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Abstract

Capital flows into the euro area were particularly large in the mid-2000s and the share of foreign
holdings of euro area securities increased substantially between the introduction of the euro and
the outbreak of the global financial crisis. We show that the increase in foreign holdings of euro
area bonds in this period is associated with a reduction of euro area long-term interest rates
by about 1.55 percentage points, which is in line with previous studies that document a similar
impact of foreign bond buying on US Treasury yields. These results are relevant for understanding
developments both in the euro area and abroad, as lower levels of long-term interest rates resulting
from foreign accumulation of euro area debt securities may have added to increased risk appetite

and hunt for yield at the global level.
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1 Introduction

There is by now a large literature that focuses on how international capital flows contributed to the
unusually low levels of US long-term interest rates in the mid-2000s, which former Chairman of the
Federal Reserve Board Alan Greenspan referred to as a “conundrum” (Greenspan, 2005). According
to the “global savings glut” hypothesis (see Bernanke, 2005, 2007) large — and possibly excessive
— net savings in some regions of the world — in particular in emerging economies in Asia but also
in oil exporting countries — triggered large net capital inflows into US securities which ultimately
exerted downward pressure on US long-term interest rates. Specifically, Warnock and Warnock (2009)
estimate that foreign official inflows into US Treasuries lowered 10-year Treasury yields by about 80
basis points in the twelve months ending May 2005.

The coincidence of large capital inflows and low levels of long-term interest rates is however not
a characteristic specific to the US in the mid-2000s. Figure [I] shows a strong comovement between
euro area and US long-term interest rates with both series declining in the first half of the 2000s and
up until end-2006. Over the same period, foreign purchases of both euro area and US securities were
steadily increasing until end-2006 (see Figure .

This evidence hints to the possibility that the same mechanism that was behind the downward
impact of foreign inflows into US securities might also have been present in the euro area. Yet, to our
knowledge, there is so far no study which looks at the impact of foreign bond buying on euro area
long-term interest rates. This is all the more striking because the the euro area is more financially
open than the United States according to conventional measures. In particular, between 2003 and
2006, euro area cross-border positions exceeded those of the United States by on average about 60
percent of GDP, although this might partly reflect round-tripping of euro area asset holdings through
the United Kingdomﬂ Furthermore, the shares of foreign ownership in total outstanding securities of
all issuers are similar and stood around 25 percent in mid-2006 (see Table [I).

These stylised facts taken together with the process of growing financial integration, where inter-

national markets play an increasingly larger role in determining long-term interest rates, imply that

1In the three-year periods 1999-2002, 20032006 and 2007-2010 the ratio of total foreign assets and liabilities to GDP
amounted to 198, 254 and 336 percent, respectively, in the euro area compared to 140, 192 and 285 percent, respectively,
in the United States according to IMF IFS data.



understanding the effects of foreign bond buying on euro area long-term interest rates is not only
relevant to fully understand developments in the euro area itself but also elsewhere. By contributing
to an environment of low interest rates, these inflows might have led to excessive risk-taking in a hunt-
for-yield context at the global level. Thus, understanding the funding process of the euro area is of the
essence to get a better and more comprehensive picture of the global flow-of-funds. Furthermore, since
the euro area was close to a balanced current account throughout the period, the significant foreign
inflows into euro area securities also highlight the importance of understanding gross financial flows
and stocks and the implications of the important linkages they establish (Lane and Milesi-Ferretti,
2007).

The main objective of this paper is therefore to assess whether foreign purchases of euro area bonds
since the introduction of the euro and in the run-up to the global financial crisis had a significant
impact on euro area long-term interest rates. In order to take into account endogeneity issues, we
follow Bandholz et al. (2009) and Beltran et al. (2013) and use a parsimonious vector error correction
model (VECM) to estimate the effect of foreign holdings on euro area long-term interest rates. The
results indicate that, all else equal, the increase in foreign holdings of euro area bonds from the first
quarter of 2000 to mid-2006 led to a decrease in euro area long term interest rates of around 1.55
percentage points. These results are in line with other studies’ findings on the impact of foreign bond
buying on US long-term interest rates.

The remainder of this paper is organised as follows. Section 2 briefly discusses how capital flows
affect long-term interest rates. Section 3 describes the data including our measure of foreign holdings.
Section 4 presents the econometric evidence and Section 5 performs several robustness checks of the

baseline model. Finally, Section 6 concludes.

2 Capital flows and long-term interest rates

Warnock and Warnock (2009) and Bertaut et al. (2012) are among the first to document an eco-
nomically large and statistically significant impact of foreign purchases of US government bonds on

long-term interest rates. In particular, Warnock and Warnock (2009) argue that foreign purchases of



US government bonds have contributed importantly to the low levels of US interest rates prior to the
global financial crisis and estimate the total impact at around 80 basis points.

It is important to note that both studies regress 10-year US Treasury bond yields on foreign official
sector purchases of US Treasury bonds as well as on holdings of US Treasury and US government
agency bonds by means of OLS, arguing that — while total foreign purchases and holdings of US
Treasury and Agency bonds might be endogenous to their yields — foreign official sector purchases
and holdings should be exogenous. In order to explicitly address the issue of non-stationarity and
endogeneity, Warnock and Warnock (2009) however also conduct robustness tests by estimating a
VECM as in Bandholz et al (2009) and Beltran et al (2013), which all confirm an economically and
statistically significant impact of foreign buying on US long-term interest rates.

The theoretical contributions reconciling the observed impact of asset demand on long-term interest
rates with the expectations hypothesis generally emphasise the role of risk premia, i.e. the excess return
over the expected future short-term interest rates that investors demand to hold an asset with a fixed
long-term yield. There are two main types of models that explain how demand effects can have an
impact on long-term interest rates.

On the one hand, portfolio balance theories show that by reducing the amount of a given maturity
and thereby duration risk available in the market, purchases of long-term securities reduce the premium
investors demand for that specific duration risk. This can be the case either because the marginal buyer
of this specific duration risk who is dealing in the market is willing to pay a higher price for it, or
alternatively because the average buyer decreases exposure to the specific duration risk and therefore
demands a lower compensation to hold it (see Gagnon et al., 2010, Neely, 2010 and Bauer and Neely,
2012). Importantly, these effects are not necessarily confined to the asset being purchased but may
also spill over to other assets.

On the other hand, preferred habitat models focus on heterogeneous investor preferences and
imperfect substitutability between maturities and asset classes (see Vayanos and Vila, 2009). In these
models, there are broadly two types of investors: those with preferences for specific maturities and risk-
averse arbitrageurs. Faced with a demand shock in a given maturity that decreases yields, arbitrageurs

will move along the yield curve looking for alternative higher yielding investment opportunities, while



other investors with a preference for that specific maturity will stay put. The behaviour of arbitrageurs
is the key mechanism of propagation of shocks to a specific maturity along the yield curve, the extent
of which will however depend on their risk aversion. When risk aversion is high, arbitrageurs will be
less willing to invest in other maturities and hence propagation will be low and demand shocks at
longer maturities will produce larger impacts at the long end of the curve. Greeenwood and Vayanos
(2010) study two events that led to pressures in specific parts of the yield curve — the UK Pension
Reform in 2004 and the Treasury buybacks in 2000 and 2001 — and conclude that demand and supply
effects were important drivers of yields. Moreover, high risk aversion of arbitrageurs also implies that

monetary policy will be less effective as forward rates will under-react to changes in short-term rates.

3 Data

The ECB publishes a quarterly stock series and a monthly flow series of euro area inward portfolio
investment by foreign investors in its balance of payments and international investment position statis-
tics. The flow series starts in January 1999 and the stock series starts in March 1999. Importantly, the
series exclude intra-euro area flows and stocks, i.e. only transactions and holdings involving non-euro
area residents are included ]

The series are further broken down into equity and debt securities and, therein, long-term debt
securities (bonds and notes) and short-term debt securities (money market instruments). Since a
breakdown for bonds and notes issued by the general government sector is only available from 2006
onwards at the quarterly frequency for both flows and stocks — the share of foreign ownership is roughly
23 percent of the total outstanding in June 2006 — we use inward portfolio investment in bonds and

notes issued by all sectors. The data do not identify the residence nor the sector of the foreign investorﬂ

2Balance of payments statistics are however known to be subject to round-tripping issues. Given that balance of
payments and international investment position statistics are compiled on a locational basis and following the residency
concept, they also include transactions carried out by foreign branches of euro area investors located outside the monetary
union, which should ideally be excluded from the analysis. In particular, the significant financial trade and cross-border
positions between the euro area and the United Kingdom — about 50 percent of all assets and liabilities in end-2007,
according to Milesi-Ferretti et. (2011) — as well as the strong presence of euro area banks’ affiliates in the United Kingdom,
suggest that a non-negligible amount of financial flows and holdings are likely to ultimately reflect the purchases of euro
area securities by euro area investors. However, there is no way to disentangle these flows from those of UK investors or
other investors who choose to use the United Kingdom as a platform to invest in the euro area.

3The only alternative source that is able to partially shed light on the identity of the holder of euro area securities



We proceed to construct a series of monthly stocks of euro area bonds and notes issued by all
domestic sectors and held by foreign residents, including both the foreign private sector and the
foreign official sector. We start with the first available stock observation which is for March 1999
and end the sample in December 2006 to avoid any effects stemming from the emergence of the first
financial market tensions before the outburst of the global financial crisiﬂ The series is constructed by
accumulating monthly flows, interpolating to monthly frequency the remaining non-flow stock variation
(price and exchange rate variations and other adjustments) and adding it to the observed quarterly
stocks. Taking S; as an observed quarterly stock (i.e., either March, June, September or December),

our monthly stock for the two months per each quarter for which no data is available is given by:

1
Sty1 =51+ fliy1 + gnflt,t+3 (1)

and

1
Styo = St41 + fligo + gnflt,tJrS (2)
where nfl; ;13 is the non-flow component, which is given by

3
Tlflt,t+3 = St+3 — S — Z flt+i- (3)

i=1
This measure of monthly stocks is an observed value for the months that coincide with the end of
each quarter. For the remaining months, it combines observed flows and evenly spreads out the non-
flow component. Accumulating flows to observed stocks is also a standard technique employed by

statisticians whenever observed (or better data) are not available.

(in terms of residence and to a limited extent in terms of sector) is the Coordinated Portfolio Investment Survey (CPIS)
published by the IMF. Countries report to the CPIS their holdings of foreign securities and derived liabilities are computed
from the holdings data. However, the CPIS only provides annual stocks for the years 1997 and 2001-2011 and no flows
are recorded. Moreover, only a limited number of countries report data and in particular some important emerging
markets including China as well as many oil exporters do not participate in the survey. Therefore, the derived portfolio
investment liabilities of the euro area are significantly underreported. Milesi-Ferretti et al. (2011) document that the
discrepancy between euro area portfolio investment liabilities as derived from the CPIS and total portfolio investment
liabilities of the euro area recorded in its international investment position as published by the ECB amounted to USD
3,500 billion in 2007.

4 Although our focus is on the pre-crisis period, we also discuss the results for the extended sample encompassing the
post-crisis period as a robustness check.



As a measure of long-term interest rates we use 10-year government benchmark bond yields as
published by the ECB. The series is derived by weighting the yields of euro denominated government
benchmark bonds issued by the central governments of euro area countries and included in the ECB
eligible asset database with the monthly outstanding amounts of these bondsEI We use the 3-month
Euribor rate as a measure of short-term interest rates. As a measure of inflation expectations we use
realised seasonally adjusted HICP inflation excluding energy and food, since core inflation is often
argued to be a better predictor of future inflation than headline inflation (see Kiley, 2008). We use
realised inflation as data on break-even inflation are only available from the mid-2000s and survey-
based inflation measures are subject to certain limitations regarding the timing of data and the forecast
horizon covered (see ECB, 2011).

Figure (3| plots the 12-month cumulated first differences of the term premium — i.e. the difference
between the long- and the short-term interest rates — and the foreign holdings variable between March
2000 and December 2006. The figure shows that, in general, periods of rapid growth in foreign holdings
are associated with a fall in the term premium. The most prominent examples of the latter are the
period starting in the first quarter of 2000 and ending in the third quarter of 2001 and the period
starting in the third quarter of 2004 and ending in the first quarter of 2006. To the contrary, the term
premium rebounded in end-2001 and beginning 2002, as well as in end-2003 and beginning 2004, when

foreign holdings were growing at a more modest pace.

4 Econometric evidence

4.1 Vector error correction model

Since a series that identifies foreign official sector transactions and holdings of euro area securities is
not available and therefore our measure of flows and stocks of euro area portfolio investment inflows
into long-term debt securities also includes private investors, exogeneity of holdings to yields cannot be

assumed. Thus we estimate a parsimonious VECM along the lines of Bandholz et al. (2009), Beltran

5We use end-of-period yields as they contain all the relevant information of the given month and using monthly
averages could introduce smoothness in the data that may lead to residual autocorrelation (see Gujarati, 1995)



et al. (2013) and Warnock and Warnock (2009), which is appropriate to deal with non-stationary but
cointegrated variables. Given that we are chiefly interested in the level relationship, using financial
stocks is more appropriate than flows. Note however that in the short-run dynamics foreign holdings
are differentiated and therefore largely reflect the variation of financial flows, however in addition to a

valuation component. The system can be written as follows:

AY, =) TpAY, ; +IIY,_; +¢ (4)
k=1 1
ong-run
short-run

where Y} is a vector containing the endogenous variables, I'y, is the matrix of the short-run coefficients
and IT the matrix of the long-run coefficients.

Initial tests show that the null hypothesis of a unit root cannot be rejected for the four variables
in the March 1999 to December 2006 period. Moving to the model estimation, we first estimate an
unrestricted VAR with the four variables. We then look at the usual lag length criteria to choose
the appropriate number of lags. Both the Schwarz and Hannan-Quinn criteria indicate that one lag
is sufficient while other criteria point to twelve lags. We focus on the most restrictive criteria given
the small sample size of 94 observations from March 1999 to December 2006. We run cointegration
rank tests using one lag and find that both the trace and maximum eigenvalue statistics indicate
that one relationship between the four variables exists (see Table . We estimate a VAR with the
same variables in differences and look again at the lag length criteria, which point to one lag as being
enough. Accordingly, we specify a VECM with one cointegration equation and allowing for one lag in
the short-run dynamics. Finally, we test for residual autocorrelation of the VECM of which we find
no evidence.

With these results, the VECM simplifies to the following equation:



1 b1
Adl al
Ait_, 0§
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=T A, |+ 13 k) | me, | te (5)
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where i' is the long-term interest rate, i° is the short-term interest rate, 7€ is expected inflation and

F H is our measure of foreign holdings of euro area debt securities normalised by nominal GDP.

4.2 Results

The VECM estimates are displayed in Table 4l The level coefficients are all significant and have the
expected signs. Long-term interest rates increase in the short-term interest rate as well as inflation
expectations and decrease with foreign holdings. The coefficients on the short-term interest rate and
inflation expectations suggest that a one percentage point increase in these variables is associated
with a 0.25 and 0.43 percentage point increase in the long-term interest rate, which is close to the
estimates obtained by Bandholz et al. (2009) and Warnock and Warnock (2009)E| The coefficient on
foreign holdings indicates that a one percentage point increase in foreign holdings of euro area debt
securities lowers the long-term interest rate by about 13 basis points. Finally, the error correction
term for the long-term interest rate is also statistically significant, as is also the error correction term
of the short-term interest rate. The error correction coefficient of expected inflation turns out to be
insignificant which is unsurprising given that we proxy it with realised inflation which we do not expect
to respond contemporaneously to the system. The error correction coefficient for foreign holdings is
also insignificant suggesting that foreign holdings are weakly exogenous in the system, in line with the
results in Bandholz et al. (2009).

We look again at our coefficient on foreign holdings and the coefficients of other studies to see how

our results for the euro area compare with those of similar studies based on US data. In order to get a

6The coefficient estimates for the short-term interest rate in Bandholz et al. (2009) and Warnock and Warnock (2009)
are -0.21 and -0.34, and the coefficient estimates for inflation expectations are -0.55 and -0.54.



meaningful comparison across the available studies we take into account the different scales used in the
normalisation of foreign holdings as well as the different time samples and compute the total impact of
the change in foreign holdings for a common time period. We choose the period ranging from March
2000 to June 2006. The reason is that in this study as well as the studies based on US data, the
holdings series are constructed by augmenting stock data which are not available on a monthly basis
with monthly flow data. In order to base the comparison on the data with the best quality we prefer
to identify dates when for both economies the stock data are available. While for the euro area stock
data are available for each quarter, for the United States stock data are compiled less frequently in the
Treasury International Capital System survey. The two survey dates that are closest to the beginning
and the end of our sample are March 2000 and June 2006.

Column 2 of Table |5| indicates the foreign holdings variable used, column 3 reports the scale
measure, columns 5 and 6 the initial and final foreign holdings values and finally column 7 the total
impact which results from the coefficient multiplied by the change from the initial to the final stock.
Our results indicate that, all else equal, the increase in foreign holdings of euro area long-term debt
securities decreased euro area long-term interest rates by 1.55 percentage points in the period. Our
estimate for the total impact falls within the same ballpark as those of other studies, albeit somewhat
higher.

There are a few candidate explanations for the higher esimated impact in the case of the euro area.
First of all, our measure of foreign holdings is more encompassing than that of other studies since it
includes all domestic issuer sectors vis-a-vis all foreign holding sectors. To the contrary, other US
studies only include official foreign holdings of the domestic government sector — except for Bandholz
et al. (2009) who include all foreign holding sectors and also estimate a somewhat higher impact than
the other US studies. Second, Beltran et al. (2013) argue that the long-term impact in Bertaut et al.
(2012) may be downward biased because of the exogeneity assumption of foreign official holdings. The
intuition is that in periods of heightened uncertainty, safe haven flows into US Treasuries by global
investors will put downward pressure on US long-term interest rates and upward pressure on the dollar
exchange rate. This, in turn, reduces the need for reserve accumulation in the form of US Treasuries

for some monetary authorities which otherwise regularly intervene to counter domestic appreciation
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pressures. Finally, cross-border flows due to round-tripping which ultimately reflect the buying of euro

area securities by euro area residents might lead to an upward bias of the estimated impact.

5 Robustness checks

5.1 Trend in data

Given that our foreign holdings variable is trending upwards throughout the whole sample and long-
term interest rates are trending downwards, the results could partly reflect a combination of these
two trends. To test whether this is the case, we re-run the model including a linear trend ¢ in the
cointegration relation of the benchmark model in equation We get qualitatively the same results
regarding the cointegration tests (see Table . The VECM results which are displayed in Table |§|
suggest that our findings are not driven by a combination of trends. First, the trend coefficient 3*
is not statistically significant. Second, despite the inclusion of the trend, the coefficient on the level
of foreign holdings is still statistically significant, indicating that there is an effect of foreign holdings
on long-term interest rates over and above that of the trend in the data. Furthermore, all other level

coefficients in the model remain broadly in line with the results obtained in the benchmark model.

5.2 Sample size

Given that our sample is smaller than that typically used in studies based on US data we repeat the
exercise using the autoregressive distributed lag (ARDL) approach of Pesaran and Shin (1999) taking
advantage of the small sample properties of this method. Despite being asymptotically equivalent,
there are two reasons why the Johansen procedure and ARDL might yield different results. First,
whereas the Johansen approach relies on maximum likelihood to estimate the model, ARDL uses OLS.
Second, ARDL is a uni-equation model, in contrast to the VECM system of Johansen. Our ARDL

specification can be written as:

Ait =y A AL A AE AT AT EAFH, 464 6% 0"l +6T T FH, +e (6)
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where the coefficients have the same interpretation as before.

In order to determine whether a cointegration relationship in the period under consideration exists
we rely on the bounds approach as described in Pesaran et al. (2001). Specifically, this approach is
valid regardless of whether the regressors are I(0), I(1) or mutually cointegrated. For this reason,
the authors provide two sets of asymptotic critical values for the two extreme cases, i.e., when (i) the
regressors are all purely I(1) and (ii) the regressors are all purely 1(0). Therefore, a conclusive test
inference can only be drawn whenever the test statistics falls outside of the critical value bounds. If,
to the contrary, the test statistics falls within the mid-range defined by the critical value bounds, no
conclusion can be taken and prior knowledge of the integration order of the underlying regressors is
needed.

We test the joint significance of the coefficients in the cointegration equation based on the critical
values provided in Pesaran et al. (2001). Specifically, we use Table CI(iii) in the paper since the
specification includes an unrestricted intercept and no trend and k = 3 given that we are regressing
long-term interest rates on three explanatory variables. The F-statistic testing for the null hypothesis
6t =% = 6™ = §F'H = ( yields 4.38, which is higher than the critical value for I(1) regressors at the 5
percent level and therefore we can conclusively reject the null hypothesis that a level relationship does
not exist.

To compare the ARDL results with those obtained in our benchmark model, we normalise the
lagged level coefficients by the yield coefficient and include an error correction term, which amounts

to rewriting the model as follows:

At =y A AL AG Ay AT AT EAFH,  a(il 8% BT+ BTEFH ) e

(7)
As shown in Table [f] the coefficient on foreign holdings is almost the same as that obtained using the
Johansen method in our benchmark model. Moreover, the remaining coefficients are broadly in line

with our previous results.
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5.3 Global factors and US long-term interest rates

Boivin and Gianonni (2008) show that the correlation between US long-term interest rates and global
factors (including measures of economic activity, prices, short- and long-term interest rates of the
United States’ 15 largest trading partners) increases significantly in the period between 1984 and
2005. Similarly Diebold et al. (2008) and Kaminska et al. (2011) show that global inflation and the
global business cycle affect long-term interest rates of advanced economies in addition to domestic
factors. Against this background the question arises whether the downward impact we are assigning
to foreign holdings of euro area securities on long-term interest rates is in fact driven by other factors,
such as the environment of lower global inflation and lower business cycle volatility in the period under
consideration.

Since the global variables should be reflected in US long-term interest rates, we use the latter as
a proxy for global factors and check how their inclusion affects the results of our benchmark model.
Moreover, Favero and Giavazzi (2008) and Chinn and Frankel (2005, 2007) argue that euro area long-
term interest rates follow US long-term interest rates. Van Landschoot (2008) also finds empirical
evidence supporting the claim that US interest rates have a significant impact on European interest
rates. It is however out of the scope of this paper to address the question of causality between euro
area and US long-term interest rates. For this reason, we check whether our results are robust to the
inclusion of US long-term rates both taken as exogenous and endogenous.

First, we add end-of-period 10-year US Treasury bond yields taken from Bloomberg as an exogenous
variable to our benchmark model. Results are displayed in Table[7] The coefficients are robust to the
inclusion of the US long-term interest rate. In particular, the long-term coefficient on our foreign
holdings variable — while slightly lower — remains significant. In turn, the coefficient on US long-term
interest rates has the expected positive sign, indicating that an increase (decrease) in the US interest
rate leads to an increase (decrease) in that of the euro area.

Turning to the second case, we expand the original set of euro area variables in the baseline model
by including the same variables for the United States as endogenous. In addition to the 10-year US
Treasury bond yields as a measure of long-term interest rates, we use the 3-month Libor rate as a

measure of short-term interest rates and seasonally adjusted inflation excluding energy and food from
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the US Bureau of Labour Statistics, taken from the Federal Reserve Economic Data of the Federal
Reserve Bank of St. Louis.

There is no measure of foreign holdings of US debt securities that would be directly comparable to
the series constructed for the euro area. First, balance of payments data for the US are not available at
the monthly frequency. Second, balance of payments statistics and international investment position
data published by the Bureau of Economic Analysis do not provide flow or stock measures of total
liabilities of long-term debt securities that would be consistent with our measures for the euro area. At
the same time, stocks published by the IMF — which are consistent with our measure — are published
only at the annual frequency. We therefore resort to the monthly stocks of foreign holdings of US
securities constructed by Bertaut and Tryon (2007) based on a combination of annual survey data and
monthly flow data from the Treasury International Capital System (TICS) database. Specifically, we
use holdings of Treasuries, Agencies and corporate bonds scaled by GDP (in order to be consistent
with the scaling applied to the euro area foreign holdings measure).

Before adding the US data to our bechnmark model, we test whether our US data are appropriate
by running our benchmark model with US data only. The VECM results are presented in Table [9]
Our foreign holdings coefficient turns out to be almost identical to that in Bandholz et al (2009) —
0.088 and 0.081 respectively — which provides the only study that does not use a split between official
and private holdings of US securities.

We then proceed with the model including both euro area and US long-term interest rates as
endogenous. Lag length criteria point to either one or three lags. Cointegration tests indicate that
three cointegration relations exist, except for the trace test when using one lag which favours five
relations (see Table . Lag length criteria on the same VAR in differences indicate no lags or one
lag. We therefore proceed with three cointegration relations for parsimony and estimate two VECMs:
one with no short-run dynamics and a second with one lag. To estimate the VECMs we impose the
following restritions: (i) we define the first cointegration equation to be the euro area model — i.e.,
forcing the coefficients on the US variables to be zero and normalising the remaining by the coefficient
on the euro area long-term interest rate — (ii) the second cointegration equation the US model — i.e.,

forcing the coefficients on the euro area variables to be zero and normalising the remaining by the
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coefficient on the US long-term interest rate — and (iii) the last cointegration equation establishes a
relationship between both long-term interest rates — i.e., forcing all variables to be zero except both
euro area and US long-term interest rates (normalized by the euro area rate). The global model results
are displayed in Table[§] The long-term coefficients continue to have the expected signs and are close to
those of our benchmark model, confirming robustness of our results to the inclusion of these additional

US variables.

5.4 Financial crisis period

Following Beltran et al. (2013) we extend the sample to also cover the period since the outburst of
the global financial crisis. As they point out, the high levels of volatility during the financial crisis
including the Lehman collapse, the drying out of interbank markets, unconventional monetary policies
such as the Fed’s Large Scale Asset Programmes or the ECB’s Securities Market Programme and
the announcements with regard to Outright Monetary Transactions, may have had an impact on the
relations we are exploring in this paper. Moreover, in the particular case of the euro area, the sovereign
debt crisis is an additional factor, as our analysis is based on measures of long-term interest rates and
foreign holdings which are effectively composed of information pertaining to the different euro area
countries.

We run cointegration tests for our model extending the euro area sample beyond December 2006
in six-month blocks. As our analysis is based on foreign buying by all sectors, whereas Beltran et
al. (2013) differentiate between foreign official and private buying, our results would not be directly
comparable. We therefore also run rolling cointegration tests for the US model, however, using the
measure of monthly stocks of foreign holdings of US securities constructed by Bertaut and Tryon (2007).
It turns out that in both cases the cointegration relationship breaks when the sample is extended to
include data up to December 2008.

This break in the relationship between foreign purchases and long-term interest rates could reflect
the choice of our measure of foreign holdings. Figure [5| plots the measure used in the econometric
analysis, i.e. foreign purchases of debt issued by all sectors, against the foreign purchases of debt

issued by the general government which is only available from 2006 onwards at the quarterly frequency.
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It turns out that both measures start to diverge around the last quarter of 2008, suggesting that the
decoupling of private from public liability flows led to a weakening of the relationship between foreign

purchases issued by all sectors and the level of benchmark long-term interest rates.

5.5 Other exogenous factors

In a last robustness check, we also add the euro area industrial production index to proxy for GDP
growth and the VIX to proxy for risk aversion as exogenous variables. Results are displayed in Table
[7l There is no qualitative change to the overall results and the coefficient estimate on the measure of
risk aversion is statistically significant and economically plausible suggesting that yields on government

bonds decrease when risk aversion is high.

6 Conclusion

Foreign ownership of securities issued by euro area residents has increased considerably since the
introduction of the euro and in the run up to the global financial crisis. We set out to see whether the
increase in cross-border holdings had an impact on long-term interest rates, as is already documented
for the United States in several studies. We show that there is in fact a statistically significant impact:
all else equal, the increase in foreign holdings in the period led to a decrease in euro area long-term
interest rates of 1.55 percentage points.

These results are relevant for understanding developments both in the euro area but also abroad, as
lower levels of long-term interest rates resulting from foreign accumulation of euro area debt securities
may have added to increased risk appetite and hunt for yield at the global level. In addition to
the implications for monetary policy which needs to take into account the role of international capital
flows and global liquidity, the results are also relevant for macroprudential policy and financial stability.
Further research avenues could therefore focus on developing macro models that explore the role of
capital flows and link the developments in long-term interest rates across different countries, including

both advanced and emerging economies.
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Figure 1: Long-term interest rates
(percent, January 1999 — December 2006)
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Figure 2: Foreign bond inflows
(percentage of GDP, 4-quarter cumulated, 2000Q1 — 2006Q4)
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Figure 3: Term premium and foreign holdings
(percent and percentage of GDP, annual change, March 2000 — December 2006)
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Figure 5: Euro area debt securities liability flows
(4-quarter moving sums, 2007Q1-2012Q4)
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Table 1: Foreign ownership of US and euro area debt securities

Euro area United States

All issuers Outstanding 9,690 20,341
of which foreign owned 2,571 4,732
(in percent of outstanding) (26.5) (23.3)
(in percent of GDP) (31.1) (35.5)
Total Government Outstanding 4,353 9,044
of which foreign owned 995 2,711
(in percent of outstanding) (22.9) (30.0)
(in percent of GDP) (12.0) (20.4)
Treasury Outstanding 3,321
of which foreign owned 1,727
(in percent of outstanding) (52.0)
(in percent of GDP) (13.0)
Agencies Outstanding 5,723
of which foreign owned 984
(in percent of outstanding) (17.2)
(in percent of GDP) (7.4)
Corporates Outstanding 5,337 11,297
of which foreign owned 1,576 2,021
(in percent of outstanding) (29.5) (17.9)
(in percent of GDP) (19.1) (15.2)

Source: Treasury Department et al. (2008, 2012) and ECB.
Note: Amounts in domestic currency unless otherwise indicated at end-June 2006.
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Table 2: Cointegration tests

One lag

Unrestricted cointegration rank test (Trace)

No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.295 54.319 47.856 0.010
At most 1 0.139 22.216 29.797 0.287
Unrestricted cointegration rank test (Maximum Eigenvalue)
No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.295 32.103 27.584 0.012
At most 1 0.139 13.761 21.131 0.385
With trend
Unrestricted cointegration rank test (Trace)
No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.374 80.981 63.876 0.001
At most 1 0.176 38.349 42.915 0.133
Unrestricted cointegration rank test (Maximum Eigenvalue)
No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.374 42.631 32.118 0.002
At most 1 0.176 17.603 25.823 0.408

Note: * denotes rejection of the hypothesis at the 0.05 level.
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Table 3: Cointegration tests - model with US rates

One lag
Unrestricted cointegration rank test (Trace)
No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.480 237.419 159.530 0.000
At most 1* 0.427 177.280 125.615 0.000
At most 2* 0.356 126.032 95.754 0.000
At most 3* 0.293 85.544 69.819 0.002
At most 4* 0.247 53.593 47.856 0.013
At most 5 0.195 27.506 29.797 0.090
Unrestricted cointegration rank test (Maximum Eigenvalue)
No. cointegration relations Eigenvalue Trace statistic 0.05 critical value p-value
None* 0.480 60.139 52.363 0.007
At most 1* 0.427 51.247 46.231 0.013
At most 2* 0.356 40.488 40.078 0.045
At most 3 0.293 31.951 33.877 0.083
Three lags
Unrestricted cointegration rank test (Trace)
No. cointegration relations FEigenvalue Trace statistic 0.05 critical value p-value
None* 0.555 237.180 159.530 0.000
At most 1* 0.433 164.266 125.615 0.000
At most 2* 0.387 113.220 95.754 0.002
At most 3 0.230 69.222 69.819 0.056
Unrestricted cointegration rank test (Maximum Eigenvalue)
No. cointegration relations FEigenvalue Trace statistic 0.05 critical value p-value
None* 0.555 72.915 52.363 0.000
At most 1* 0.433 51.045 46.231 0.014
At most 2* 0.387 43.998 40.078 0.017
At most 3 0.230 23.498 33.877 0.493

Note: * denotes rejection of the hypothesis at the 0.05 level.
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Table 4: VECM results - benchmark model

Cointegration equation it ., () Tf FH, 4
1 —0.247  —0.434 0.128
[-4.840] [—4.564] [11.524]
Error correction Adl AG® Am© AFH
o) —0.230 0.161 0.074 —0.063
[-2.932]  [3.232] [1.245]  [-0.422]
Ail_, 0.316 0.101 0.014  —0.491
[2.921] [1.483] [0.170]  [—2.393]
Ay 0.194 0.297 —0.034 0.383
[1.187] [2.861] [-0.273]  [1.236]
Amg_y —-0.036  —0.087  —0.129 0.090
[-0.256] [-0.971] [-1.202] [0.337]
AFH; 4 0.146 0.018 0.028 —0.035
[2.595] [0.505] [0.659]  [—0.330]

Note: t-statistics in brackets.
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Table 5: Impact of foreign holdings on long-term interest rates — March 2000 to June 2006

FH variable Scale Coefficient Initial Final Total Impact
This study FH bonds GDP 0.128 17.99  30.08 -1.548
Bandholz et al. (2009) FH Treas Outst 0.070 35.25  52.00 -1.173
Beltran et al. (2013), lower bound ~ FOH Treas Outst 0.046 18.54  36.53 -0.828
Beltran et al. (2013), upper bound FOH Treas Outst 0.063 18.54  36.53 -1.133
Bertaut et al. (2009) FOH Treas + Agenc Outst 0.062 9.09 18.67 -0.875

Source: Authors’ calculations. Initial is the stock in March 2000, final is the stock in June 2006, total
impact is the coefficient times the change in the stock from March 2000 to June 2006.
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Table 6: VECM - alternative models

Panel A: model with trend

Cointegration equation — i%_; i5_q e, FH, ek
1 —0.298 —0.336 0.235 —0.018
[-5.628] [—3.356] [3.563] [—1.646]
Error correction Al JAVA Am® AFH
Q —0.249 0.178 0.056 —0.171
[-3.015]  [3.403] [0.888]  [—1.098]
Ail 0.336 0.086 0.019 —0.433
[3.060] [1.230] [0.231]  [—2.084]
AV 0.183 0.300 —0.002 0.503
[1.152] [2.979] [-0.013] [1.673]
Am§_g —0.035 —0.089 —0.124 0.114
[-0.247] [-0.996] [-1.151] [0.427]
AFH; 0.159 0.008 0.027 —0.018
[2.811]  [0.221]  [0.621]  [—0.164]
Panel B: ARDL
Cointegration equation ity (] T 4 FH, 4
1 —0.202 —0.047 0.131
[-2.115] [-0.232]  [6.530]
Error correction Al
Q —0.260
[—3.287]
Ait_y 0.272
[2.469]
A, 0.071
[0.434]
Amf 0.035
[0.243]
AFH, 4 0.133
[2.429]

Note: t-statistics in brackets.
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Table 7: VECM results with control variables

Panel A: US long-term interest rates

Cointegration equation — i%_; i, e FH; 4
1 —-0.111  —0.560 0.078

[-2.991] [-7.051] [8.169]

Error correction Al Ag® Ame AFH

o —-0.439  —0.018 0.112 0.001
[-8.419] [-0.380]  [2.089] [0.011]
Ail_ 0.054 0.116 0.029 —0.488
[0.681] [1.635] [0.356]  [—2.361]

Adg —0.008 0.443 —0.043 0.341
[-0.081] [4.763] [-0.404] [1.257]

Amy_q —-0.083  —0.077  —0.145 0.092
[-0.804] [-0.827] [-1.363] [0.339]

AFH; 4 0.090 0.022 0.034 —0.035
[2.195] [0.591] [0.810]  [—0.331]

i3 0.285 0.050 —0.030  —0.023
[9.499] [1.851] [-0.973] [—0.295]

Panel B: industrial production and VIX

Cointegration equation it 151 Ty FH, 4

1 —-0.270  —0.453 0.151

[—4.977] [—4.443]  [9.725]

Error correction Al AV A AV o AFH
! —0.276 0.135 0.075 —0.143
[-3.632]  [2.695] [1.274]  [-0.975]

Ail_y 0.295 0.114 0.037 —0.475
[2.812] [1.657] [0.453]  [—2.350]

Ay 0.155 0.312 0.011 0.350

[0.990] [3.022] [0.094] [1.160]

Amg_y —-0.042 —-0.070  —0.131 0.081

[-0.304] [-0.776] [—1.214] [0.305]

AFH; 4 0.134 0.017 0.028 —0.081
[2.299] [0.442) [0.610] [-0.723]

1P —0.008  —0.001 0.004 —0.007
[-2.476] [-0.397] [1.673] [-1.160]

VIX 0.001 —0.000 0.001 0.005

[0.407]  [-0.016]  [0.314] [1.126]

Note: t-statistics in brackets.
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Table 8: VECM results - global model

Panel A: no lag

i1 i s FHy_, iifj1s iilUlS ngs FH{S
Cointegration equation 1 1 —0.543 —0.680 0.179 - - - -
[-10.071] [—-6.918] [14.208] - - - -
Cointegration equation 2 - - - - 1 —0.060 —0.079 0.004
- - - - [—7.327] [-3.269] [1.832]
Cointegration equation 3 1 - - - 2.933 - - -
- - - [34.712] - - -
Error correction Al JAVAS Are AFH ALUS AisUS AneUS  AFHUS
al —0.084 0.055 0.182 —0.017 —0.053 0.103 0.041 0.243
[—1.801] [1.657] [6.768] [-0.196] [-0.758]  [2.628§] [1.189] [2.580]
a? 0.481 —0.321 —0.128 —0.016 0.176 0.898 0.060 —0.578
[2.302] [-2.165] [-1.055] [—0.041] [0.558] [5.072] [0.391] [—1.363]
ad —0.114 0.082 0.053 —0.001 —0.061 —0.209 —0.008 0.134
[—2.283] [2.320] [1.838] [-0.012] [-0.815] [—4.956] [—0.200] [1.321]
Panel B: one lag
i i my  FHo i i o FPHS
Cointegration equation 1 1 —0.476 —0.211 0.129 - - - -
[-7.139] [—4.700] [14.553] - - - -
Cointegration equation 2 - - - - 1 —0.098 —0.595 0.116
- - - - [-3.179] [-5.062] [11.030]
Cointegration equation 3 1 - - - 4.267 - - -
- - - [6.096] - - -
Error correction Al Ai® Are AFH ALUS AisUS AneUS  AFHUS
al —0.498 0.074 0.062 —0.396 —0.347 —0.098 0.049 0.345
[—4.230] [0.823] [0.820] [-1.724] [-1.860] [—0.943] [0.544] [1.490]
a? 0.157 —0.013 0.063 0.266 0.015 0.215 0.121 0.214
[2.287] [—0.253] [1.429] [1.991] [0.140] [3.543] [2.307] [1.587]
al 0.017 —0.004 0.005 —0.000 —0.004 0.000 0.003 —0.034
[2.536] [—0.762] [1.246] [-0.009] [-0.402]  [0.070] [0.628] [—2.572]

Note: t-statistics in brackets. Short-run coefficients not reported.
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Table 9: VECM results - US model

Cointegration equation -7} i3 7S FHYS
1 —0.126  —0.469 0.088
[—3.227) [-2.936] [8.318]
Error correction AiLUS AiUS AreUS  AFHUS
o —0.169 0.158 0.148 0.254
[—2.098]  [3.499] [4.002] [1.476]
AibYS 0.228  —0.000 —0.100 —0.185
[1.723]  [-0.003] [-1.651] [-0.653]
AiYS 0228 0460  —0.155  —0.787
[1.354]  [4.880] [-2.009] [—2.189)]
AreYS 0.133  —0.021  —0.084  0.185
[0.623] [-0.174] [-0.860]  [0.407]
AFHUS 0.095 —0.010 0.021 —0.002
[1.643]  [-0.302]  [0.789]  [—0.020]

Note: t-statistics in brackets.
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