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Abstract

We use new data on security-level portfolio holdings of institutional investors and
households in the euro area to understand the impact of the ongoing asset purchase
programme of the European Central Bank (ECB) on the dynamics of risk exposures
and on asset prices. We develop a tractable measurement framework to quantify the dy-
namics of euro-area duration, sovereign and corporate credit, and equity risk exposures
as the programme evolves. We propose an instrumental-variables estimator to identify
the impact of central bank purchases on sovereign bonds on sovereign bond yields.
Our results suggest that the foreign sector sells most in response to the programme,
followed by banks and mutual funds, while the purchases of insurance companies and
pension funds are positively related to purchases by the ECB.

Keywords: Quantitative Easing, Flow of Risk, Portfolio Rebalancing, Risk Concentra-
tion.

JEL codes: E52, E58, G2,G15.

Résumé

Nous utilisons de nouvelles données titre par titre sur les détentions d’actifs par les
investisseurs institutionnels et les ménages dans la zone euro pour comprendre l’impact
du programme d’achat d’actifs de la Banque Centrale Européenne sur la dynamique
des expositions aux risques et sur les prix d’actifs. Nous proposons une méthode de
quantification du risque de duration, du risque de crédit souverain ou privé, du risque
liés aux actions et aux actifs non-zone euro. Nous estimons l’impact des achats de la
banque centrale sur les prix des actifs souverains à l’aide d’une méthode de variable
instrumentale. Nos résultats suggèrent que le secteur non-résident revend le plus en
réponse au programme, suivi des banques et fonds d’investissements. Les achats par les
secteurs des assurances et des fonds de pension sont en revanche positivement corrélés
avec les achats de la BCE.

Mots clés: Assouplissement quantitatif, flux de risques, équilibrage des portfeuilles,
concentration de risques.

Codes JEL: E52, E58, G2,G15.
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Non-technical Summary

In response to growing concerns about a prolonged period of low inflation, the ECB

announced the expanded asset purchase programme on January 22, 2015. The objective of

the programme is to increase inflation to a level close to, but below, 2%. The programme

initially included the purchase by the ECB of more than e1.1 trillion worth of assets in

19 months, equivalent to approximately 10% of the euro areas GDP. The programme has

since increased in size, range of assets purchased, and time length. The recent literature

on central bank asset purchase programmes (or “Quantitative Easing,” QE) has explored

various channels through which unconventional policy can affect asset prices, inflation, and

economic growth more broadly. To analyze and test the importance of these channels, the

literature has however mostly focused on event studies by looking at the response of various

asset prices around key policy announcements.1

We extend the literature by considering the effect of quantitative easing both on asset

prices and portfolio holdings of investors. To do so, we use a new micro-level data set from

the Eurosystem on security-level portfolio holdings of the major investor sectors in each

country such as banks, insurance companies and pension funds (ICPF), and mutual funds.

The data covers most financial securities such as equities, government bonds, corporate

bonds, and asset-backed securities, both in- and outside of the euro area. We combine these

data with security-level data on the holdings of the ECB in the context of its asset purchase

programmes. These datasets combined allow us to study several key questions regarding the

QE programme: Who holds risk in the euro area? How do holdings of risk change with QE?

Who sells to the ECB? How does QE affect asset prices?

We first provide stylized facts on investor portfolios before the purchase programmes

(2013Q4-2014Q4), which summarizes how risk exposures are distributed across countries and

institutional types. Following Altavilla, Pagano, and Simonelli (2016), we group countries

into “vulnerable” (Italy, Spain, Portugal, Ireland, Greece and Cyprus) and “non-vulnerable”

countries. We find that home bias mostly varies geographically instead of by institutional

type. For instance, banks, insurance companies, and pension funds in vulnerable countries

all hold more than 85% of their government bond portfolio in domestic government bonds.

This suggests that the sovereign-bank feedback loop, which has received significant attention

among academics and policymakers, is not limited to banks but could also apply to long-term

investors such as insurers and pension funds.

To summarize the risks in investors portfolios, we provide a simple framework to measure

how the exposure to duration, sovereign, credit, equity, and foreign risks are distributed

1See for instance Gagnon, Raskin, Remache, and Sack (2011) and Krishnamurthy and Vissing-Jørgensen
(2011) for the United States and Krisnamurthy, Nagel, and Vissing-Jorgensen (2014) for Europe.
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across investors. Our results suggest that sovereign and credit risk are concentrated in the

portfolios of investors in vulnerable countries. The concentration of these risks reflects a

combination of home bias and low credit ratings of assets issued in vulnerable countries.

Next, we then document how investors rebalance their portfolios during the first quarters

of the purchase programme from 2015Q2 until 2015Q4. The purchases by the ECB are

absorbed differently across institutions: Foreign (that is, non-euro-area) investors are most

elastic, followed by banks and mutual funds. Insurance companies and pension funds, if

anything, buy the same bonds as the ECB. This suggests that the QE programme may be

reducing duration mismatch in the euro area. We do not find large portfolio shifts towards

other assets such as corporate bonds or equities in the euro area.2

We also estimate the effect of QE on asset prices using an instrumental variables strategy.

To identify the effect of purchases on asset prices, we use that (i) purchases are split across

countries depending on the capital key, which is a function of population and GDP and (ii)

that the ECB aims to conduct its purchases in a market neutral way, which we interpret as

purchasing according to the market maturity distribution. Our low-frequency, difference-in-

difference estimate implies that bond yields decline (on average) by -13bp. This estimate is

close to event study estimates that have been reported in the literature.

Our findings have implications for the debate on the tools available to central banksin

a low interest rate environment. While large scale asset purchases by central banks can

be used to provide further accommodation at the lower bound, they may raise risks in

particular relative to financial stability. Our paper explores both issues together. In addition

to improving our understanding of the mechanics of asset purchase programmes, our findings

however also have broader implications for asset pricing models. Traditional asset pricing

models do not explicitly model institutional investors. In part in response to the financial

crisis, a new generation of asset pricing models explore the role of institutional frictions and

these models are used to study QE programmes.3 However, most models feature one class

of intermediaries. Our results highlight the importance of heterogeneity across institutions,

which determines the distribution of risk exposures and how demand shocks are absorbed. 4

The paper is based on data until 2015Q4. We intend to update our results as new data

becomes available.

2More generally, we document a large decline in credit risk, which is due to a reduction in bonds issued
by banks. This decline is unrelated to the QE programme and started after the euro crisis. These bonds
were primarily held by the foreign sector and by banks in vulnerable countries so the amount of corporate
risk held by these investors also falls.

3See for instance He and Krishnamurthy (2013), Brunnermeier and Sannikov (2014), and Brunnermeier
and Sannikov (2016).

4See Coimbra and Rey (2016), Koijen and Yogo (2016), and Greenwood, Hanson, and Liao (2016) for
models with richer heterogeneity across institutions.
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1. Introduction

In response to growing concerns about a prolonged period of low inflation, the European

Central Bank (ECB) announced the expanded asset purchase programme on January 22,

2015. The objective is to increase inflation to a level close to, but below, 2%. The initially

announced size of the purchase programme was e60 billion per month until September 2016,

starting in March 2015. The programme has subsequently been extended until March 2017

and its size has been increased to e80 billion per month.

Central banks in Japan, the United Kingdom, and the United States, among others,

have implemented similar quantitative easing (QE) programmes when interest rates reached

levels close to zero. The recent literature has explored various channels through which

unconventional policy can affect asset prices, inflation, and economic growth more broadly.

To analyze and test the importance of various channels, the literature has mostly focused on

event studies by looking at the response of asset prices around key policy announcements. 5

We extend this literature by looking at prices and portfolio holdings jointly. We use a new

micro-level data set from the Eurosystem, which contains security-level portfolio holdings

for all major investor sectors, including banks, insurance companies and pension funds, and

mutual funds, and for all countries in the euro area. For each sector, we observe the quarterly

holdings of government bonds, corporate bonds, asset-backed securities (including covered

bonds), and equities, both in and outside of the euro area. We link these data to detailed

information on prices and security characteristics. Lastly, we have security-level purchase

data of the ECB, both from the ongoing asset purchase programme as well as the legacy

holdings from earlier programmes that have been implemented by the ECB. By combining

these data, we analyze which investors are more likely to sell in response to the purchase

programme and what they buy instead by focusing on the distribution of financial risk

exposures across investors.

Our sample is from 2013Q4 until 2015Q4.6 We first summarize the properties of portfolio

holdings in the euro area prior to the announcement of the asset purchase programme using

data from 2013Q4 to 2014Q4. We develop a tractable framework to measure the distribution

of risk exposures across investors. For all securities in an investor’s portfolio, we measure the

euro-area duration, sovereign and corporate credit, and equity risk exposure. In addition,

we summarize the holdings by euro-area investors of foreign, that is, non-euro-area assets.

Starting from market clearing, our framework measures how aggregate risks are shared across

5See for instance Gagnon et al. (2011) and Krishnamurthy and Vissing-Jørgensen (2011) for the United
States and Krisnamurthy et al. (2014) for Europe.

6We plan to update our results regularly as data become available, which is typically with a lag of about
three months.
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investors and hence the initial conditions going into the programme.

We then measure how investors rebalance their portfolios when the programme is im-

plemented. We provide a simple regression framework, starting from the market clearing

condition in changes, to measure which investors sell in response to the purchase programme.

Second, we are interested in what investors buy instead. To answer this question, we use

the same risk accounting framework, but now applied in changes, to understand how the

programme affects the distribution of risk exposures across investors.

Although our data are at the level of the holder country and investor sector, we often

aggregate countries into broad regions to which we refer as vulnerable countries (Italy, Spain,

Portugal, Greece, Cyprus, and Ireland) and non-vulnerable countries (all other countries).

In the final part of the paper, we estimate the impact of the programme on bond yields.

We focus on the announcement period as the programme was modified during the purchase

period, which confounds the measurement of the actual purchases with the announcement

of the programme extension. The challenge in estimating the impact of asset purchase

programmes on bond yields is generally that the announcement of a programme depends on

economic conditions, which also affect bond yields directly. The solution in the literature is

to select a small set of days on which important programme announcements have been made,

and to measure the price response on those days. We will refer to this as a high-frequency,

single-difference estimator.

One potential drawback of this empirical strategy is that investors may anticipate (parts

of) the purchase programme and that expectations adjust gradually in response to the flow

of macro-economic and financial news. Instead, we use a particular feature of the purchase

programme to identify the impact on yields. The ECB7 buys bonds across countries ac-

cording to the capital key. The weight of a country in the capital key is an average of a

country’s GDP and population shares. Although GDP may be affected by economic condi-

tions, population size is not (at least, not in the medium run). This provides us exogenous

variation in purchases across countries using variation in population size. Second, within

a country, the ECB intends to act as “market neutral” as possible, which we interpret as

purchasing bonds according to the maturity distribution of outstanding bonds. Using the

maturity distribution before the programme was announced gives us variation across bonds

within a given country. By interacting the exogenous component of the capital key with the

maturity distribution, we obtain exogenous variation in purchases across countries and ma-

turities. We relate this to changes in bond yields from 2014Q2 until 2015Q1. We refer to this

as a low-frequency, difference-in-difference estimator that complements the high-frequency,

7In practice, bonds are purchased by national central banks as we explain below. For simplicity, we often
refer to the ECB implementing the programme.
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single-difference estimates.

Based on our current data, which includes 10 months, or e600 billion, of purchases, we

document the following six initial facts:

Initial conditions

1. All institutions in vulnerable countries, including insurance companies, pension funds,

and mutual funds, have a strong home bias in their fixed income portfolios compared to

the same institutions in non-vulnerable countries. Of all variation in home bias across

countries and institutional types, 75% (25%) is explained by country (institutional-

type) fixed effects. This implies that the sovereign-bank feedback loop, which received

a lot of attention among regulators, is not limited to banks, but extends to institutions

that safeguard households’ long-term savings.

2. Although banks in vulnerable countries are about a third smaller than banks in non-

vulnerable countries, they hold more than three times as much of the aggregate sovereign

risk and almost twice as much of the overall corporate credit risk as the banks in non-

vulnerable countries.

Dynamics in risk exposures

3. The response to asset purchases is very heterogenous across institutional types: Foreign

(that is, non-euro-area) investors are most elastic, followed by banks and mutual funds.

Long-term investors, like insurance companies and pension funds, if anything, buy the

same bonds as the ECB.

4. The ECB buys approximately 1.5% per quarter of all euro-area duration and sovereign

risk. However, in particular for duration risk, the purchase programme appears to

reduce mismatch risk.

5. There has been a large reduction in corporate credit risk in the euro area, which is

due to a reduction in the amount of debt issued by the banking sector. We find that

these bonds were primarily held by the foreign sector and by banks in vulnerable

countries. We show that banks in vulnerable countries also have a strong home bias

in their portfolio of corporate debt of financial firms, which can further complicate the

bank-sovereign feedback loop.

Impact on asset prices

6. Our low-frequency, difference-in-difference estimate implies that bond yields decline

(on average) by -13bp, although there is significant heterogeneity across countries and

7



maturity groups. Our estimates are close to the high-frequency, first-difference esti-

mates reported in Andrade, Breckenfelder, De Fiore, Karadi, and Tristani (2016).

In addition to improving our understanding of the mechanics of asset purchase programmes,

our findings have broader implications for asset pricing models. Traditional asset pricing

models do not explicitly model institutional investors. In recent years, also in response to

the financial crisis, a new generation of asset pricing models explore the role of institutional

frictions and some of these models are also used to think about the impact of asset purchase

programmes.8 Most models feature one class of intermediaries, which are perhaps best

interpreted as banks. Our results highlight the heterogeneity across institutions, and the

importance of the rich institutional architecture to absorb demand shocks. 9

Theories of Quantitative Easing: The Dynamics of Risk Exposures and Asset Prices

We can relate our empirical results to three broad groups of theories. First, Wallace

(1981) and Eggertsson and Woodford (2003) derive irrelevance results similar to Modigliani

and Miller (1958) for corporate capital structure. If markets are complete, households can

unwind any exposures coming from changes in the central bank’s portfolio. As a result,

consumption, inflation, and asset prices are unaffected by the QE programme.

Eggertsson and Woodford (2003) develop a model with a representative household. How-

ever, in the presence of heterogeneous investors, the same economic mechanism suggests

that only the investors that are exposed to the trading profits and losses of the central bank

(through taxation) should adjust their portfolios.10

QE can have a positive effect on asset prices and growth through various channels. Eg-

gertsson and Woodford (2003) argue that the QE programme can be helpful if it can be used

to signal future monetary policy commitments.11 For instance, by buying long-term bonds,

the central bank may have an incentive to keep interest rates low until maturity to avoid

large mark-to-market losses. The second channel through which prices and portfolio change

is the “portfolio balance channel.” If the ECB purchases government bonds, it reduces the

amount of duration risk in the hands of investors, which can lower the term premium Vayanos

and Vila (2009).12 In response to the lower term premium, investors may substitute to other

8See for instance He and Krishnamurthy (2013), Brunnermeier and Sannikov (2014), and Brunnermeier
and Sannikov (2016).

9See Coimbra and Rey (2016), Koijen and Yogo (2016), and Greenwood et al. (2016) for models with
richer heterogeneity across institutions.

10In the United States, Carpenter, Demiralp, Ihrig, and Klee (2013) show using data from the Flow Funds
that the household sector (which includes hedge funds) is an important group selling to the Fed. In Japan,
Saito and Hogen (2014) document that the foreign sector sells in response to QE programme.

11See also Mussa (1981) and Clouse, Henderson, Orphanides, Small, and Tinsley (2000).
12See also Greenwood and Vayanos (2014) and Greenwood, Hanson, and Vayanos (2015).
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assets and increase prices (and lower risk premia) of other risky assets. Depending on how

investors substitute across various risk factors or characteristics (such as maturity), other

asset prices are affected (Krishnamurthy and Vissing-Jørgensen (2011)). We use our risk

accounting framework to measure directly how investors change their exposures to key risk

factors.

A central insight of the model of Brunnermeier and Sannikov (2016) is that it matters

which institutions own the securities that are purchased by the central bank. In the presence

of financial frictions, an increase in the prices of assets held by compromised institutions

relaxes their financial constraints and increases lending activity, which in turn affects inflation

and economic growth in their model. We use our detailed holdings data to map out how

eligible securities are distributed across investor sectors and geographically.

The third category of theories points to the potential financial stability concerns as a

result of asset purchase programmes. If such programmes are successful, the yields of safe

assets and the funding costs of intermediaries decrease and investors may decide to take on

(excessive) levels of leverage, leading to financial fragility (Woodford, 2011, Coimbra and

Rey, 2016). In addition to leverage, investors may take on additional forms of risk, such as

liquidity and credit risks (Stein, 2012). Of course, in part, this is precisely the objective of

the QE programme. However, risks may get concentrated in certain sectors, which may lead

to financial instability. Although such risk shifting incentives are perhaps best addressed

through capital and risk regulation of banks and insurance companies, regulation may be

slow to adjust. Our risk accounting framework can be used to monitor the dynamics of risk

exposures and risk concentration across countries and institutional sectors.

2. Asset Purchase Programmes in the Euro Area

We briefly summarize the asset purchase programmes that the ECB implemented since

the euro crisis in the fall of 2009. The first covered bond purchase programme (CBPP1)

of e60 billion was implemented from July 2009 until June 2010. From November 2011 to

October 2012, the ECB implemented a second covered bond purchase programme (CBPP2)

of e16.4 billion. The securities markets programme (SMP) was implemented from May

2010 until September 2012 and was used to buy mostly sovereign bonds through secondary

markets. The size of the SMP portfolio at its peak was around e210 billion. The securities

purchased as part of these programmes will be held until maturity and we observe the legacy

holdings of the SMP. In September 2014, the ECB added a purchase program for asset-backed

securities (ABSPP) and the third covered bond purchase programme (CBPP3).

In January 2015, the ECB announced the extended asset purchase programme (APP),

9



which is our main focus. The APP contains three programmes: it extends the ABSPP and

CBPP3 and adds the public sector purchase programme (PSPP). The PSPP will purchase

bonds of euro-area governments, agencies, and European institutions.

The combined purchases were announced to be e60 billion per month starting in March

2015. The initial programme was supposed to end in September 2016. The programmes

would lead to Eurosystem purchases of e1.14 trillion, which is about 15% of the total GDP

in the euro area. The objective of the purchase programme is to stimulate economic activity

by lowering the borrowing costs of firms and households in an environment where the main

policy rates are close to their effective lower bound. Ultimately, this should help restoring

inflation at a level close to, but below, 2%.

Before the start of the PSPP, the purchases as part of the ABSPP and CBPP3 amount

to e10 billion a month. In addition, the ECB announced that the PSPP was split into pur-

chasing debt of supranational institutions13 located in the euro area (12%) and governments

(88%). Assuming that the ABSPP and CBPP3 purchases continue at the same pace, this

corresponds to e6 billion purchases of supranational debt and e44 billion of government

debt (Claeys, Leandro, and Mandra, 2015). The e44 billion of purchases are allocated to

bonds issued by euro-area governments according to each country’s share of the ECB’s capi-

tal, the so-called capital key. The capital key reflects the GDP and population share of each

member state. These two determinants have equal weighting so that countries with a large

population and high GDP, such as for instance Germany, have a relatively high share (25%)

relative to smaller countries (we provide further details in Section 6).14 The purchases are

held both by national central banks and the ECB. For 20% of the asset purchases as part of

the PSPP, there is loss sharing via the ECB. Profits and losses on ECB holdings are shared

among national central banks according to the capital key. Throughout the paper, we refer

to ECB purchases as the sum of purchases by Eurosystem central banks.

The ECB specified a set of eligibility criteria for bonds that are purchased as part of the

PSPP. The bonds need to be investment grade (corresponding to a credit rating of BBB

or better), with additional criteria for countries operating under an EU/IMF Eligible Asset

Rating adjustment program. The bond maturities need to be between 2 and 30 years, and

up to 33% (25%) of an issuer (issue) can be purchased.15 In addition, the yield to maturity

has to be above the deposit facility rate, which was equal to -20bp at the launch of the

13Supranational institutions in the euro area include the European Financial Stability Facility, the Eu-
ropean Investment Bank, the European Stability Mechanism, the European Union, the European Atomic
Energy Community, the Council of Europe Development Bank, and the Nordic Investment Bank.

14The ECB adjusts the shares every five years and whenever a new country joins the EU. The adjustment
is made on the basis of data provided by the European Commission.

15These limits are imposed to avoid that the ECB has a blocking minority in a debt restructuring involving
collective action clauses.
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programme. The deposit facility rate is the interest banks receive for depositing money with

the central bank overnight.

Debt of certain national agencies is also eligible, such as for instance the debt of the

Landeskreditbank Baden-Württemberg Foerderbank. Across maturities, the ECB intends

to act as “market neutral” as possible, which we interpret as buying (approximately) in

proportion to the outstanding maturity distribution between 2 and 30 years.

The PSPP has been modified twice. First, in December 2015, the end date of the pro-

gramme was extended from September 2016 until March 2017 and the deposit facility rate

was lowered to -30bp. Second, in March 2016, the size of the programme was scaled up

from e60 billion to e80 billion per month and the deposit facility rate was lowered further

to -40bp. In addition, investment-grade corporate bonds are now considered to be eligible

as well. In future versions of this paper, we plan to analyze the portfolio rebalancing in

response to these purchases.

3. Data Description

3.1. Portfolio Holdings and Asset Characteristics

We use data on security-level portfolio holdings of euro-area investors from the Securities

Holding Statistics (SHS).16 Securities in our sample are identified by a unique International

Securities Identification Number (ISIN). The data are collected on a quarterly basis from

custodian banks in the euro area since 2013Q4, which is the first quarter of our sample. The

last available quarter at the time of writing is 2015Q4. Updates of our data are available

with a lag of approximately three months and we plan to update our paper as the programme

evolves.

Investors in the SHS are defined by sector and by country of domicile. There are six

aggregate sectors: households, monetary and financial institutions (MFI), insurance compa-

nies and pension funds (ICPF), other financial institutions (OFI), general government, and

non-financial corporations.17 OFI includes important intermediaries such as mutual funds

and hedge funds. We will refer to MFI as banks and to OFI as mutual funds, which are

the largest subgroups. We group non-financial corporations and general government as a

sector labeled “Other” as we mostly focus on banks, mutual funds, insurance companies and

pension funds, the ECB, and the foreign sector. The countries are the 19 member states of

the euro area.18 The holdings reported in the SHS correspond to approximately e27 trillion

16We refer to EU Regulation 1011/2012 for more information on SHS.
17The sector definitions follow the European System of Accounts 1995 (ESA 95) standard.
18The list of countries is Belgium, Germany, Ireland, Greece, Spain, France, Italy, Cyprus, Luxembourg,

Malta, The Netherlands, Austria, Portugal, Slovenia, Slovakia, Finland, Estonia, Latvia, and Lithuania.
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for each quarter. The assets covered include both government and corporate debt, equities,

mutual fund shares, asset-backed securities (ABS), and covered bonds.

We merge the SHS with data on the securities held by the ECB as part of the SMP, the

CBPP3, and the PSPP. Holdings are observed at the same level of detail and frequency as

the SHS so that the combined data sources provide a unique overview of the portfolios of

public and private investors in the euro area.

To avoid that we display confidential data, we compute the duration risk held by the ECB,

we use publicly available data on holdings of the ECB. If the weighted average maturity is

available, we select a sample of government bonds with maturity in a one year window

around that of the ECB and compute the weighted average duration of these bonds, which

we assign as the duration of the ECB. For covered bonds and ABS, we take the average

market duration.

We link the holdings data to asset characteristics. The main source for data on char-

acteristics is the Centralised Securities Database (CSDB). The CSDB contains information

on more than six million alive debt securities, equities, and mutual fund shares issued by

both companies residing in the euro area and outside. The data are from both public and

commercial sources and is managed by the ESCB (ECB, 2010). A key variable used in CSDB

is price, where market prices are used when available. For debt securities for which the price

is unavailable (for instance, when a bond does not trade), the price is estimated using the

reference information of the security.

We complement the CSDB with data on credit ratings from Datastream and from the

Eurosystem collateral database. We use the ratings given by Standard and Poor’s, Moody’s,

Fitch, and DBRS. These are the four rating agencies recognized as “External credit assess-

ment institutions” by the Eurosystem, which publishes also a mapping between the different

rating scales. We use the long-term asset-level credit rating. If this rating is unavailable,

then we use, in order of priority, the short-term asset level credit rating, the long-term issuer

rating or the short-term issuer rating.

In assigning ratings, we follow the priority rule used by the Eurosystem. 19 When we have

ratings from multiple agencies, we apply the rules defined in the guidelines (first-best rating

for non-ABS securities and the second-best rating for ABS).

19Guideline 2015/510 of the ECB on the implementation of the Eurosystem monetary policy framework,
Art.82/83/84 “The Eurosystem shall consider ECAI issue ratings in priority to ECAI issuer or ECAI guar-
antor ratings.”
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3.2. Security Types

We study the direct holdings of debt instruments and equities. Therefore, we exclude

indirect holdings, for instance via holdings of mutual fund shares, to avoid double-counting.

We group securities into broad categories as summarized in Figure 1. We use the CSDB

characteristics to classify securities, unless mentioned otherwise.

First, we distinguish “euro-area” and “non-euro-area” securities. Euro-area securities

are defined as euro-denominated securities issued in the euro area. It is useful to make this

distinction for some of our calculations as we do not always have data on the total amount

of debt outstanding for non-euro-area securities (at both face and market value). However,

we always have accurate data on holdings of euro-area investors for both euro-area and

non-euro-area securities.

Figure 1: Summary of security types.

Within euro-area securities, we separate equity and fixed income securities, and we con-

sider a finer breakdown of debt securities. We define government debt as debt issued by

the general, central, state or local government sectors. Non-government debt is issued by

the remaining issuer sectors. We divide government debt into “PSPP eligible” and “PSPP

ineligible,” depending on whether a bond satisfies the eligibility criteria outlined in Section

2. In addition, we also classify a bond as PSPP eligible if the Eurosystem purchase data

show that a bond is purchased as part of the PSPP.

We split non-government debt into corporate bonds and collateralized debt, which in-

cludes ABS and covered bonds. To distinguish standard corporate bonds from ABS, covered

bonds, medium-term notes, and commercial paper, we use data on asset type from the Eu-

rosystem collateral database. If this information is missing, we use information on debt type
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from the CSDB.20 We omit commercial paper as we do not focus on the very short end of

the yield curve.

We use data on credit ratings to group corporate bonds into investment grade and spec-

ulative grade. If bonds are unrated, we classify them as speculative grade. Panel A of

Table B.1 summarizes the definitions of the asset categories.

3.3. Investor Types

We do not have direct data on the portfolio holdings of non-euro-area investors, to which

we refer as the “foreign sector.” We compute their holdings as the difference between the

total amount outstanding of a given security from the CSDB and the aggregate holdings of

euro-area investors. Combined with the holdings data from SHS and the data on Eurosystem

purchases, we consider in total seven investor types as summarized in Panel B of Table B.1.

Investor types differ at least along two dimensions. First, several sectors are subject to

some form of risk regulation, such as banks and insurance companies. Second, investors differ

in terms of the maturity structure of their liabilities. For instance, banks have short-term

liabilities that may be subject to runs, while insurance companies have long-term liabilities

that cannot be withdrawn easily in most countries.21 The combination of long-term liabilities

and risk regulation leads insurance companies and pension funds to hold long-term bonds,

in particular when interest rates are low (Domanski, Shin, and Sushko (2015)).

For some of the calculations, we separate countries into two groups based on the extent to

which countries were affected by the euro crisis (following Altavilla et al. (2016)). The first

group includes the more vulnerable countries, namely Italy, Spain, Portugal, Greece, Cyprus,

and Ireland. The second group consists of relatively non-vulnerable countries, namely Aus-

tria, Germany, France, the Netherlands, Estonia, Luxembourg, Latvia, Slovakia, Finland,

Malta, Slovenia, Belgium, and Lithuania.

3.4. Potential Shortcomings of the Data

We are aware of two potential shortcomings of our data. First, as is common in measuring

cross-border holdings, we cannot measure securities positions of euro-area institutions that

are held through offshore institutions, such as those domiciled in the Cayman Islands (see

Milesi-Ferretti, Strobbe, and Tamirisa (2010) and Zucman (2013) for further discussions).

20Standard bonds are defined as debt types D.1, D.11, D.15, D.16, D.164, D.18. Covered bonds correspond
to asset types 9, 10, 12 and 13 in the ECB collateral database and debt types D.21, D.23 and D.233 in
CSDB. Medium term notes are asset types 02 in the collateral database or debt types D.3 and D.32 in
CSDB. Commercial paper is asset type 03 in the collateral database and debt types D.7, D.72, D.74 and
D.742 in CSDB.

21France is an exception in the euro area where insurance liabilities are more similar to demand deposits.
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However, we do know direct holdings in mutual funds that are domiciled in tax-favoured

countries within the euro-area, such as Luxembourg.22

Second, we have accurate holdings of cash securities, but we do not observe derivatives

positions. Abad, Aldasoro, Aymanns, D’Errico, Rousova, Hoffmann, Langfield, and Roukny

(2016) use new data on OTC derivatives in the euro area that can potentially be merged

with our data to get the full picture based on both cash and derivatives positions.

4. Heterogeneity in Institutional Portfolios in the Euro Area

We summarize the heterogeneity in portfolio characteristics of institutional portfolios

before the announcement and implementation of the PSPP programme.

4.1. Securities Holdings

In Table I, we report the holdings by sector and holder country group for each asset

category. We compute the average market value of portfolio holdings from 2013.Q4 to

2014.Q4, that is, before the announcement of the PSPP programme. These holdings therefore

summarize the initial heterogeneity in institutional portfolios across geographies and sectors.

The top panel summarizes the holdings by sector for non-vulnerable countries and the

middle panel for vulnerable countries. The bottom panel summarizes the holdings of the

ECB and the foreign sector. Each of the columns corresponds to an asset category. The final

column reports the total value of the portfolio of marketable securities, which reveals that

the sectors in low debt-to-GDP countries are significantly larger than the sectors in high

debt–to-GDP countries.

Insurance companies and pension funds invest a large fraction of their portfolio in fixed-

income instruments and in particular in eligible government bonds. In terms of corporate

bonds, their portfolios are tilted towards investment-grade corporate bonds. This allocation

is consistent with the long-maturity liabilities of these institutions.

Banks also invest a large share of their portfolios in eligible government debt and are

also the largest investor in ABS and covered bonds. The corporate bond portfolios in non-

vulnerable countries are tilted towards investment-grade corporate bonds, while the opposite

is true in vulnerable countries. We explore this fact in more detail below.

Mutual funds invest a large fraction of their assets in equity and in particular foreign,

that is, non-euro-area securities. This suggests that mutual funds play an important role

in providing global diversification benefits for euro-area households and institutions. The

foreign sector mostly holds government bonds and euro-area equity. About one-third of the

22Our holdings account for roughly e2.7 trillion of the e3.5 trillion mutual fund sector in Luxembourg.
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Table I: Holdings by investor sector, holder country group, and asset category.

The table reports the average market value of holdings, computed before the announcement of the PSPP
programme, from 2013Q4 until 2014Q4. The asset categories are defined as: Elig. Govt. - PSPP eligible
government bonds, Inelig. Govt. - PSPP ineligible government bonds, IG-Corp. - Investment grade corporate
bonds, SG-Corp. - Speculative grade corporate bonds, ABS&CB - ABS and covered bonds, Equity - Euro
area equity, and Foreign - Non-euro area assets. The top panel reports the holdings for investor sectors in
non-vulnerable countries and the bottom panel for vulnerable countries. The classification of vulnerable and
non-vulnerable countries follows Altavilla et al. (2016).

Asset category

Elig. Inelig. IG SG ABS
Riskiness Sector Govt. Govt. Corp. Corp. &CB Equity Foreign Total

ICPF 933 122 395 215 191 137 490 2,483
Banks 815 325 535 154 702 127 681 3,339

Non-vulnerable Mutual funds 577 175 296 250 189 900 2,422 4,809
Households 19 12 98 150 12 465 148 904
Other 125 76 36 47 26 767 90 1,167

Total 2,469 709 1,360 817 1,121 2,396 3,830 12,702

ICPF 341 80 79 49 38 29 67 683
Banks 508 343 190 233 588 72 292 2,226

Vulnerable Mutual funds 161 120 48 50 25 156 809 1,369
Households 174 61 123 241 5 199 75 878
Other 113 41 12 25 2 257 39 489

Total 1,296 647 452 598 658 713 1,281 5,645

Foreign 2,290 1,272 414 564 359 2,852 0 7,751
ECB 114 17 0 0 30 0 0 161

allocation to government bonds is invested in ineligible bonds, which includes short-maturity

bonds (residual maturities shorter than two years) but also bonds with yields that are below

the deposit facility rate (for instance, in Germany).

The ECB holds a small portfolio of government bonds and covered bonds due to the

earlier purchase programmes, namely the SMP and the CBPP, before the start of the PSPP.

During this period, the ECB does not invest in corporate bonds or equity. The position in

ineligible government bonds is a consequence of a bond’s residual maturity dropping below

two years at some point or the yield-to-maturity falling below the deposit facility rate, which

renders it ineligible.

The holdings of eligible government debt across institutions play a central role in theories

that point out that asset purchase programmes can relax financial constraints of compro-
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mised institutions by increasing the value of their assets (Brunnermeier and Sannikov, 2016).

Moreover, the holdings of sovereign debt by banks in the same country has been highlighted

as an important concern for financial stability in the euro area (Altavilla et al., 2016). We

extend this literature by studying the home bias in sovereign debt across institutions, which

differ for instance in terms of their risk regulation.

We report the holdings of PSPP-eligible debt by holder country group and investor sector

in Table II. Each panel contains three columns. The first column reports the market value of

holdings in euros. The second column reports the share (in percent) of an investor’s portfolio

invested in eligible government debt. The third column reports the share (in percent) of the

investment in eligible debt for which the holder and issuer country coincide. The third

column therefore measures the home bias in the allocation to eligible debt.

Table II: Holdings of PSPP-eligible government debt by sector and country group.

The table reports for each investor sector and country group three statistics on the holdings of PSPP-eligible
debt. The first columns reports the market value of the holdings in billions of euros. The second column
reports the share of sector’s portfolio invested in PSPP-eligible government debt (in %). The third column
reports the share of a sector’s portfolio invested in PSPP-eligible debt of the same country (in %), which is
the home bias. Each statistic is an average from 2013Q4 until 2014Q4. The classification of vulnerable and
non-vulnerable countries follows Altavilla et al. (2016).

Riskiness Sector Holdings Share in PSPP-eligible debt Home bias
ICPF 933 38 52
Banks 815 24 56

Non-vulnerable Mutual funds 577 12 19
Households 19 2 69
Other 125 11 72
Total 2,469 19 46

ICPF 341 50 85
Banks 508 23 90

Vulnerable Mutual funds 161 12 65
Households 174 20 96
Other 113 23 97
Total 1,296 23 87

Foreign 2.290 – –
ECB 114 83 –

In both regions, insurance companies and pension funds invest a larger share of their

portfolios in eligible government debt than the other sectors. The main insight from Table II

is, however, that all institutions in vulnerable countries have a stronger home bias, compared
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to non-vulnerable countries. Even mutual funds invest 65% of their sovereign debt portfolio

in their own sovereign. Using data at the country level, we find that 75% of the home

bias in institutional portfolios can be explained by country fixed effects and only 25% by

institutional-type fixed effects.

Acharya and Steffen (2015) discuss various reasons why banks in peripheral countries

invest heavily in sovereign debt. One explanation is based on the fact that banks can borrow

cheaply from the ECB and invest in high-yielding sovereign bonds, hence earning the “carry.”

As sovereign bonds have zero risk weights under Basel II regulations, this trade is riskless

from the perspective of regulators. However, as any sovereign bond has a zero risk weight,

this explanation does not necessarily imply a home bias. More importantly, mutual funds

are not subject to the same risk weights, yet their portfolios have a similar home bias as the

portfolios of regulated institutions such as banks, insurance companies, and pension funds.

Alternatively, financial institutions may internalize the fact that in case of a sovereign

default, the banking sector will default or experience runs as well. With limited liability, it

may be optimal for financial institutions to invest in sovereign bonds of their own country as

in states in which these bonds pay off, the institutions are likely to survive as well (Diamond

and Rajan, 2011).

Financial repression provides a third possible explanation of the home bias in peripheral

countries, where financial institutions are encouraged or forced to buy bonds of their own

government to lower sovereign borrowing costs, see Becker and Ivashina (2014) and Ongena,

Popov, and Horen (2016) in the context of banks in the euro area. Although one may be

inclined to conclude that this theory cannot explain the home bias of mutual funds, it is

important to keep in mind that most mutual funds in the euro area are offered through

banks. The pressure on banks may therefore incentivize mutual funds to tilt their portfolios

towards sovereign debt of their own country.

These findings are also important from a financial stability concern. Most of the policy

discussion so far focuses on the bank-sovereign feedback loop. Given that insurance compa-

nies, pension funds, and mutual funds play a central role in saving for retirement, the failure

of a sovereign would not only have an adverse affect on the banking sector, but also on the

accumulation of retirement savings.

4.2. Risk Exposures of Investment Portfolios: Measurement

In addition to summarizing portfolio holdings and flows in response to the asset purchase

programme, we are interested in measuring the distribution and dynamics of risk exposures

to euro-area financial market risks across investors. To this end, we distinguish five dimen-

sions of risk: (i) euro-area duration risk, (ii) euro-area sovereign credit risk, (iii) euro-area
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corporate credit risk, (iv) euro-area equity risk, and (v) foreign risk.

For each of these risks, we define linear risk measures to measure exposures. For euro-area

interest rate risk, we use duration risk. We measure the duration of government bonds, both

eligible and ineligible, corporate bonds, ABS, and covered bonds.23 To compute duration,

we need to know the yield-to-maturity, the coupon rate, and the payment frequency of the

coupons. We have this information for 83% of the securities (in terms of market value) and

there is no noticeable trend in coverage during our sample period.

For sovereign credit risk, we measure the risk exposure using the credit rating of all eligible

and ineligible government bonds. The rating is not necessarily the same for all bonds in a

given country, as some of the bonds are issued by local governments or government agencies.

The actual sovereign risk exposure is measured by the probability of default, which relates

non-linearly to a bond’s rating. To account for this non-linear relationship, we map each

rating to the 5-year cumulative default probability using estimates in Moody’s (2015). We

report the value-weighted average default probability. We observe the rating of government

bonds for 98% of securities (in terms of market value) and there is no noticeable trend in

coverage during our sample period.

We follow a similar procedure to measure corporate credit risk exposure. In this case, we

aggregate holdings across all corporate bonds, ABS, and covered bonds. We map the ratings

to default frequencies using estimates for 5-year cumulative corporate default probabilities

reported in Moody’s (2015). In interpreting the numbers, it is important to keep in mind

that a bond’s rating can be low because of its exposure to either aggregate or idiosyncratic

risk (or both). As we do not have the information required do decompose risk exposures,

we assume that a bond’s exposure to aggregate corporate credit risk is linear in its default

probability. We observe the rating of credit instruments for 68% of securities (in terms of

market value) and there is no noticeable trend in coverage during our sample period.

For equity risk, we report the total investment in equities as a share of the overall portfolio

value. This assumes that the equity exposure of fixed income securities, once we control for

rating and duration, is zero and that all stocks have a beta equal to one. Analogously, for

foreign risks, we measure the portfolio share. In all cases, we report the average risk measures

from 2013Q4 until 2014Q4.

4.3. Portfolio Risk Exposures

We report the risk exposures by holder country group and sector in Table III. In the first

column we report the duration of the overall portfolio, which also accounts for fixed-income

securities issued outside of the euro area or denominated in a currency other than euros. The

23We assume that the duration of floating-rate bonds is zero.
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second column reports the euro-area duration risk. By comparing both columns, we find that

these numbers generally coincide other than for mutual funds in vulnerable countries and

the foreign sector. The difference for the foreign sector is consistent with euro-area firms

issuing debt in, for instance, U.S. dollars, which is held primarily by non-euro-area investors.

Table III: Risk Exposures of Investors’ Portfolios

The table reports the average risk characteristics from 2013Q4 until 2014Q4. Duration and euro-area duration

are expressed in years. The sovereign and corporate risk exposure is measured by the 5-year cumulative

probability of default for either sovereigns or firms as reported in Moody’s (2015). For equity and foreign

risk exposure, we report the fraction in percent of an investor’s portfolio invested in either asset category.

The top panel reports the risk exposures for investor sectors in non-vulnerable countries and the middle

panel for investors in vulnerable countries. The bottom panel reports the risk exposures of the portfolios of

the foreign sector and the ECB (as so far as related to purchase programmes). ECB duration risk is imputed

from public data on maturity and duration data on representative bond portfolios. The classification of

vulnerable and non-vulnerable countries follows Altavilla et al. (2016).

Riskiness Sector Dur. EA Dur. Sovereign Corporate Equity Foreign
ICPF 6.83 7.20 0.34 0.98 6 20
Banks 3.22 3.26 0.38 0.52 4 20

Non-vulnerable Mutual funds 5.18 5.13 0.58 1.20 19 50
Households 2.61 2.64 0.51 1.66 51 16
Other 4.15 4.25 0.23 1.21 66 8

ICPF 5.34 5.45 1.33 1.59 4 10
Banks 2.42 2.47 1.67 1.39 3 13

Vulnerable Mutual funds 5.72 3.84 1.28 1.81 11 59
Households 3.61 3.62 1.35 2.14 23 9
Other 4.79 4.85 1.61 2.08 53 8

Foreign 6.19 4.92 0.49 1.09 – –
ECB 3.10 3.10 1.54 0.56 0 0

Across institutional sectors, we find that insurance companies and pension funds hold the

longest duration portfolios. The duration for insurers and pension funds is about twice as

large as for banks. The euro-area duration is lower for banks, mutual funds, and insurance

companies and pension funds in vulnerable countries compared to non-vulnerable countries.

Home bias combined with higher sovereign risk exposures of debt in vulnerable coun-

tries explains the difference in sovereign risk exposures across vulnerable and non-vulnerable

countries. The foreign sector tends to invest in non-vulnerable countries, leading to a low

sovereign risk exposure. The ECB, by contrast, purchased debt of vulnerable countries as
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part of the SMP, which leads to a legacy sovereign exposure.

The corporate credit risk exposure is also higher for institutions in vulnerable countries,

although the difference is less extreme than for sovereign risk. The ECB’s portfolio, which

only includes covered bonds during our sample, is safest across all institutions, followed by

banks. As discussed before, mutual funds invest a large fraction of their portfolio in foreign

securities.

4.4. The Distribution of Risk Exposures

The results so far illustrate the difference in portfolios and size across investors. In

this section, we propose a risk accounting framework to summarize how risk exposures are

distributed across investors. We focus on the same risk factors as in the previous section. 24

Ideally, we would observe the entire balance sheet of institutions and measure risk mismatch

between assets and liabilities. Unfortunately, these data are not available for most of the

institutions and we therefore focus on the narrower question of understanding the distribution

of risk exposures of cash securities and how the distribution of risk exposures changes in

response to the asset purchase programme.

The results are presented in Table IV for all five risk factors that we consider. The

final column reports the size of a given sector per country group. By definition, each of the

columns (excluding the subtotals) aggregates to 100.

Insurance companies and pension funds bear 26% of all euro-area duration risk, while

the foreign sector is exposed to another 31%. Banks are the third-largest holder of duration

risk and are exposed to 20% of all the risk. This may be surprising given the short duration

of their liabilities.

As expected, vulnerable countries are most exposed to sovereign risk, which reflects the

home bias of these institutions. Banks in vulnerable countries alone already bear 23% of all

the risk, while they only bear 7% of the duration risk. Compared to banks in non-vulnerable

countries, which are 50% larger than banks in vulnerable countries, banks in vulnerable

countries bear more than three times as much sovereign risk. We estimate that the ECB

is exposed to 1% of euro-area duration risk and 3% of all sovereign risk as a result of the

earlier SMP.

The exposure to corporate credit risk is more equally split across country groups, with

sectors in non-vulnerable countries bearing 47% of all risk and sectors in vulnerable countries

24Although we focus on univariate risk measures, it may be interesting to explore the risk of the overall
portfolio, which depends on the covariance of various risk factors. This is potentially important as the
correlation between, for instance, equity and government bond returns in Germany tends to be negative,
while it is significantly higher in Italy. Combined with home bias, this implies that holding a portfolio of
stocks and bonds is riskier for Italian institutions than for German institutions.
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Table IV: The Distribution of Risk Exposures

The table shows the distribution of risks across investors, normalized to 100 for the total risk outstanding.
We report the average from 2013Q4 until 2014Q4. The top panel reports the risks for investor sectors in non-
vulnerable countries and the middle panel for investors in vulnerable countries. The bottom panel reports
the risks of the portfolios of the foreign sector and the ECB. ECB duration risk is imputed from public
data on maturity and duration data on representative bond portfolios. The classification of vulnerable and
non-vulnerable countries follows Altavilla et al. (2016).

Riskiness Sector EA Dur. Sovereign Corporate Equity Foreign Size
ICPF 21 6 13 2 10 2,483
Banks 13 7 14 2 13 3,339

Non-vulnerable Mutual funds 11 7 13 15 47 4,809
Households 1 0 5 8 3 905
Other 2 1 2 13 2 1,167
Total 48 21 47 40 75 12,703
ICPF 5 9 4 0 1 683
Banks 7 23 22 1 6 2,226

Vulnerable Mutual funds 2 6 3 3 16 1,370
Households 4 5 7 3 1 878
Other 2 4 1 4 1 489
Total 19 47 37 11 25 5,646
Foreign 31 28 18 48 – 7,751
ECB 1 3 0 0 – 136

bearing 37%. The foreign sector is exposed to 18% of all euro-area credit risk. However,

the risk exposures in vulnerable countries are concentrated in the banking sector (22% of

37%), while the risk exposures are almost equally split among banks, mutual funds, and

insurance companies and pension funds in non-vulnerable countries. Hence, both sovereign

and corporate credit risks are concentrated in the banking sector in vulnerable countries.

The picture is quite different in terms of exposures to euro-area equity risk and foreign

risk. The foreign sector bears almost half of all euro-area equity risk and institutions in non-

vulnerable countries bear another 40%, where mutual funds account for the largest share

(15% of 40%). For foreign risk, we normalize the overall holdings to 100% for all euro-area

investors as we do not observe the holdings of foreign investors in foreign securities. As

expected, non-vulnerable countries are most exposed to foreign risk (75% versus 25%) and

in both country groups, most of the risk is concentrated in the mutual fund sector.

5. Portfolio Rebalancing and the Dynamics of Risk Exposures

In this section, we study portfolio flows and the dynamics of risk exposures during the

PSPP programme from 2015Q2 until 2015Q4. We plan to update this part of the paper as

new waves of data become available.
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5.1. Portfolio Rebalancing Across Asset Categories

We start by reporting the average portfolio rebalancing across sectors and holder country

groups for each of the asset categories. For investor i and security n, we measure rebalancing

at time t, Tint, as

Tint = (Qint − Qin,t−1) Pnt,(1)

where Qint denotes the number of securities and Pnt the price. This definition ensures that

portfolio rebalancing is not driven by price effects. We then aggregate the rebalancing for

each asset category in a given quarter. In Table V, we report the average rebalancing per

quarter in billions of euros. As a point of reference, Table B.2 summarizes the average

rebalancing during the quarters before the PSPP from 2013Q4 until 2014Q4.

Table V: Portfolio Rebalancing During the PSPP

The table reports average portfolio rebalancing from 2015Q2 until 2015Q4. The asset categories are defined
as: Elig. Govt. - PSPP eligible government bonds, Inelig. Govt. - PSPP ineligible government bonds,
IG-Corp. - Investment grade corporate bonds, SG-Corp. - Speculative grade corporate bonds, ABSCB -
ABS and covered bonds, Equity - Euro area equity, and Foreign - Non-euro area assets. The top panel
reports the rebalancing for investor sectors in non-vulnerable countries and the second panel for investors in
vulnerable countries. The third panel reports the rebalancing of the foreign sector and the ECB. The bottom
panel reports net issuances. The flows are reported in billions of euros. The classification of vulnerable and
non-vulnerable countries follows Altavilla et al. (2016).

Asset category

Elig. Inelig. IG SG ABS
Riskiness Sector Govt. Govt. Corp. Corp. &CB Equity Foreign

ICPF 2 1 -10 -3 -4 1 5
Banks -32 17 -32 -4 -32 -1 -13

Non-vulnerable Mutual Funds -8 9 -10 -5 -9 35 4
Household -1 0 -6 -5 -1 3 -1
Other -1 3 -1 -1 -2 7 -3
ICPF 15 5 1 6 -1 1 5
Banks -15 -2 -7 9 -33 2 -1

Vulnerable Mutual Funds -9 -1 -2 -1 -1 6 13
Household -8 1 -7 -14 0 3 -4
Other -6 1 -1 0 0 -3 1
ECB 135 22 0 0 26 0 0
Foreign -123 7 -36 -19 -19 – –
Issuer -52 62 -110 -37 -76 – –

We first focus on eligible government bonds, where the ECB buys on average e135 billion
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per quarter, which is approximately equal to 3× e44 billion = e132 billion. The flows suggest

that it is mostly the foreign sector selling eligible government bonds during this period with

e-123 billion on average per quarter.

This finding is surprising from the perspective of the neutrality theorems, which suggest

that sectors that are affected by changes in the timing or risk exposures of the central bank’s

portfolio (through taxation or adjustments in subsidies) should rebalance their portfolios. 25

However, it is consistent with estimates of the impact of asset purchase programmes in Japan

based on aggregate statistics from the Flow of Funds (Saito and Hogen (2014)). One possible

interpretation is that markets are somewhat segmented and that foreign investors are more

global than euro-area investors. In response to lower yields in the euro area due the asset

purchase programme, as we show below, foreign investors rebalance their portfolio towards

more attractive investment opportunities outside of the euro area.

The banking sector sells another e-47 billion on average per quarter and mutual funds

e-19 billion. Insurance companies and pension funds do not sell at all and in fact buy e17

billion. The inelastic demand, or even upward-sloping demand, of insurance companies and

pension funds may be due to their desire to hedge the interest rate risk of the liabilities

(Domanski et al., 2015). On the supply side, net issuances are negative at approximately

e-52 billion per quarter. By market clearing, the sum of the flows across investor sectors

equals net issuances.

If we compare these flows to earlier quarters, as reported in Table B.2, then net issuances

were positive at approximately e60 billion per quarter on average. The reduction in net

issuances suggests that government produce less duration risk, which, all else equal, helps

the PSPP in lowering bond yields. In earlier quarters, all major sectors (banks, insurance

companies and pension funds, mutual funds, and the foreign sector) were purchasing gov-

ernment bonds. During the PSPP, by contrast, all institutions sell government bonds, with

the exception of insurance companies and pension funds.

If we look beyond eligible government bonds, then flows to ineligible government bonds

are largely driven by bonds that mature or yields falling below the deposit rate, and these

bonds become ineligible as a result. Hence, it is not the case that the ECB purchases

ineligible bonds.

Second, we see large negative net issuances for corporate bonds, both before and during

the PSPP. The reduction is absorbed by the foreign sector and in particular banks. To

understand the supply-side dynamics of the corporate bond market in the euro-area, we use

data from the ECB’s Statistical Data Warehouse. In Figure 2, we plot the total amounts out-

25Since the consumption plans are unaffected by asset purchase programmes if the neutrality theorems
apply, the exchange rate should not be affected either.
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standing for corporate bonds issued by non-financial firms, financial firms excluding banks,

and banks. These data also include bonds issued in foreign currencies, which is a broader

definition than we use, but the trends are comparable. Following the crisis in the euro area

in 2012, banks have reduced the amount of debt outstanding dramatically from e5.6 tril-

lion in July 2012 to e4.3 trillion in May 2016. Given the timing, this is unrelated to the

PSPP programme, although lower yields may help banks to reduce their leverage. The debt

dynamics for banks is strikingly different than for other financial firms, for which the debt

outstanding is stable since the financial crisis, and non-financial firms, for which debt has

been increasing gradually over time.

Figure 2: Corporate Debt Dynamics.

The figure displays the total face value of debt outstanding from January 1990 until May 2016 for
non-financial firms (dashed line), financial firms excluding banks (dotted line), and banks (solid line).
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Third, the ECB also purchases on average e26 billion of covered bonds per quarter.

Since net issuances are negative as well, there are large negative flows from banks, in both

vulnerable and non-vulnerable countries, as well as the foreign sector. Again, these flows are

similar to the flows before the PSPP and may be due to banks deleveraging instead of being

caused by the PSPP.

Lastly, equity and foreign asset flows are relatively small compared to the flows in fixed

income markets, other than for mutual funds. Hence, most of the rebalancing, in euro terms,

happens within fixed income markets.26

26See also Di Maggio, Kermani, and Palmer (2016) for evidence of limited rebalancing in U.S. mortgage
markets in response to the QE programmes in the U.S.
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5.2. Which Sectors Sell to the ECB: Evidence from Micro Data

In the previous section, we report the average rebalancing across different asset categories.

However, the portfolio rebalancing that we observe may be unrelated to the ECB’s asset

purchases. We now use our micro data to quantify the portfolio-rebalance channel directly.

To this end, we start from the market clearing condition in changes for security n at

time t

∑

i

Tint + TForeign,nt + TECB,nt = Int,(2)

where TForeign,nt and TECB,nt denotes the rebalancing of the foreign sector and the ECB,

respectively, which are defined analogously to Tint in (1). Int corresponds to net issuances,

which is defined as

Int = (Snt − Sn,t−1)Pnt,(3)

where Snt denotes the total supply of security n at time t.

To measure portfolio rebalancing, we compute a variance decomposition of (2) by regress-

ing each of the terms on TECB,nt across securities and time. To avoid lots of zeroes in these

regressions, we aggregate the securities within a country into maturity brackets where the

residual maturity is in [2, 5], [5, 7.5], [7.5, 10], [10, 15] or [15, 30]. We estimate the coefficient

separately for every investor sector and holder country.

However, differences in country size and the fact that investors are home biased (see

Table II), may lead to counter-intuitive estimates. To see this, consider two countries that

differ in size, say Germany and Malta. If investors in both countries are perfectly home

biased, German investors hold all German debt and Maltese investors hold all Maltese debt.

The ECB follows the capital key to buy debt across countries, which implies that the ECB

buys a lot of German debt and much less Maltese debt. If German and Maltese investors sell

the same share of their portfolios to accommodate the ECB’s purchases, then the regression

of TGerman on TECB results in a slope coefficient larger than one, while a regression of TMalta

on TECB leads to a coefficient that is negative. After all, Maltese investors sell no German

debt, of which the ECB buys a lot, and do sell Maltese debt, of which the ECB buys very

little. Appendix A provides a simple two-country example formalizing this intuition.

Given the differences in initial portfolios, we are interested in studying whether investors

sell the same fractions of their initial portfolios to accommodate ECB purchases. We first
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compute the aggregate holdings across all investor sectors, excluding the ECB, S?
int,

S?
in,t−1 =

∑

i

Qin,t−1 + QForeign,n,t−1.(4)

We then compute the rebalancing of each investor if ECB purchases are accommodated by

each investor selling the same fraction of its portfolio,

TECB,nt =
∑

h,s

Qin,t−1

S?
in,t−1

TECB,nt +
QForeign,n,t−1

S?
in,t−1

TECB,nt.

We define rebalancing adjusted for ECB purchases as

T ?
int = Tint +

Qin,t−1

S?
in,t−1

TECB,nt,(5)

and analogously for the foreign sector. The market clearing condition in changes now can

be written as

∑

i

T ?
int + T ?

Foreign,nt = Iint.(6)

We regress each of the terms on TECB,nt across issuer countries, maturity brackets, and

quarters. The market clearing condition then implies

∑

i

β?
i + β?

Foreign = βI .(7)

If all investors rebalance in proportion to their initial holdings and if supply does not respond

to the asset purchase programme, then we have β?
hs = βI = 0, ∀i. Economically, when β?

i < 0,

investor sector i sells more than proportionally in response to purchases by the ECB. When

β?
i > 0, the investor sector is less elastic.

We rewrite (5) to

Tint = T ?
int −

Qin,t−1

S?
in,t−1

TECB,nt =

(

β?
i −

Qin,t−1

S?
in,t−1

)

TECB,nt + εint,(8)

where εint is the regression error from regressing T ?
int on TECB,nt and E(εint | TECB,nt) = 0.

We aggregate the right-hand side for a given investor and divide by total ECB purchases

to assess which investors sell in response to a e1 of assets purchases. We compute the average

response across the three quarters for which we have purchases, 2015Q2 until 2015Q4.

Figure 3 reports the results. The first bar for each sector corresponds to abnormal
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Figure 3: Portfolio Rebalancing in Response to ECB Purchases.

The figure reports the rebalancing by different investor sectors in response to ECB purchases. The first
bar for each sector corresponds to abnormal rebalancing (β?

i ). It measures how investors rebalance beyond
simply scaling back their initial holdings in proportion to ECB purchases. The sum of these bars equals zero.
The second bar for each sector measures total rebalancing, which subtracts the rebalancing due to initial
holdings. The sum of these bars equals one. The coefficients are estimated from 2015Q2 until 2015Q4. The
classification of vulnerable and non-vulnerable countries follows Altavilla et al. (2016).
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rebalancing, β?
i . It measures how investors rebalance beyond simply scaling back their initial

holdings in proportion to ECB purchases. The sum of these bars equals zero. The second

bar for each sector measures total rebalancing, see (8). The sum of these bars equals one.

The first set of bars shows that the foreign sector sells to the ECB, while insurance

companies and pension funds tend to buy bonds with similar maturities as the ECB. Long-

term investors therefore amplify the asset purchase programme. The second set of bars

allows us to answer the question how a e1 purchase of assets is accommodated by different

investors. We find that the foreign sector sells e0.64, banks sell e0.17, and mutual funds

e0.11. Insurance companies and pension funds do not sell and in fact buy e0.06. Changes on

the supply side, as measured by the issuer sector, are virtually unrelated to ECB purchases.

5.3. The Dynamics of Risk Exposures

In the previous sections, we focus on portfolio rebalancing and the flow of funds. However,

the theories we discuss in the introduction have direct predictions in terms of changes in risk
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exposures, and not necessarily the flow of funds.

Figure 4: The Dynamics of Risk Exposures.

The figure summarizes the dynamics of risk exposures from 2014Q2 to 2015Q4. The top left panel shows
the dynamics of duration risk exposures, the top right panel of sovereign risk exposures, and the bottom
left panel of credit risk exposures. The two bars for each sector (other than Foreign, ECB, and Supply)
correspond to the dynamics of risk exposures for investors in non-vulnerable (“NV”) and vulnerable
(“V”) countries. The dynamics of risk exposures are expressed in percentage points. The classification of
vulnerable and non-vulnerable countries follows Altavilla et al. (2016).
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In Figure 4, we report the dynamics of duration risk exposures (top left panel), sovereign

risk exposures (top right panel), and credit risk exposures (bottom left panel). To com-

pute the dynamics of risk exposures, we compute the distribution of risk exposures as in

Table IV. We scale the total supply of exposures in 2014Q4, which is the quarter before the

announcement and the start of the implementation of the purchase programme, to 100. We

then track how the total exposure changes before and after 2014Q4 and how it is distributed

across investors. We define the dynamics of risk exposures as the difference between the

exposure share of a given institution in 2015Q4 relative to the share in 214Q2. The detailed

data, by quarter, institution, and holder country group, are reported in Table VI.
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We first discuss duration risk exposures. The aggregate duration risk in the economy

increased by 5.2% from 2014Q2 until 2015Q4. This increase is not driven by sovereigns or

the private sector issuing more debt, but this increase is to a large extent a valuation effect.

As interest rates decreased during this period, in part due to the asset purchase programme

as we discuss in the next section, the total amount of duration risk increases. Second, we

estimate that the ECB increases its share of duration risk exposure from 0.9% to 7.0%, an

increase of 5.9%. Hence, the ECB currently buys about 1.5% of all euro-area duration risk

exposure per quarter.

For each of the other sectors, we split the dynamics of risk exposures by vulnerable and

non-vulnerable countries. As before, we find that insurance companies and pension funds

increase their exposure to duration risk, and mutual funds to a smaller extent as well, while

the share of duration risk borne by banks and in particular the foreign sector declines.

These results suggest that the foreign sector and banks are the most price elastic. One

possible interpretation is that the demand for long-term bonds is driven by a component

that depends on the risk-return trade-off offered by bonds (that is, the traditional mean-

variance or speculative demand) and a hedging demand, which is inelastic. As a result of the

asset purchase programme, the risk premium on long-term bonds falls and the speculative

demand becomes less important. In this case, the distribution of duration risk exposures

across institutions is driven to a larger extent by hedging demands. Insurance companies and

pension funds have hedging demands coming from their long-term liabilities, while (bond)

mutual funds may have an incentive to match the duration of the bonds in their performance

benchmarks (Basak and Pavlova, 2013). A direct consequence of this mechanism is that risk

mismatch, at least in terms of the risks purchased by central banks, is reduced as a result

of asset purchase programmes. This mechanism may also have implications for price effects

across countries. The foreign sector tends to focus on non-vulnerable countries. Their

more elastic demand may lead to smaller price effects for non-vulnerable countries than for

vulnerable countries.

In terms of sovereign risk exposures, the supply side is more volatile and follows a U-

shaped pattern in the amount of sovereign risk in financial markets. Sovereign risk falls

by about 10% from 2013Q4 until 2014Q3 and subsequently increases by 6% by 2015Q4.

This pattern can be attributed to two factors. The first are changes in the relative value of

risky and non-risky bonds. However, part of the U-shaped pattern remains even if we use

the bonds’ face values. The second factor consists of changes in the credit rating of some

countries during our sample, in particular, the upgrade of Greece in late 2013 and early 2014

and the downgrade of France in 2015.

Sovereign risk exposures increase for insurance companies and pension funds in both
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Table VI: The Distribution and Dynamics of Risk Exposures.

The table reports the distribution and dynamics of duration (Panel A), sovereign (Panel B), and credit
risk (Panel C) exposures. The dynamics of risk exposures is defined as the difference in risk distributions
in 2015Q4 and 2014Q2, before the announcements and discussions of the asset purchase programme. The
distribution of risk exposures is normalized to 100 in 2014Q4. ECB duration risk is imputed from public
data on maturity and duration data on representative bond portfolios. The classification of vulnerable and
non-vulnerable countries follows Altavilla et al. (2016).

Panel A: Duration risk exposures
2013 2014 2015 Flow of

Riskiness Sector Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 risk
ICPF 17.6 18.1 19.3 20.1 21.2 22.5 20.5 21.0 20.3 1.0
Banks 11.7 11.6 11.9 11.7 11.9 12.5 11.2 11.2 10.8 -1.1

Non-vulnerable Mutual funds 9.2 10.1 10.9 11.3 11.7 12.9 11.6 11.9 11.6 0.7
Households 1.1 1.1 1.1 1.1 1.0 1.0 0.9 0.9 0.8 -0.3
Other 1.7 1.8 1.8 1.9 2.0 2.2 2.0 2.0 1.9 0.1

ICPF 3.9 4.5 4.8 4.9 5.2 5.5 5.3 5.4 6.3 1.5
Banks 6.0 6.6 6.9 7.1 7.2 7.3 7.2 7.1 6.5 -0.4

Vulnerable Mutual funds 1.5 2.0 2.1 2.2 2.4 2.6 2.5 2.4 2.2 0.1
Households 3.0 3.4 3.4 3.3 3.2 3.1 2.7 2.7 2.6 -0.8
Other 1.2 1.4 1.4 1.4 1.5 1.6 1.4 1.4 1.3 -0.1

Foreign 25.9 27.7 29.9 30.4 31.7 33.8 29.9 29.5 28.4 -1.5
ECB 0.9 0.9 0.9 0.8 1.0 1.7 3.4 5.2 7.0 6.1
Total 83.7 89.2 94.4 96.2 100.0 106.7 98.6 100.7 99.7 5.3

Panel B: Sovereign risk exposures
ICPF 5.6 5.6 6.3 6.4 6.6 7.5 7.0 7.6 7.5 1.2
Banks 6.9 7.1 7.2 7.3 7.1 7.9 7.4 8.0 7.3 0.1

Non-vulnerable Mutual funds 6.4 7.1 7.5 7.7 7.8 9.1 8.4 9.0 8.9 1.4
Households 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.0
Other 0.7 0.7 0.7 0.8 0.9 1.1 1.0 1.0 1.0 0.3

ICPF 8.5 9.4 9.5 9.7 10.2 10.6 10.2 10.5 11.7 2.2
Banks 24.7 26.5 22.0 22.3 22.3 21.9 20.5 21.1 20.6 -1.4

Vulnerable Mutual funds 6.0 5.8 5.9 6.3 6.3 6.7 6.1 6.0 5.9 0.0
Households 5.0 5.1 4.8 4.7 4.6 4.5 4.0 4.0 3.9 -0.9
Other 4.3 4.4 4.0 4.0 4.1 4.2 3.8 3.9 3.7 -0.3

Foreign 28.1 31.1 28.5 28.5 26.4 30.5 27.1 27.5 28.4 -0.1
ECB 3.3 3.2 3.4 3.5 3.5 4.0 5.2 6.7 7.9 4.5
Total 99.8 106.3 100.0 101.4 100.0 108.2 100.9 105.5 107.0 7.0

Panel C: Credit risk exposures
ICPF 13.4 13.5 13.8 13.9 14.1 13.9 13.3 13.3 12.1 -1.7
Banks 15.0 14.8 15.1 14.8 13.9 13.1 13.0 12.8 12.0 -3.1

Non-vulnerable Mutual funds 13.7 14.2 14.3 14.4 14.3 13.9 13.0 12.6 11.4 -2.9
Households 5.1 5.1 5.0 4.7 4.4 4.0 4.0 3.9 3.5 -1.5
Other 1.9 1.7 1.7 1.8 1.7 1.6 1.5 1.5 1.4 -0.3

ICPF 4.7 4.7 4.7 4.7 4.6 4.4 4.0 4.0 4.1 -0.6
Banks 30.2 24.9 22.7 21.4 17.9 16.0 14.1 13.5 12.4 -10.3

Vulnerable Mutual funds 3.0 3.1 3.2 3.3 3.4 3.2 3.2 3.1 2.9 -0.3
Households 8.2 7.9 7.1 6.5 6.3 5.5 5.6 5.8 4.3 -2.8
Other 0.8 0.8 0.7 0.7 0.7 0.7 0.7 0.7 0.6 -0.1

Foreign 19.9 20.2 18.5 18.6 18.5 16.9 14.7 14.4 10.8 -7.7
ECB 0.0 0.0 0.0 0.0 0.4 0.8 1.0 1.2 1.2 1.2
Total 115.9 110.9 106.8 104.8 100.0 94.0 88.1 86.8 76.7 -30.1
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vulnerable and non-vulnerable countries. This comes from the fact that these institutions

buy more government bonds as discussed before. Given that French insurance companies are

particularly large, the share of sovereign risk increases somewhat. As with duration risk, the

ECB stands out in terms of removing sovereign risk from financial markets and purchases

the equivalent of approximately 1.5% of all euro-area sovereign risk per quarter.

The third risk factor that we consider is corporate credit risk. The dynamics of credit

risk exposures is much larger than the dynamics of either duration risk or sovereign risk

exposures. For starters, the supply of credit risk declines from 116% in 2013Q4 to 77% in

2015Q4 (see the final line of Table VI). This finding resonates with Figure 2, where we find

that the amount of corporate debt issued by banks rapidly declines since the euro crisis.

Given the secular decline in the amount of credit risk, this appears to be unrelated to the

asset purchase programme.

However, our risk distribution framework is useful in this context to quantify how cor-

porate credit exposures change across institutions. Perhaps surprisingly, we find the largest

reduction exposure to corporate credit risk for banks in vulnerable countries with 17.8%

from 2013Q4 to 2015Q4. As a point of reference, the share of credit risk held by banks in

non-vulnerable countries reduces by only 3.0%. The foreign sector also reduces the share of

credit risk substantially from 19.9% in 2013Q4 to 10.8% in 2015Q4, a reduction of 9.1%.

Hence, the results suggests that banks reduce their holdings of financials and the supply

of bonds. This points to cross-holdings of corporate debt in the banking sector. To make this

point more precise, we report the home bias in the holdings of financial firms in Figure 5.

Consistent with the dynamics of risk exposures, we find that banks in vulnerable countries

have a strong home bias in their holdings of corporate bonds issued by banks. These cross-

holdings are important also in considering the sovereign-bank feedback loop, as this has to

be evaluated across the system instead of per bank.

6. The Impact of Asset Purchases on Government Yields

In this section, we estimate the impact of the PSPP on the yield curve. In general, the

challenge in identifying the impact on prices is that the announcement of an asset purchase

programme is endogenous to broader economic conditions that also affect yields. To address

this concern, the standard approach in the literature is to identify the key event days and

to measure the yield curve response on those days, see Andrade, De Fiore, Karadi, Tristani

(2016) for a review. This high-frequency single-difference estimator relies on identifying the

correct event days and ideally that the announcement is largely unexpected, which may

be problematic when expectations about the programme evolve gradually over time, for
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Figure 5: Home Bias in Bonds of Financial Firms across Institutions.
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instance, in response to the flow of macro-economic news.

Instead, we propose a low-frequency difference-in-difference estimator to estimate the

impact of the PSPP programme on government bond yields. We focus on the period from

2014Q2-2015Q1, which includes the period when the programme is announced. It also

includes three weeks of PSPP purchases as the actual purchases started on March 9th. We

use features of the purchase programme that generate exogenous variation across countries

and maturity brackets to try and estimate the causal impact on yields.27

As discussed before, the ECB purchases bonds across countries according to the capital

key. The weight of a country c in the capital key is given by

Kc =
1

2

[
GDPc∑
c GDPc

+
Popc∑
c Popc

]

,

where GDPc denotes a country’s GDP and Popc a country’s population. The capital is

revised infrequently and we use the capital key in 2014Q4. Within a country, the rules are

less strict, and the ECB intends to act in a “market-neutral” way, which we interpret as

buying according to the maturity distribution of bonds outstanding. We denote the fraction

of bonds (measured in terms of face value) in a given maturity range τ by μc,τ , where we

use the distribution in 2014Q4. This is the maturity distribution before the programme was

announced.

27One can potentially use other features of the purchase programme, such as the rule that bonds with a
yield-to-maturity below the deposit facility rate cannot be purchased.
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As the programme was announced to last for 19 months during which the ECB buys e44

billion per month, the predicted purchases for country c in maturity bracket τ equals

Πc,τ = 19 × 44 × μc,τ × Kc.

In theory, the price effects depend on the reduction in residual supply. We therefore scale

the purchases by the size of the market in a given country, as measured in face value. We

denote the scaled purchases by πc,τ .

To estimate the impact on yields, we consider the following regression

Δyc,τ = a + bπc,τ + γ′Xc,τ + εc,τ ,(9)

where Δx = x(2015Q1) − x(2014Q2) and Xc,τ are other factors that may drive the yield

changes in a country, such as maturity, sovereign risk, and economic conditions. We use the

probability of default as before to capture differences in exposure to aggregate shocks that

may have caused a decline in yields during this period. We measure economic conditions

by the logarithm of GDP per capita, but consider various alternative economic indicators

as well. We include dummy variables for the maturity brackets as [2 , 5], [5, 7.5], [7.5, 10],

[10, 15], and [15, 30].

One possible concern is that the capital key depends on GDP, which reflects a country’s

economic conditions. To alleviate this concern, we also consider an IV estimator. We use the

population share multiplied by the maturity distribution in a given country, scaled by the

country’s bond market, as an instrument for PSPP purchases. As an alternative approach

to alleviating this concern, we consider specifications in which we directly control for GDP

and GDP scaled by the size of the bond market.

Figure 6 displays a scatter plot of expected PSPP purchases and our instrument. Al-

though we find some deviations as GDP per capita is relatively high in, for instance, Germany

and Luxembourg and relatively low in Slovenia and Portugal, the instrument and expected

purchases are highly positively correlated.

The estimation results of (9) are reported in Table VII. The first column reports the

first stage regression of the IV estimation, the second column the second stage regression,

and in the final column we report the results when we estimate the model using OLS. As is

obvious from the first stage regression, consistent with Figure 6, the instrument is strongly

related to expected purchases and we have a near perfect fit with an R-squared of 92%.

Consequently, the IV estimate and the OLS estimate are virtually identical at -3.3 and -3.5,

respectively. In terms of the controls, we find that the yields fall more for longer-maturity

bonds. For instance, bonds with residual maturities between 15 and 30 years fall by 1.3
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Figure 6: Instrument Versus Expected Purchases.
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percentage points compared to only 0.4 percentage points for bonds with residual maturities

between 5 and 7.5 years. Moreover, yields fall more for countries with lower levels of GDP

per capita and higher levels of sovereign risk, implying that yields fall more in vulnerable

countries.

To interpret the coefficient of -3.5, we multiply the coefficient with expected purchases

and average across all countries and maturity groups. The average decline in yields equals

-13bp. However there is significant heterogeneity and the predict change in yields ranges

from -2bp to -60bp.

In Table B.3, we explore various alternative specifications in which we control for GDP

per capita (in levels and logs), growth in GDP per capita, the GDP share of a country,

and the GDP share normalized by the size of the bond market in a given country. The

coefficient on PSPP purchases is always statistically significant at the 5% level and the point

estimates vary between -2.5 and -4.0. In Table B.4, we consider a placebo test by studying the

yield changes from 2013Q4-2014Q2, which is before the PSPP programme was announced

and discussed. We find that the coefficient is positive (2.8) and statistically insignificant

(t = 1.25). We also estimate the same regressions for each maturity group maturity group,

implying that we only use cross-country information to identify the coefficients. The point

estimates range from -1.7 to -4.5.

7. Conclusions

We use new data on security-level portfolio holdings of institutional investors and house-

holds in the euro area to understand the impact of the ongoing asset purchase programme
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Table VII: Expected Purchases and Yield Changes.

The first column reports the first-stage regression of expected purchases on the instrument that depends on
population size and the size of the government bond market in a given country. The controls are dummy
variables for (residual) maturity brackets, the probability of default, and log GDP per capita. The second
column reports the second-stage of regression of changes in yields on expected purchases. The final column
reports the estimates of an OLS regression of yield changes on expected PSPP purchases. We measure the
yield changes from 2014Q2 until 2015Q1. We report the standard errors in parentheses.

(1) (2) (3)
Expected purchases 2014Q2-2015Q1 2014Q2-2015Q1

Instrument 0.999∗∗∗

(0.0440)

Maturity [5,7.5] 0.00428 -0.372∗∗∗ -0.373∗∗∗

(0.00344) (0.0554) (0.0591)

[7.5,10] 0.00361 -0.804∗∗∗ -0.808∗∗∗

(0.00355) (0.0588) (0.0625)

[10,15] 0.000436 -1.123∗∗∗ -1.128∗∗∗

(0.00372) (0.0603) (0.0640)

[15,30] 0.000148 -1.304∗∗∗ -1.310∗∗∗

(0.00376) (0.0629) (0.0666)

Country risk (PD) 0.190∗ -12.31∗∗∗ -12.28∗∗∗

(0.0991) (1.664) (1.776)

Log GDP per capita 0.0298∗∗∗ 0.158∗∗∗ 0.159∗∗∗

(0.00314) (0.0516) (0.0551)

Expected purchases -3.346∗∗∗ -3.504∗∗∗

(0.722) (0.732)
R2 0.917 0.917 0.917
Observations 67 65 65
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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of the European Central Bank on the dynamics of risk exposures and on asset prices. We

develop a tractable measurement framework to quantify the dynamics of euro-area duration,

sovereign and corporate credit, and equity risk exposures as the programme evolves. We pro-

pose an instrumental-variables estimator to identify the impact of central bank purchases on

sovereign bonds on sovereign bond yields. Our results suggest that the programme reduced

duration mismatch risk and that it lowered bond yields.

In ongoing work, we are estimating demand elasticities for sovereign debt across insti-

tutions. This will allow us to connect the portfolio rebalancing results directly to the price

effects we documented in the final section. In addition, as new waves of data become avail-

able, we plan to update the dynamics of risk exposures.
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A. Home Bias, Country Size, and Measuring Rebalancing

Consider two countries that are symmetric in terms of portfolios, other than that one

country is larger than the other country. Countries are indexed by c = 1, 2. Each country

has a single institution. The assets are denoted by Ac. We assume A1 = xA2 = xA, where

x > 1. The portfolio weights of country 1 are given by w1 = (ξ, 1− ξ). The portfolio weight

of country 2 by (1 − ξ, ξ), where ξ ∈ (0.5, 1). Hence, each country is home biased.

Market clearing implies that supply satisfies

S1 = ξA1 + (1 − ξ)A2 = (xξ + 1 − ξ)A,(10)

S2 = (1 − ξ)A1 + ξA2 = (x(1 − ξ) + ξ)A,(11)

implying that S1 > S2. We normalize A = 1.

Suppose the ECB buys a fraction θ ∈ (0, 1 − ξ) of each country’s supply. Hence, TECB

can be computed as

TECB =

(
θ(xξ + 1 − ξ)

θ(x(1 − ξ) + ξ)

)

.(12)

Assume that both investors sell a fraction θ of their portfolios. The rebalancing in

response to the ECB purchases are equal to

T1 =

(
−θxξ

−θx(1 − ξ)

)

(13)

and

T2 =

(
−θ(1 − ξ)

−θξ

)

.(14)

Assuming supply remains constant, the market clearing condition in changes holds. The

slope for the institution in country 1 is

β1 =
−xξ + x(1 − ξ)

(xξ + 1 − ξ) − (x(1 − ξ) + ξ)
=

x(1 − 2ξ)

(1 − x)(1 − 2ξ)
=

x

1 − x
< −1,(15)

and for country 2

β2 = 1 − β1 =
1 − 2x

1 − x
> 0.(16)
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With this measure of rebalancing, we get the counterintuitive result that β2 > 0, while both

investors accommodate QE by scaling their portfolios in proportion. Intuitively, the ECB

buys a lot Country 1 and less of Country 2. The investor in Country 2 sells a lot of Country

2 and little of Country 1, which suggests it amplifies the effect of the QE programme.

Next, we consider an alternative way to measure rebalancing. We start from the market

clearing condition in changes

ΔQECBP = −ΔQ1P − ΔQ2P,(17)

where the products of vectors are to be interpreted as element-by-element multiplication.

The idea is that the ECB purchases may need to be “attributed” to different investors in

proportion to their initial portfolios. That is,

ΔQECB =
Q1

S
ΔQECB +

Q2

S
ΔQECB.(18)

We can then rewrite the market-clearing condition as

0 =

(

ΔQ1 +
Q1

S
ΔQECB

)

P +

(

ΔQ2 +
Q2

S
ΔQECB

)

P.(19)

This is similar as before, other than that we add a “fixed effect” to each country’s rebalancing

based on their initial portfolios. Define

T ?
i =

(

ΔQi +
Qi

S
ΔQECB

)

P,(20)

and TECB is the same as before. We now consider the regressions

Ti = α?
i + β?

i TECB + εi,(21)

where the market clearing condition implies

β?
1 + β?

2 = 0.(22)

Importantly, in step 2, we now measure the rebalancing induced by the ECB as

−
Qi

S
ΔQECB + βiΔQECB.(23)
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If we apply this alternative framework to the example above, then

T ?
1 =

(
−θxξ

−θx(1 − ξ)

)

+

(
ξx

ξx+1−ξ
θ(ξx + 1 − ξ)

(1−ξ)x
x(1−ξ)+ξ

θ(x(1 − ξ) + ξ)

)

= 02×1.(24)

Hence, β?
1 = β?

2 = 0, and the rebalancing is in proportion to the ECB purchases.
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B. Additional tables and figures

Table B.1: Definitions of asset categories and investor sectors.

Panel A: Definition asset categories
Category Description

1 PSPP-eligible government bonds, e denominated, and euro-area issuer.
2 PSPP-ineligible government bonds, e denominated, and euro-area issuer.
3 High-grade corporate debt (incl. medium-term notes), e denominated, and euro-area issuer.
4 Low-grade corporate debt (incl. medium-term notes), e denominated, and euro-area issuer.
5 Asset backed securities (incl. covered bonds), e denominated, and euro-area issuer.
6 Equity, e denominated, and euro-area issuer.
7 Non-euro-area issuer or in a currency other than euros.

Panel B: Definition investor sectors
Sector Description

1 Household sector (HH).
2 Insurance companies and pension funds (ICPF).
3 Monetary financial institutions, such as banks (MFI).
4 Other financial institutions, such as mutual funds (OFI).
5 Foreign investors.
6 Other (General government and Non-Financial Corporations).
7 Eurosystem holdings in the framework of the PSPP, CBPP, and the SMP.
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Table B.2: Rebalancing Before the PSPP

The table reports average portfolio rebalancing from 2013Q4 until 2014Q4. The asset categories are defined

as: Elig. Govt. - PSPP eligible government bonds, Inelig. Govt. - PSPP ineligible government bonds,

IG-Corp. - Investment grade corporate bonds, SG-Corp. - Speculative grade corporate bonds, ABSCB -

ABS and covered bonds, Equity - Euro area equity, and Foreign - Non-euro area assets. The top panel

reports the rebalancing for investor sectors in non-vulnerable countries and the second panel for investors

in vulnerable countries. The third panel reports the rebalancing of the foreign sector and the ECB. The

bottom panel reports net issuances. The flows are reported in billions of euros.

Asset category

Elig. Inelig. IG SG ABS
Riskiness Sector Govt. Govt. Corp. Corp. &CB Equity Foreign

ICPF 1 7 -2 4 -2 2 11
Banks 8 5 -18 3 -12 5 -25

Non-vulnerable Mutual Funds 8 3 -3 9 -4 22 97
Household -2 0 -5 -3 -1 4 3
Other 4 -3 0 0 -1 -2 0
ICPF 7 4 -1 0 -1 1 1
Banks 15 -9 -20 -22 -20 -4 4

Vulnerable Mutual Funds 9 1 2 3 0 14 31
Household -5 -1 -13 -10 0 2 -13
Other -2 0 0 -1 0 1 -4
ECB -6 6 0 0 8 0 0
Foreign 22 -42 2 -26 -12 – –
Issuer 61 -30 -60 -44 -45 – –
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Table B.3: ECB expected purchases and yield changes (OLS).

(1) (2) (3) (4) (5) (6)
2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1

Expected purchases -3.306∗∗∗ -3.930∗∗∗ -3.504∗∗∗ -2.502∗∗∗ -2.627∗∗∗ -4.043∗∗∗

(0.773) (0.791) (0.732) (0.566) (0.742) (1.028)

Maturity [5,7.5] -0.362∗∗∗ -0.378∗∗∗ -0.373∗∗∗ -0.354∗∗∗ -0.353∗∗∗ -0.374∗∗∗

(0.0626) (0.0607) (0.0591) (0.0450) (0.0578) (0.0635)

[7.5,10] -0.784∗∗∗ -0.815∗∗∗ -0.808∗∗∗ -0.770∗∗∗ -0.769∗∗∗ -0.808∗∗∗

(0.0658) (0.0647) (0.0625) (0.0473) (0.0608) (0.0691)

[10,15] -1.116∗∗∗ -1.143∗∗∗ -1.128∗∗∗ -1.089∗∗∗ -1.093∗∗∗ -1.143∗∗∗

(0.0677) (0.0663) (0.0640) (0.0488) (0.0629) (0.0720)

[15,30] -1.276∗∗∗ -1.319∗∗∗ -1.310∗∗∗ -1.263∗∗∗ -1.258∗∗∗ -1.307∗∗∗

(0.0696) (0.0695) (0.0666) (0.0501) (0.0644) (0.0750)

Country risk (PD) -15.46∗∗∗ -13.14∗∗∗ -12.28∗∗∗ -14.82∗∗∗ -14.94∗∗∗ -14.55∗∗∗

(1.478) (1.735) (1.776) (1.067) (1.373) (1.695)

GDP per capita 3.462∗∗

(1.477)

Log GDP per capita 0.159∗∗∗

(0.0551)

Growth in GDP per capita -0.0687∗∗∗

(0.00924)

GDP share 0.748∗∗∗

(0.224)

GDP share / Size of the bond market 0.296
(0.273)

R2 0.905 0.913 0.917 0.952 0.921 0.907
Observations 65 65 65 65 65 65

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B.4: ECB expected purchases and yield changes (separate regressions for each maturity group) and placebo regression
using yield change from 2013q4 to 2014q2

(1) (2) (3) (4) (5) (6)
2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 2014Q2-2015Q1 Placebo

Expected purchases -4.482∗∗ -3.639∗∗∗ -1.742 -3.892 -4.004 2.757
(1.616) (0.837) (2.565) (3.059) (3.730) (2.199)

Country risk (PD) -12.47∗∗∗ -16.39∗∗∗ -17.10∗∗∗ -22.26∗∗ -13.22∗∗∗ 26.85∗∗∗

(2.535) (2.408) (4.356) (7.304) (2.350) (4.244)

Maturity [5,7.5] 0.332∗

(0.180)

[7.5,10] 0.340∗

(0.184)

[10,15] 0.299
(0.194)

[15,30] 0.174
(0.196)

R2 0.814 0.845 0.608 0.517 0.796 0.432
Observations 13 14 13 13 12 67

Standard errors in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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