripheral countries with financial openness or fixed exchange rates.
More generally, our findings are consistent with studies that document the tendency for
countries to mimic the monetary actions of a base-currency central bank like the Federal
Reserve. Usually, the intention is to forestall a shift in capital flows that would lead to
a sharp appreciation or depreciation of the currency. For instance, Shambaugh (2004),
Obstfeld, Shambaugh, and Taylor (2005), and Klein and Shambaugh (2015) regress changes
in the policy interest rate in one country on changes in a base country’s interest rate. These
papers find that the coefficient in this regression is significantly higher in countries with a
pegged currency than in those with a floating currency, and in countries with open than
with closed capital account. Hofmann and Takats (2015) find similar results in a sample of
more recent, quarterly data. However, as in (Rey 2015), our results also suggest that even
countries with a floating exchange rate tie their domestic monetary policy, at least partially,
to that in base countries like the United States, which we find to be the case especially
for countries with open capital accounts. Pasricha, Falagiarda, Bijsterbosch, and Aizenman

(2015) show in a SVAR framework that active use of capital controls can lead to greater



monetary policy autonomy, and Davis and Presno (2017) show the same in a DSGE model.

Fourth, our paper is related to the literature documenting the macroeconomic effects of
different trilemma choices (see Aizenman, Chinn, and Ito (2011); Forbes and Klein (2015)).
The sizeable responses of domestic monetary policy to foreign monetary tightening, which
in our results could lead to as much as 10 basis points of additional increase in interest rates
over two years for floaters and 35 basis points for peggers to every 100 basis points of foreign
tightening, place urgency on considering the effects of reduced monetary policy autonomy
on domestic output and inflation.

The rest of this paper is organized as follows. Section 2 introduces the econometric setup
for the SVAR model and presents the dataset. Section 3 discusses the results, which contrast
the observed impulse responses for net capital outflows and exchange rates to the counter-
factual impulse responses that shut down the endogenous response of domestic monetary

policy. Section 4 concludes.

2 Econometric methodology and data

2.1 Econometric Methodology

We calculate impulse responses using a SVAR model with panel data:

B, Yi|_g (L) Yia + “ , (1)
where Y7 is a vector of four foreign variables from the relevant base countries and Y, is
a vector of six domestic variables. The foreign variables in Y} include: the quarter over
quarter (QoQ) log change in real GDP (y;), the QoQ log change in the GDP deflator (7}),
the QoQ log change in energy prices (e;), and the level of the foreign policy interest rate
(rf). The domestic variables in Y; include: the QoQ log change in real GDP (y;), the

QoQ log change in the GDP deflator (m;), net capital outflows excluding reserves (o;), the



QoQ log change in the exchange rate relative to the base country currency (xr;), reserve
accumulation (fx;), and the level of the home policy interest rate (r;). e€; and e; are 4x1
and 6x1 vectors containing structural white-noise shocks. The quarterly net capital outflows
excluding reserves and reserve accumulation are both normalized by the four-quarter lag of
GDP.

We assume that foreign variables in core countries are unaffected by domestic variables
or domestic shocks from the sample countries, either contemporaneously or with a lag, and
thus we impose block restrictions that the entries in columns 5-10 in the first 4 rows of
(By)~" and B (L) are equal to zero.

To estimate the structural VAR, we first pre-multiply both sides of this equation by B*

to obtain the reduced-form VAR:

Y; Y u;
t — A (L) t—1 n t ' (2)
Y, Y Uy

We then perform a Cholesky decomposition of the covariance matrix of the reduced form
!/

* u*
residuals, | " =B;! (By!)', in order to identify the lower-triangular matrix By.
L) Uy

Identification through the recursive Cholesky identification scheme requires one to specify
an ordering of variables. We use the ordering given by the introduction of the variables
above. When identifying the shock to the foreign interest rate, we order the foreign policy
rate after all other foreign variables, and thus assume that the foreign policy rate is affected
by contemporaneous shocks to all other foreign variables, but it only affects all other foreign
variables with a lag.

We order all domestic variables after the foreign variables, so foreign variables can have
a contemporaneous effect on domestic variables. Furthermore the domestic policy interest
rate is ordered last among all domestic variables, and thus assume that the domestic policy

interest rate is affected by contemporaneous shocks to all foreign and domestic variables, but



it only affects all other domestic variables with a lag.

In the results section, we begin by presenting impulse responses to a 100 basis point shock
to the foreign policy interest rate, given by €% = [0,0,0,1]" and &, = [0,0,0,0,0,0]". As will
be discussed, we find that the positive shock to the foreign policy interest rate leads to an
endogenous increase in the domestic policy interest rate. To illustrate the extent to which
this endogenous domestic policy response mitigates the rise in net capital outflows following
the foreign shock, we construct a counterfactual scenario by adding a series of hypothetical
shocks to offset the endogenous domestic policy response. Thus, our counterfactual scenario
mimics the case in which the domestic policy interest rate is held constant despite the foreign
monetary tightening.

To construct the series of hypothetical shocks to the domestic policy interest rate, we

begin with the SVAR in (1):

Y, Y,
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in which we have written out the 6 domestic variables in Y;. Since all foreign variables are
unaffected by domestic shocks, we leave the vector of four foreign variables written as Y.
In this setup, we consider a shock to the foreign policy rate at period t = 1. Since By
is lower triangular, this shock will affect contemporaneously the domestic monetary policy
rate. In the counterfactual scenario, to offset the domestic policy response, we introduce an
additional structural shock &7 to the domestic policy rate, which is calibrated to ensure that

the total response of the domestic policy rate is 0 in the first period:
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where a tilda indicates the response of a variable under the counterfactual scenario that
incorporates the counterfactual shock to the home policy rate. To calibrate the counterfac-
tual shock to the home policy rate, we pre-multiply each side of the above equation by a row

vector with ten columns, where each column is set at zero except for the tenth, which is set

at one. By doing so, the above equation becomes:

where B, (i, j) is the value in the i-th row and the j-th column of the matrix B;*', and &/ is
the counterfactual shock to the home policy rate in the first period that would be necessary
to hold the home policy rate constant following the shock to the foreign policy rate.

The counterfactual shock is extended in all subsequent periods ¢ > 1 in order to keep the

domestic policy rate constant:
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Again, one can highlight the 10th equation in this SVAR model by pre-multiplying it by
the row vector with ten elements, where each element is zero except for the tenth element,

which is one:

—[0000000001)B;*B(L) | 5, |=By'(10,10)& (7)
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ST
0

Our approach gives the series of counterfactual shocks to the home policy rate &; that
would be necessary to hold the home policy rate constant following a shock to the foreign

policy rate.

2.2 Data

The full list of countries included in the panel VAR is presented in Table 1. For each country

in our sample, the table provides the "base" country used to pick the relevant foreign policy
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2 To measure

rate and the foreign currency against which to compute the exchange rate.
the effect of interest rate divergence on capital flows and exchange rates, we designate such
a base foreign country for each country in our sample, with the base considered to be the
source of the exogenous monetary policy shock. Many studies have used the U.S. dollar as
the base currency and the U.S. Fed Funds rate as the base country interest rate throughout
the sample. However, it is plausible that the primary international relation for some of the
countries in our sample is not with the United States, so to accurately measure the effect
of interest rate divergence on capital flows, we designate a different base foreign country for
each country in our sample.

We pair our countries to base countries like in Shambaugh (2004). When a country pegs
or partially pegs its currency to a base country’s currency, the designation is straightforward
(e.g., the peg of the Hong Kong dollar to the U.S. dollar). However, when the country does
not peg, the designation is not trivial and requires a judgement call. Shambaugh (2004)
bases this choice on historical relationships or proximity to a nearby dominant economy
(e.g., Malaysia is the base country for Singapore, Australia is the base country for New
Zealand, and India is the base country for Sri Lanka).

Except for one variable, all data series are from the IMF’s International Financial Sta-
tistics. The one exception is the QoQ log change in energy prices, which is taken from the
World Bank’s energy price index. For domestic and foreign GDP growth and inflation, we
use the QoQ log change in the GDP volume index and deflator. The data on private net
capital outflows and reserve accumulation at the quarterly frequency are from the IMF bal-
ance of payments (BPM6). Private net capital outflows and reserve accumulation are both
normalized by GDP, lagged 4 quarters. For the domestic and foreign interest rates, we use
policy interest rates and, in a few cases depending on data availability, we use a short-term

money market rate. When reporting the Qo(Q change in the exchange rates, an increase

2USA: U.S. dollar; DEU: German currency (mark and then euro); AUS: Australian dollar; IND: Indian
rupee; MYS: Malaysian ringgit.
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denotes local currency depreciation.?

One challenge arises from the fact that in recent years, the central banks of our two major
base countries, the Federal Reserve and the ECB, have used instruments other than the usual
policy interest rate. To address this issue, we include the shadow short-term interest rates
for the United States, the Euro Area, the United Kingdom, and Japan from Krippner (2013).
For the United States, the Euro Area, and the United Kingdom, the Krippner shadow rate
replaces the policy rate series from 2009 to the end of our sample in 2015. For Japan, the
Krippner shadow rate replaces the policy rate from 1999 to the end of our sample.

Country-quarter observations are divided into four categories: (1) those corresponding
to countries with a floating currency and an open capital account, (2) those with a floating
currency and a closed capital account, (3) those with a fixed currency and an open capital
account, and (4) those with a fixed currency and a closed capital account. The distinction
of whether a country has a fixed or floating exchange rate regime in a given year is taken
from Klein and Shambaugh (2015), whereby a country has a fixed currency in a given year
if the movement in the exchange rate relative to the base country currency in a given year
does not exceed 5%. Unlike in Klein and Shambaugh, who use 3 groups given by pegs, soft
pegs, and floaters, we combine their peg and soft peg categories into one single group.

The distinction between country-quarters with open vs. closed capital account regime is
based on the Chinn and Ito (2008) index of capital account openness normalized on a 0-1
scale, where 0 indicates a closed capital account and 1 indicates an open capital account.
In a given year, a country is considered to have an open capital account if the value of the
Chinn-Ito index for that year is greater than 0.5, and it is considered to have a closed capital

account if the index is less than 0.5.

3We removed outliers defined as follows: (1) Country-quarter observations where the absolute value of
net capital flows is greater than 20% of GDP. (2) Observations where net capital flows are exactly zero
(since many times statistical agencies would write zero for missing observations). (3) Observations where
the absolute vale of the QoQ change in the interest rate is greater than 9%. (4) Observations where the
absolute value of the QoQ change in the exchange rate is greater than 10%. Data cleaning restrictions (1),
(3), and (4) help eliminate any obvious crisis or sudden stop episodes from the data set, which would be a
source of outliers.

13



Both the currency index and the Chinn and Ito (2008) capital account openness index
are annual, but the data in the VAR is at a quarterly frequency. Therefore, the values of
the currency index and capital account openness index in a given year are assumed to apply
to every quarter of that year. Also, it should be noted that the four groups include country-
quarter observations, since a given country can transition between groups over time. For
a country that moves toward liberalizing its capital account during the sample period, the
country-quarter observations for that country may fall into the closed capital account groups
early in the sample period, but switch to one of the open capital account groups later in the
sample period.

Table 2 presents the descriptive statistics for the full sample, and also separately for
the four groups of economies defined by the interaction between their capital account and
exchange rate regimes. The roughly 3,400 observations in the full sample are distributed
about evenly among the four country-quarter groups, although the number of open peggers
stands out a bit. As expected, countries with open capital accounts seem to experience more
volatile capital flows than their closed counterparts. Also, floaters experience a less volatile
pace of reserve accumulation, but greater exchange rate volatility than peggers. For instance,
the standard deviations of exchange rate changes are about 5 percentage points for floaters

vs. 2 percentage points for peggers.

3 Results

3.1 Results from Structural VARs

The responses all domestic variables to a 100 b.p. shock to the foreign policy rate are
presented in figures 1-4. Figure 1 presents the shock responses for countries with a floating
currency and an open capital account, figure 2 presents the responses for countries with a
floating currency and a closed capital account, figure 3 is for countries with an exchange rate

peg and an open capital account, and figure 4 is for countries with an exchange rate peg and
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a closed capital account.*

The impulse responses in figure 1 show that for a country with a floating currency and
an open capital account, following the 100 b.p. increase in the foreign interest rate, GDP
growth slows, and there is a slight, but not statistically significant fall in inflation. There is
a rise in the domestic policy rate of about 5 b.p. on impact, increasing to about 10 b.p. after
20 quarters, and the response is barely statistically significant. There is a sharp depreciation
of the currency of about 0.4% on impact. The ratio of net capital outflows to GDP increases
by about 0.15% of GDP at its peak. Meanwhile, central bank reserve accumulation falls by
about 0.1% of GDP on impact.

Turning now to figure 2, in a country with a floating currency but a relatively closed
capital account, the behavior of GDP growth and inflation following the shock to the foreign
policy rate is similar to that in a country with an open capital account. The domestic policy
rate actually falls on impact, but the change is not statistically significant. The currency
depreciates by about 0.2%. There is an increase in net capital outflows on impact, but after
a few quarters it is not statistically significant. Reserve accumulation falls sharply by about
0.3% of GDP.

Next we turn to countries with fixed exchange rate regimes in figures 3 and 4. In countries
with a pegged exchange rate, the responses of GDP growth and inflation are similar to the
responses in countries with a floating currency. But whereas floaters implement nearly no
change in the domestic policy rate, the domestic policy rate increases by around 30 b.p.
in peggers with a closed capital account, and by 35 b.p. in peggers with an open capital
account. Furthermore, the depreciation in the currency is small in both sets of countries,

at about 0.1% in countries with an open capital account, and not statistically significant in

4As shown by Pesaran and Smith (1995) pooling these country-quarter observations and estimating a
panel VAR can lead to biased coefficients when there is cross-country heterogeneity in the coefficients. By
pooling countries into these four groups prior to estimation, we help address this potential source of bias,
since presumably more heterogeneity exists across groups than across countries within a group. To test
for heterogeneity within groups we can compute responses for individual countries in the limited number
of countries that remain in the same group throughout the sample period. The responses from these non-
pooled regressions using an individual country within a group are consistent with the pooled responses for
that group.
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countries with a closed capital account. The net capital outflows increase by 0.1% of GDP
in countries with an open capital account, and do not show a statistically significant change
in countries with a closed capital account. Meanwhile, central bank reserve accumulation
falls by around 0.2-0.3% of GDP in both sets of countries.

The most substantial differences across the four groups of countries in figures 1-4 concern
the responses of the home country policy interest rate. In countries with a floating currency,
the home country policy rate does not change or increases by at most 10 b.p. following the
100 b.p. shock to the foreign interest rate, while in a country with a pegged currency the
response of the home country policy rate is about 30-35 b.p. increase.

The fact that the home policy rate is much less responsive to shocks to the foreign policy
rate in a country with a floating currency is shown again in variance decomposition results
in table 3. The table shows the percent of the forecast error variance of the home policy rate
in each of the four groups of countries that is explained by shocks to each of the 10 variables
in the model at 1-5 year forecast horizons. Thus, in countries with a floating currency and
an open capital account, only 1% of the forecast error variance of the home policy rate at a
5 year horizon is explained by shocks to the foreign policy rate. For countries with a floating
currency and a closed capital account this share falls to nearly 0%. Meanwhile, the share
of the variance in the home policy rate explained by shocks to the foreign policy rate is
much higher in countries with a pegged currency. In countries with a pegged currency and a
relatively closed capital account the share is 12%, and in countries with a pegged currency
and an open capital account this share rises to 19%.

As expected, open economies experience larger net capital outflows and greater currency
depreciation than closed ones in response to the foreign monetary tightening shock. Also,
among open economies, floaters lose less foreign exchange reserves than peggers, which re-

flects their softer foreign exchange intervention to curb their currency depreciation.
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3.2 Results from Counterfactual VARs

In response to an increase in the foreign policy rate, the home country central bank may raise
the policy interest rate in an attempt to mitigate some of the increase in net capital outflows
(or the fall in net inflows) resulting from the divergence between the home and foreign interest
rates. It is therefore natural to ask how successful this policy was in stemming the fall in
net inflows. What would net capital flows have been in the absence of these domestic policy
changes?

The counterfactual VAR model results discussed in this section can be used to plot the
responses of net capital outflows in each of the four country groups under the alternative
scenario where the home country policy interest rate does not respond to the foreign policy
interest rate shock. As described in the last section, we compute the counterfactual impulse
responses by calibrating a series of shocks to the home country policy rate that would keep
the home policy rate unchanged. The calibration of these is described in equation (7).

The calibrated shocks to the home country policy interest rate that would be necessary
to keep the home country policy rate constant following the shock to the foreign interest
rate are shown in figure 5. The counterfactual shock necessary to keep the home policy
rate constant is largest in the group with a pegged currency and an open capital account.
The hypothetical shocks are the second largest in countries with a pegged currency and a
closed capital account. Meanwhile the hypothetical shock is small in countries with a floating
currency and an open capital account and the hypothetical shock is nearly zero in countries
with a floating currency and a closed capital account. This result reflects the fact that the
desire to raise the home policy rate following the foreign shock is strongest when a country
has a pegged currency and an open capital account, and that capital account restrictions
reduce the pressure on the home interest rate.

But what is interesting to note in figure 5 is that the shocks necessary to keep the domestic
policy rate fixed at zero are relatively small. The scale of the figure is in basis points, and

thus following a 100 b.p. shock to the foreign interest rate, the hypothetical shock to the
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domestic interest rate required to keep the domestic policy rate constant is at most 8 b.p.
per quarter in the few quarters following the shock. But this largest hypothetical shock
dissipates relatively quickly, as it falls to around 6 b.p. after 2 years, and to 4 b.p. after 3
or 4 years.

The path of net capital outflows (excluding reserves) following a shock to the foreign
policy rate is presented in figure 6. The blue impulse responses are the actual impulse
responses discussed earlier in figures 1-4, with the solid line depicting the point estimate of
the response and the dotted lines showing 68% confidence bands. The red dashed lines are
the counterfactual response when the additional series of shocks to the home policy rate are
fed into the model to keep the home policy rate constant.

In this setup, the gap between the red and blue lines in the figure represent the amount of
the increase in net capital outflows that is mitigated by the endogenous response of domestic
monetary policy. Controlling for the capital account regime (within columns), this gap
is larger for the set of countries with a fixed exchange rate rather than floating exchange
rates. Alternatively, controlling for the exchange rate regime (within rows), this gap is
larger for countries with an open capital account than with a closed capital account regime.
Importantly, the counterfactual response in the set of countries with pegged exchange rates
and open capital accounts is the only counterfactual response that does not lie within the
confidence bands of the original impulse response. Quantitatively, for open peggers, the
endogenous policy response seems to mitigate more than 1/3 of net outflows at their peak.

After accounting for the endogenous policy response, the effect of a foreign interest rate
shock is quantitatively similar in both sets of countries with an open capital account; the 100
b.p. shock leads to about a 0.10-t0-0.15% of GDP increase in net capital outflows. Similarly,
after accounting for the endogenous policy response, the effect of a foreign interest rate shock
is quantitatively similar in both sets of countries with a closed capital account; the 100 b.p.

shock leads to about a 0 to 0.05% of GDP increase in net capital outflows.
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3.2.1 Lucas Critique

Given our approach to compute counterfactual impulse responses, one natural question arises
on whether these counterfactual simulations may run afoul of the Lucas Critique ((Lucas
1976)). The counterfactual aims to remove the impact of domestic monetary policy from
the response of net capital outflows by asking what the net outflows would have been if
the domestic policy rate were held constant. But of course, the estimated parameters in
the transition matrix B (L) in equation (1) are calculated from data in an environment in
which agents expect a domestic monetary policy reaction. If instead agents had known that
the domestic interest rate would be held fixed, they may have changed their decisions, and
thus the transition matrix B (L) would be inaccurate for computing counterfactual impulse
responses.

Leeper and Zha (2003) develop a test of whether a counterfactual VAR analysis would
run afoul of the Lucas Critique. This test requires constructing "modesty statistics" and
verifying whether those statistics lie within a certain range. To compute these statistics, we

begin by rearranging the VAR model in equation (1) to express the value of the observed

Y*
variables in period t+h, e , as a function of their expected value given all information
Yiin
Y*
known at time ¢, F; b , and the vector of direct effects of the shocks that occurred
Yiin
h—1 e* N
between period t + 1 and t + h, Z B:B,* Hhes
s=0 Etth—s
th — €ih t4h
=Y "BiB;! |+ E * (8)
Yiin s=0 €t+h—s Yiin

where for ease of notation, we have gone ahead and written the original VAR model as a
VAR(1) where the transition matrix is Bj.

Let I; be the set of hypothetical policy interventions for the h periods (i.e., our hypo-
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thetical shocks to the domestic policy rate) following the shock to the foreign interest rate
at time t, where the sequence I; = {&,4,E, 441, ...,Ersn} 18 plotted for our various country
groups in figure 5. Using this notation, one can express the vector of direct effects of the

counterfactual shocks to the home policy rate:

Nrtrn = E; o |[t - L o (9)
Yiin Yiin
h—1 i 0
= ) BB |
s=0 €t+h—s

The vector of modesty statistics, i), ,, in Leeper and Zha (2003) scales this direct effect

7,115 by its standard deviation, where the vector of standard deviations is given by square
h—1
root of the diagonal of Z (BiB, ') (BfBo_l)/.

Intuitively, the vector (())f direct effects m,.,,, measures the forecast error at horizon i due
to the series of hypothetical shocks to the domestic interest rate between ¢t and t + h. The
modesty statistic then scales this forecast error by the square root of the historical forecast
error variance. And thus the modesty statistic for variable 7 at horizon h asks if the forecast
error of variable ¢ due to the hypothetical shocks to the domestic interest rate between period
t and t + h is large relative to the usual forecast error variance of variable ¢. If it is, then
the counterfactual simulation runs afoul of the Lucas Critique, since the hypothetical shocks
are large enough to be noticed by agents and causes agents to change their behavior. If it
is not, the forecast errors due to the hypothetical shocks are small enough that they would
not cause agents to change their behavior.

As defined by Leeper and Zha (2003), the intervention is modest at horizon h for variable

i if the absolute value of the i"* element of the scaled direct effect 1}, is less than 2. These

modesty statistics, n;,,;,, for each of the 6 domestic variables in response to hypothetical
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shocks to the domestic interest rate are presented in table 4. The table presents the modesty
statistics for horizons h between 1 and 5 years. Of course in the counterfactual results in
figure 6 we plot the counterfactual responses when the series of hypothetical shocks lasts all
5 years.

The table of modesty statistics shows that the absolute value of these statistics are small
and nowhere near 2. Not surprisingly the statistics are the largest in absolute value in
the set of countries with a pegged currency and an open capital account. In addition, the
modesty statistics are largest in absolute values for deviations in the domestic interest rate,
since the hypothetical shock was a shock to the domestic interest rate. But even here, the
modesty statistics are much smaller than 2, and thus it is safe to say that the counterfactual

simulations do not run afoul of the Lucas Critique.

4 Conclusion

This paper shows that measuring the elasticity of net capital flows to foreign monetary
policy shocks is complicated by the endogenous responses of domestic monetary policy in
affected economies. In response to the current wave of monetary policy tightening in key
advanced economies, such as the United States and the Euro Area, central banks in peripheral
economies are likely to raise their policy interest rates in order to curtail a fall in capital
inflows and currency depreciation. However, the extent to which central banks will raise
their policy rates in such a scenario is likely to depend on factors like the capital account
and exchange rate regimes. Our results suggest that failing to account for the endogenous
response of domestic monetary policy would bias down the estimated elasticity of net capital
flows to changes in foreign interest rates by as much as 1/4 for floaters and more than 1/3
for peggers with open capital accounts.

Raising the domestic interest rate is not the only policy response of central banks to

foreign monetary tightening, since central banks can also sell foreign exchange reserves to
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arrest currency depreciation. Aizenman and Sun (2012) document and explain the size of
reserve depletion in many emerging markets during the Global Financial Crisis. Davis (2017)
uses a regression framework like that in Klein and Shambaugh (2015) to show that countries
with high levels of foreign exchange reserves are less likely to move their domestic interest
rate in response to a change in the foreign interest rate. Our results already show the extent
to which various countries choose to let their currencies depreciate vs. sell foreign exchange
reserves in response to the foreign interest rate shock. Therefore, one interesting expansion
of our framework would be to consider that the response of foreign exchange reserves is itself
an endogenous policy response, and examine if accounting for this additional endogenous
policy action affects the response of net capital flows in the context of foreign monetary

tightening shocks.
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Table 1: Countries in the panel VARs.

Argentina (USA)
Armenia (USA)
Australia (USA)

Bolivia (USA)
Brazil (USA)
Canada (USA)
Chile (USA)
China (USA)

Colombia (USA)

Germany (USA)

Hong Kong (USA)
India (USA)

Indonesia (USA)

Israel (USA)

Japan (USA)

Jordan (USA)

Korea (USA)

Kyrgyz Republic (USA)
Mexico (USA)

Moldova (USA)
Paraguay ( )

Peru (USA)
Philippines (USA)
Russia (USA)
South Africa (USA)
Thailand (USA)
Turkey (USA)

Ukraine (USA)
Croatia (DEU)
Czech Republic (DEU)
Denmark (DEU)
Estonia (DEU)
Finland (DEU)
France (DEU)
Greece (DEU)
Hungary (DEU)
Italy (DEU)
Latvia (DEU)
Lithuania (DEU)
Macedonia (DEU)
Netherlands (DEU)
Norway (DEU)
Poland (DEU)
Portugal (DEU)
Romania (DEU)
Slovak Republic (DEU)
Slovenia (DEU)
Spain (DEU)
Sweden (DEU)
Switzerland (DEU)
United Kingdom (DEU)
New Zealand (AUS)

Sri Lanka (IND)
Singapore (MYS)




Table 2: Descriptive statistics for the entire sample of country-quarter observations and the
four subsamples.

Complete sample Obs Mean Median St. Dev. Min Max

Foreign GDP growth, q/q 3,398 1.63 1.41 1.80 -5.99  8.40
Foreign inflation, q/q 3,398 0.60 0.56 0.52 -2.16 4.96
Energy price inflation, q/q 3,398 2.41 2.67 11.69 -46.08 43.43
Foreign interest rate, % 3,398 2.67 2.71 3.50 -5.20 22.00
GDP growth, q/q 3,398 1.77 1.30 2.66 -14.55 32.74
Inflation, q/q 3,398 1.21 0.84 1.70 -19.67 18.53

Capital outflows/GDP 3,398  -2.19 -2.14 6.48 -19.94 19.91
Exchange rate change, q/q 3,398  -0.02 0.00 3.44 -19.06 9.94
FX accumulation/GDP 3,398 1.67 0.75 4.87 -26.38 36.06
Interest rate, % 3,398 6.76 5.54 5.76  -6.37 76.94

Float, open Obs Mean Median St. Dev. Min Max

GDP growth, q/q 720 1.84 1.08 3.27  -5.30 25.19
Inflation, q/q 720 0.86 0.67 .02 -231 9.79

Capital outflows/GDP 720  -1.29 -0.76 6.08 -19.79 19.69
Exchange rate change, q/q 720  -0.61 -0.47 4.86 -15.44  9.86
FX accumulation/GDP 720 1.15 0.37 3.91 -13.77 36.06
Interest rate, % 720 5.11 4.51 426 -4.43 21.13

Float, closed Obs Mean Median St. Dev. Min Max

GDP growth, q/q 429  1.42 1.17 2.09 -5.57 14.87
Inflation, q/q 429 1.96 1.51 2.69 -19.67 18.53

Capital outflows/GDP 429  -3.41 -3.16 5.23 -18.87 18.45
Exchange rate change, q/q 429 0.39 0.36 494 -19.06 9.91
FX accumulation/GDP 429 1.89 1.18 4.48 -22.04 18.73
Interest rate, % 429  11.43 9.13 9.37 098 76.94

Peg, open Obs Mean Median St. Dev. Min Max

GDP growth, q/q 1,256 1.67 1.20 244 -10.02 22.93
Inflation, q/q 1,256 0.76 0.61 0.86 -3.51 7.26

Capital outflows/GDP 1,256  -1.48 -1.79 7.39 -19.94 1991
Exchange rate change, q/q 1,256  -0.02 0.00 2.17 -8.87 843
FX accumulation/GDP 1,256 1.59 0.53 5.28 -23.81 32.46
Interest rate, % 1,256 5.07 4.24 3.89 -6.37 24.62

Peg, closed Obs Mean Median St. Dev. Min Max

GDP growth, q/q 728  2.16 1.81 92.50 -14.55 14.77
Inflation, q/q 728  1.78 1.32 1.95 -1.84 11.68

Capital outflows/GDP 728  -3.68 -3.20 5.54 -19.33 14.72
Exchange rate change, q/q 728 0.16 0.03 2.04 -811 7.98
FX accumulation/GDP 728 2.41 1.69 5.32 -26.38 24.83
Interest rate, % 728 8.68 7.50 4.75 1.01 27.12

27



Table 3: Variance decomposition, share of the variance of fluctuations in the domestic policy
rate that are explained by shocks to each variable.

Float, Open
Horizon ur o om n T o xry [y T
4 quarters 0.39 2.82 0.20 0.21 0.03 16.72 0.18 194 3.42 74.09
8 242 4.69 0.67 0.45 0.09 19.85 0.55 251 4.16 64.61
12 4.75 534 094 0.67 0.17 20.27 0.73 2.61 4.33 60.18
16 6.69 5.67 1.09 0.87 0.22 20.19 0.82 262 4.36 57.48
20 816 5H5.87 1.18 1.04 0.24 20.01 0.86 2.60 4.35 55.68

Float, Closed

Horizon yr oYk n T o xry [y T4

4 quarters 0.06 1.72  0.27 0.13 0.09 1.04 020 1.38 5.82 89.30
8 0.06 244 0.42 0.12 0.06 0.90 0.74 1.84 8&8.83 84.59
12 0.05 2.57 0.49 0.12 0.04 080 1.21 196 10.24 82.52
16 0.05 2.59 0.52 0.13 0.04 0.74 147 2.01 10.95 81.51
20 0.04 2.59 0.53 0.14 0.04 0.70 1.63 2.03 11.34 80.97

Peg, Open

Horizon yr T om n T o xry [y T

4 quarters 2.66 3.79 0.29 1.09 0.01 343 0.06 0.66 1.61 86.40
8 6.60 5.96 0.64 5.35 0.01 4.59 0.27 0.69 2.21 73.67
12 10.34 6.87 0.87 1054 0.02 4.53 038 0.64 2.25 63.55
16 13.19 7.23 1.02 15.25 0.02 4.21 0.40 0.58 2.11 55.98
20 15.18 7.35 1.10 19.06 0.02 3.88 0.39 053 1.96 50.52

Peg, Closed

Horizon vy o om Yt n T o xry [y Ty

4 quarters 0.32 242 0.01 1.27 033 1.26 0.37 0.32 3.15 90.55
8 1.42 3.77 0.13 3.77 038 3.70 0.71 044 3.54 8214
12 294 4.40 0.31 6.67 037 537 0.76 048 3.31 7541
16 4.44 4.72 047 938 035 6.15 0.72 048 3.06 70.23
20 5.72 4.88 0.58 11.63 0.33 6.41 0.68 0.47 2.88 66.41
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Table 4: Modesty statistics for each of the domestic variables in the model at forecast horizon
h for the hypothetical shock to the domestic interest rate.

Float, Open
Horizon Y e 0y Ty fx, T
4 quarters -0.001 -0.006 0.002 -0.001 0.000 -0.031
8 -0.003 -0.010 0.006 -0.002 -0.001 -0.032
12 -0.005 -0.012 0.007 -0.002 -0.001 -0.030
16 -0.005 -0.013 0.008 -0.002 -0.001 -0.028
20 -0.005 -0.012 0.008 -0.002 -0.001 -0.026

Float, Closed

Horizon Yt Ty 0y Ty fr Ty

4 quarters 0.001 0.004 -0.001 0.001 0.000 0.016
8 0.001 0.004 -0.001 0.001 0.000 0.010
12 0.001 0.004 -0.001 0.000 0.000 0.008
16 0.001 0.003 0.000 0.000 0.000 0.007
20 0.001 0.003 0.000 0.000 0.000 0.007

Peg, Open

Horizon Yy Ty 0y Ty fx T

4 quarters -0.002 -0.003 0.001 0.000 0.001 -0.084
8 -0.008 -0.013 0.009 -0.001 0.005 -0.127
12 -0.012 -0.020 0.016 -0.001 0.007 -0.134
16 -0.013 -0.023 0.020 -0.001 0.008 -0.128
20 -0.014 -0.023 0.021 -0.001 0.008 -0.117

Peg, Closed

Horizon Yy Ty 0y Ty fx Ty

4 quarters -0.002 0.000 0.002 -0.003 0.004 -0.078
8 -0.004 0.001 0.005 -0.006 0.008 -0.095
12 -0.004 0.001 0.007 -0.008 0.010 -0.097
16 -0.005 0.002 0.007 -0.008 0.010 -0.091
20 -0.004 0.002 0.007 -0.008 0.010 -0.083

29



Figure 1: Responses of home variables following a 1 p.p. increase in the foreign policy rate

in a country with a floating currency and an open capital account.
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Figure 2: Responses of home variables following a 1 p.p. increase in the foreign policy rate

in a country with a floating currency and a closed capital account.

-0.05

-0.1

-0.15

-0.25

04

0.3

02

0.1

0.2

-0.3

02

0.15

-0.15

Notes: Red dashed lines are 1 Standard error bands

GDP Growth

5 10 15 20
Interest Rate
5 10 15 20

Net Outflows (excl. reserves)

5 10

15 20

.2

01 ff

-0.1

0.2

0.5

0.4

03}
02|

0.1k

-0.1

-0.2

0.4

02

-0.4

Inflation

Change in Exchange Rate

20

5 10 15 20
Reserve Accumulation
5 10 15 202



Figure 3: Responses of home variables following a 1 p.p. increase in the foreign policy rate

in a country with a fixed currency and an open capital account.
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Figure 4: Responses of home variables following a 1 p.p. increase in the foreign policy rate
in a country with a fixed currency and a closed capital account.
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Figure 5: Counterfactual shocks to the home policy rate that would be necessary to keep
the home policy rate constant following a shock to the foreign policy rate.

Basis Points

B

10 12 14 16 18

20

Notes: Blue solid line is the series of counterfactual shocks in the subset of countries with a
floating currency and an open capital account, the red dashed line is for the subset with the
floating currency and the closed capital account, the black dotted line is for the subset with the

fixed currency and the open capital account, the green dash-dot line is for the subset with a fixed
currency and a closed capital account.
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Figure 6: Responses of net capital outflows in the actual model and in the counterfactual
model where the home policy rate is held constant.
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Notes: Blue solid line is the actual response, the red dashed line is the counterfactual response
where the home policy rate is held constant.
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